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Macrophage migration inhibitory factor (MIF) has been rediscovered as a proinflammatory
cytokine, pituitary hormone, and glucocorticoid-induced immunoregulator. We have
recently identified the expression of MIF in adipocytes and found that tumor necrosis factor
(TNF)-a stimulates its secretion from 3T3-L1 adipocytes. Since adipocytes are regarded as
a potential source of various biologically active substances, we examined in more detail the
effect of TNF-a on MIF expression in 3T3-L1 adipocytes in the present study. We found that
TNF-a induced MIF mRNA in dose- and time-dependent manners. After stimulation with
TNF-a, the amount of intracellular MIF protein was unchanged or slightly decreased,
concomitant with increased release of this protein into the extracellular space. This
observation indicates that TNF-a stimulates MIF secretion from the constitutively expres-
sed intracellular pool of 3T3-L1 adipocytes and promotes de novo synthesis of MIF. From
evaluation of the mechanism of MIF gene expression, we found that tyrosine kinase
inhibitors, either genistein or herbimycin A, suppressed the MIF mRNA induction by TNF-
a. The results suggest the possibility that upregulation of MIF mRNA expression by TNF-
a is mediated by a tyrosine kinase-dependent pathway. Taken together, the present
observations shed light on the role of MIF in the metabolism of obesity and diabetes.

Key words: adipocyte, diabetes, macrophage migration inhibitory factor, tumor necrosis
factor a, tyrosine kinase.

From several lines of recent evidence, adipocytes are Moreover, TNF-a has been demonstrated to affect the
recognized as not merely lipid-laden cells serving as the expression of leptin (10) andPAI-1 (II) in adipose tissue,
major repository of energy stores, but also as endocrine From these findings, the adipocyte-derived secretory sub-
cells regulating systemic energy balance through secretion stances appear to constitute a local regulatory network of
of bioactive molecules. In brief, adipocytes have the the metabolic pathway in adipose tissue,
potential to secrete leptin, adipsin, type 1 plasminogen Macrophage migration inhibitory factor (MIF) was iden-
activator inhibitor (PAI-1), and tumor necrosis factor- a tified for the first time as a T cell-derived cytokine that
(TNF-a). Leptin, the ob gene product, is able to modulate inhibits the migration of macrophages and concentrates
food intake and energy expenditure (1). Adipsin, the rodent them at inflammatory loci (12, 13). We cloned rat MIF
homologue of human complement factor D, is a serine cDNA and reported its physicochemical properties, includ-
protease that can activate the alternative complement ing the tertiary structures of both human and rat MIF (14-
pathway (2, 3). PAI-1 contributes to the regulation of 19). Although MIF had long been considered to be produced
fibrinolysis through inactivation of both tissue-type and only by activated T cells, recent reports have demonstrated
urokinase-type plasminogen activators (4), and it is report- its expression in many cells of various organs (20-26). At
ed that adipose tissue is the major source of the elevated present, MIF has been identified as a proinflammatory
plasma PAI-1 often observed in obesity (5). TNF-a is cytokine, a pituitary hormone, and a glucocorticoid-induced
overexpressed in adipose tissues of obese rodents and immunoregulator involved in various immunological and
humans (6-9), and exogenous administration of TNF-a has inflammatory events (27). Recently, we found high expres-
the potential to affect lipid and glucose metabolisms (7). sion of MIF mRNA and MIF protein in the rat epididymal

fat pad and murine 3T3-L1 adipocytes (28). Accordingly,
1 This research was supported by a Grant-in-Aid for research (No. MIF is considered to be a previously unrecognized novel
09670144) from the Ministry of Education, Science, Sports and "adipocytokine." This protein is synthesized and secreted
Cu ture o apan. ^ acjip0Cytes a^j j s likely to have broad-spectrum patho-
2 To whom correspondence should be addressed. Tel: +81-11-706- ; . , • i i i ; , . , . , . .
6081, Fax: +81-11-706-7864, E-mail: j-nisihi@med.hokudai.ac.jp physiological roles beyond the immunological system in an

autocrine/paracrine or endocrine fashion.
© 1998 by The Japanese Biochemical Society. During the course of our MIF study, we also found that
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the MIF secretion from 3T3-L1 adipocytes was augmented
by TNF-a. TNF-<* is profoundly involved in the lipid and
glucose metabolisms of adipocytes. For example, TNF-<* is
elevated in the state of obesity, which may cause insulin
resistance (7). Thus, in this study, we focused on the role of
TNF-<*, particularly in the kinetics of MIF mRNA expres-
sion in adipocytes. We here report evidence that TNF-<2
may upregulate MIF mRNA expression via a tyrosine
kinase-dependent pathway.

