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In an effort to understand the role of IL-6/gp130 sig-
naling in chronic liver injury, IL-6 deficient (IL-62/2)
and wild-type control (IL-61/1) mice were subjected
to bile duct ligation (BDL) for 12 weeks. This maneu-
ver causes chronic biomechanical stress and liver in-
jury, fueling sustained biliary epithelial and hepato-
cyte proliferation. By 12 weeks after BDL, IL-62/2

mice develop significantly higher total serum biliru-
bin levels (23.2 6 2.3 versus 14.9 6 2.1 mg/dl, P <
0.0001; delta bilirubin subfraction 16.7 6 4.0% versus
9.2 6 1.8%; P < 0.002), and the majority (15/18) show
“black” gallbladder bile, compared to IL-61/1 mice
(5/16; P < 0.003). The IL-62/2 mice also cannot sus-
tain the compensatory liver mass increase commonly
seen with chronic obstructive cholangiopathy, be-
cause of less hepatocyte proliferation, despite a rate
of hepatocyte apoptosis similar to that of IL-61/1

mice. Moreover, IL-62/2 mice show a more advanced
stage of biliary fibrosis and a higher mortality rate
than the IL-61/1 controls (51% versus 23%; P < 0.02).
These phenotypic changes in the IL-62/2 mice are
associated with decreased expression and phosphor-
ylation of gp130 and the transcription factor STAT3,
compared to IL-61/1 mice. Daily treatment with exog-
enous recombinant IL-6 for 3–6 weeks starting at 6
weeks after BDL significantly lowers the serum total
bilirubin in both groups. In the IL-62/2 mice, exoge-
nous IL-6 treatment also increases the level of gp130
protein expression and completely reverses the loss
of liver mass by increasing the hepatocyte prolifera-
tion. In conclusion, IL-6 appears to contribute to bil-
iary tree integrity and maintenance of hepatocyte
mass during chronic injury. (Am J Pathol 2000,
156:1627–1639)

Interleukin-6 (IL-6)/gp-130 signaling is involved acutely in
hepatocyte1,2 and biliary epithelial cell (BEC) growth con-
trol and pathobiology. For example, liver regeneration

after partial hepatectomy (PH) is delayed in IL-62/2

mice,1,2 whereas IL-6/sIL-6R double transgenic mice de-
velop hepatocellular hyperplasia and adenomas.3 Al-
though data on the in vitro effects of IL-6 on hepatocyte
proliferation are conflicting,4,5 there are at least two
mechanisms by which IL-6/gp-130 promotes BEC growth
in vitro. IL-6 is able to directly stimulate BEC DNA synthe-
sis6 and inhibit apoptosis, via an increase of the bcl-2/
bax ratio.7 When stimulated by other proinflammatory
cytokines or phorbol esters, nonneoplastic BEC can also
produce and secrete IL-6, which can then act as an
autocrine growth factor under conditions of BEC
stress.6,8,9

Serum and liver IL-6 levels are also elevated in patients
with chronic inflammatory liver diseases.10–13 In this set-
ting, IL-6 has traditionally been considered to exert a
profibrogenic and mitoinhibitory influence on the devel-
opment of cirrhosis.10,14–17 However, in other “chronic
inflammatory proliferative disorders,” such as psoriasis
and rheumatoid arthritis, IL-6 has been linked with kera-
tinocyte and synovial cell proliferation, respectively.18 In
addition, recent studies have shown that gp130 signaling
is critical to the maintenance of cardiac myocyte mass
during hypertrophic compensation for the biomechanical
stress of aortic banding.19

Obstructive cholangiopathy is associated with biome-
chanical stress of the biliary tree and an increased ex-
pression of the IL-6/gp80/gp130 receptor-ligand signal-
ing system.20,21 We therefore tested the hypothesis that
the absence of IL-6 would lead to phenotypic alterations
in the response to long-term bile duct ligation (BDL). This
was accomplished by subjecting homozygous IL-62/2

mice and wild-type IL-61/1 (littermate) controls to long-
term BDL for 12 weeks. These studies show that despite
an identical insult, by 12 weeks after BDL the IL-62/2

mice developed a more advanced stage of biliary fibro-
sis; significantly higher serum bilirubin levels and a
higher percentage of IL-62/2 mice subsequently decom-
pensate and die compared to IL-61/1 controls. The more
rapid deterioration in the IL-62/2 mice can be related to
decreased gp130-STAT3 signaling, impaired integrity of
the excretory/barrier function of the hepatocyte-biliary
tree, and decreased hepatocyte proliferation, which can
be reversed by exogenous IL-6 therapy.
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Materials and Methods

Animals, Operative Procedures, and Treatment

Ten- to 14-week-old male homozygous IL-62/2 mice and
littermate IL-61/1 controls were used in these experi-
ments. The IL-62/2 mice were constructed as described
by Poli et al.22 Under methoxyflurane anesthesia, all an-
imals were aseptically subjected to ligation of the com-
mon bile duct or to a sham operation, as previously
described.20

Animals were sacrificed at 0, 1, 3, 6, and 12 weeks
after BDL (n 5 10 in each group at each time point) and
at 12 weeks after a sham operation (n 5 5 in each group).
The total body weight (BW) of randomly selected mice,
which were sacrificed at 12 weeks after BDL (n 5 10 in
each group) or a sham operation (n 5 5 in each group),
were recorded at each time point. The postoperative BW
was compared to preoperative BW, and the ratio was
expressed as a percentage. At the time of sacrifice,
blood and tissues were collected for determination of
liver injury tests, routine histopathological analysis, organ
weights, bromodeoxyuridine (BrdU) labeling indexes,
morphometry, and mRNA and protein analysis. A second
experiment, to determine the effect of BDL on survival,
included IL-61/1 (n 5 30) and IL-62/2 mice (n 5 45) that
were followed for 12 weeks after BDL.

Last, an experiment was conducted to determine the
effect of replacement therapy with exogenous IL-6. Both
IL-61/1 and IL-62/2 mice were treated via subcutaneous
injection with either IL-6 mutein (ImClone System, Som-
erville, NJ), a modified version of recombinant human
(rh)IL-6 protein,23 or with normal saline as a control (n 5
10 in each group). Daily treatment was started at 6 weeks
after BDL and continued for 3 or 6 weeks, at a dose of 1
mg/g BW/day in a 0.04% solution of pyrogen-free normal
saline.

