American Journal of Patbology, Vol. 139, No. 6, December 1991
Copyright © American Association of Pathologists

Rapid Communication

Transforming Growth Factors 1 and 32
Are Differentially Expressed in Fibrotic

Liver Disease

- Stefano Milani,*t Hermann Herbst,t

Detlef Schuppan,t Harald Stein,t and
Calogero Surrenti*

From the Gastroenterology Unit,* Department of Clinical
Physiopathology, University of Florence, Florence, Italy; the
Institute of Pathologyt and Department of
Gastroenterology,* Klinikum Steglitz, Free University of
Berlin, Berlin, Federal Republic of Germany

Transforming growth factor (TGF) B1 bas been im-
Dlicated in the control of bepatocyte growth and
stimulation of extracellular matrix synthesis in
acute and chronic liver disease. The cellular local-
ization of transforming growth factor (TGF) 31 and
B2 RNA transcripts was determined in normal and
fibrotic liver by in situ bybridization with [3°S]-
labeled RNA probes in combination with immuno-
staining for cell type characteristic markers. Fibrotic
specimens were from patients with bepatitis B virus
infection or alcobol abuse and rats with fibrosis sec-
ondary to bile duct ligation and scission. In normal
liver, low levels of TGFB1 transcripts were found in
some portal tract stromal cells, and TGF2 RNA was
not detectable. In fibrotic liver, bigh TGF31 RNA lev-
els were present in most mesenchymal liver cells, in
most inflammatory cells, and in few bile duct epi-
thelial cells. Hepatocytes did not express this cyto-
kine with the exception of few limiting plate bepa-
tocytes in cases of buman cirrbosis with bigh activity.
TGFB2 transcripts were detected at bigh levels in pro-
liferating bile ducts of fibrotic livers, but were absent
in all other cell types. TGFB1 expression in the liver is
thus a function predominantly of mononuclear and
mesenchymal cells as well as of some bepatocytes,
whereas TGFP2 expression is a specific property of
bile duct epithelial cells that may be related to the
formation of specialized periductular connective tis-
sue during bile duct proliferation. (Am J Pathol
1991, 139:1221-1229)

Transforming growth factors (TGF) B1 and B2 are multi-
functional cytokines with positive or negative influences
on cell growth and differentiation in a broad spectrum of
tissues."? TGFB1 is a strong inhibitor of proliferation of,
among others, bronchial epithelial cells, keratinocytes,
hepatocytes, endothelial cells, and megakaryocytes.'—®
TGFB1 promotes differentiation of keratinocytes and is
upregulated during differentiation of stem cells.27 Stimu-
lating influences are seen on the mesenchyme that result
in extracellular matrix synthesis and deposition.®° TGFB1
upregulates the expression of laminin, procollagen type |,
fibronectin, tissue inhibitor of metalloproteases (TIMP)
and integrins on the one side®'" and downregulates the
expression of transin/stromelysin and collagenase on the
other.2='4 The activation of procoliagen type | gene tran-
scription by TGFB1 is mediated by a nuclear factor 1
binding site in the procollagen promoter region.*® In vivo,
the injection of TGFB1 results in a local fibrotic response
and acclerated wound healing.'®

In the liver, TGFB1 has been implicated in the induc-
tion of synthesis and accumulation of extracellular matrix,
which may eventually result in hepatic fibrosis.'”~2° Stim-
ulation of rat hepatic lipocytes with TGFB1 in vitro in-
creases mRNA levels of various connective tissue pro-
teins and the synthesis of proteoglycans by these
cells.2'2* These cells are considered to represent the
principal source of collagen in the liver.2>=° Lipocytes
are not only sensitive to the stimulating effects of TGFg1,
but may additionally synthesize this cytokine, thus point-
ing to stimulation of fibrogenesis by means of paracrine
and autocrine regulatory loops.222" In vivo, elevated lev-
els of TGFB1 mRNA were found in liver extracts from
CCl,-intoxicated rats, in mice with schistosomal liv-
er fibrosis, and in fibrotic human livers.323* Analysis of
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RNA from isolated liver cells and in situ hybridization on
rat livers with CCl,-induced fibrosis indicated that TGFg81
expression is predominantly a function of mesenchymal
cells rather than of hepatocytes.'”?%32 However, TGFR1
immunoreactivity has been described in hepatocytes
and bile duct epithelial cells of normal mice” and of rats
with chronic CCl, intoxication,3® raising the question as to
whether this observation might be related to cellular up-
take of TGFB1 rather than to de novo synthesis in these
cell types. The cellular distribution of TGFB1 RNA tran-
scripts in human fibrotic liver disease and in animal mod-
els of biliary fibrosis is still not characterized. Also, no data
are available yet regarding the expression of other mem-
bers of the TGFB gene family in the liver. Here we report
on the cellular localization of TGFB1 and TGFB2 RNA
transcripts in human liver with fibrosis secondary to hep-
atitis B virus (HBV) infection and toxic damage due to
alcohol abuse as well as in rat liver after common bile
duct ligation and scission.

