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Transforming growth factor-# (TGF-,B) modulates some com-
ponents of the acute phase response in hepatic cells. The mech-
anisms for these actions of TGF-,B are largely unknown. The
authors recently found that the decrease in albumin mRNA after
TGF-,61 treatment required de novo RNA and protein synthesis,
suggesting that TGF-,B acts through induction of another gene.
The purpose of the current study was to determine whether TGF-
,BI could regulate the expression of both the jun and fos genes
that encode transcriptional regulatory proteins that constitute
the AP-1 complex, and to determine whether expression of these
genes may be coordinated with the decrease in albumin mRNA.
Northern blot hybridization was used to determine levels of spe-
cific mRNAs. Transforming growth factor-fl increased the levels
of both jun-B and fos-B mRNA by 60 minutes after treatment
of mouse hepatoma (BWTG3) cells. When TGF-,61 was removed
from the media after 4 hours, there was a sustained effect of
increasedjun-B and decreased albumin mRNA (>48 hours), and
the subsequent decrease in jun-B levels coincided with the in-
crease in albumin mRNA. The tumor-promoting phorbol ester
(phorbol 12-myristate 13-acetate IPMAI), known to induce jun
and fos gene expression, caused increases in jun-B and fos-B
that preceded the decrease in albumin mRNA levels at 24 hours.
These observations are consistent with our hypothesis that jun-
B and fos-B induction may participate in downregulation of al-
bumin synthesis as well as other hepatic responses to TGF-f,.

Tn HE TRANSFORMING GROWTH factor-: (TGF-#)
family of molecules comprise the protein prod-
ucts of five separate genes (there are three mam-

malian isoforms) that share a high degree of homology
and all act through the same cell surface receptors.1-3 In
this report, the term TGF-fl refers to the TGF-,B family
(TGF-f1, 2, or 3); otherwise, specific isoforms are desig-
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nated by number (e.g., TGF-f1). The TGF-3s are secre-
tory proteins with numerous biologic activities that in-
clude inhibition of cell proliferation, regulation of cell
adhesion and extracellular matrix deposition, immuno-
suppression, fibroblast and monocyte chemotaxis, and
regulation of cell differentiation. Transforming growth
factor-p probably has important roles in the liver. Trans-
forming growth factor-f is expressed in hepatic mega-
karyocytes during development and in the fetal mouse
liver capsule.4 Levels of TGF-fl expression in adult liver
are very low; however, TGF-fl1 expression in hepatic
nonparenchymal cells is induced during hepatic regen-
eration after partial hepatectomy5 and in cirrhosis.6'7
Transforming growth factor-f inhibits the growth of cul-
tured nontransformed hepatocytes8; either TGF-f 1 or
TGF-,B2 can inhibit the first wave of DNA synthesis in
the regenerating rat liver, but does not prevent or delay
the recovery of hepatic mass or DNA content, which are
normal 8 days after 70% hepatectomy.9 Furthermore, the
liver is the major site for metabolism of activated TGF-
f l1.'0 " Most intravenously injected TGF-f 1 is rapidly
(half-life [t,,2] = 2.2 minutes) cleared from the blood by
the liver, where it is metabolized and the metabolites are
excreted in the bile.'1 Uptake of active TGF-f1 in the
liver is by hepatocytes, and not by nonparenchymal cells. "

In addition to effects on liver cell growth, TGF-f may
have a role in the hepatic acute phase response. 12-15 After
a systemic injury such as acute inflammation, bacterial
infection, major surgery, metal toxicity, burn, or the de-
velopment of certain forms of cancer, the liver responds
with a striking increase in the synthesis of a subset of
serum proteins that are called the positive acute phase
response proteins.'6 There is another class of negative
acute phase response proteins (including albumin) whose
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concentrations decrease after injury. Transforming growth
factor-,B decreases albumin mRNA levels and the secretion
ofalbumin protein 2- and increases the secretion ofsome
ofthe positive acute phase reactants (a 1-protease inhibitor
and alI-antichymotrypsin) from human hepatoma cells.'3
Transforming growth factor-: also inhibits albumin syn-

thesis in primary cultures ofnormal human hepatocytes.'4
The mechanisms for these actions of TGF-f in liver cells
have not been determined. We have reported previously
that TGF-f 1 downregulates albumin and a-fetoprotein
(AFP) mRNA in the mouse hepatoma cell line (BWTG3)
by a post-transcriptional mechanism that requires de novo