MATERIALS AND METHODS

Reagents—The following materials were obtained from
commercial sources: nitrocellulose membrane filters from
Millipore (Bedford, MA, USA); Isogen RNA extraction kit
from Nippon Gene (Tokyo); Genistein and Staurosporine
from Calbiochem (La Jolla, CA, USA); Herbimycin A and
Okadaic acid from Wako (Osaka); heat-inactivated fetal
calf serum (FCS) from Hyclone Labs (Logan, UT, USA);
dexamethasone, d-biotin, penicillin, streptomycin, insulin,
and isobutylmethylxanthine from Sigma (St. Louis, MO,
USA); horseradish peroxidase-conjugated goat anti-rabbit
antibody from Pierce (Rockford, IL, USA); Histofine SAB-
PO kit from Nichirei (Tokyo); Protein A Sepharose from
Pharmacia (Uppsala, Sweden); random primer labeling kit
from Takara (Kyoto); [«-32P]dCTP from Du Pont-NEN
(Boston, MA, USA), and ECL kit from Amersham (Buck-
inghamshire, UK). All other chemicals used were of
analytical grade. Human recombinant TOT-a was a gener-
ous gift from Dainippon Pharmaceutical (Tokyo).

A polyclonal anti-rat MIF antibody was generated by
immunizing New Zealand white rabbits with purified
recombinant rat MIF as described (25, 26). The IgG
fractions (4 mg/ml) were prepared using Protein A Sepha-
rose according to the manufacturer's protocol.

Cells—3T3-L1 murine adipose cells were purchased
from the American Type Culture Collection (Rockville,
MD, USA). These cells were designated preadipocytes.
They were grown in Dulbecco's MEM-25 mM HEPES
containing 10% FCS, 100,000 U/liter penicillin, 100 mg/
liter streptomycin, and 8 mg/liter <i-biotin (medium A) in
a humid atmosphere of 5% CO2 at 37°C. Post-confluent cells
were exposed to medium A supplemented with 0.5 mM
isobutylmethylxanthine, 1 //M dexamethasone, and 10 ptg/
ml insulin to induce differentiation. After 72 h, the medium
was replaced with medium A supplemented with 5 ,«g/ml
insulin, and the thereafter cells were fed every 3 days. The
cells were used as adipocytes 12-15 days after induction.

Northern Blot Analysis—Northern blot analysis was
carried out as previously described (14). In brief, total
RNA from murine 3T3-L1 adipocytes was extracted and
separated by electrophoresis on agarose gels containing 0.6
M formaldehyde, and blotted onto nylon membrane filters.
Hybridization was carried out with a rat MIF cDNA probe,
radiolabeled with [ a - 32P] dCTP by use of a random primer
labeling kit. The hybridization was performed in a solution
containing the radiolabeled rat MIF cDNA probe, 50%
formamide, 0.75 M NaCl, 1% sodium dodecyl sulfate
(SDS), 20 mM Tris-HCl (pH 7.5), 2.5 mM EDTA, 0.5X
Denhardt's solution (lxDenhardt 's: 0.2% bovine serum
albumin, 0.2% polyvinylpyrolidone, 0.2% Ficoll), and 10%
dextran sulfate at 42°C overnight. After hybridization, the
filters were washed with 0.2 X standard saline citrate (SSC)

(lxSSC: 0.15 M NaCl, 0.015 M sodium citrate, 0.1%
SDS) at 65°C and subjected to autoradiographic analysis.
As a control, the filters were probed with radiolabeled rat
y3-actin prepared essentially as described above. Hybridi-
zation signals were digitized and quantified with an MCID
Image Analyzer (Fuji Film, Tokyo). Background values
were determined from equivalent surface areas near each
hybridization signal and were subtracted from each value
before normalization.

