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Effect of recombinant human interleukin-11 (thIL-11) on the expression of transcripts
encoding microsomal heme oxygenase (HO), the rate-limiting enzyme in heme catabolism, and
haptoglobin (Hpt), a major acute-phase protein, were examined in human HepG2 hepatoma cells.
Treatment of HepG2 cells with rhIL-11 elicited an increase in HO mRNA in a dose- and a time-
dependent fashion. The dose response curve, its magnitude of response and its time course were
similar to those observed with recombinant human interleukin-6 (rhIL-6). In contrast, rhIL-11 had
a far smaller effect on the level of Hpt mRNA than did rhIL-6. These findings demonstrate that
the two cytokines are similar in regulating heme catabolism, while markedly different in inducing
certain acute-phase proteins. = 1993 academic Press, Inc.

Human interleukin-11 is a novel cytokine isolated from bone marrow derived stromal
fibroblasts (1). It has a multifunctional activity in the lymphohemopoietic system, and shares
various important physiological and pathological roles with recombinant human interleukin-6
(rhIL-6) (1,2). Recombinant human interleukin-11 (rhIL-11), similar to rhIL-6, is a synergistic
factor for rhIL-3-dependent proliferation of primitive progenitors (3). Both rhIL-11 and rhIL-6
stimulate megakaryopoiesis and increase peripheral platelets in animals and in man (4-10). rhIL-6
and erythropoietin support the growth of macrophages and neutrophil/macrophage colonies, while
rhIL-11 and erythropoietin support the growth of only macrophage colonies (3). These findings
suggest that rhlL.-6 and rhIL-11 interact with overlapping but different subsets of progenitor cells,
and that the effect of rhIL-11 is preferentially directed to macrophage progenitor populations.

The major role of rhIL-6 is the induction of an acute-phase reaction (11) which is
characterized by hepatic synthesis of ‘positive’ acute-phase reactants such as haptoglobin (Hpt),
C-reactive protein (CRP), fibrinogen, o,-acid glycoprotein, o, -proteinase inhibitor and
ceruloplasmin with a concomitant repression of ‘negative’ acute-phase proteins such as albumin
and transferrin (12). Induction of the acute-phase reaction by endotoxin treatment in animals is

known to elicit a marked increase in the activity of microsomal heme oxygenase (HO), the rate-
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limiting enzyme in heme catabolism, and reduction in the level of cytochrome P450 (13). Our
previous studies demonstrated that rhIL-6 induces HO mRNA (14,15) and decreases mRNA
levels for cytochrome P450I47, TA2 and IIIA3 in human hepatoma cells in culture (16). Since
rhIL-11 has been shown to increase certain acute-phase proteins similar to that induced by rhIL-6
(2), we examined the effect of rhIL-11 on the level of mRNAs encoding HO and Hpt in human
HepG2 hepatoma cells. Our results indicate that rhIL-11 induces HO mRNA to a similar level
as does rhIL-6, while it has a significantly weaker effect in eliciting the induction of Hpt mRNA
than rhIL-6.

MATERIALS AND METHODS

Cell culture and treatment with cytokines: HepG2 cells were cultivated as described previously
(17). To treat cells with the cytokines, cells were replenished with a minimum essential medium
containing Earle’s salts, 25mM HEPES buffer (pH 7.4), 2mM L-glutamine (GIBCO Laboratories,
Grand Island, N.Y.) and 10%[v/v] defined calf serum (HyClone Laboratories, Logan, UT), and
cytokines were added as indicated in each experiment. Cells were then incubated up to 48 h.
Northern blot_analysis of HO and Hpt mRNAs: Total RNA was isolated from cultured cells
according to the method of Cathala et al. (18). Northem blot analysis was performed using 15
ug total RNA as described previously (17). mRNA levels were determined by densitometry using
a Ultroscan XL enhanced laser densitometer (Pharmacia LKB Biotech., Inc., Piscataway, NJ).
Probes: Human HO (pHHO1) ¢cDNA (19) and human Hpt cDNA (20) were inserted into pPGEM-
4Z vector (Promega Corp., Madison, W1) as described previously (17). Radioactive RNA probes
were prepared according to the method of Melton et al. (21). Human B-actin cDNA was obtained
from CLONTECH Laboratories, Inc., Palo Alto, CA and labeled by nick translation.

RESULTS

Dose response effects of rhlL-11 on the levels of HO and Hpt mRNAs: Effects of rhIL-11 on
the levels of mRNAs encoding HO and Hpt in HepG2 cells were examined by incubating cells

with various concentrations of rhIL-11 for 48 h. HO mRNA levels increased in a dose-dependent
manner, with a maximal effect occurring at 50U/ml (Fig. 1). At this concentration, an increase
of HO mRNA by 2.2-fold over the untreated level was observed. Hpt mRNA also increased in
a dose-dependent manner, with a maximal effect (2.5-fold) also occurring at 50U/ml (Fig. 1).
These findings were significant, since results were normalized to the level of B-actin mRNA (Fig.
1).