Serum Alanine Aminotransferase, Total Serum
and Bile Bilirubin, and Bilirubin Fractions

Blood for sera was collected from normal or BDL mice at
the time of sacrifice and stored at 270°C before testing.
For animals treated with exogenous rhIL-6 or saline,
blood was collected from the retro-orbital space before
treatment and from the heart at the time of sacrifice after
treatment. Serum alanine aminotransferase (ALT), serum
and bile total bilirubin (TB) levels, and serum bilirubin
fractions were measured (n 5 6 in each group at each
time point) using the Vitros 950IRC (Ortho Clinical Diag-
nosis, Rochester, NY).

Bile Color

Bile was collected from the expanded biliary tract at 12
weeks after BDL and stored at 270°C before testing. The
color of the bile was classified as “white-yellow” or “dark
green,” based on its gross appearance. This assessment
was done without knowledge of whether the bile was
obtained from an IL-62/2 or an IL-61/1 mouse.

Analysis of Hepatocyte and Biliary Epithelial Cell
DNA Synthesis

One hour before sacrifice the five mice from each group
at 6 weeks and 12 weeks after BDL, and after treatment
with exogenous IL-6 or saline, were given an intravenous
injection of 50 mg/g BW BrdU.1 The labeled cells were
localized with an anti-BrdU monoclonal antibody (Amer-
sham Life Science, Cleveland, OH), using routine indirect
immunoperoxidase staining. For determination of hepa-
tocyte DNA synthesis, the total number of BrdU1 hepa-
tocyte nuclei were counted in 20 randomly selected high-
power fields (3400), which contains approximately 2000
total hepatocytes. For determination of BEC proliferation,
the bile ducts were separated according to size, based
on the number of BEC around the circumference of the
duct (small # 20; 20 , medium # 200; and large . 200).
Tangentially sectioned bile ducts in which one cross-
sectional diameter was greater than three times another
diameter, were excluded from analysis. The number of
BrdU1 BEC/total number of BEC was recorded for each
duct in a section, and the average percentage of BrdU1
BEC for each size of bile duct was calculated. All counts
were done without knowledge of whether the liver section
was taken from an IL-62/2 or an IL-61/1 mouse.

Apoptosis Assay

The level of hepatocyte and biliary epithelial cell apopto-
sis was determined using the Apop Tag Peroxidase in
Situ Apoptosis (TUNEL) Detection Kit (Intergen, Pur-
chase, NY). The sections were taken from the same for-
malin-fixed paraffin-embedded tissue blocks used for the
BrdU staining from IL-61/1 mice and IL-62/2 mice at 6
and 12 weeks after BDL. The total number of TUNEL1
apoptotic bodies/hepatocytes were counted in 50 ran-
dom, oil immersion fields (31000) within the lobules,
which contains approximately 1000 hepatocytes. Portal
tracts were not included in the count of apoptotic hepa-
tocytes. BEC apoptosis was assayed by counting the
number of TUNEL1 cells in 50 small and medium-sized
ductal profiles. Only clearly identified small and medium-
sized bile ducts, cut in cross section, containing a rec-
ognizable lumen and included within the portal connec-
tive tissue, were included in the analysis. Tangentially
sectioned ducts (ie, one diameter . 3 3 another diame-
ter), ducts without a lumen, cholangioles at the edge of
the limiting plates, and large perihilar ducts were ex-
cluded. All counts were done without knowledge of
whether the liver section was taken from an IL-62/2 or an
IL-61/1 mouse.

Staging of Biliary Fibrosis, Quantitative
Morphometric Analysis of the Liver Architecture,
and Liver Collagen Content

Staging of the biliary fibrosis was independently con-
ducted by two of the authors (TE and AJD), without
knowledge of the mouse genotype, according to the
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method of Portmann.24 Briefly, stage I is changes mostly
confined to the portal tracts with only mild portal expan-
sion; in stage II portal tracts are expanded with disruption
of the parenchymal limiting plates; stage III is formation of
portal-to-portal fibrous septa; and IV is cirrhosis. At least
three of the same separate liver lobes of all mice (n 5 39)
sacrificed at 12 weeks after BDL, or IL-62/2 mice sacri-
ficed after 6 weeks of treatment (n 5 10 in each group),
were independently assigned staging scores, using ei-
ther Masson’s trichrome or Van Gieson’s picric acid-acid
fuschin-stained slides to identify the collagen. The two
independently assigned staging scores, which were in
agreement in more than 90% of mice, were averaged for
the final stage.

Using three randomly selected mice from each group
at 6 and 12 weeks after BDL, we determined the volume
proportion of hepatocytes, mesenchymal cells, and BEC
by a quantitative analysis of histological sections,25 using
trichrome-stained slides. The area occupied by each
component on the cut surface of the section was deter-
mined by a point sampling technique.25 Cells were
counted in 60 randomly selected medium-power fields
(3200), which contains approximately 2000 total cells. All
counts were done without knowledge of whether the liver
was from an IL-62/2 or an IL-61/1 mouse. The cells were
divided into three compartments: hepatocytes, BEC, and
mesenchymal cells, which included stromal, endothelial,
and Kupffer’s cells.

In addition to the staging and quantitative morphome-
try, liver collagen content before and at 12 weeks after
BDL (n 5 3 in each group at each time point) was
estimated by measuring the hydroxyproline level in liver
samples as previously described.26 Briefly, precisely
weighed liver tissue samples (8–12 mg) were hydrolyzed
in 150 ml of 6 N HCl containing 0.5% phenol at 110°C for
24 hours. The solution was dried under vacuum, and the
residue was dissolved in 1.6 ml sodium citrate buffer (pH
3.15). The amount of hydroxyproline in 50 ml of solution
was measured in a Beckman model 6300 amino acid
analyzer. The amount of hydroxyproline was expressed
as nmol/mg tissue.

RNA Extraction and mRNA Analyses

The extraction of total RNA from whole liver, using Trizol
solution (GIBCO BRL, Gaithersburg, MD), and reverse
transcription-polymerase chain reaction (RT-PCR) with a
SuperScript Preamplification System (GIBCO BRL) were
performed as previously described.20 The primers for
IL-6 were 59 ATG AAG TTC CTC TCT GCA AGA GAC T
and 39 CAC TAG GTT TGC CGA GTA GAT CTC. The
primers for leukemia inhibitory factor (LIF) were 59 GAA
AAC GGC CTG CAT CTA AGG and 39 GCC ATT GAG
CTG TGC CAG TTG. The reaction protocol was as fol-
lows: 94°C for 1 minute, 57°C (IL-6) or 61°C (LIF) for 1
minute and 30 seconds, and 72°C for 2 minutes, 30
cycles for LIF and glyceraldehyde-3-phosphate dehydro-
genase (GAPHD) and 35 cycles for IL-6 primers. PCR
products were electrophoresed on an agarose gel and
stained with ethidium bromide. The identities of the PCR
products were confirmed by DNA sequencing.