Western Blot Analysis—Western blot analysis was
carried out by the method of Towbin et al. (29). In brief,
samples were dissolved in 20 //I of Tris-HCl (50 mM, pH
6.8) containing/?-mercaptoethanol (1%), SDS (2%), glyce-
rol (20%), and bromophenol blue (BPB) (0.04%), and
heated at 100°C for 5 min. They were then subjected to
SDS-polyacrylamide gel electrophoresis (SDS-PAGE) as
described (30). The electrophoresed proteins were trans-
ferred onto a nitrocellulose membrane at 50 mA for 1 h
using a semi-dry blot transfer apparatus (Bio-Rad). The
membrane was intensively washed with phosphate-buffer-
ed saline (PBS), then incubated with the anti-rat MIF
polyclonal antibody (1 : 1,000 in dilution of 4 mg/ml IgG)
for 1 h at room temperature, and with peroxidase-con-
jugated anti-rabbit IgG for 1 h at room temperature.
Proteins were then visualized with an ECL kit as recom-
mended by the manufacturer. Protein concentration was
determined with a Micro BCA protein assay reagent kit.

Immunohistochemistry—Immunohistochemistry for adi-
pocytes on a culture slide glass was performed using a
Histofine SAB-PO kit according to the manufacturer's
protocol. Cells were first immersed in methanol containing
0.3% H2O2 for 30 min to block endogenous peroxide activ-
ity. Following three washes in cold sucrose-PBS (PBS
containing 10% sucrose), non-specific staining was blocked
by incubation with 10% normal goat serum in PBS for 10
min. The sample was then incubated with an anti-rat MIF
antibody (1 : 500 dilution of 4 mg/ml) for 30 min at room
temperature. Following three washes in cold sucrose-PBS,
it was incubated with a biotinylated goat anti-rabbit IgG
and avidin-biotin-peroxidase complex at room tempera-
ture for 30 min. After three additional washes, the reaction
was developed in 3,3'-diaminobenzidine tetrahydrochlo-
ride containing 0.01% H2O2. The sections were counter-
stained with hematoxylin. Lastly, the sample was washed
in distilled water, and the tissue sections were rinsed well
with distilled water and mounted in alkylacrylates.

Enzyme-Linked Immunosorbent Assay (ELISA) of
MIF—The anti-rat MIF antibody dissolved in PBS (50 jul)
(4 //g/ml) was added to each well of a 96-well microtiter
plate, which was then left for 30 min at room temperature.
The plate was washed three times with distilled water. All
wells were filled with PBS containing 0.5% BSA for
blocking and left for 20 min at room temperature. The
samples of culture supernatants of adipocyte cell line
3T3-L1 were diluted 10-fold with PBS containing 0.5%
BSA. After removal of the blocking solution, these diluted
samples were added in duplicate to individual wells and
incubated for 1 h at room temperature. After the plate was
washed three times with PBS containing 0.05% Tween 20
(washing buffer), 50 (A of biotin-conjugated anti-MIF
antibody was added to each well. Following incubation for 1
h at room temperature, the plate was again washed three
times with the washing buffer. Avidin-conjugated horse-
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radish peroxidase was added to each well, and the micro-
titer plate was incubated for 15 min at room temperature.
After washing three times, the substrate solution (10 ml)
containing 8 mg of o-phenylenediamine and 4//I of 30%
H2O2 in citrate phosphate buffer (pH 5.0) was prepared and
the substrate solution (50 //I) was added to each well. After
incubation for 20 min at room temperature, the reaction
was terminated with 25/^1 of 4 N sulfuric acid. The ab-
sorbance was measured at 492 nm using an ELISA plate
reader (Bio-rad, Model 3550).

RESULTS

Effects of TNF-a on MIF Expression in 3T3-L1 Adipo-
cytes—After treatment of 3T3-L1 adipocytes with human
recombinant TNF-a for 24 h, the level of MIF mRNA
increased in a dose-dependent manner within the concen-
tration range from 0.5 to 50 nM as examined by Northern
blot analysis (Fig. 1A). We next performed a time-course
analysis of MIF mRNA expression. The MIF mRNA was

MIF mRNA

28S *««»

18S

TNF(nM) 0 0.5 5 50

B
MIF mRNA

28S

induced as early as 6 h after the addition of 50 nM TNF- a,
and increased by approximately 5-fold after 24 h (Fig. IB).
This increase persisted for at least 48 h after the stimula-
tion (data not shown). On the other hand, Western blot
analysis demonstrated only a slight decrease of intracel-
lular MEF protein during the TNF- a treatment, suggesting
a stimulatory effect of TNF-a on MIF excretion from the
intracellular MIF pool of adipocytes (Fig. 2).

