






































































































































































































































































228 KubbicYHocht/Rabinovirch

the first round- This difference in quenching
efficiency by uni- and bifilarily substituted
chromatin explains the opposite directions
of the first venius the second and third cell
cycle axes [91. At the 42-hour rimepoint after
cell activation, a number of cells have en-
tered the third cycle (Cl" phase; fig. t, right-
most panel). The cuhure therefore consisrs
of three kinetically distinct G l-phase popu-
lations: cells which have not replicared at all
(GO/GI), those which have undergone one
(Gl') and those which have undergone two
(Gl") rounds of cell division. The botom
row offigure I shows the roated projections
of the framed cell cycle regions onto the
ethidium bromide axis. These projections il-
lustrate how the proponions of cells in the
Gl, S and G2 companments of the respec-
tive cycles are analyzed by conventional
curve fitting. Of the total of55,464 cells ana-
lyzed in this example, 18.9% are in rhe first,
57.1 in the second and 24.0% in the third
cell cycle. It is most useful to describe rhe cell
cycle fractions as percentages ofthe behavior
of the original cells ia culture; there arc two
daugbter cells for each original cell which
progressed to the second cycle and 4 for each
in the third cycle. Normalization by the fac-
tors of 2 and 4 is routinely applied on rhis
account. Most ofthe S phase cells in the har-
vest. shown in figure I are in the second cycle
( I 4. 8 % of the original cells). The noncycling
cell fraction (GO/G I phase) amounts 10

19.3 % of the original population.
Figure 2 illustrates the application of this

technique to the assessment of the growth
responsc of spontaaeously tratrsformed mu-
rine cells exposed to specifrc growth factor
supplements. In a different display thaa in
figüe l, the bottom panels of figure 2 show
projections ofthe bivariate fluorescence dis-
tnbutions of the entire population onto th€

Hoechst axis. This type of projection facil!
tates the visual recognition of differences in
the respective peak amplitudes of each cell
cycle fraction. The quantitative assessment
of individual cell cycte fractions, however,
utilids the rotated EB axis projections (cf.
fie. l).

The dara displayed in figure 2 are derived
from cell cullures that were serum-deprived
for three days and stimulated by 42-hour
continuous exposures to the indicated
Srowth factor supplements. Insulin and epi-
dermal growth factor (EGF) supplementa-
tion alone yield rather similar growth re-
sponses, although EGF is slightly more effec-
tive as shown by the quantitalive data: 37.5,
50.7 and ll.7% of rhe EcF-supplemenred
cells are in the first, second and third celt
cycle, whereas the corresponding distribu-
tions ofthe insulin-supplemenred cuhure are
46.0% in the first, 42.8 in rhe second and
I 1.2% in the third cell cycle. The combined
application of EGF and insulin, however,
clearly is more effective lhan either factor
alone (frg.2, rightmost panel): only 5% of
the toral population remain in the noncy-
cling companment (G0/Gl phase), and rhe
majority of cells has enrered the third cycle
Gl", S" and G2" phases); in addition, 3 % of
the original population have even reached
thc Gl phase of the founh cell cycle (de-
noted Gl").

Table I summarizes the results of a series
of such 42-hour stimulation expenments
carried out with various concentrations and
combinations ofinsulin and EGF. The expo-
sure lo both insulin and EGF at optimum
concentrations lelds a growth pa[em that is
equivalent to aclivation by l0% FCS alone.
If serum and growth läctors are combined,
growrh is even betteq this is evidenced by
the nearly complete recruitment of G0/Gl
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Fl8,2. Cell activatior and ccll syck cficas of epidcrmal growth faqror (EGF) aod iosulin visualizcd by thc

Brdu/Hoechsr assay. Thc bivariatc dot plot pa&ls show thc cell cyclc disrributioo rccordcd ar 42 h after

stimulatioo of a spotrtancously traasformcd, a!.uptoid luog dcrivcd culturc' Bollom row: X aris projccrioo of
thc u[gated Hoccbst fluorcsccoc€ dor plot pattcru showiEg diflcrcoc6 itr pcal amplitud6 as a mcasuß ofcell
cyclc distributioo.

phase cells, and by thc sizeable fraction of
cells that have entered the founh cell cycle
(botrom linc of table I).

