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A cDNA encading a novel adipegenesis inhibitory fuctor (AGIF) lhn’t; inhibits the process of adipogenesis in mouse ATH-L1 preadipocytes was

eloned from a ¢DNA library af the human bone marrow-derived siromal eell line KM-102. The cloned eDNA containg an open reading frame’

coding for an AGIF precursor of 199 umino uaeids. Analysis of the sequence of this cDNA revealed identity of this factor with a recently. reparted

novel eywkine. designated interleukin-1l (IL-11). AGIF/IL: 11 may piay an importunt rafe in stromal cell-nssociated hematopoiesis thmugh its
: regulnmry action on adipoeyte dun’eremmlmn in the bone marrew mieroenvitonment..

Adipagenesis inhibitory fuctor: Interleukin-11; cDNA elening: Bone marrow stromal cell

1. INTRODUCTION

Long-term bone marrow cultures provide an in vitro

system in which hematopoiesis can be maintained for
several months, Such cultures consist of a mixture of

preadipocytes, adipocytes, macrophages, adventitial
reticular cells, fibroblasts, and endothelial cells [1,2].
Preadipocytes and adipocytes constitute major com-
ponents. of the bone marrow stroma in vivo and are
thouglit to play an active role in stromal cell-associated
hematopoiesis [3-5]. However, the regulatory mecha-

nisms involved in  the interconversion between pre--

-adipocytes and adxpocytes in vivo remain poorly
‘understood

We report here the isolation from the human bone -
marrow-derived stromal cell line KM-102 [6] of a cDNA-

encoding AGIF that inhibits the process of adxpogenesxs
in cultured preadipocytes. The nucleotide sequence of

the AGIF cDNA was revealed to be identical to that of
a recently reported IL-11 ¢cDNA [7], suggesting that
AGIF/IL-11 may act as a multifunctional cytokme in’ -

the bone marrow mxcroenvxronment

2. MATERIALS AND METHODS

1. ¢DNA cloning :

A cDNA library was prepared in the Okayama-Berg expression vec-
tor (peD) [8) from poly(A)*RNA. isolated from the KM-102 cells after
stimulation for 3-14 h with phorbol myristate acetate (PMA, 10
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‘ng/ml) and ealeium jonophore A23187 (0.2 #M). The library wis

sereened with MP-labeled 15-mer oligonucleotide (S -TAAATAAAT-
AAATAA-3")acecording to the method as described [9), Among 6500
colonies screened, 33 positive clones. were identified and then sub-
jected to the second sereening of functional expression cloning in
COS-1 célls, A single clone, 20-2, that directed expression of suppress-.

-ing activity for heparin-releasable lipoprotcin lipase (LPL) in 3T3-L1

adipacytes {10} when introduced into COS-1 cells was isolated, and
the plasmid was designated peD-20-2. The ¢DNA insert prepared
from peD-20-2 was used as a hybridization probe for further sereen-
ing of the same ¢DNA library consisting of 101,000 colonies, and
three clones (20-1, 1, and K) were obtained, The nucleotide sequences
of these clones were determined by the dideoxy chain- tcrmmauon
method [11).

2.2, Northern blot analysis

Ten micrograms of poly(AY*RNA was fractionmed on-a. 1.0%
agarose gel and blotted onto a nylon membrane [12]. The blot was
hybridized with **P-labeled eDNA ‘prepared from peD-20-2, washed
as described [13}, and exposed at —70°C to an X-ray film with an in:

- tensifying screen. The sizes of the AGIF/IL-11 mRNAs ‘were

estimated from the relative mobilities of RNA standards obtained
from Bethesda Research Laboratories (Gaithersburg.~ MD, USA).

2.3 Biological assay

Differentiarion leading to ihe adipocyte phenotype of 3T3- LI cclls
was induced by a modification of the method as described {14].
3T3-L1cells were grown in Dulbecco’s modified Eagle’s medium con-
taining 4.5 mg of glucose per ml, 10% fetal bovine serum (FBS), 10
mM HEPES (pH 7.2), 8 4g of d-biotin per ml, and 4 4g of pantothenic
acid per ml (this medium is subsequently réferred 'to as complete
DMEM) in a 48-well tissue culture plate. After the cells had reached
confluence, the medium was replaced with the adipocyte induction.
medium (complete DMEM containing 5 xg of insuijin per ml, 1 xM
dexamethasone, and 0.5 mM- isobutyl-methylxanthine). Four days
later the induction medium was replaced with the maintenance

