‘Vulume 2&2. numher - «mimam

ADCNES BO1431939100419E

_ FEBS 09710
- 1991 Federation of Ruropean ﬂmchamiml Saciﬂlcs aauswmwu 1]

May ‘!9‘5]»

Both D factor/LIF and [L—é :r:tlnbnt the dlfferent:auon cf m;ouse
teratocarcmcma F9 cells

Kazunon Hlmyoshl‘ Akm Tsuru' Mlchmkl Yumashlta‘ M:km Tormda‘ \’un Yamamum-‘mmaguchﬂ
: Klyoshx Yasukawa‘ Matm anurm’ D. V Gaeddei'f ﬂnd Kazuhiro Nag:m\‘ '

‘Depﬂrrmcm of C‘ eH Bm.'om‘. Chext Direare Rexmrfh Imrlmm Umv#rxl v af Kyura X vora dﬁn Jipam, ’Depanmenr oj‘
Chematherapy, Saltama Cancer Researeh Institvte, Switama 362, Japan, * Tokye Researili Cearer Taivh Corg., Kanagawa 233,
Japan and *Depariment of Molecwlar Bmi@gy. Gmwmmh Ine., South San Francisco, Col §94080, us4

Received S March 1991

Daﬂercmu(mn mmulntmg frctor ({3} ﬁmmr),g’leukem:.l inhibitary facmr (LIF] and ll -6 nre reperﬂcd e be eymkincx havmg mullimc::d i'unellens o
- including the induction of differentiation in mause myeloid leukemin ML eells. We here report that both D faelor/LIE and 11«6 inhibit the differens
tiwtion of mouse teratocarcinoma F9 cells induced by retinoie acid alone or cummned with dibutyryl ¢cAMP. From the microscopic observation

. ns well us Northern blok analysis using ¢cDNA probes endoding several marker prmcms for differsntistion of F9 calls, we concluded that D facter)

* LIFand [L-6are fnntnonally clasely relmed in the mducuon erd\ﬂercmmlmn in Ml eellsand inthe mh\bnmn of F9 dm'crenlmllan

Dlﬁeremmtian I'ucmr, Leukemm mhxbmary fucw:. ll. 6 Differentiation; £9 cell

INTRODUCT[ON

D factor/LIF was ongmall |denuf:ed as a

differentiation-inducing factor for mouse myeloid .

leukemia cell lirie, M1 [11, ans its cDNA was cloned and
analyzed [2,3). MI'can be induced to differentiate into

macraphage-like cells by this factor: D factor/LIF is a

. eytokine with multifaced functions, including the
maintenance of the growth of mouse ES cells [4], the
Stimulation of bone rémodeling [5] and of acute-phasc

‘protein synthesis in hepatocytes (6], as well as thein-

“duction of differentiation in rat sympathetic neurons

. [7] ‘IL-6 is also. multifunctional cytokine, some func- -
“tions of which are similar to those of D factor/LIF, in- .

cluding the induction of differentiation in M1 cells. It

has not been reported, however, whether IL-6 main.

tains the growth of undifferentiated mouse ES cells. -
. The mouse teratocarcinoma cell line, F9, was induc-

- ed to differentiate into visceral endoderm-like cells by .
‘ reunmc acid, and to parietal endoderm-like cells with-

_retinoic acid in.combination with dbcAMP [8]. In this

‘study, we examined whether D factor/LIF and IL-6 -

have any effect on the differentiation of F9 cells.

2. MATERIALS AND METHODS

Mouse teratocarcinoma F9 cells were maintained in Dulbecco’s '

- modified Bagle's medium contalning 109 foetal hovine serum Ma

Bmproducts, Walkersville, MD). pemcnlhn (50 umts/ml), and strep-
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. lomycin (50 pg/ml),. under humidified 3% CO;y and 95% air. Sub- :
- cultures were performed every othar day using 0.25% twrypsinand -0
1 mM EDTA., Fer differentintion study, F9 cells were plated at aden-
_sity of 2 % 10% calls#3. 9 em plastic dish and Incubated with - 10'“ M
_retinoie aeid (Sigma, St Lovis, MOY alone or combined with [0°% M

dicAMP (Waka Chemical Co. Lid.; Dsakn). Recombinant human I
factar/LIF was added at concentrations af 5, 50 and 500 units/mi,

and . recombm‘mt human iL- 6t concentrations of 6, 60 and 800

units/ml, D factor/LIF was purified to homogenseity from condition-

- ed medium of CHOQ cells transfected with- the plasmid coniaining * -

¢DNA encoding human D faetor/LIl F (3], s specific activity was

~determined as previousiy reported. {1] and was 100 u/ng protein.: .
Recombinant human 1L-6 -was -produced and purified in the
laboratory of Tosah Curp (Kanagawa) and the specific activity was: . © -

- assesged in terms of B cell stimufatory activities unhzunsthe B eoll iln':

SKW6-CL4 as previously reported [9].