Immunoprecipitation and Western Blot Analysis

Protein extraction and Western blotting were carried out
as previously described,27 with minor modifications.
Briefly, total or nuclear protein was extracted from ho-
mogenized whole liver, and aliquots were measured for
protein concentration, using the Bio-Rad protein assay
(Bio-Rad Laboratories, Hercules, CA). For immunopre-
cipitation, 400 mg of total protein was incubated with
anti-IL-6Ra(gp80) (M-20; Santa Cruz Biotechnology,
Santa Cruz, CA) or anti-gp130 (M-20; Santa Cruz Bio-
technology) antibodies for 2 hours at 4°C and incubated
with protein A/G PLUSE-Agarose (Santa Cruz Biotechnol-
ogy) at 4°C overnight to precipitate antigen-antibody
complexes. Samples and size markers (BioRad Labora-
tories) were then separated by sodium dodecyl sulfate-
polyacrylamide gel electrophoresis (SDS-PAGE), using
the 8% nongradient gel, after which the separated pro-
teins were transferred to nitrocellulose membranes that
were subsequently incubated with anti-IL-6Ra or anti-
phosphotyrosine antibodies (Ab-2; Calbiochem, San Di-
ego, CA). This was followed by incubation with the ap-
propriate horseradish peroxidase-conjugated secondary
antibody. For determination of the level of gp130 protein
expression, the membrane that contained the gp130 im-
munoprecipitated protein and was probed by Western
blotting for anti-phosphotyrosine was stripped and re-
probed by Western blotting for gp130. For STAT3 and
phospho-STAT3 Western blotting, 30 mg liver nuclear
protein was separated on a 8% SDS-PAGE gel, blotted
onto nitrocellulose membranes, and incubated with anti-
STAT3 (C-20: Santa Cruz Biotechnology) or anti-phos-
pho-STAT3 (Tyr705; New England Biolabs, Beverly,
MA). Signals were detected using enhanced chemilu-
minescence reagents (NEN; Life Science Products,
Boston, MA).

Statistical Analyses

The values shown for the various tests are the means 6
SD. A comparison of the mean values between IL-62/2

and IL-61/1 mice was carried out using Student’s t-test,
except for the mortality, bile color, and histological stag-
ing scores for biliary fibrosis, which used the Kaplan-
Meier survival analysis (Logrank), the x2 test, or the Wil-
coxon rank-sum test, respectively. A difference was
considered statistically significant at a P value of ,0.05.

Results

Morbidity, Liver Injury Tests, Mortality, and Bile
Color

There was no significant difference in pre-BDL BW be-
tween IL-62/2 (30.1 6 3.0 g) and IL-61/1 mice (28.7 6
3.1g). The insult of BDL resulted in an equivalent 15–20%
loss of BW during the first 3 weeks after BDL in both
groups (Figure 1a). Thereafter, the BW in both groups
remained relatively stable at about 80% of the pre-BDL
value for the duration of the study. In contrast, sham-
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operated mice from both groups experienced a gradual
and equal weight gain of 10–15% by 12 weeks (Figure 1a).

The pattern and absolute level of ALT elevations were
very similar in the two groups during the entire 12-week
period of observation (Figure 1b). During the first week,
an equivalent and sharp increase in serum ALT levels,
indicative of liver cell injury, was already evident in both
groups when first measured at 16 hours and peaked at
48 hours,21 a finding similar to that of our previous study
in C57BL/6 mice.20 At 3 weeks, serum ALT levels had
decreased considerably in both groups but was higher in
the IL-62/2 mice than in the IL-61/1 mice (Figure 1b).
Thereafter, the ALT levels were not significantly different,
although the values in the IL-62/2 mice tended to be
slightly higher.

TB similarly increased in both groups during the first 3
weeks after BDL (Figure 1c). Thereafter, the TB values

reached a plateau value of 15.6 6 3.9 mg/dl at 3 weeks
in the IL-61/1 mice and remained elevated at approxi-
mately the same level during the subsequent 9 weeks of
follow-up (Figure 1c). In the IL-61/1 mice, there was no
significant difference in TB between 12 weeks and 1 or 3
weeks after BDL. In contrast, TB levels in the IL-62/2 mice
continually increased, reaching a level of 23.2 6 2.3
mg/dl by 12 weeks, and TB at 12 weeks was significantly
higher than at 1 or 3 weeks (P , 0.001). By 6 weeks, the
TB was significantly higher in the IL-62/2 mice compared
to the IL-61/1 mice (19.6 6 2.0 versus 14.3 6 2.7
mg/dl; P , 0.004); and by 12 weeks the difference
became even greater (23.2 6 2.3 versus 14.9 6 2.1
mg/dl; P , 0.0001).

Delta bilirubin is a measure of conjugated bilirubin
covalently bound to albumin28 and is 1) proportional to
the length of time conjugated bilirubin is in contact with

Figure 1. Measures of morbidity, liver injury, and function and mortality after bile duct ligation (BDL). a: BDL results in a 15–20% decrease in total body weight.
The percentage of weight loss was the same in the IL-61/1 and the IL-62/2 mice (M, IL-62/2 sham; f, IL-61/1 sham; E, IL-62/2 BDL; F, IL-61/1 BDL). b: Serum
alanine aminotransferase (ALT) levels indicate similar hepatocellular injury in the two groups of mice after BDL, except for 3 weeks (*P , 0.05), when ALT levels
were higher in the IL-62/2 mice (E, IL-62/2; F, IL-61/1). c: Total serum bilirubin (TB) increased similarly in the two groups during the first 3 weeks after BDL.
In the IL-61/1 mice, the TB stabilized at values near 15 mg/dl for the duration of the study. In contrast, TB in the IL-62/2 mice continued to increase throughout
the study (F, IL-61/1; E, IL-62/2; *P , 0.004; **P , 0.0001). d: Although survival was similar for the first 7–8 weeks, after that time the IL-62/2 mice experienced
an increased mortality (F, IL-61/1 (n 5 30); E, IL-62/2 (n 5 45); P , 0.02).
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the blood and 2) increased when there is leakage of
conjugated bile from an “obstructed” biliary tree into the
blood.28 Both the absolute level of delta bilirubin (1.4 6
0.3 versus 3.9 6 1.2 mg/dl; P , 0.0007) and the ratio of
delta bilirubin to total bilirubin (9.2 6 1.8% versus 16.7 6
4.0%; P , 0.002) were higher in the IL-62/2 mice at 12
weeks. This indicates that more conjugated bilirubin was
in contact with blood for a longer period of time in the
IL-62/2 mice, which, in conjunction with the gross ap-
pearance of the bile (below), is suggestive of impaired
biliary tree integrity in this group.