Changes in the level of HO mRNA: Changes in HO mRNA levels in HepG2 cells after treatment
with rhIL-11 are shown in Fig. 2. The level of HO mRNA increased (1.5-fold over the untreated
control) within 2 h after treatment with rhIL-11 (100U/ml), and reached a maximum (2.0-fold

over the untreated control) at 24 h.
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Figure 1. The dose response curves of increases in mRNA levels for HO and Hpt after treatment
of HepG2 cells with rhIL-11. Cells were incubated for 48 h. Total RNA was isolated and
subjected to Northem blot analysis as described in MATERIALS AND METHODS. 8-Actin
mRNA levels were determined as a loading control.
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Figure 2. Changes in the level of HO mRNA in HepG2 cells after rhIL-11 treatment. Cells were
treated with 100U/ml of rhIL-11. 8-Actin mRNA levels were determined as a loading control.
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Comparison of the effect of rhIL-11 and those of rhIL-6 on the levels of HO mRNA and Hpt

mRNA: Our previous findings demonstrated that rhIL-6 induces HO mRNA in a dose- and a
time-dependent manner (15). The effects of rhIL-11 and rhIL-6 were examined using the
concentration at which each cytokine induced a maximal response. The levels of increases in HO
mRNA by rhIL-11 (50U/ml) and rhIL-6 (100U/ml) were similar (2.3-fold and 2.7-fold,
respectively) (Fig. 3). In contrast, rhIL-6 markedly increased Hpt mRNA (27-fold), while rhlL-11
had only a small effect (2.4-fold) (Fig. 3). The results with rhIL-6 are consistent with our earlier
findings (15).

DISCUSSION

Hematopoietic cytokines exhibit a wide variety of responses which may overlap
extensively. It is known that rhiL-11 and rhIL-6 share many overlapping but some distinct
functions in eliciting their biological responses. Our results in this study demonstrate that rhIL-11
increases mRNA for HO, the rate-limiting enzyme for heme catabolism, in a dose- and a time-
dependent manner. The dose response curve, the magnitude of its response, and the time course

of increases in HO mRNA after rhIL-11 treatment are similar to those elicited by rhIL-6 in
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Figure 3. Comparison of the effects of rhIL-11 and rhIL-6 on mRNA levels for HO and Hpt.
Cells were incubated with rhIL-11 (50U/ml), or rhIL.-6 (100U/ml). These concentrations are those
which elicit the maximal effect by each cytokine. B-Actin mRNA levels were determined as a
loading control.
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human hepatoma cells (15). These findings indicate that, although they are structurally unrelated
(1,22), both rhIL-11 and rhIL-6 elicit similar induction responses of HO mRNA. It has been
suggested that these two cytokines may share a common receptor subunits (22,23), and that
biological responses induced by rhIL-11 may be mediated through the IL-6 signal transducer,
gp130 (23). Our findings in this study suggest that rhIL-11 may also upregulate the human HO
gene via the gp130-dependent signal transduction pathway.

We have previously shown that HO is a novel positive acute-phase reactant (15). The
reasons for this conclusion are based on the findings that rhIL-6 treatment increases the level of
HO mRNA in human hepatoma cells (14,15), there are three consensus sequences for the IL-6
responsive element (IL-6RE) in the human HO gene (19), and there is a nuclear factor that binds
specifically to one of these sequences (15). Thus HO induction may be important not only in
heme catabolism, but also in protecting the host from oxidative stimuli (24), since it reduces the
concentration of heme, a pro-oxidant, and produces bile pigments, anti-oxidants (25). It is not
however known whether rhIL-11 activates the HO gene via an inducible trans-acting factor in
a manner similar to IL-6DBP which is necessary for IL-6 mediated gene expression (26). A
further study is needed to clarify this question. Our findings however do suggest that rhIL-11,
similar to rhIL-6, may also participate in the host defense reaction against oxidative stimuli.

In contrast to the similar increases in HO mRNA produced by both cytokines, there was
a marked difference in the level of Hpt mRNA induced by rhIL-11 and by rhlL-6. Specifically
rhIL-6 was a potent inducer of Hpt mRNA (Fig. 3) (15), whereas rhIL-11 was a very weak
inducer in this respect. Thus it can be concluded that, while the two cytokines elicit a similar
induction response of the HO gene, they differ significantly in the induction of other acute-phase

genes.
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