To prepare RNA, 4 x.10? cells/ 10 cm plastic d:sh were mcubated o
_for 24 h, theni - treated with retinoic acid alone or combined with

dbeAMP in the presence or absence of D factor/LIF or iL-6 for .
another 48 h, Total RNAs were {solated according to the methad of .

Chirgivin et al. [10]. Northern blot analysis wes performed accordmgr
to the method  previcusly described {111, Mouse osteonectin (Psil
fragment of pSE48; a kind gift from Dr Kitagawa, Nagoya Universi- -

- 1Y)y taminin (Psil fragiment of pSE38; from Dr Kitagawa), alkaline

phosphatase (Ps!i-Kpnl fragment of pKUTIAP; kindly ‘donated by
Dr Shigesada, Institute far Virus Research; Kyoto University), type
1V collagen {Ps#l fragitent of pH221; a generous gift from Dy Sakal,

. Saga Medical College) and mouse F-actin (EcoRl fragment  of .
PMASS UT; a kind gift from Dr Saklyampn, Chiba Cancer Center |
Research Instltute) were used as probes for Northern blot analysis. -

Probes were labeled with [a- 32PldCTE‘ (spec. act. 3000 Cx/mol) by :

" the method of Feinberg et al. [12]."

3, RESULTS AND DISCUSSION

A significant characteristic'of F9 cell differentiation
was the morphological changes. We analyzed the effect

~of D factor/LIF cn the differentiation of F9 cells by
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:mmmscnpnc absﬁrvanan !nhibulﬁn c:f the dlfl’erenuu-,— o
tion in F9 ¢ells induced by retinoic acid or retinoie acid
antl dbeAMP was obzerved when D factor/LIF was

added to the culture (Fig. ‘1), This inhibition by D fac-
tor/LIF wae dose dependent (data not shown}, and the

high concentrations of B factor/LIF were required to

inhibit the differentiation induced with retinole acied .

thian that with retinoic acid plus dbeAMP, Also, the in-

hibitory effect of the D factar/LIF in terms of differen. ’
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liﬂuem mdmum was hlglmr in tlw culh !re.ned with
retinoie acid alone than in those cells trea;cd wim :
retinoic acid and dbeAMP (data not shown).

We quantitated the inhibltion of differentiation by

1 the  Northern Blot analysis,  The differentiation
“markers, osteoneetin: [13) and type 1V collagen (8],
were expressed in the differentiatud F9 eells induced

with retinaic acid nd with retingic: aeid plus dbecAMP,

" E,..ammm was sclely expre*sed in the. parietal enaaderm-‘ _

ng 1. I:/gorphologlca! changes i in l~9 cells obsarved by phase conirast mmroscopy (A and D) Undlfferennatecl Fo cells, (B and E) 9 cells treated
©owith 1” M. retinoie acid for 3 days; and (C and F) F9 cells rreated with retinoic scid {107% My and-dbcAMP (1072 M) for 3 days. D faczo:/LlF
: : (500 umts/ml) was dbsem (A B and C) ar plesem (D E and F) lhroughout th ingubdtion penod
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Hke cells [14], Alkaline phosphatase was only expressed
in unditferentiated F9 cells {8]. Fig. 2 shows the inhibi-
~tion of the differentiation of F9 cells by the addition of
D factor/LIF. Syntheses of mRNA of osteonectin,
‘laminin and type LV collagen increased in F9 cells
treated with retinoic acid slone or mmbined with

dBecAMP. D factor/LIF inhibited increase in syntheses
of thelr mRNA (Fig. 21, b and ¢). The inhibition of the
~ F9 el differentiation by D factor/LIF was also con-

firmed by the increased level of alkaline phosphatase
mRNA in the cells treated simultaneously both with in-

" ducers and with D factor/LIF (Fig. 2d). Northern blot.
~analysis using osteonectin ¢DNA (the most sensitive

differentiation marker in our system) as a probe reveal-
ed the dose-dependent effect of the D factor/LIF on

the inhibition of F9 differentiation (Fig. 3A), Using D - |
factor/LIF at the conéentration of 300 units/ml, F9 cell:

differentintion was inhibited even after 4 days of in-
cubation with differentiation inducers (Fig. 3B).