In parallel with these changes, MIF concentrations in the
culture media of these cells were significantly increased by
TNF-a stimulation. As shown in Fig. 3, an approximately
6-fold increase of MIF concentration (20.9 ±1.8 ng/ml) was
observed 24 h after TNF- a stimulation compared with that
in the absence of the stimulation (3.4±0.4 ng/ml). This
supports the result of Western blot analysis, showing that

25

20

E15

5

12 24

Time (hr)

Fig. 3. Time course analysis ofTNF-a-induced MIF release by
3T3-L1 adipocytes. MIF content in the culture medium was
measured at the indicated times using ELISA as described in
"MATERIALS AND METHODS." The post-confluent preadipocytes
in 60-mm dishes were induced to differentiate. The cells were
incubated in 2 ml of medium in the presence (•) or absence (O) of 50
nM TNF-ff. 'p<0.001 (n = 6).

18S

Time(hr)

* an
12 24

Fig. 1. Effects of TNF-a on MIF mRNA expression in 3T3-L1
adipocytes. Northern blot analysis was carried out as described in
"MATERIALS AND METHODS." (A) 3T3-L1 adipocytes were
incubated in 60-mm culture dishes with 0, 0.5, 5, and 50 nM TNF-a
for 24 h. (B) The cells were incubated with 50 nM TNF-a for the
indicated times. Results are representative of three independent
experiments.

28S

18S

B rHIF

TNF(50nM) -

Time(hr) 0 24 12 24

Fig. 2. Effect of TNF-a on the amount of intracellular MIF
protein in 3T3-L1 adipocytes. Western blot analysis was per-
formed as described in "MATERIALS AND METHODS." The cells
were incubated with 50 nM TNF-a for the indicated times. Results
are representative of three independent experiments.

Day 0 3 7

Fig. 4. MIF expression in association with adipose differentia-
tion. 3T3-L1 cell differentiation was carried out from Day 0 to Day 7
after treatment with isobutylmethylxanthine, dexamethasone and
insulin as described in "MATERIALS AND METHODS." (A) MIF
mRNA and (B) intracellular MIF protein were quantified at the
indicated time after induction of differentiation. rMIF: recombinant
MB?.
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TNF-a had the potential to stimulate the release of the
intracellular MIF protein into the culture media.

MIF Expression in Association with Cell Differentia-
tion—Several reports indicate that TNF-» causes "de-
differentiation" of adipocytes {31-33). So we examined
MIF expression of 3T3-L1 cells before induction of adipose
differentiation, and compared it with TNF-»-induced
changes in the MIF expression level in mature adipocytes.
MIF mRNA was more abundant in confluent preadipocytes
than in adipocytes (Fig. 4A). In contrast, a marked increase
of intracellular MIF protein was observed in parallel with
adipose differentiation (Fig. 4B). This observation was
further confirmed by immunohistochemical analysis where
MIF protein was clearly detected in mature adipocytes but
not in preadipocytes (Fig. 5). MIF protein in mature

adipocytes was mostly localized in the cytoplasm, which
was in agreement with our previous reports using the rat
epididymal fat pad and other tissues (23-25, 28).

This apparent discrepancy between the levels of mRNA
and intracellular protein would be explained if preadipo-
cytes secrete more MIF protein than adipocytes. However,
MIF concentrations in the culture media of preadipocytes
were unexpectedly lower than those of mature adipocytes
(data not shown). This suggested accelerated turnover of
MIF protein in preadipocytes compared to mature adipo-
cytes, though the precise mechanism remains to be elu-
cidated.

Effects of Tyrosine Kinase Inhibitors on MIF mRNA
Expression Induced by TNF-a— Regulation of MIF gene
expression is still poorly understood. In this study, we tried

Fig. 5. Immunohistochemistry of 3T3-L1 cells for MIF. Confluent preadipocytes (A) and differentiated adipocytes (B) were prepared on
the same glass slide, and fixed and stained as described in "MATERIALS AND METHODS" (x 400). The control sample prepared by addition
of excess rat MIF (1,000-fold) to the primary antibody showed no positive staining (data not shown).