RNA and protein synthesis, and probably involves desta-
bilization of the mRNA for these two genes.'7 Our pre-

vious studies have suggested that the downregulation of
albumin mRNA levels by TGF-f requires the expression
of another, as yet unidentified, gene or set of genes.
A group oftranscriptional regulatory proteins (the AP-

1 complex) appears to be involved in mediating some of
the effects of TGF-f on gene transcription.'" 9 AP-1 is a
complex of nuclear proteins that was originally defined
by the interaction of the proteins with DNA sequences in
the transcriptional-regulatory regions of genes whose
transcription could be induced by phorbol ester (12-0 a-

tetradecanoylphorbol-l 3-acetate [TPA or PMA]).202
Genes that are induced by PMA have a consensus DNA
sequence (TGA(C/G)TCA] in the regulatory region that
can bind to the AP- 1 protein complex, and this interaction
regulates transcription. The AP-1 complex can be com-

posed of either homodimers of JUN protein or hetero-
dimers of JUN and FOS proteins.2223 The c-jun proto-
oncogene is the cellular homologue of the transforming
v-jun gene, first isolated from a retrovirus that causes tu-
mors in chickens.24 Three separate but homologous
members of the jun proto-oncogene family have been
identified and are called c-jun, jun-B, and jun-D. In dif-
ferentiated myocytes, the rapid transcriptional induction
of jun-B by TGF-,B is independent of protein synthesis
and is among the earliest responses to TGF-#.25 The other
component of the AP- I complex is the FOS protein. The
fos family includes c-fos,26 and more recently identified
genes encoding homologous proteins:fos-B,27fra- 1,28 and
fra-2.29 FOS:JUN protein heterodimers form more stable
complexes with the AP-1 site than JUN:JUN homodi-
mers. Any JUN protein can interact with any FOS pro-

tein.30 The purpose ofthis study was to determine whether
TGF-f can induce expression ofjun and fos genes, and
to determine whether expression of these genes is coor-

dinated with the decrease in albumin mRNA.

Materials and Methods

Cell Cultures

The BWTG3 cell line, derived from a mouse hepatoma
(BW7756),3' was cultured in Dulbecco's Modified Eagles
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Medium supplemented with 10% fetal bovine serum, 100
units of penicillin, and 0.1 mg streptomycin/mL. Cultures
were maintained in log growth phase at all times, and all
experiments were performed on cells within 6 weeks of
culture from liquid nitrogen stocks. Lyophilized, platelet-
derived, purified porcine TGF-#1 was obtained from R
& D Systems, Inc. (Minneapolis, MN) and was hydrated
with 4 mmol/L HCI and 0.1% bovine serum albumin.
Phorbol 12-myristate 13-acetate (PMA) was purchased
from Sigma (St. Louis, MO) and dissolved in Dulbecco's
Modified Eagles Medium containing 10% dimethylsulf-
oxide (vehicle). Preliminary experiments determined that
the vehicle (added at 3 ,uL per milliliter medium) had no
effect on the BWTG3 cells; therefore, controls received
no additions in the present experiments, The protein ki-
nase inhibitors 1-(5-isoquinolinesulfonyl)-2-methylpi-
perazine dihydrochloride (H7) and N-(2-guanidine ethyl)-
5-isoquinolinesulfonadmide hydrochloride (HA 1004)
were purchased from Seikagaku America, Inc. (St. Pe-
tersburg, FL). H7 and HA 1004 were dissolved in distilled
water at stock concentration of 10 mmol/L.