The mortality rate during the 12-week follow-up period
after BDL was 51% (23/45) in the IL-62/2 and 23% (7/30)
in the IL-61/1 (P , 0.02; Figure 1d). Most deaths in the
IL-62/2 mice occurred more than 9 weeks after BDL. At
autopsy and at the time of sacrifice at 12 weeks, the
majority of both IL-61/1 and IL-62/2 mice showed both
liver and kidney fibrosis and inflammation, the latter of
which is relatively common with chronic liver disease and
obstructive cholangiopathy. However, the liver pathology
was more advanced in the IL-62/2 mice (see below). It
was difficult to determine an exact cause of death in
either group of mice, but the mortality was most likely due
to a combination of liver and kidney damage, combined
with metabolic and other abnormalities associated with
high serum bilirubin levels and obstructive cholangio-
pathy.

There was no difference in the gross appearance of
the bile obtained from normal IL-61/1 and IL-62/2 mice.
However, at 12 weeks, the bile in the obstructed biliary
tree of the majority of IL-61/1 mice (n 5 11/16) was a pale
translucent white-yellow, or so-called white bile, com-
monly seen in chronic obstructive cholangiopathy (Figure
2).29 In contrast, dark green, heavily pigmented or so-
called black bile29 was present in the majority of the
IL-62/2 mice at 12 weeks (n 5 15/18; P , 0.003) (Figure
2). The concentration of bilirubin in the white bile versus
the black bile was 0.9 6 0.5 versus 11.8 6 5.1 mg/dl,
respectively (n 5 6 in each group).

Sequential Changes in Liver Mass and Weight,
Proliferative and Apoptotic Indexes, and Liver
Morphology
Liver weight/body weight ratios(liver mass; Figure 3a)
and absolute total liver weight (Figure 3b) were higher in
the normal IL-62/2 mice even before BDL (n 5 10 in each
group; 5.0 6 0.4% versus 4.5 6 0.4%; P , 0.02), as
previously reported.2 Both the liver mass and total liver
weight, significantly increased in both groups of mice,
reaching a peak at the end of week 1 (Figure 3, a and b).
In the IL-61/1 mice, the increased liver mass was sus-
tained at a plateau value of about 7.5% for the duration of
the study. In contrast, both the increased liver weight and
mass in the IL-62/2 mice progressively declined, such
that by week 12, both liver weight and mass were signif-
icantly lower in the IL-62/2 mice (6.5 6 0.4% versus 7.5 6
0.6%, P , 0.005, Figure 3a; and 1.56 6 0.23 g versus
1.84 6 0.26 g, P , 0.02, Figure 3b).

The differences in liver mass between IL-61/1 and
IL-62/2 mice were reflected in the BrdU labeling and
apoptotic indexes(Figure 3, c and d) and in the volume
proportions of various cell populations (Figure 4b). At 6
weeks, hepatocyte BrdU labeling was higher in the IL-
61/1 mice than in the IL-62/2 mice (0.66 6 0.28% versus
0.21 6 0.18%; P , 0.02) and by 12 weeks, the difference
became even greater (1.10 6 0.18% versus 0.35 6
0.13%; P , 0.0001) (Figure 3c). Conversely, there was a
trend toward increased small duct BEC BrdU labeling in
the IL-62/2 mice at 6 weeks (3.17 6 1.5% versus 2.46 6
0.93%; P , 0.4), which became statistically significant by
12 weeks (2.77 6 0.83% versus 1.78 6 0.31%; P , 0.04)
(Figure 3c). There were no differences in BrdU labeling in
the medium and large ducts (data not shown).

There was no significant difference between the IL-
61/1 and IL-62/2 mice in the number of TUNEL1
cells/50 high-power fields (HPFs) (31000) at either 6 or
12 weeks after BDL (Figure 3d). At 6 weeks there was
11.6 6 4.0 TUNEL1 cells/50 HPFs in the IL-61/1 mice
versus 9.3 6 5.4/50 HPFs in the IL-62/2 mice at 6
weeks (P . 0.5). At 12 weeks, the IL-61/1 mice showed
9.3 6 6.1 versus 7.2 6 2.6/50 HPFs in the IL-62/2 mice
(P . 0.5). The number of apoptotic BEC was extremely
low in both groups. At 6 weeks after BDL in the IL-62/2

mice there were 1.25 6 1.64 TUNEL1 BEC/50 ductal
profiles versus 1.2 6 1.16 in the IL-61/1 mice (P 5
0.96). However, at 12 weeks after BDL there were
2.8 6 1.94 TUNEL1 BEC/50 ductal profiles in the IL-
62/2 mice versus 1.0 6 0.82 in the IL-61/1 mice (P 5
0.09). There was no difference between IL-61/1 and
IL-62/2 mice in total caspase 3 activity in whole liver
tissue, as measured by the CaspACE Assay System
(Promega, Madison, WI) at either 6 or 12 weeks (data
not shown). The apoptosis assay results are consistent
with the serum ALT values (Figure 1b), which showed
no difference between the IL-61/1 and IL-62/2 mice at
either 6 or 12 weeks.

Histopathologic staging of the biliary fibrosis (see Ma-
terials and Methods), using standard criteria,24 was con-
ducted on all mice sacrificed at 12 weeks (n 5 16 IL-61/1

and n 5 23 IL-62/2 mice) without knowledge of the ge-

Figure 2. Gross appearance of bile in the distended biliary tracts. Note the
presence of relatively clear or “white” bile in the IL-61/1 mice (left), in
contrast to the dark green or “black” bile in the distended gallbladder of
IL-62/2 mice (right).
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notype. Although there was variation within groups, the
mean stage at 12 weeks after BDL in the IL-61/1 mice
was 1.75 6 0.66 versus 2.45 6 0.56 in the IL-62/2 mice
(P , 0.02). A representative example of the difference in
the histopathologic stage between the IL-61/1 and IL-
62/2 mice is shown in Figure 4a.