Materials and Methods
Animals

Female Wistar rats (200-250 g, Zentralinstitut fur Ver-
suchstiere, Hannover, FRG) were treated by ligation and
subsequent scission of the common bile duct.?”-%¢ Ani-
mals were sacrificed 3 and 5 weeks after surgery. Un-
treated rats served as controls. Animal experiments were
conducted in accordance with the state laws governing
the use of experimental animals.

Human Liver Biopsies

Wedge liver biopsies were submitted for diagnostic pro-
cedures and informed consent was obtained before sur-
gery. Results from two biopsies with normal histologic
appearance were from patients undergoing noncompili-
cated cholecystectomy. One cirrhotic section with mini-
mal inflammatory activity was obtained during portocaval
shunt surgery from a 65-year-old female with a history of
alcohol abuse. Nine specimens were the explanted livers
from nine male patients (median age, 62 years) with hep-
atitis B viral liver disease obtained during liver transplan-
tation. Histology revealed cirrhosis with minimal-to-
moderate inflammation (5 cases) or severe activity (4
cases). Tissue aliquots were snapfrozen and stored in
liquid nitrogen. Cryostat sections (4 um) were airdried on
a hot plate at 80°C for a few minutes, and fixed in 4%
paraformaldehyde/PBS (phosphate-buffered saline) for
20 minutes.

Immunohistology

Monoclonal antibodies specific for vimentin (V9, DAKO-
PATTS, Glostrup, Denmark) and cytokeratin 7 (Boeh-
ringer Mannheim, Mannheim, FRG) as a marker for bile
duct epithelial cells®”-*® were diluted to working concen-
tration with dilution buffer (see below) and applied to sec-
tions for up to 30 minutes at 20°C. Optimal antibody con-
centrations and minimal incubation periods had been de-
termined in preceding experiments. The dilution buffer for
all immunohistologic reagents (pH 7.5 at 20°C), freshly
made up with diethylpyrocarbonate (DEPC)-treated wa-
ter before use, consisted of 10x RPMI 1640 concentrate
(Gibco-BRL, Karlsruhe, FRG), 10 mg/ml bovine serum
albumin (fraction V; Sigma, Deisenhofen, FRG), 5000 1U/
ml heparin sodium salt (Sigma), 0.6 mg/ml yeast tRNA
(Gibco-BRL).3° After incubation with the primary anti-
body, slides were rinsed in TRIS-buffered saline (TBS),
pH 7.5, and incubated further 30 minutes with affinity-
purified rabbit anti-mouse immunoglobulin antibodies
(DAKOPATTS), diluted 1:20 in the aforementioned buffer
containing 10% normal rat or human serum for rat or hu-
man tissues, respectively. Sections were then rinsed
again in TBS and incubated with APAAP-complex
(DAKOPATTS) in 1:20 dilution for 30 minutes before de-
velopment with new fuchsin substrate.®® After a final
washing step in TBS, a control slide was counterstained
and examined before subjecting the batch to the in situ
hybridization procedure.

Probes

For the preparation of single-stranded RNA probes, the
0.55 kb Smal fragment of a human TGFB1 cDNA, 7 pro-
vided by Dr. N. Fausto, Brown University, Rhode Island,
USA, and the 0.75 kb Hindill-EcoRlI fragment of the hu-
man TGFB2 cDNA as present in the plasmid pBS2/
sup40-1,*" donated by Dr. de Martin, Sandoz Ltd., Basel,
Switzerland, were subcloned into the vector pGEM1
(Promega Biotec, Madison, WI, USA) at the appropriate
restriction sites. The crosshybridization of the human
TGFB cDNA clones to the corresponding rat gene se-
quences has been established.2'74142 After lineariza-
tion of the plasmids with EcoRlI or Hindlli restriction en-
donucleases singe-stranded RNA probes complemen-
tary (anti-sense probe) or anti-complementary (sense
probe, negative control) to cellular RNA transcripts were
obtained by run-off transcription using SP6 or T7 RNA
polymerase (Gibco-BRL, Karlsruhe FRG).2¢ [3°S]-
labeled nucleotides were used for generating in situ hy-
bridization probes with a specific activity of 1.2—1.4 x 10°
cpm/pg.