Isolation and Analysis ofRNA

Total RNA from BWTG3 cells was isolated by the
methods of Chirgwin et al.32 The cells were washed twice
in cold phosphate-buffered saline solution, then were ho-
mogenized in 7.5 mol/L guanidine hydrochloride, 1% 2-
mercaptoethanol, and 25 mmol/L sodium citrate followed
by ultracentrifugation through a 5.7 mol/L CsCl cushion.
Northern blot analysis was done as described.33 Filters
were probed with [32P]-labeled cDNA in hybridization
buffer containing 50% formamide, 4 X SSC, 0.2 mg/mL
sheared salmon sperm DNA, 4 X Denhardt's solution,
0.1% sodium dodecyl sulfate, and 50 mmol/L NaPO4, pH
6.5. After hybridization, filters were washed three times
for 15 minutes at 22 C in 2 X SSC, 0.1% sodium dodecyl
sulfate, and then three times for 45 minutes at 60 C in
0.1 X SSC, 0.1% sodium dodecyl sulfate. The mousejun-
B and c-fos cDNA clones were obtained from the Amer-
ican Type Culture Collection (Rockville, MD). Thefos-
B cDNA was provided by Rodrigo Bravo.27 The 18S ri-
bosomal RNA signal was used as an internal control to
ensure integrity of RNA and equality of loading among
lanes.

Results

TGF-f3J Increases jun and fos-B mRNA Levels

In previous studies,'7 we found that TGF-f 1 decreased
albumin mRNA to 60% of control by 12 hours, 23% by
24 hours, and to less than 10% of control by 48 hours
after treatment. Further studies suggested that TGF-,B led
to the transcription and translation of another (perhaps
more than one) gene whose product causes degradation
of albumin mRNA. AP- 1-like sites are necessary for
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transcriptional induction by TGF-,B of at least two genes
(plasminogen activator inhibitor'9 and TGF-,B1 itself'8);
therefore, we first examined whether TGF-# could induce
the genes encoding the AP- 1 components. After TGF-, 1
treatment of BWTG3 cells after 24 hours in serum-free
conditions, jun-B mRNA abundance was examined (Figs.
1A & B). Transforming growth factor-fl caused a rapid
increase (30 minutes) in the level ofjun-B mRNA (2.0
kb) that was sevenfold greater than control by 60 minutes.
Subsequent experiments showed that c-jun mRNA was
also increased, but to a lesser degree (data not shown).
Transforming growth factor-,B 1 treatment also resulted in
a 6.7-fold increase in the fos-B mRNA (- 4.0 kb) at 60
minutes (Fig. 2). No c-fos mRNA was detectable even
with prolonged (1 week) exposure of the autoradiograph
(Fig. 2A). Increases in jun-B (4.75-fold) and fos-B (2.1-
fold) mRNAs were still detectable at 24 hours after a single
addition of TGF-f 1 (120 pmol/L), whereas albumin
mRNA levels were decreased to 28 ± 3.8% of control
values (Fig. 3). There was no change in 18S ribosomal
RNA abundance after TGF-# I treatment.

Reversibility After Short-term TGF-flJ Treatment

To determine whether a relatively brief exposure to
TGF-31 had a prolonged effect on albumin and jun-B
mRNA levels in BWTG3 cells, the cells were treated with
TGF-, 1 for 4 hours, washed, and refed with medium
without TGF-# I and harvested at 48, 72, or 96 hours
(Fig. 4). Controls ([-] lanes) were treated identically, ex-
cept they received no TGF-,B. The briefexposure to TGF-
(31 resulted in prolonged depression of the albumin
mRNA compared with controls (28% at 48 hours). There
was a corresponding prolonged increase in the levels of
jun-B mRNA (2.4-fold greater than control at 48 hours).
The decrease toward normal levels ofjun-B mRNA ap-
peared to temporally coincide with the increase in albumin
mRNA toward control levels. The higher albumin mRNA
levels in the confluent cultures (>48 hours) is character-
istic of these cells in the stationary phase of growth (John
Papaconstantinou, personal communication).

Effect ofPMA Treatment on jun-B, fos-B, and Albumin
mRNA
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FIG. 1. TGF-#3I induction ofjun-B and fos-B mRNA. BWTG3 cells at
70-80% confluence in 100-mm tissue culture plates in DMEM supple-
mented with 10% FBS were washed and the medium was replaced with
serum-free DMEM. After 24 hours the cells were treated with TGF-,B1
(120 pmol/L) as indicated by the (+) columns. Control cells (-) received
no additions. Cells were harvested at the indicated times after treatment
and total cellular RNA was extracted, fractionated, and immobilized on

nitrocellulose filters (20 ,ug/lane). The filters were hybridized with 32p_
labeled cDNA probes for jun-B. After autoradiography, probe was re-

moved and the filters were then hybridized with 32P-labeled 18S ribosomal
DNA to determine relative equality of sample loading in this and sub-
sequent experiments. After hybridization and posthybridization washes,
the filters were exposed to x-ray film at -70 C with intensifying screens.