MIF mRNA

28S

18S tf tf • •

28 S

18S

TNF(SOnM) - - _ + - , . +
Gen is te in (,uM) 0 10 100 0 10 100 TNF(SOnM) -

Herbimycin A UM) 0 5 0 1 5

MIF mRNA

28S

TNF(50nM) -
Staurosponne(nM) 0 100 0 100

18S «4MM
TNF(50nM) +

Okadaic acid (•») 0 100 0 100

Fig. 6. Effects of kinase/phosphatase
inhibitors on TNF-a-induced MIF
mRNA expression. Northern blot analy-
sis was carried out as described in "MATE-
RIALS AND METHODS." 3T3-L1 adipo-
cytes were preincubated for 30 min in the
presence of genistein (A), herbimycin A
(B), staurosporine (C), or okadaic acid (D).
Then they were incubated for 20 h with or
without 50 nM TNF-a.
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to find a clue within the signal transduction pathway
responsible for the effect of TNF-a on MIF mRNA in this
adipocyte culture system. TNF-a is known to stimulate
several intracellular signaling pathways, including activa-
tion of protein kinases (34). We here examined whether
genistein, a widely used tyrosine kinase inhibitor (35),
modulated the effect of TNF- a on MIF mRNA expression.
When genistein was coincubated with TNF-a for 24 h, the
tyrosine kinase inhibitor suppressed the TNF-a1-induced
MIF mRNA in a dose-dependent manner (Fig. 6A). A
similar result was obtained by the use of herbimycin A, a
structurally-distinct tyrosine kinase inhibitor from genis-
tein (36). The upregulation of MIF mRNA by TNF-a was
almost completely blocked by 5 ^M herbimycin A (Fig.
6B). This effect was specific for tyrosine kinase inhibitors,
because neither the serine/threonine kinase inhibitor
staurosporine nor the serine/threonine phosphatase inhibi-
tor okadaic acid affected TNF- a -induced MIF mRNA
expression (Fig. 6, C and D). In contrast, okadaic acid
induced MIF mRNA in unstimulated cells (Fig. 6D), but
this needs further evaluation. Nonetheless, these results
indicated that activation of tyrosine kinase might be
essential for the induction of MIF gene expression by
TNF-a.

DISCUSSION

TNF-a has been found to be a critical component in the
mechanism of insulin resistance (7). We have recently
reported the constitutive expression of MIF mRNA and
MIF protein in 3T3-L1 adipocytes and shown that TNF-a
augmented the excretion of MIF protein into the extracel-
lular space (28). However, the mechanism of the TNF-a
effect on MIF mRNA expression has not been fully inves-
tigated. In the present study, we showed that TNF-a
markedly upregulated MIF mRNA of 3T3-L1 adipocytes in
dose- and time-dependent manners. The amount of intra-
cellular MIF protein was unchanged or slightly decreased
by the TNF-a stimulation, whereas MIF contents in the
culture media were significantly increased. This observa-
tion suggests a possible mechanism by which TNF-a
stimulates the release of preserved intracellular MIF
concomitant with MIF mRNA expression and de novo
protein synthesis. Indeed, preadipocytes secrete less MIF
than mature adipocytes, even though preadipocytes ex-
press more MIF mRNA but store much less the MIF
protein.

The remarkable change in the MIF expression level in the
distinct stages of adipose differentiation indicates the
possibility that MIF may be profoundly involved in the
process of cell differentiation and dedifferentiation. This
possibility is supported by the fact that elevation of MIF
mRNA expression was observed in parallel with differ-
entiating cells of the lens (22). On the other hand, TNF-a
is reported to cause "dedifferentiation" of mature adipo-
cytes (31-33). TNF-a suppresses several adipocyte-speci-
fic genes such as PPARy (33), C/EBPa (37), GLUT4 (6,
37), and adipsin (6). From the morphological features of
mature adipocytes, TNF-a appears to be able to reduce
intracellular lipid accumulation (33). Accordingly, it may
be hypothesized that the MIF protein turnover rate in
preadipocytes is much more accelerated by TNF-a, that is,
MIF may be rapidly metabolized for use in cell differentia-

tion, resulting in an apparent decrease of intracellular MIF
protein in spite of a high expression level of MIF mRNA.
More precise experiments, e.g., pulse-chase biosynthetic
studies using [35S] methionine, are required to assess the
metabolic processing of intracellular MIF protein.