Analogous titration experiments were

carried out using various conc€ntrations and
combinations ofthrec additional grovah fac-

tor§, hydrocortisone, transferrin aod triiodo-
thyronine (data not shown). By itsel4 none

of these facton was as eff€.ctiYe as either
insulin or EGF. However, optimal growth
was achieved if insulin and EGF were com-

bined with these three factors at the follow-
ing concentrations: 5 X l0-8 M hydroconi-
sone, 5 pglml lransferrin and I X l0-r0M
triiodothyronine. A combination ofall 5 fac-
tors together wilh l0% FCS was used in our
cultures that lacked a classica.l gromh crisis
during rhe transition from the primary cul-
ture ro the established cell line Il l].

Figure 3 shows the comparison of the
growth response of the original diploid cell
fraction to that of the sponbneously trans-
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324:73-76), rhe similäities in ttre roles of G.CSF and
IL-6 qere emphasized by the isolation and characteriza-
tion of a chicken nryelomonocyic growth facror (CMGF)
complemenBry DNA (cDNA) [12]. cMcF srimulares the
groEü of v-rn),ü or v- rzjr-transformed chicken mteloid
cells in culture and maciophage and granulocyte älony
formadon in norma.l bone marrow cultures (Leutz et
al, EvIBO J lW, 33191-379). The primarv structure
of CMGF predicted from its CDNA showed significant
homology to both human and mouse G.CSF (56 and
52%, respectnety) and human and mouse lL-6 (41 and
39%, respectirelv). This suggest rhar CMGF is a distanr
relative of G.CSF and IL.6.

k is Elcnh noting thar G.CSF has recently been shown
to act as a survival factor for the maure progeny of rhe
v'EHfB(D + ) cell line insread of as a di-fferenüation in.
ducer [131. Therefore, it is conceiviable that the same
mechanism may be used for granuloqte colony forma-
tion in culture. Howet€r, rhe mode of acrion of G-CSF as
a svnergisric factor for lL,3 remains to be clariied.

Cytokines in inducible hematopoiesis and
inflammation

lL-4 as MAf and MEF

Actiated T cells are known to produce a diverse array
of factors ürat a-ffect rious macrophage activities. Re-
cenüy, it was shown that rhe mouse T cell producr, IL-
,1. induces rumoricidal acrivity in culnrred macrophages
(Craw{ord et aL,J Immunol1987, 1l!rll!-l,ll) in 3 $/a,
similar to the acriviry previousty described as macrophage
acti\."rion factor (MeF). IL-.i was also found ro srimulare
the fusion of bone marrow and alvmlar macrophages to
form gant muldnucleated cells [14]. This effecr on lL.
{ seems to be the activitv that had previouslv been re-
poned to be macrophage fusion factor (MFF; Galindo
et al, Inlect lmmun 1974,9212-ZL6). cia.nr multinucle.
ated cells are associated with granulomatous lesions and
hate been called kngiran's giant cells, giant foreign bodv
cetls, and gianr cells of inflarrunaüon. In addirion, lL-4 di.
minish6 macrophage migrarion in semi,solid agar and
causes rnacrophages to aggregae, an went which pre-
cedes cell fusion [14]. These obsenations suggest rhat
lL-4 may lwte t role in the derelopment of rhe granulo-
matous response.

Effects of lL-5 on eosinophils
Mouse IL-5 produced by actil.?ted mous€ TH2 cells se-
lectircty stimulätes human eosinophil colony formation
and ecti\rates maore eosinophils. Other factors known
ro induce eosinoph.il differenriation are GM-CSF and lL,
3, but their effects, which produce eosinophi.ls along wirh
a numb€r of orher cell t)?es, are not strcific ro the
eosinophil lineages. Moreorrer, the acdons of IL.3 and
GM-CSF are species specific for mouse and humars. The
human eosinophil produced iz ,r'to by mous€ IL-5 con,
tain both irnmaEre myelocFes and mature cells, and
both are functiona.lly actiir in an antibody-dependen!

cell-mediated c!'rotoxiciry assrv [15]. Ma re cells. how-
?.( !9r. rheir activiry after 7 week despire being more
than 90% viable and hanng a normal. ap'pea.rancJunder
Üte üght mrcroscope. ThiJ mav indlcäü *rar funcuonal
aclvity is of shoner duradon rhan cell viabiliw or rhar ac-
ti\."uon is a sepamre pathwav from difierenüärion.