Exposure of filters hybridized with jun-B was for 24 hours. The graph
below (B) shows the results from densitometry of the autoradiogram
shown above (A).

Because the AP-1 complex was originally defined by
interaction with phorbol ester-responsive enhancer ele-
ments, a decrease in albumin mRNA in response to phor-
bol ester would be consistent with the hypothesis that this
transcriptional complex is involved in the TGF-# I effect.
Phorbol 12-myristate 13-acetate (162 nmol/L) caused a
decrease in albumin mRNA levels by 24 hours after treat-
ment (Fig. 5). Densitometric analysis of two separate ex-
periments showed albumin mRNA to be 24% and 38%
of control 24 hours after PMA treatment. There was no
change in albumin mRNA 3 and 6 hours after PMA
treatment. Phorbol 12-myristate 13-acetate (162 nmol/
L) treatment also resulted in increased levels ofjun-B and
fos-B mRNA at 3, 6, and 24 hours, and these increases
preceded and coincided with the decrease in albumin
mRNA at 24 hours (Fig. 5).

Effect ofProtein Kinase Inhibitor

Ohtsuki and Massague34 recently reported that the pro-
tein kinase inhibitor H7 was able to block the rapid in-
duction ofbothjun-B and plasminogen activator inhibitor
in the mink lung epithelial cell line, Mv 1 Lu, in response
to TGF-f 1. We used H7 in an attempt to determine
whether blocking induction of jun-B could prevent the
observed decrease in albumin. H7 inhibits protein kinase
C, protein kinase A, protein kinase G, and myosin light-
chain kinase (Ki, 6.0 jimol/L, 3.0 ,umol/L, 5.8 ,umol/L
and 97 ,umol/L, respectively).35 Another related com-
pound, HA 1004, also inhibits protein kinases but has less
potency against protein kinase C (Ki, 40 ,umol/L) and
myosin light-chain kinase (Ki, 150 ,umol/L) than it does
against protein kinase A or protein kinase G (Ki, 2.3,umol/
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FIG. 2. TGF-,B induction offos-B. (A) The blot shown in
Figure 1 was stripped ofprobe and rehybridized with radio-
labeledfos-B cDNA and exposed to x-ray film for 24 hours.
The filter hybridized with radiolabeled c-fos cDNA was ex-
posed to x-ray film for 7 days. (B) In a separate experiment,
serum-deprived BWTG3 cells were treated with TGF-(1
( 120 pmol/L) for I hour, then harvested. The Northern blot
was hybridized with 32P-labeledfos-B cDNA. Radiographic
exposure was for 3 days. (C) The bar graph shows the den-
sitometric results.

N=5 N=4 N=4 N = 5 L and 1.3 imol/L, respectively).35 In our study, H7 (30
,mol/L) partially inhibited the induction of jun-B by
TGF-, 1 at 1 hour (Fig. 6A), but by 24 hours (Fig. 6B)
the level ofjun-B mRNA was increased. Albumin mRNA
levels at 24 hours were decreased by TGF-f treatment
after a single addition of H7. At 30 utmol/L, H7 alone
had no effect on albumin mRNA levels, but at higher
concentrations (60 ,gmol/L), H7 alone decreased albumin
mRNA at 24 hours. At the 60-,umol/L concentration, H7
completely blocked the increase in jun-B observed at 1
hour after TGF-f 1 treatment, but not at 24 hours (data

C7 not shown). HA 1004 had no apparent effect on levels of
co jun-B or albumin mRNA.

FIG. 3. Treatment with TGF-# has prolonged effects on gene expression.
RNA from BWTG3 cells was analyzed after 24 hours of treatment with
TGF-#3I (120 pmol/L). Controls received no additions. The RNA filters
were hybridized with the indicated 32P-labeled probes, followed by au-

toradiography. The combined densitometric results from repeated ex-

periments is shown by the bar graph.