-medium (complete DMEM containing 100 ng of insulin per ml). After

two days of culture, the medium was replaced with fresh maintenance
medium supplemented with several dilutions of conditioned. medium
of COS-1 cells transfected with peD-20-2 by electroporation [15].
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Mm 4o lﬂ I eultire peried, uelivﬂy of hcparin ulmwﬂ LPL M the

vells way determined by a madificiion of & pmviamty mparm&
melhaﬂl [14,16,17],

3 RESULTS AND DISCUSS[ON

. ¢DNA cloning ancl sequence mmlysm
We isolated ¢DNA clones encoding human AGIF
from a ¢DNA library prepared from poly(A)"RNA
isolatad from PMA dnd A23187-treated KM-102 cells.
The ¢DNA library was first screened with an oligo-
nucleotide probe that can detect ATTTA repeats,
because AUUUA motifs are found in the 3‘-noncoding
region of mRNAs for many inflammatory cytokines
and some proto-oncogenes {18]. The selected ¢cDNA
clones wete introduced into COS-1 cells, and the super-
natants were tested for their ability to suppress LPL ac-
tivity in cultur:! 3T3-L1 adipocytes. The 3T3-L1 cell
line is a . well-characterized experimental model for
adipocyte differentiation and LPL activity is a marker
_of adipocyte differentiation. After the screening, one
" positive clone was obtained and designated 20-2. The
conditioned medium of COS-1 cells transfected with
pcD-20-2 not only suppressed the LPL activity of dif-
ferentiated 3T3-L1 adipocytes but also inhibited the
process of adipogenesis in 3T3-L1 preadipocytes as will
be described elsewhere (manuscript in preparation).
‘Therefore, we designated this cytokmc as adlpogenesns
inhibitory factor (AGIF). :

The ¢cDNA insert of pcD-20-2 was used as a hybri-
dization probe for further screening; and additional
~clones 20-1, J, and K were thus obtained. ‘The nucleo-
tide sequénce of each of these four ¢DNA clones was
fully or partially determined (Fig. 1). Clone 20-1 was
derived from a 2.6-kb transcript; and the other three
clones came from a 1,3-kb transcript (Fig. 2). The size

discrepancy of the two transcripts resulted from the

alternative polyadenylation signals used. Therefore,
‘both of the transcripts contain the same open reading
frame of 597 nucleotidés encoding a peptide of 199
amino acids, The AGIF cDNA and translated protein
sequences -~ were compared to other sequences in
available sequence data banks, No significant similarity
- to any sequences deposited in the data banks was reveal-
ed, but we have found that the nuéleotide sequence of
the AGIF ¢DNA is identical to that of a recently
reported human IL-11 ¢cDNA [7].

3.2. Northern blot analysis of AGIF/IL-11 mRNAs
. Northern blot analysis revealed that the two
AGIF/IL-11 transcripts corresponding to 2.6 and 1.3
kb were expressed by PMA/A23187-treated KM-102
‘cells (Fig. 2). These two transcripts were constitutively
expressed, but the level of each was increased after
PMA/A23187 induction. No transcripts of similar size
‘were - detected in poly(A)"RNA preparations from
human liver, heart, and kidney. Alternative poly-
adenylation for the 2.6- and 1.3-kb transcripts was con-
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) AGtAACATGG TGCATCIG TGGMI\GAACACCAC(CAGCCGCCCGGAGCAGGGACTGTCATYCAGGGAGCUMGG&GRG | 1848

AGGCTTGCTYGGGATATAGWGMMCCTGACATTGGCCAGGCATGGTGGCTCACGCCYUTMICCTGGCACT"GGG 19217
AGGACGAAGEGAGIGEATCACIGAAGT CCAAGAGTT TGAGACCORCCTGUGAGACAT GGCAMMACCCTOTETCAMAMA 2005
GAAAGAATGMQTCCTGACMGAAAQAGCAGGC‘MCAAAACCACIGCATGCTGIGATCCCAA_TTHGTGTT!TTCY?TC 2085

: T‘MATMGOMTMAACAAMMéCTAMGGGAMIACGCCMMYGYTGACMTGACTGTCTCCACG!CMAGCAGAG 2164

AGGTGGGAT TGTGGGTGACT TTTAATGTGTATGATTGTCTGTATT TTACAGAATT TCTGCCATGACTGTGTATTTTGEA 2243
TGACI\CATTTTMAM\-:ACTAYTYTYAGAAT(A)r\ 2281