12 3 5 6_'

Fig. 2, Effect of the presence of D félctor/LlFoxl the accumulation
of mRINAs encoding the marker proteins for the differentiation of F9
. cells. RNAs from undifferentiated F9 cells {lanes 1 and 4), F® cells

- treated with‘IO‘“_‘M‘retinoic acid (lanes 2 and 5) and F9 cells treated
with retinoic acid plus 107 M dbeAMP (lanes 3 and 6). D factoi/LIF
{500 units/ml) was absent (lanes 1, 2 and 3) or present (lanes 4, 5 and
&), After stparation on 1% agarose gels, mRMNAs were analysed by
Northern blot hybridization using several cDNA probes including

osteonectin {a), larmmn {b), type 1V cellagen ‘(c) -and "alkaline
phosphatase (d). . Filter ' was hybridized with type 1V collagen,

reliybridized with laninin and theri with, osteonectin.
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©IL-6 at the concentration of 600 units/ml also in-
hibited the differentiation of F9 cells (Fig. 4). Dose.
depeudem inhibition by LL-6 a1 §0-600 units/ml was -

observed by Northern blot analysis as ‘observed for D
factor/LIF -(data not shawn). Observations by phase
COnEEAst microwopy also confirmed che inhibitory ef-

feet oi IL-6 an the induction of F9 cell dlffcrunnanen '

{Jata not shown),
IL-6 has similar functions 10 D Faetnr/LIF fcr ex-
ampie, the induction of differentiation in mouss.

myeloid leukemia M1 cells [15,16) and PC12 cells {17].3 o

and the stimulation of synthesis of acute: phase plasma

- proteins [6]. Although D factor/LIF inhibits the induc-
tion of differentlation in mouse ES cells {4], it was not
yet known whether IL-6 also did so. In this stedy, we -
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Fig. 3. Effect of the cancemfauon df ) fﬁctor/LlF con the inhibition

‘of differentiation of F9 cells (A) and the time course of the

differentiation in the presence or absence.of D factor/LIF (B). (A) F9

“cells were incubated with 10~¢ M retinoic acid and 10~ M dbeAMP

{lanes 1-4) in the presence of 5 (Jane 2), SO(Iane 3), and. 300 units/ml
{lane 4) of D facior/LIF. Lane 1 shows the control without zhe‘
addition of D fﬂcm;/LlF (B) F9 cells were incubated with' 1078
retinoi¢ acid and 1073 M dbeAMP in the presence (lanes 4-8) or

. absence {lanes. I'=3) of 500 unis/ml D facior/LIF. RMAs wers

isolated from the cells at: days 2 (lanes 1.and 4), 3 (lanes 2 and 5), and:
4 (fanes 3 -and 6). Northern analyses were performed using cDNA
encoding osteonectin in both A (a) and B (2),'and ¢DNA encodlng,ﬁ
qun A (b) and B (b) as an mternal comroi
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Fig. 4. Effect of IL-6 bﬁ the differentiation of F9 célls'. Northern blot
analyses were performed u$- deseribed in Fig. 2 using probes for
osteonectin (a), laminin (b}, and alkaline phosphmase {¢). Lanes |

and 4, undifferentiated F9 cells lanes 2 and 3, F9 eells teeuted with .

107% M retinoic acid for 3 dnys. lanes 3 and 8, F9 celis treated with

10°%.M retinoic .md and IO" M dbcAMP for 3 dn:.'s IL-6 {600

units/mi) was absent (anes 1, 2-and 3) or. present (lanes 4 5 nﬂd 4)
: ‘ for 3 days.

showed that both D factor/LIF :;md IL-6 inhibit the dif-
ferentiation of F9 cells, which adds a new evidence of 5

similar nature of D factor/LIF to 1L-6.

A cDNA clone encoding the IL-6 receptor has been: -
“isolated [18). The molecular size of the IL.-6 receptor is’

80 kDa in the mature form, which is processed f1dm a
50 kDa precursor protein [19]. When the [L-6 receptor
s immunoprecipitated using anti-IL-6 ‘receptor -an-

“tibody after the cells are treated with 1L-6, a 130 kDa
glycoprotem (gp130) is also prec:pltated with the’

80 kDa IL-6 receptor. The following observations sug-

-gest that the 1L-6 receptor provides the ligand binding.
sites and that 'gp130 associated with IL-6 receptor on

the cell surface is a signal transducer. The IL-6 receptor

has a small intracellular domain without any protein-

kinase activity which -is not necessary for 51g11al
“transduction, and soluble 1L-6 receptor without an in-

tracellular domain stimulates the growth inhibition by

iL-6 in Ml cells [19]. Although a D factor/LIF receptor
has not been identified, it is different from that of 1L-6
since D factor/LIF did not compete for the binding of
radiolabeled IL-6 to its receptors (our unpublished

observations using M1 ceils), and likewise IL-6 did not’
compete the binding of D factor/LIF to its receptors =
- {20]. It remains to. be clarified why the biological func-
tions of D factor/LIF and IL-6 overlap each other in
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SOINE CRYES us described nbnve‘ and espﬁcmuy whethm’ ‘
© D factor/LIF  and - [L-6 utllize a common staml
: transducer sur:h as gplm
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