Hybridization and Autoradiography

Prehybridization, hybridization, washing procedures, and
RNase digestion of mismatched sequences as well as
autoradiography were performed as described.?® In
brief, sections were treated with 0.2 M HCI, digested with
pronase, and fixed in 4% paraformaldehyde/PBS. Slides
were then acetylated, rinsed again in PBS, dehydrated in
graded ethanols and airdried before hybridization. Hy-
bridization was performed for 18 hours at 50°C using 5 X
10% cpm of [®5S]-labeled RNA probe. Slides were
washed for 5 hours at 50°C in modified hybridization
buffer and subjected to a brief RNase A digestion. After
some further washing steps, the slides were dehydrated
in graded ethanols, airdried, and dipped into liford G5
photographic emulsion (liford, Mobberley Cheshire, UK).
After exposure for 2 to 10 days at 4°C, slides were de-
veloped in Kodak D19 developer (Kodak, Hemel Hamp-
stead, UK) for 2.5 minutes, rinsed in 1% acetic acid and
fixed in Kodak Fixer for 3 minutes. After extensive wash-
ing, the slides were finally counterstained in hematoxylin-
eosin and mounted. All sections from normal and fibrotic
livers were processed in parallel using the same batches
of probes and reagents.

Results
Normal Liver

Applying the TGFB1 probe, a weak autoradiographic sig-
nal was found over few cells of the portal tract stroma in
normal human and rat liver tissues. Hepatocytes, lobular
mesenchymal cells, and bile-duct epithelial cells dis-
played only occasional silver grains, which were inter-

Figure 1. In situ hybridization with [>°S]-
labeled TGF-B1 antisense RNA probe on nor-
mal buman liver. Grains are localized over
mesenchymal cells of the portal tracts and
over some cells distributed along sinusoids.
bd, bile duct. Exposure time 10 days, magni-
fication X400.
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preted as being related to nonspecific signal, because a
similar number of grains was also observed after hybrid-
ization with the sense control probes (Figure 1). TGFp2
expression was not detectable.

Fibrotic Liver

The in situ hybridization results on normal and fibrotic rat
and human liver are summarized in Table 1. In human
fibrotic specimens, in situ hybridization revealed an in-
tense signal with the TGFB1 anti-sense RNA probe over
many cells of portal tracts, fibrous septa, and sinusoids
infiltrated by inflammatory cells, particularly at the periph-
ery of regenerating nodules (Figure 2). Morphology and
expression of vimentin as assessed by a combination of
immunohistology and in situ hybridization allowed for
their identification as mesenchymal cells. In both rat and
human livers, high TGFB1 gene transcript levels were
found in nonepithelial cells surrounding proliferating bile
ducts, whereas bile duct epithelial cells showed only
weak labeling of occasional cells. Leukocytes of the por-
tal and periportal inflammatory infiltrate represented an-
other quantitatively relevant source of TGFB1 in human
specimens. Hepatocytes showed no evidence for spe-
cific TGFB1 transcript levels above background with the
exception of some intensely labeled hepatocytes in the
periphery of regenerating nodules in 2 of 10 cirrhotic hu-
man liver biopsies with severe inflammatory activity.
These particular hepatocytes were found close to fibrotic
septa and were partially surrounded by vimentin- and
TGFB1-positive mesenchymal cells (Figure 4).