- Fig. 1. '(a) Schematic representation- of human AGIF/IL-11 cDNA

clones. The open box shows a signal peptide; and the solic box, the
region coding for mature AGIF/1L-11, (b) Nucleotide and predicted
protein sequences of AGIF/IL-11 cDNA clone 20-1, Amirio acids are
numbered starting at Pro (+ 1) of the mature AGIF/IL~11 protein se-

" quence, The amiio:terminal Pro was determined from recombinant

AGIF purified from the culiure supernatant of transfected COS-1
cells (manuscript in preparation). Inverted triangle, 5'-ends of clones
20-2 and 20-J; vertical arrow, poly(A) addition site of clone 20-2;

" boxes, presumptive polyadenylation recoghition sites; underfiriés, Alu,

repetitive sequences; ‘and double underlines, ATTTA mRNA
: .destabilizer sequence elements [18].



Vclimw 283, nunitber 2

123 45
S — 285
2.6 kb~ W
| — 185
1.3k~ @@

Fig. 2. Northern blot analysis of AGIF/H.-11  mRNA, Po-

Iy(A)*RNAs isolated from uninduced (lane 1), PMA/A23187-in-

duced (lane 2) KM-102 ¢cells, and from human liver (lane 3), heart
{lane 4), and Kidney (lane 5) were subjected (o blotting analysis.

firmed by the result of Northern blot analyéis by use of

the clone 20-I-specific probe. Only the 2.6-kb band was
detected in the KM-102-cell poly(A)*RNA when the
200-bp Sphl/Dral . fragment, prepared from the
3’ -noncoding region of the 20-I ¢cDNA, was used as a
probe (data not shown). So far, no functional special-

ization has been demonstrated for these mRNA ¢lasses
produced by alternative polvadenylation, but one

possibility .remains, that they could be dlfferentlally
utilized in different producer cells.

3,3 LPL suppressing activity of AGIF/IL-11in
3T3-L1 adipocytes

The recombinant AGIF/IL-11 secreted from COS-1
cellstransfected with pcD-20-2 suppressed the heparin-
releasable LPL activity of differentiated 3T3-L1
adipocytes in a dose-dependent manner (Fig. 3). IL-11
was reported as a factor stimulating plasmacytoma pro-
liferation and the development of immunoglobulin-
producing B cells: and megakaryocytes [7], but the
findings presented here indicate that this factor may
play a role in the regulation of adipocyte differentiation
in the bone marrow hematopoietic microenvironment.
The KM-102 cell itself is not thought to be a pre-
adipocyte, because it does not differentiate into an
adipocyte even in the induction mediumn [6]. Therefore,
AGIF/IL-11 may function as an adipogenic antagonist

in the bone marrow microenvironment in a paracrine

manner. However, an autocrine role of AGIF/IL-11
cannot be excluded, because expression of AGIF/IL-11
in bone marrow preadxpocytes and/or adipocytes has
ot yet been studied.
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Hﬁ 3 Suppression of - LPL activity of 3THLI adipoeytex by
AGIF/1L-1Y. AT3-LIL adipocym were cultured in the mainlenance

© medium in the presence of the indicated final dilutions of mocek.

iransfected  (open  bars) or . peD-20-2aransfected (elosed bars)

COS-1-¢ell conditioned medium. After 18 h of culture, the heparin:

released LPL activity was determined. LPL activity was expressed

relative (o the control (no addition of COS-1-cell "conditioned
medium), del’med as 100%, :

‘There are some reports on the relationship between
the stage of differentiation of bone marrow-derived
adipocytes and their hematopoiesis- -supporting activity.
This activity, through cell-to-cell interaction and/or
secretion of colony-stimulating - factors, has been
reported to be higher in the preadipocyte state than in
the adipocyte state in some cell lines [5,19]; although
there is conflicting evidence that hematopoietic activity
is not affected by terminal adipocyte differentiation in
another cell line [20]. So far, other cytokines with the

‘ - ability to inhibit adipogenesis have been reported: in-

terferon. [21,22], IL-1 {16,23], tumor necrosis factor
(22,24,25], transforming growth factor beta (TGF-8)
[26,27], leukemia inhibitory factor (LIF) [28], and IL-6
[29]. Among these, IL-1, IL-6, LIF, and TGF-G are ex-
pressed in the bone marrow stromal cell lines. There-
fore, these cytokines including AGIF/IL-11 may
positively play a role in stromal cell-associated hema-
topoiesis through their regulatory action on adlpocyte
differentiation. :
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