Liver sections from three randomly selected mice
from each group were then subjected to a quantitative
morphometric analysis using a point counting method
(see Materials and Methods). At 6 weeks after BDL,
there were no significant differences in the volume
proportion of hepatocytes, mesenchymal cells, and
BEC between the IL-61/1 and IL-62/2 mice (data not
shown). By 12 weeks, however, hepatocytes ac-

counted for 79.6 6 0.8% of the total cells in the livers of
IL-61/1 mice (Figure 4b), but only 67.5 6 2.3% of the
total number of cells in the IL-62/2 mice (P , 0.001).
Conversely, there were more mesenchymal cells
(29.0 6 2.9% versus 18.9 6 0.7%; P , 0.005) and BEC
(3.5 6 0.6% versus 1.5 6 0.2%; P , 0.006) in the
IL-62/2 mice.

We next assayed the total collagen content of the
livers, using total hydroxyproline/g liver. Hydroxypro-
line levels were under the detectable sensitivity (0.5
nmol/mg liver) in most normal mice before BDL in either
group. By 12 weeks after BDL, there was an increase in
hydroxyproline levels in both groups compared to nor-
mal mice. The IL-62/2 mice showed greater hy-

Figure 3. Assessment of liver weight/body weight ratio (liver mass), actual liver weights, BrdU, and TUNEL1 labeling indexes after bile duct ligation (BDL). a:
The initial increase in liver mass during the first week after BDL was independent of the IL-6 status, but the IL-62/2 mice were unable to sustain the increased
liver mass during longer follow-up (F, IL-61/1; E, IL-62/2; *P , 0.0005). b: Similar results were seen for the actual liver weights (*P , 0.02). c: BrdU labeling
indexes showed fewer hepatocytes but more BEC labeling in the IL-62/2 mice at both 6 and 12 weeks after BDL, but the difference in BEC labeling was statistically
significant only at 12 weeks (*P , 0.04; **P , 0.02; ***P , 0.0001; M, IL-61/1; p, IL-62/2). d: There was no significant difference between IL-61/1 and IL-62/2

mice in the number of TUNEL1 cells/50 high power fields (HPFs) (10003) at either 6 or 12 weeks after BDL (M, IL-61/1; p, IL-62/2).
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droxyproline levels (6.39 6 1.73 nmol hydroxypro-
line/mg liver) than the IL-61/1 mice (5.57 6 1.03
nmol/mg liver), but the difference was not statistically
significant.

Analysis of the Intrahepatic IL-6/gp130
Signaling System

IL-6 first forms a complex with either a membrane-bound
or soluble cytokine-specific receptor, IL-6Ra (gp80), and
this complex then binds to and induces homodimeriza-
tion of the signal-transducing receptor, gp130.30 The
gp130-associated kinases Jak1, Jak2, and Tyk2 phos-
phorylate the cytoplasmic tail of gp130, providing dock-

ing sites for STAT1 and STAT3, which also become phos-
phorylated, form dimers, and translocate to the nucleus,
where they regulate transcription of target genes. After
BDL there is persistent intrahepatic production of both
IL-6 and LIF mRNA (Figure 5a) at 12 weeks in the IL-61/1

mice, compared to normal IL-61/1 mice without BDL. LIF
mRNA was also persistently expressed at 12 weeks in the
IL-62/2 mice, but there was no IL-6 mRNA (Figure 5a), as
expected.

Immunoprecipitation followed by Western blotting
showed no difference in the level of IL-6Ra protein ex-
pression between the two groups in normal mice before
BDL or 12 weeks after BDL (Figure 5b). Before BDL, the

Figure 4. Assessment of liver architecture and cell composition of the liver
after bile duct ligation. a: Routine histology, using Van Gieson’s picric
acid-acid fuschin-stained slide at 12 weeks, showed that the IL-62/2 mice
had progressed to stage III disease (right), with the formation of portal-to-
portal bridging, whereas the IL-61/1 mice showed mostly portal expansion,
or stage II disease (left). b: Determination of the volume proportions of
hepatocytes (p), mesenchymal cells (M), and BEC (s) showed that by 12
weeks, there was a greater percentage of mesenchymal (29.0 6 2.9% versus
18.9 6 0.7%; P , 0.005) and BEC (3.5 6 0.6% versus 1.5 6 0.2%; P , 0.006)
in the IL-62/2 mice.

Figure 5. Analysis of the IL-6/gp130 signaling system before and after bile
duct ligation (BDL). a: RT-PCR for IL-6 and LIF showed an increase in mRNA
for both of these cytokines at 12 weeks after BDL (12W) in the IL-61/1 mice,
compared to normal mice (2) without BDL. The IL-62/2 mice also showed
increased LIF compared to normals (2), but IL-6 mRNA was not detected, as
expected. b: Immunoprecipitation (IP) followed by Western blotting (WB)
showed no difference between IL-62/2 and IL-61/1 mice in the level of
IL-6Ra protein expression either before BDL(2) or 12 weeks after BDL(12W)
(top row). The level of gp130 protein expression was similar between
normal IL-61/1 and IL-62/2 mice before BDL(2), but 12 weeks after
BDL(12W) the IL-61/1 clearly showed more gp130 protein expression (cen-
ter row) and higher levels of gp130 phosphorylation (botttom row; PY,
anti-phosphotyrosine) than the IL-62/2 mice. c: Nuclear STAT3 protein
levels were slightly higher in normal IL-61/1 mice before BDL. Nuclear
phospho-STAT3 was weakly expressed in normal mice from both groups
before BDL, although an occasional IL-61/1 mouse showed slightly higher
levels of expression. By 12 weeks after BDL, both groups of mice showed a
small increase in nuclear STAT3 and a clear increase in nuclear phospho-
STAT3. However, the level of expression of both STAT3 and phospho-STAT3
was greater in the IL-61/1 mice. HeLa cells were used as a positive control
for STAT3 and a negative control for phosph-STAT3. HeLa cells treated with
interferon-a (IFN-a) were used as a positive control for STAT3 and phospho-
STAT3.
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level of gp130 protein expression was also similar in
normal IL-61/1 and IL-62/2 mice. However, by 12 weeks
after BDL, there was noticeably more total gp130 protein
expression in the IL-61/1 mice (Figure 5b), consistent
with previous studies showing up-regulation of hepatic
gp130 in vivo, after exogenous administration of IL-6.31 In
addition, there is significantly more gp130 phosphoryla-
tion in the IL-61/1 compared to the IL-62/2 mice at 12
weeks after BDL (Figure 5b).