In comparison to TGFB1, TGFR2 showed a strikingly
different expression pattern in both human and rat liver.
Autoradiographic signals for TGFB2 transcripts were
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Table 1. Summary of In Situ Hybridization Results

Liver lobule
Portal tract Zone 1 Zone I Zone i
Stromal

Tissue Probe cells Leukocytes BDC HC BDC NEC HC NEC HC NEC
Fibrotic human liver ~ TGF-B1 ++ ++ + - + ++ - ++ - ++

TGF-B2 - - +++ - +++ - - - - -
Fibrotic rat liver TGF-g1 ++ ++ + - + ++ - ++ - ++

TGF-g2 - - +++ - +++ - - - - -

* Weak labeling of few hepatocytes of the limiting plate in two cases.
HC, hepatocytes; BDC, bile duct epithelial cells; NEC, nonepithelial cells.
-, %, + +, + + +; intensity of the autoradiographic signal: background levels, weak, moderate, and intense labeling, respectively.

found exclusively over epithelial cells of proliferating bile scripts were homogeneously distributed among bile duct

ducts (Figure 3), as confirmed by double labeling with a
cytokeratin 7-specific antibody (Figure 5). Occasional
groups of small TGFB2-positive cells at the periphery of
some lobules could also be identified as bile duct epithe-
lial cells as they expressed cytokeratin 7. TGF@2 tran-

epithelial cells, with enhanced signal intensity in small
ductules at the periphery of fibrotic portal tracts as com-
pared to larger bile ducts. The intensity of cytokeratin
7-specific staining appeared to be inversely related to the
TGFB2-specific signal, with bile duct epithelial cells of

Figure 2. In situ hybridization with [>°S]-
labeled TGF-B1 antisense RNA probe on cir-
rbotic buman liver with bigh activity. Autora-
diographic signal mainly localized over
Dperisinusoidal cells (arrow). Exposure time 7
days, magnification X180 (A), X400 (B).




Figure 3. In situ hybridization with [*°S]-
labeled TGF-B2 antisense RNA probe on rat
liver 3 weeks after bile duct interruption. Au-
toradiographic signal present over epithelial
cells of newly formed bile ductules. Exposure
time 5 days, magnification X 180.

large ducts showing the most intense staining. In com-
parison with hybridizations employing sense-probes, no
significant TGFB2 gene transcript steady-state levels
were detectable in nonepithelial cells and hepatocytes,
some of which expressed cytokeratin 7. This weak back-
ground signal was of similar intensity over all parenchy-
mal cells regardless of their localization within the lobule.

Discussion

It has previously been shown that TGF polypeptides
stimulate the production of ECM components and inhibit
degradation of these proteins in many tissues."? Inhibi-
tion or modulation of TGFR polypeptide effects may thus
represent potential approaches to fibroprevention or an-
tifibrotic therapy. In chronic liver disease, TGF1 expres-
sion correlated closely with the histologic activity index
and other parameters such as procollagen type | mRNA
and procollagen type |Il serum peptide levels.3* We were
thus interested in characterizing the celluar sources of
TGF transcripts in liver tissues with fibrosis of different
etiology. In this study we demonstrate that TGFg1 and
TGFB2 are differentially expressed in fibrotic rat and hu-
man liver, and that enhanced cellular RNA transcript lev-
els of these cytokines apparently occur in parallel with the
activity of liver fibrosis and bile duct proliferations, re-
spectively.

In human liver, TGFB1 transcripts were present in var-
ious mesenchymal cell types, positively identified by vi-
mentin staining in double labeling experiments. Their
phenotype, as judged by morphology and tissue distri-
bution, was compatible with inflammatory cells, fibro-
blasts, myofibroblasts, and lipocytes. The labeling of
some bile duct epithelial cells by the TGF1 probe is in
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agreement with its previous detection by immunostaining
in this cell type and is unlikely to be related to crosshy-
bridization to TGFB2, as the pattern of TGFB1 expression
differed considerably from that of TGFB2. We also found
that parenchymal cells did not express TGFB1 RNA in rat
liver. This is in agreement with previously published in situ
hybridization data on rat liver with acute and chronic car-
bon tetrachloride intoxication.?®*° The finding of occa-
sional groups of TGFB1 RNA-expressing hepatocytes
along fibrotic septa in a proportion of human liver biop-
sies was therefore unexpected.

In vivo, expression of TGFR1 RNA has never been
documented in hepatocytes. TGFB1-immunoreactivity
previously shown in murine hepatocytes was considered
to be exogenous in origin since the liver plays a role in the
clearance of circulating TGFB.” Our data support the
view that hepatocytes may well be capable of expressing
the TGFB1 gene under special circumstances. This ob-
servation raises the possibility that hepatocytes may di-
rectly contribute to the induction of fibrogenesis by stim-
ulating the ECM synthesis in neighboring mesenchymal
cells. In addition, since TGFB1 is an inhibitor of hepato-
cyte growth in vitro,'” '8 it is also conceivable that TGFB1
may also influence parenchymal cell growth in distinct
areas of the lobule by negative autocrine regulatory
loops.