Control of mast cell differetltiation
Mast dlls are derived from multipotenüal hemaropoieric
srcm cells and have an important role in in0arrunaion, re-
sponses as rhev secrere a lariery of mediators. Und.ifieren-
üated precursors of mast cells produced in the bone mar-
row migrate through rious tissues in rhe blood stream.
They proliferate ard differendate inro rwo spes of mast
cells depending on rhe dssue rh€y reside in It-6]. ltucosal
mast cells (MMC) found in mucosa are phenonpica.llv
distincr from connecüve üssue q?e masr'cel.b tthtCt
toundin rhe skin, penronea.l caviry, and muscularis pro-
pria of rhe digestive tract. Akhough CTMC contelrr Äep-
arin proteogCycan and srore relativetv large amounrs of
histamine, MMC conain chondroitin sulpäate proteoglv-
can and relativeh smail amouns of hisramine. Cells qirh
manv fearures o[ MMC developed in suspenslon culnires
ol norma.l hemaroporeüc cells in the presence of masr
cell growth factor. Cultured m3sr cells and ILUC protil'.
er:rte in response ro rhe T cell-derNed trmphokines. ll.l
and IL-{ [16]. Although proi.iferarion of CTMC §"s ini.
üally proposed ro be T cell.independena. combinaüons
of IL-3 3nd IL.{ grear}v enhanced colony formauon oi
pgntoneal mast cells ( Hamaguchi et al.. J ExF) .ved 1987.
165t2(ß-275) .

Marure mast cells have high-effiniv receprors t'or IgE
(.Fctzu), regardlss of phenorvpe. Binding of IgE ro
the receptor acüräted masr cells to release hisümine
and other pharmacological mediators, causing in-darnrna-
torv reactions. In addition, Fc€Rl-mediated acuration o[
mast cells results in the production of a set of hm-
phokines including I1.3, IL q. I1.5. tL.6 and GM.CSF
[17,18 ]. indicaung riat masr cells hare an imponanr role
in innarnmarory responses by stimulating proliferf,rion
and di.fferentiarion of in-oamrnatorv cells such as neu.
rrophils, eosinophils, and macrophages { lz.lgl. .tcur:-
don of FCERI on CTMC srimulares rhe prolifenrron of
CTMC, suggesring rhat rhere is an aurocrine mechanism
controlling CTMC growrh by lgE stimularion [19].
In conmst to the progeny of muldpotenrial hemaropoi.
edc stem cells such as eryrlrocytes, neutrophils and
platelets, ntrich leare the bone marrow after m3rurauon
and have limited proliferat e capacity, mast cells hare
exrcnsi\€ proliferf,d\€ acdvity err'en after morphologtcal
di-ferendadon. Cornrnined masr cell progeniroo ,ra".n.
riched in rhe mesenreric tymph node o] mice rnfecred
wrtJf, Nipf,onst ong us brasiliensß l2O).
Cornmimed masa cell progenirors are able to proliferare
and differentiae in the absence of IL-3 or tL-,I wtren cul
tured on a monolayer of embrvonic skm or JTj 6brob.
lasrs and can form colonies in d:e presence of fibroblasr-
condiüoned medium. Ths/ acquire e connecu\e üssue
pheno§le qtren culrured in a tibroblasr monolner and
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x mucosal phenor)?e when culrured in the presence of
tL-3 or IL4 [20]. Thercfore, commined masr cell progeni.