There were also differences between the IL-61/1 and
IL-62/2 mice in gp130-related transcription factors. In
normal mice before BDL, the level of STAT3 protein ex-
pression was slightly higher in the IL-61/1 mice (Figure
5c), consistent with previous reports.1 Nuclear phospho-
STAT3 was weakly and variably expressed in normal
mice from both groups, although the levels tended to be
higher in the IL-61/1 mice (Figure 5c). Twelve weeks after
BDL, there was a clear increase in both nuclear STAT3
and phospho-STAT3 in both groups of mice (Figure 5c),
but the level of expression was uniformly greater in the
IL-61/1 than in the IL-62/2 mice. Thus, even though the
IL-62/2 mice attempt to compensate for the absence of

IL-6 by producing LIF and possibly other gp130 ligands,
signaling via the gp130-STAT3 pathway is lower.30

Effect of Treatment with Exogenous IL-6

Before treatment with exogenous rhIL-6 or normal saline
at 6 weeks, there was an equivalent low-level elevation of
serum ALT in both the IL-61/1 and the IL-62/2 mice
(Figure 1b), but the TB was significantly higher in the
IL-62/2 mice (Figures 1c and 6a). Starting at 6 weeks
after BDL, daily treatment of mice from both groups for 3
weeks with exogenous rhIL-6 resulted in a dramatic and
significant decrease in TB in the IL-62/2 mice from 20.8 6
3.0 mg/dl to 11.9 6 3.5 mg/dl (P , 0.0005) (Figure 6a). In
addition, delta bilirubin in the IL-62/2 mice dramatically
decreased from 3.9 6 1.5 mg/dl to 0.7 6 0.4 mg/dl (P ,
0.002), and the ratio of delta bilirubin to total bilirubin
decreased from 18.5 6 5.2% to 5.7 6 3.2% (P , 0.002)
(Figure 6b). Interestingly, there was also a significant
decrease in TB after treatment of the IL-61/1 mice with
exogenous rhIL-6 from 16.3 6 1.6 mg/dl to 11.6 6 3.0

Figure 6. Effect of exogenous rhIL-6 treatment. a: TB values at 6 weeks (pre-, M) and 9 weeks (post-, p) for both IL-61/1 and IL-62/2 mice showed that treatment
with rhIL-6 but not normal saline significantly lowered the serum TB levels in both the IL-62/2 mice and in the IL-61/1 mice, although the decrease was more
dramatic in the IL-62/2 mice (*P , 0.03; **P , 0.0005; n 5 6 in each group). b: Treatment with exogenous rhIL-6 for 3 weeks also significantly lowered the ratio
of delta bilirubin to total bilirubin in the IL-62/2 mice, indicative of increased biliary tree integrity and decreased exposure of conjugated bilirubin to the blood
after therapy (see text). p, conjugated bilirubin; M, delta bilirubin; s, unconjugated bilirubin). c: Immunoprecipitation followed by Western blotting (IP/WB)
showed that treatment with exogenous rhIL-6 for 6 weeks also increased the level of gp130 protein expression in the IL-62/2 mice after BDL, consistent with
previous studies.31 d: Treatment with exogenous rhIL-6 for 6 weeks also increased the number of portal plasma cells in the IL-62/2 mice (inset), which were
uncommonly detected in the IL-62/2 mice treated with normal saline.
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mg/dl (P , 0.03; Figure 6a), but not in either treatment
control group, given normal saline injections. Exogenous
rhIL-6 treatment had no significant effect on ALT levels in
either group (data not shown).

Liver mass determination and hepatocyte BrdU label-
ing index measurements were conducted on both groups
of mice after treatment for 3 and 6 weeks with exogenous
rhIL-6 (Table 1). Treatment of IL-62/2 mice with exoge-
nous IL-6 for 3 weeks slowed the decline in liver mass,
but the difference between those treated with rhIL-6 and
those given normal saline did not reach statistical signif-
icance (Table 1). Continued treatment of the IL-62/2 mice
for 6 weeks completely reversed the liver mass decline
and significantly increased hepatocyte BrdU labeling in-
dex (Table 1).

Exogenous rhIL-6 therapy of IL-62/2 mice was also
associated with an increased level of gp130 protein ex-
pression compared to saline-treated controls (Figure 6c),
which is consistent with previous studies showing up-
regulation of gp130 by exogenous IL-6.31 However, we
did not detect a significant increase in either gp130 or
STAT3 phosphorylation in the IL-62/2 mice after 6
weeks of treatment (data not shown). The inability to
detect increased phosphorylation of the gp130 signal-
ing pathway after IL-6 treatment of the IL-62/2 mice
was attributed to a 24-hour delay between the last
rhIL-6 dose and sacrifice of the mice. Direct inhib-
itors of gp130 and STAT3 phosphorylation, including
protein inhibitor of activated STAT3(PIAS3) and sup-
pressor of cytokine signaling (SOCS) proteins, ensure
that phosphorylation of these molecules is only tran-
sient.30

Histopathologically, treatment with rhIL-6 for 3 or 6
weeks did not significantly change the stage of biliary
fibrosis. The mean biliary fibrosis score in IL-62/2 mice
treated for 6 weeks with exogenous rhIL-6 (2.38 6 0.44)
was less than the IL-62/2 mice treated with normal saline
(2.55 6 0.5), but the difference was not statistically sig-
nificant (P . 0.05). However, there were noticeable bio-
logical effects of the rhIL-6 treatment that were not seen
in the saline-treated controls. These included an increase
in liver mass (Table 1), portal-based plasma cells (Figure
6d), and splenomegaly, and two of the mice also devel-
oped marked extramedullary hematopoiesis in the liver
and the spleen, and a sharp increase in the hepatocyte
BrdU labeling index. The latter two mice were excluded
from the liver mass, BrdU labeling index, and biliary
fibrosis staging analyses.