Discussion

In this study, we found that TGF-f3 1 caused rapid and
sustained increases injun-B andfos-B expression in mouse
hepatoma cells. Induction offos-B by TGF-,B has not been
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FIG. 4. Reversibility of the TGF-,B effect. BWTG3 cells were treated with
TGF-,B where indicated (+) for 4 hours, then all plates were washed three
times with fresh TGF-fl-free medium and were refed medium without
TGF-, I (120 pmol/L). The cells were harvested at the indicated intervals
and RNA was extracted for hybridization analysis. Each time point has
a control that was washed and processed identically but received no
TGF-,B. The bar graph (B) represents the densitometric analysis of the
autoradiograms shown above (A).

reported previously. Although JUN proteins can poten-
tially regulate gene expression through homodimer for-
mation, the JUN and FOS heterodimer form the more
stable complex.30 Induction of these genes after TGF-l1
treatment precedes the downregulation of albumin
mRNA and recovery ofalbumin mRNA levels coincides
with the decrease in jun-B mRNA. We also found that
phorbol ester, another inducer of AP- 1, also caused a de-
crease in albumin mRNA that was preceded by increases
in jun-B and fos-B expression, thus supporting the hy-
pothesis that induction of AP-1 may be involved in the
albumin mRNA decrease.
Our previous studies'7 have shown that TGF-3 1 caused

a greater than 10-fold decrease in albumin mRNA by 48
hours after treatment and that de novo RNA and protein
synthesis are required. These results suggested that TGF-

,B induces the transcription and translation ofanother gene
whose protein product causes the decrease in albumin
mRNA. For TGF-f to activate transcription of another
gene, the signal must be transduced from the cell surface
TGF-,B receptor to the nucleus, where DNA binding pro-
teins regulate transcription. Transforming growth factor-

can induce transcription of several genes, including
a2(I)collagen,36 plasminogen activator inhibitor, '9jun-B,25
fibronectin,37 and TGF-#31 itself.'8'38 The cis-acting ele-
ments (specific DNA sequences within the same gene
complex) necessary for TGF-3 responsiveness have been
identified as AP-1 sites for PAI- 119 and for TGF-f 1.18
JUN and FOS proteins bind to the AP- 1 site to activate
TGF-fll transcription in response to TGF-fll treatment
(autoactivation).'8 Because increased expression ofjun-B
andfos-B is among the earliest responses to TGF-f treat-
ment and the response is sustained, it is likely that these
transcriptional regulatory factors play important roles in
regulating the expression of other genes after TGF-f
treatment.
The present results showing that the protein kinase in-

hibitor, H7 (30 ,umol/L), could inhibit TGF-fl induction
ofjun-B at 1 hour in the mouse hepatoma cells are con-
sistent with the observations of Ohtsuki and Massague34

CONTROL
3h 24h

PMA

3 h 6 h 24 h

ALB-

jun-B

fos-B

18S

FIG. 5. Phorbol ester (PMA) effects onjun-B,fos-B, and albumin mRNA
levels. BWTG3 cells growing in DMEM supplemented with 10% FBS
were treated with either PMA or vehicle (control) and were harvested at
the indicated times. RNA was subjected to hybridization analysis with
the indicated probes.
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FIG. 6. Effect of protein kinase inhibitors. BWTG3 cells were deprived of FBS for 24 hours before the addition of TGF-#1 [120 pmol/L (lane Bi )],
H7 [30 umol/L (lane H7)], HA 1004 [30 ,umol/L (lane HA)], or the combinations as indicated. The control received no additions. RNA was analyzed
from cells harvested after (A) 1 hour or (B) 24 hours of treatment.

in mink lung epithelial cells. This effect was not examined
after 90 minutes in the mink lung epithelial cells. We
employed H7 to prevent the increase in jun-B caused by
TGF-# to determine whether this would prevent the sub-
sequent decrease in albumin mRNA. In the current study,
this early inhibition ofjun-B occurred, but the subsequent
increase in jun-B at 24 hours was not prevented; nor was
there any abrogation of the effect of TGF-,B on albumin
mRNA. This indicates that the inhibitory action ofH7 is
transient, compared with the long-lasting effects ofTGF-
3. Because complete recovery ofjun-B induction has oc-
curred by 24 hours, it is not possible to determine whether
abrogation ofjun-B expression prevents the decrease in
albumin mRNA from this experiment. The type II TGF-
f receptor was recently cloned and found to be a serine/
threonine kinase protein.39 Thus, the short-term actions
ofH7 on jun-B are likely due to the inhibition of serine/
threonine kinase activity stimulated by TGF-3.