To date, few functional differences between TGFB1
and TGFB2 have been described. TGFB2, also termed
glioblastoma-derived T-cell suppressor factor by virtue of
its suppressive effects on interleukin-2-dependent T-cell
growth, is the equivalent of bovine cartilage-inducing fac-
tor B.#142 The human TGFB1 and TGFB2 genes share
approximately 70% of common nucleotide sequence
and their peptides bind to specific types of receptors
exhibiting different affinities.*> Administration of exoge-
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Figure 4. In situ bybridization with [*5S]-labeled TGF-B1 antisense RNA

probe and vimentin-specific i 1g on cirrbotic buman

liver with bigh activity. The autoradiographic signal is present over vimentin-positive nonparenchymal cells and a vimentin-negative
hepatocyte in the periphery of a renerating nodule. Exposure time 7 days, APAAP method, magnification X480.

Figure 5. In situ bybridization with [*°S]-labeled TGF-B2 antisense RNA probe and cytokeratin 7-specific immunostaining on buman liver
with HBV-related chronic active bepatitis. The in situ bybridization signal is present over cytokeratin 7-positive bile duct epithelial cells.

Exposure time 7 days, APAAP method, magnification X480.

nous TGFB1 and TGFB2 to cultured human colon carci-
noma cells induces the expression of different, although
largely overlapping sets of genes, implying that these
proteins have distinct functions.** Immunolocalization

studies revealed that TGFR2 is developmentally regu-
lated, e.g., during the pre- and peri-implantation stages
of in murine embryos. This lead to the suggestion that
TGFB2 may be involved directly in the regulation of



growth or the specific patterns of extracellular matrix pro-
duction.*®

In rat and human livers, TGFB2 RNA transcripts were
restricted to bile duct epithelial cells as confirmed by dou-
ble labeling with a cytokeratin 7-antibody. Accumulation
of desmin-positive mesenchymal cells and synthesis of
interstitial and basement membrane extracellular matrix
components by these cells around newly formed bile
ducts is characteristic of the fibroductular reaction.®” The
expression of TGFB2 in epithelial cells of proliferating bile
ducts is therefore likely to reflect the induction of a spe-
cific periductular environment by paracrine stimulation of
ECM synthesis in adjacent mesenchymal cells. This in-
terpretation is in keeping with the expression of the base-
ment membrane components collagen type IV and lam-
inin B1 by proliferating bile duct epithelial cells which in-
dicates that these cells also contribute to the synthesis of
their basement membranes 272846 Contrary to hepato-
cytes expressing TGFB1, the production of TGFR2 is un-
likely to have negative autocrine growth effects on the bile
duct epithelial cells synthesizing this factor, as these cells
display proliferative activity.3” It will therefore prove inter-
esting to characterize the differences among those sets
of genes activated by TGF1 and TGFB2 polypeptides in
the liver. The expression of TGFB1 in addition to TGFR2 in
some of the bile duct epithelial cells also points to the
possibility of TGFB1.2 heterodimer secretion by these
cells.

Whereas TGFB2 expression is restricted to bile duct
epithelial cells and may be characteristic of liver disease
associated with bile duct proliferation, TGFB1 expression
involves several cell types of fibrotic liver. This suggests
that TGFB1 expression may represent a general re-
sponse to acute and chronic liver injury. The cellular dis-
tribution of TGFB1 RNA expression and its association
with fibrosis and inflammation in human and rat liver fur-
ther supports the view that this cytokine plays an impor-
tant role in the development and progression of hepatic
fibrosis. However, cytokine RNA expression may not al-
ways be followed by the synthesis and the release of the
corresponding protein, and TGFB polypeptides are se-
creted in inactive form requiring activation by transient
acidification or proteolysis in the extracellular space prior
to binding to receptor structures. The present RNA ex-
pression studies thus have to be extended to the immu-
nohistology of activated TGFB polypeptides and TGFB
receptors in the liver to obtain a more detailed under-
standing of the pathophysiologic functions of TGFg1 and
TGFB2 in hepatic fibrosis.
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