Discussion

Bile duct ligation is a convenient and well-studied exper-
imental animal model of diseases that cause biliary cir-
rhosis,32 such as extrahepatic biliary atresia and primary
sclerosing cholangitis, which eventually result in the need
for liver transplantation.33 Development of cirrhosis in the
BDL model and in human biliary diseases first proceeds
through an acute epithelial mitogenic stage.34 It is char-
acterized by brisk up-regulation of growth factors (eg,
IL-6, HGF) that trigger an explosive expansion of the
mature BEC,20,34–36 periductal myofibroblasts, and, to a
lesser extent, hepatocytes.20,25,37 This results in marked
liver enlargement, up to twice normal. A much longer
chronic maintenance phase follows.34 It is characterized
by maintenance of the enlarged liver mass, coincident
with a shift to low-grade BEC and hepatocyte proliferation
and an increase in profibrogenic (TGF-b1, FGF) and
mitoinhibitory cytokines (TGF-b1, activin) and growth fac-
tors. During this phase, the portal tract is transformed into
an expanding BEC/mesenchymal wedge that gradually
remodels the liver architecture by linking adjacent portal
tracts.34 Histopathological staging, as used in this study,
chronicles the progression from mild portal expansion
(stage I) to a well-developed biliary cirrhosis (stage
IV).24,38

Mechanisms responsible for maintenance of liver mass
during the chronic phase are poorly understood. Analysis
of cellular population dynamics in livers with developing
biliary cirrhosis show that over time, there is an increase
in BEC and supporting stroma and a relative fall in the
volume proportion of hepatocytes.25 However, an abso-
lute decrease in hepatocytes does not occur39 or is less
than anticipated, because chronic compensatory mech-
anisms ensure that hepatocytes continue to prolifer-
ate,40,41 and there is an overall increase in liver size.25,42

Results from this study are consistent with previous stud-
ies from our laboratory21 showing that despite brisk up-
regulation of IL-6 within hours after BDL, the initial in-
crease in liver mass during the first week is not IL-6-
dependent. An increase in liver mass from the normal
4.5–5.0% to a maximum of 7.5–8.0% of total body weight
occurred in both the IL-61/1 and IL-62/2 mice. This
amounts to almost a doubling of liver size that enables
the animal or patient to remain relatively stable, or com-
pensate for the insult, throughout the early stages and
often into the later stages of the disease.

The ability to maintain the increased liver mass and
compensated state was clearly IL-6-dependent. Total se-

Table 1. Liver/Body Weight Ratios (Liver/BW (%)) and Hepatocyte BrdU Labeling Indexes after Treatment with rhIL-6 for 3
Weeks in IL-61/1 Mice, and for 3 and 6 weeks in IL-62/2 Mice

IL-61/1 (3 weeks) IL-62/2 (3 weeks) IL-62/2 (6 weeks)

rhIL-6 Saline rhIL-6 Saline rhIL-6 Saline

Liver/BW (%) 7.9 6 0.6 7.8 6 0.9 6.9 6 0.7 6.5 6 0.5 7.3 6 0.7* 6.3 6 0.5
BrdU 1 hepatocyte (%) 0.73 6 0.49 0.77 6 0.46 0.23 6 0.07 0.26 6 0.13 0.75 6 0.35† 0.26 6 0.21

*P , 0.01 and †P , 0.03 versus saline-treated IL-62/2 mice for 6 weeks.
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rum bilirubin continued to rise in the IL-62/2 mice and
their enlarged livers gradually became smaller, in con-
trast to the IL-61/1 mice, in which both the serum bilirubin
and liver mass stabilized. This was associated in the
IL-62/2 mice with lower expression and phosphorylation
of the signal-transducing receptor, gp130, and the down-
stream transcription factor, STAT3, compared to the IL-
61/1 mice. Instability of the compensated state in the
IL-62/2 mice after BDL is similar to a recent report of
cardiac ventricle-restricted knockout of gp130 via Cre-
loxP-mediated recombination.19 Aortic banding in these
mice created a pressure overload, or biomechanical
stress within the heart, which results in adaptive ventric-
ular hypertrophy. In contrast to controls, the cardiac ven-
tricle-gp130 knockouts could not sustain the compen-
sated state; instead, they quickly developed cardiac
dilatation and failure because of massive cardiac myo-
cyte apoptosis.19 In this study, the IL-62/2 mice were also
unable to sustain the compensatory hepatic hyperplasia
associated with the biomechanical stress of BDL. How-
ever, failure to maintain the compensated state was due
to lower hepatocyte proliferation and not an increased
rate of apoptosis. This was confirmed by a comparison of
hepatocyte BrdU and TUNEL labeling indexes (Figure 3,
c and d), total capase activity, and equivalent elevations
of serum ALT (Figure 1b).

Because obstructive cholangiopathy and hyperbiliru-
binemia alone can inhibit hepatocyte mitosis after partial
hepatectomy,43 an initial impression was that the pro-
gressive increase in TB in the IL-62/2 mice was the cause
of impaired hepatocyte proliferation. This possibility was
considered unlikely when exogenous rhIL-6 treatment for
3 weeks dramatically lowered the TB in the IL-62/2 mice,
without causing an equally dramatic increase in the he-
patocyte BrdU labeling index. Conversely, exogenous
administration of hepatocyte growth factor (HGF) to the
IL-62/2 mice was not able to lower the total serum biliru-
bin (data not shown).

Further studies are needed, however, to determine
whether the lower hepatocyte proliferation in the IL-62/2

mice is a result of a direct mitogenic effect of IL-6 on
hepatocytes via gp130-STAT3 signaling or an indirect
effect through intermediaries. The ability of the IL-6/
gp130 signaling system to directly stimulate hepatocyte
proliferation in vivo appears to depend on the ratio of
gp130 to soluble or membrane-bound IL-6Ra(gp80). In
IL-6 single transgenic mice, no significant hepatic phe-
notype is observed, but IL-6/sIL-6R double transgenic
mice show hepatocellular hyperplasia and adenomas.3

In this study, exogenous rhIL-6 treatment reversed the
decline of increased liver mass by increasing the hepa-
tocyte BrdU labeling index. Several of the IL-62/2 mice
that received long-term rhIL-6 treatment also developed
marked extramedullary hematopoiesis in the liver and the
spleen and a very high hepatocyte BrdU labeling index,
which is similar to the reaction of the experimental ani-
mals treated, IL-6/sIL-6R double transgenic mice.44 This
finding suggests that the level of sIL-6R in these mice is
an important regulator of IL-6 biological activity and might
account for the delay between IL-6 therapy and BrdU
labeling index and liver mass recovery. IL-6 might also

regulate hepatocyte entry or progression through the cell
cycle,1,2 possibly by influencing the levels of cyclin-de-
pendent kinase inhibitors such as p21. Last, IL-6 might
also indirectly influence hepatocyte proliferation via its
ability to up-regulate hepatocyte growth via HGF/met
expression.45–48