Given the temporal relationship between TGF-fl 1- or
PMA-induced expression ofjun-B and fos-B and the de-
crease in albumin mRNA, we suspect that these events
may be causally related. To more directly test this hy-
pothesis, it will be necessary to show that increased
expression of both jun-B andfos-B are sufficient to cause
the decrease in albumin mRNA levels in the absence of
TGF-f or PMA treatment. In addition, if TGF-f induc-
tion of eitherjun-B orfos-B expression can be selectively
blocked (e.g., with antisense), and if the decrease in al-
bumin mRNA was prevented, this would provide strong
evidence that AP-1 is necessary in this role. These types
of studies are underway in our laboratory.
The biologic relevance ofthe liver as an important target

for TGF-f action can be inferred when considered in light
of previous observations. The acute phase response ofthe
liver to distant injury is a homeostatic process40 and rep-
resents an early defense mechanism. In addition to the

release of several cytokines (interleukin-6 [IL-6], IL- 1, tu-
mor necrosis factor, and interferon-gamma) that are
known to regulate synthesis ofacute phase proteins,'6 the
same injuries are typically where one would expect TGF-
f to be produced, released, and activated. 1-3 The most
concentrated source of TGF-3 in the body is in the a-
granules of platelets,4' and it is released at sites of tissue
injury. Transforming growth factor-: is also released by
other cells such as activated macrophages,42 lympho-
cytes,43 and fibroblasts44 that are abundant in tissue that
is injured and undergoing repair. Release of TGF-fl is
increased from circulating monocytes of severely injured
patients.45 Thus, tissue injury can lead to increased, cir-
culating TGF-3 that may alter the functions ofhepatocytes
and other cell types.
The effect of TGF-#31 on the production ofliver-specific

proteins is consistent with the regulation of differentiated
function by TGF-,B 1 in other systems. 1-3 During the acute
phase response, there is significant reprogramming of he-
patocytes such that increased production of positive acute
phase reactants (such as c-reactive protein, antichymo-
trypsin, haptoglobin, hemopexin, complement factor fi,
a 1 acid glycoprotein) coincides with decreased production
of negative acute phase reactants (albumin and apolipo-
protein A 1).12,13,15,16 Teleologically, there would be an ad-
vantage to post-transcriptional regulation of the stability
of ordinarily long-lived and abundant mRNAs such as
albumin so that more substrate and translational com-
ponents are available for synthesis ofthe necessary positive
acute phase proteins.

In addition to the inflammatory response, increased
TGF-,B and decreased albumin synthesis appear to be co-
ordinated in hepatic regeneration and in hepatic fibrosis.
Transforming growth factor-: mRNA and protein are in-
creased in regenerating rat liver after partial hepatec-
tomy.5 46 Levels ofTGF-f 1, 2, and 3 mRNAs are increased
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by 4 hours after hepatectomy,46 and there is a decrease
in albumin mRNA from 8 to 24 hours.47 Liver TGF-f3
mRNA levels are elevated in experimental hepatic fibrosis
in rats,6 and in humans with chronic active hepatitis and
hepatic fibrosis.7 The increase in TGF-f in experimental
rat hepatic fibrosis also temporally coincides with a de-
crease in albumin mRNA levels.6 These are further in
vivo examples in which TGF-f, may be acting to suppress
the synthesis ofalbumin. We are examining whether TGF-
,B administration in vivo can reproduce our findings in
the cultured cells.

In summary, TGF-j31 induces a rapid increase in jun-
B andfos-B mRNA and a subsequent decrease in albumin
mRNA in mouse hepatoma cells. The effect of TGF-f1
on these mRNAs is prolonged, but reversible on removal
of the TGF-f (after 48 hours). Induction of jun-B and
fos-B expression by phorbol ester is also followed by the
subsequent decrease in albumin mRNA levels. These ob-
servations are consistent with the hypothesis that jun-B
andfos-B induction may participate in the downregulation
of albumin synthesis by regulation of another, as yet un-
identified, gene.
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DISCUSSION

DR. STEPHEN F. LOWRY (New York, New York): I congratulate the
authors for leading us into new frontiers with respect to regulation of
the acute phase response.