)rs arc bipotential and grow in response to an unknown
rluble facor secreted from fibroblasts (Fig. 3). Sknilady,

c-oculti\ation of Il.3dependenr mast cell clones derived
t"om bone rnarrow with 3T3 frbroblaso also induces a
henospic change from mucosal q?e ro connecrive tis-

-Je tlpe [21]. These daa indicate a strong influence of
rhe connective aissue micrcenvironment on maturation of

nst cells; the inrolrament of soluble facors rernains ro
e clarified

Mutadon at eirher rhe w locus or the Sl locus in the
mouse qurses depletion of mast cells, er,'throcytes and

telanoclres. Even wirh these genetic defects, mast cells
m develop in uitro when bone marrow cells from ei-

üer Wy'Wv or SVSId mice are culnrred in the presence of
",-3. Ho\rever, although normal fibroblasts suppon the

roliferädon of rnast cells derived from normal and SVSId

mice, thry do not suppon the proliferation of the sryV
mouse-derived mast cells. This indicares rhar rn st ceus
from the WIüv muant mouse are defectirc in rheir abil-
ity to respond !o fibroblasB but rhar the SVSId mouse-
derived masr cells srill maintain rhis capability. On the
other hand, frbroblasts derived from SUSId mice cannot
suppon the dorelopment of normal ma$ cells. Thus, rhe
Sl gene produc(s) appears to be essendal for the [bro-
bLast to suppon rna$ cell mauration, and the w gene
product seems impdnant for the interäcüon of the mast
cell with fibroblass [16]. The proto,oncogene product
c-ht, a trarumembiane wrosine kinase receptor for an
unknown ligand, has proved to be encoded by the V lo-
cus [22,23], and the i.ht.associated qosi.,. i.ir,c. rnry
be imponarr for rhe lV phenot)?e [24]. lt is conceir,able
that the W locus (c-kit) encodes a receptor for the Sl gene
product expressed in fibroblasts, and that rhe Sl product
may be a new, as 1et unknown, qtokine.

fi& 3. Role ol cytokinei in develop-
ment. CFU-CM, colony-forrntng untt-
granulocyte macrophage; tPO, eq/thro.
porenn; tCF, fibroblast gromh fa«ot
C-CSt, tranulocyte colony-stamulatang
factoc CM-csF, granulocyte/macro-
phage colony-rtrmulating factoc tL, in-
terleukin; Llt, le!kemra inhibirory factoc
MCCr, ma5t cell Srowth factor; M-CSF,
macrophaSe colony-stimulating iactor:
TCF, transforming growth factot TNF,
tumor ne<rosas factor.
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oATABASE-fIIE :T|{RO|228.BI6 : P f,T:1 PIOGPIX: DOCPT I IT :VER:APR- l .1989:

: AB. POS

CELLS
ltE^lt IEAI
FSC SSC

RAT lO taE^ll AE.XEAX AB.|{EAX A8. ST RFD}IS.St RFDIIS.SURFD{S.X AB.XEG
ssc/Fsc ALI- P0§. rEG. ALL pos. ltEG. CELLS

I
2
5
4
5
6

300080. tF2.012
300081. I225.007
300082.12 1.006
300085. 1282.006
300084.12c3.006
300085.1204.006
300086. tzE5.0o5
300087. 12F6.006
300088. 12c7.005
300089.1E5.006
300090- lo'16-007
30009't. tR',t7.007
300092.1s18.007
300091. tr19.007
300094. lu20- 005
100095. tv2't .006
300096. Iv22 -005
300097. tx23.005
300098- lc- 013
300099.10-011
300r00. 1E.013
300101 - 1r.012
300102,1c.013
300t03- lH-01,!
300104.1x11.005
300105- lot5-005
t00106. I P^r't .009
300l07.lJAXSEXV.013

228Xt
228r3
228rt
228 ra t
228r3
228r3
228x3
228x3
228r3
228X3
228x3
228rt
228Xt
228xt
228rt
228xt
228xt
228r3
228r3
22AtJ
228r3
22ar3
228r3
224r3