The IL-62/2 mice attempt to compensate for the lack of
IL-6 after BDL with up-regulation of LIF, which is also a
BEC mitogen, in vitro.21 As expected, preliminary data on
the quantitative level of LIF mRNA production from a
ribonuclease protection assay showed higher levels in
the IL-62/2 mice at 12 weeks after BDL (data not shown).
Despite the increase in LIF and possibly other gp130
ligands in the IL-62/2 mice after BDL, whole-liver gp130
protein expression, gp130 phosphorylation, and down-
stream signaling through nuclear phospho-STAT3 are
lower than in the IL-61/1 mice. This is at least partially
explained by the ability of IL-6 to increase hepatic gp130
protein and gene expression, as seen in this and other
studies.31,49 Furthermore, IL-6 signaling results in the
formation of gp130 homodimers, whereas LIF results in
gp130-LIFR heterodimers.18 Last, IL-6Ra(gp80) is ex-
pressed largely on hepatocytes,20 whereas the LIFR re-
portedly shows preferential expression on the BEC.50

Absence of IL-6 and compensation by LIF in the liver of
IL-62/2 mice theoretically could direct more gp130-
STAT3 signaling through the BEC instead of hepatocytes.
This would favor transformation of the portal tract into an
expanding BEC/mesenchymal wedge and subsequent
architectural distortion. In any event, the more advanced
biliary fibrosis seen in this study in association with de-
creased gp130-STAT3 signaling is consistent with a re-
cent study of mice with selective hepatic gp130 knock-
out. These mice show a number of hepatocyte cytologic
abnormalities, including a widening of the intercellular
spaces, and a replacement of the liver tissue by fibro-
sis.51

An inability to detect increased phospho-gp130 and
phospho-STAT3 after treatment of the IL-62/2 mice with
exogenous rhIL-6 deserves comment. It was attributed to
a 24-hour delay between administration of the last dose
of IL-6 and sacrifice of the mice. Natural inhibitors of
gp130 and STAT3 phosphorylation, such as PIAS3 and
SOCS proteins,30 ensure that phosphorylation of this sys-
tem is only transient. An additional difference is a bolus
exogenous source of IL-6 in the IL-6-treated IL-62/2 mice
versus a continuous intrahepatic IL-6 source in the IL-
61/1 mice.

The progressive increase in serum bilirubin in the IL-
62/2 mice points toward an impaired barrier/excretory
function of the hepatocyte-biliary tree axis. Several lines
of evidence support this contention: the predominance of
“white bile” in the obstructed biliary tree of IL-61/1 mice
and “black bile” in the IL-62/2 mice,29 higher serum TB
and delta fraction in the IL-62/2 mice,28 and the ability of
exogenous rhIL-6 to quickly lower the serum bilirubin in
the IL-62/2 mice. Previous studies have shown that “white
bile” is a result of total obstruction of an intact biliary tree.
This significantly raises intralumenal pressure that
causes back-flow of bile from the biliary tree to the liver,
resorption of bile pigments and secretion of water by
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cholangiocytes, and subsequent inhibition of further he-
patocyte bile production/secretion.29 “Black bile” on the
other hand, is the result of continued low-level leakage or
drainage of the “obstructed” biliary tree, via the gallblad-
der,29 or escape into periportal tissues and then into the
portal lymphatics.38,52 This results in lower intralumenal
pressures and, thus, continued bile production and a
higher concentration of bilirubin in the bile, which can
then leak back into the blood to raise serum TB levels and
the delta fraction.29

The exact site/mechanism responsible for the impaired
barrier/excretory function in the IL-62/2 mice is currently
under investigation. Possibilities include increased per-
meability of the hepatocyte-biliary tree axis because of
leaky intercellular junctions, increased susceptibility of
small bile duct cells to apoptosis, and/or failure of feed-
back mechanisms to decrease bile flow in obstructive
cholangiopathy.53 This can lead to leakage of bile into the
portal connective tissue and a sustained stimulus for BEC
and myofibroblast proliferation.

In humans, IL-6 is produced within the liver by
Kupffer’s cells and other antigen-presenting cells, endo-
thelial cells,11 and BEC8 during acute and chronic hep-
atitis, alcoholic liver disease,11 PBC, PSC, and other
causes of cirrhosis.8,13 During stage I–III primary biliary
cirrhosis there is significant liver enlargement, which is
associated with elevated intrahepatic IL-6 mRNA levels12

and a high rate of hepatocyte proliferation.54 Serum IL-6
is also increased in a variety of patients with chronic
inflammatory liver diseases, including chronic hepatitis C
virus infection.10,55 The results of this study suggest that
IL-6/gp130 signaling likely contributes to compensatory
hepatocyte growth during chronic injury, at least in
chronic biliary tract diseases, which is similar to keratin-
ocyte and synovial cell proliferation observed in other
“chronic fibroinflammatory proliferative disorders,” such
as psoriasis and rheumatoid arthritis, respectively.18

Empirical linear regression models are used to predict
decompensation or death in patients with chronic biliary
diseases and are used to optimally time therapeutic in-
tervention with liver transplantation. Almost all of these
models have identified elevated TB and histological
stage of the disease as independent predictors of sur-
vival.56–60 However, the rate of progression through var-
ious histopathological stages is variable, and factors in-
fluencing the evolution are poorly understood. This study
illustrates an important concept: the rate of progression
of biliary fibrosis/cirrhosis is influenced by the absolute
and relative growth rates of various cell populations
within the liver. In turn, the growth rates are influenced by
the availability of cytokines and growth factors and by the
expression of receptors for these molecules. In this
model, despite a similar degree of injury, the adaptive
changes brought about by the absence of IL-6 resulted in
a repair response that actually hastened the develop-
ment of architectural distortion and subsequent decom-
pensation. The more advanced biliary fibrosis stage and
decreased hepatocyte proliferation in the IL-62/2 mice
after BDL were associated with decreased expression of
native and phosphorylated gp130 and STAT3 in the liver,

consistent with the increased fibrosis seen in aged-nor-
mal hepatic gp130 knockout mice.51

Polymorphisms in the IL-6 promoter region61–63 and
levels of soluble IL-6Ra3,64,65 importantly contribute to
IL-6 biological activity. Whether these can affect the evo-
lution and compensation of biliary cirrhosis in humans is
certainly worthy of further investigation. Conversely, liver
injury and the development of cirrhosis might be retarded
by infusion of cytokines/growth factors that preserve he-
patocyte integrity and/or favor hepatocyte proliferation
over (myo-)fibroblasts and BEC that are responsible for
distortion of the liver architecture.34 Thus, in addition to
treatment aimed at removing the insult in chronic inflam-
matory liver disease (eg, interferon), it should be possible
to simultaneously intervene with cytokines and growth
factors that preserve hepatocytes and, consequently, ar-
chitectural integrity.
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