I would address two issues. One is the possibility that other potential
mediators may be responsible for proto-oncogene expression and the
possibility that they may be involved in the regulation of the acute phase
response. I wonder if the investigators have looked at some of these
alternative explanations, in that transforming growth factor beta (TGF-
/3) or members of the TGF-/ family can cause some rather dramatic
alterations in production of other mediators such as cytokines, such as
tumor necrosis factor, and perhaps more importantly in this particular
model, interleukin-6.

I would applaud their efforts looking at transcriptional regulatory pro-

teins. This is clearly an important interface between second messenger
systems and DNA regulatory pathways. I wonder if they can give us

some insights as to how they are going to look at this mechanistically.
Clearly what we have today are some associative responses. There are
probably some novel techniques with respect to transfection as well as
anti-sense RNA probing techniques that may give us some precision as

to cause/effect relationships.

DR. DANA K. ANDERSEN (Chicago, Illinois): I think there may be one
or two people who are still struggling with what may be a linguistics
problem because we are obviously having to learn a new language as we
think about some of these issues.

Dr. Beauchamp has helped me to understand some of these issues in
a little simpler model, which I would like to share with you.

I sort of think of the liver as a giant synthetic machine or factory that
has the capacity to generate positive acute phase reactants, which you

might think ofas military vehicles, as well as negative acute phase response
proteins, which you might think of as luxury automobiles. The liver
clearly has the capacity to do both, but something has to tell the liver
whether to make military vehicles or luxury automobiles.
And using that very crude analogy, this study shows that there is a

protein called transforming growth factor beta (TGF-/3), which is the
trigger that shifts the synthetic machinery to military vehicles and away
from negative acute phase response proteins, one of which happens to
be albumin. That is why it is significant that albumin synthesis drops in
response to TGF-/3. It is the clue that the synthetic machinery is shifting

toward a more defensive or reactive form and away from the baseline
or the affluent side of liver protein synthesis. The data would suggest
that TGF-fl is in turn activating thefos-genes and thejun-genes and these
in turn serve as intermediate triggers that shift the synthetic machinery
toward the positive acute phase response proteins.

Dr. Beauchamp suggests that there is yet another gene involved in
this, and my question would be, why not stop here? Why are not the
fos-genes and the jun-genes in fact the gene X that he employs in his
hypothesis? What are the data that suggest that those genes are not in
fact the regulatory genes that are shutting off the synthesis of albumin?

Second, I would like to know what steps he needs to follow to prove
this causal relationship.
And finally, I would like to hear his thoughts about the biologic sig-

nificance of this, such as issues of the growth of the organ, the "regen-
eration" of the liver, and the development of tumors.

DR. R. D. BEAUCHAMP (Closing discussion): I would like to thank
Dr. Andersen and Dr. Lowry for their nice comments and their questions.
I think the question of biologic significance is relevant, and when we
talk about the biologic significance, we can probably answer a number
of the questions that were raised.
Whenever the liver has to reprogram itself to respond to systemic

injury, it has to shift from producing albumin, which constitutes ap-
proximately 25% ofthe hepatic protein product and has to provide these
homeostatic proteins (the acute phase proteins) that are necessary in the
acute phase response. I think that, in part, gives you the answer to the
biologic significance of our observations.

Another aspect of the biologic significance would be when we see the
liver regenerating after resection or we see regenerating nodules in sclerotic
liver. In those two circumstances, there is a decrease in albumin synthesis.
Also in those two circumstances, increase in transforming growth factor
beta (TGF-/3) expression has been observed. We might speculate that
the liver must decrease albumin production to provide substrate for cell
replication and for the acute phase response.

As far as Dr. Andersen's question about why thejun andfos genes are

not gene X: from our understanding of the jun and fos proteins, they
act to regulate transcription of selected genes in the nucleus. They directly
interact with the DNA. From our previously reported studies, the effect
of TGF-/ appears to be post-transcriptional. It is not at the level of
transcription. And what we have found is that TGF-/3 causes the deg-
radation of the messenger RNA. The messenger RNA for albumin is
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