TNF-a exerts its biological functions by binding to its
specific receptors (TNFRs), p55 (type 1), and p75 (type 2)
(38), which have been identified in adipocytes (39).
Because the human recombinant TNF-a that we used in
this study is reported to bind only to murine p55 TNFR,
TNF-a-induced synthesis and release of MIF is considered
to be mediated by this type of receptor. TNF- a is known to
activate various intracellular signal transduction pathways
(34). A number of studies have demonstrated that TNF-a
activates tyrosine kinases in various cell types, and several
genes are reported to be regulated by this protein through
a tyrosine kinase-dependent process. For example, TNF-
a -induced expression of some adhesion molecules is sup-
pressed by tyrosine kinase inhibitors such as genistein (40-
42). Genistein suppresses TNF-a-induced PAI-1 upregu-
lation (43). In this study, we found that genistein and
herbimycin A almost completely blocked TNF-a-induced
MIF gene expression. Thus, it is strongly suggested that the
activation of tyrosine kinase is essential for TNF-a-in-
duced MIF expression. To the best of our knowledge, there
has been no report on MIF mRNA expression in association
with the signal transduction pathways. This is the first
evidence to indicate the involvement of a particular sig-
naling pathway in the regulation of MIF gene expression.

Nuclear factor kappa B (NF#B) is an essential compo-
nent for regulation of gene expressions by TNF-or (34).
Since the potential enhancer/promoter motifs of the mouse
MIF gene contain one NFxB site (44) and TNF-a-induced
activation of NF*B is inhibited by a tyrosine kinase in-
hibitor (45), it is likely that this potent transcription factor
may regulate the tyrosine kinase-dependent upregulation
of MIF mRNA initiated by TNF-a. Indeed, NFxB is
activated by LPS through a tyrosine kinase-dependent
pathway (46) as in the case in which MIF mRNA is induced
by this endotoxin (21). In addition, it is of further interest
that administration of an anti-MIF antibody decreases
lethality in LPS-injected animals (21), and a similar inhibi-
tory effect is also produced by a tyrosine kinase inhibitor
(47). Hence, the reduction of LPS-induced lethality by the
tyrosine kinase inhibitor may be due to the suppression of
LPS-induced MIF expression, though this needs further
evaluation.

Adipose tissue, occupying sometimes more than 30-40%
of total body weight in the state of obesity, is regarded as a
huge endocrine organ to produce a variety of cytokines such
as TNF-a and MIF (7, 28). A number of studies indicate
that TNF-a overexpressed in adipose tissue may play an
important role in the pathogenesis of insulin resistance in
obesity and diabetes (6-9). It should be noted that the
stimulation of p55 TNFR by human recombinant TNF-a,
which we used in this study, was sufficient to cause insulin
resistance in 3T3-L1 adipocytes (39). Therefore, induction
of MIF expression by TNF-a may be mediated by the
identical TNFR in adipocytes. We demonstrated that
TNF-a enhances MIF mRNA expression of adipocytes and
secretion of intracellular MIF into extracellular space. In a
similar manner, TNF-a facilitates MIF secretion in
macrophages, and MIF in turn induces the secretion of
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TNF- a (20). Thus, MIF might mediate, at least in part, the
pathophysiological effect of TNF- a in adipose tissue. At
present, we consider that TNF- a -induced MIF may fur-
ther facilitate the adipose expression of TNF- a via a
positive feedback loop, which boosts the effect of TNF-a.

Finally, we showed for the first time evidence that
TNF-a-induced MIF gene expression might be mediated
by a tyrosine kinase-dependent pathway. Recently, an
interesting finding was reported that MIF overrides gluco-
corticoid-induced inhibition of secretion of cytokines, in-
cluding TNF-a (48). Since glucocorticoids elicit profound
effects on glucose and the fatty acid metabolisms in
adipocytes, it is likely that glucocorticoids, MIF and TNF- a
may functionally interact in a complex cytokine network
for the regulation of the metabolism of adipose tissue. Very
recently, it was found that MIF was secreted by pancreatic
p cells in a glucose-dependent manner, indicating that MIF
might be an autocrine regulator for insulin secretion (49).
Taken together, these findings, including our present
results, indicate that adipocyte-derived MIF is likely to
play an important role in lipid and carbohydrate metabo-
lisms, and provide further understanding of the patho-
physiological role of MIF beyond the immunological sys-
tem.

We thank Dr. Jun Ohsumi and Ms. Sachiko Sakakibara for their
technical advice on cell culture.
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