7.n16
12.7273
2.3607
3.3207
3.33'14
1.622t
1 .5094
2.1719
9.1381

13.5991
9.4859

24.4ß7
16.0820
19.1304
12.6103
't0.3298
't5.022'l
5.7120
5.0247
7.7821
9,0495
7.n37

19.1451
52.5617
4.89t5
4.8889
4.7611

24.0l92

.5321 .9355

.8584 1.4251

.5967 1.3993
,742A 1.5219
.7555't.882
.1620 1.1763
.1911 1.8397
.5480 1.7845
,7200 1.2918
-599f 1 - 1655
.9990 1 .9152

1.21§ 1.7995
1.2085',t.9116
,9005 1.3913
.7896 1.3952
.6512 1.0719
.&7 .9n1
-5661 1-1321
.7212 1.*70
.6752 1.781?
.6139 1.3136
.5120 't.0302
.6911 ',t.0723
.80'|6 .9976
,7053 ',t.?751
-4763 1.9157
.8145 1.1't83
.78n 1.202a

.50u 92.7051
-7762 A7 -

.7022 87.

,5773 97 .6393
.7160 96.6793
.7165 96.ß6
.4153 .3m
,1ß5 9A.4906
.5205 97 .4251
.66.22 90. 1A

.6257 .1006

.8998 90.5141
'1.0710 75.5913
1.0738 83.9180
.7A21 A0.5696

6.0001 39.t037 9,8940 7.1218 11,1121 6.5717
3.7131 37.4z,(;6 14.3857 8.1046 14.t702 7.1200
4.1764 *,&79 11,5411 6.6312 ',t5.8659 6.4079
3.2685 36.4110 11.74ß 6.A9& 14.85 6.62A
2. 93 *.1279 15.y10 6.Tt19 18.097t 6.3847
5.62§ 32.6576 8,1382 5.9417 17.3'.t07 5.7573
5.1290 32.8583 4.7967 6,0|95 21,1$A 5.7877
4 .7032 31 .4254 9.5599 6.2164 19.67 5 .9',t71
1.2750 36.144 11.§9r 7.7696 lt.2s24 7.0170
5,0859 37,63t7 r0.27t5 8,3519 13.8l,69 7.ß70
3.1t69 38.9821 20.1025 a.ß47 17§255 7,OO85
2,6971 39.1018 21.4321 9.3260 14.1203 7.Trn
2.18fi t8.9274 23.278/J 8.6309 11.4432 7.5093
3.4553 37.1m 13.7015 8.8973 13.9851 7.670t
3.9890 36.8586 12.3264 4.U13 14.§51 7.3517
5.3151 37.7670 't0.0208 7.9868 't3.1602 7.1908
6.51',t8 38.9090 t0.',t33't 8.1t48 ',t3.3137 7.5959
5.a206 39.69a7 9,7717 7.3591 15.1256 6.8886
3.4116 33.«40 11.1a97 6.a976 19.5n4 6.2267
1.5611 35.6145 11.8807 7.2't',t8 ',t8.3615 6.2708
5.9772 37.OA?9 9.4000 7.8501 16.7658 6.9630
7.0948 37.5910 7.923a 7,4419 15.4216 6.n12
5.5117 35.4296 9.1621 A.AOß 15.2660 7.2467
7.6242 36.1@7 7.6293 12.4410 ß.9390 7.5115
4.5358 38.1793 't3.4600 7.1990 1r.6215 6.U87
2.9651 37.5?90 18.3361 7.',t340 16.1526 6.6704
3.5676 .5171 15.0105 7.6306 1t.8/.76 6.9376
4.8093 35.3&4 10.6913 9.',t630 15.5819 7.',t305

9
't0
1t
12
1l
14
15
16
17
t8
19
20
21
22
23
24
25
26
27
2a

228xt
22EX3
228r!
224r3

.6021 89.6702

.6094 U.9779

.5118 91.2880

.656a 94.9713

.5818 92,2176

.5443 90.9505

.16a4 92.?163

.6026 80,5146

.58l5 17.1383

.6760 95 - 1085

.8228 95.1',ll 1

.7s65 91 .23ü

.6563 75 -9504
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