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SUMMARY increase of both the mesenchyme and epithelial
branching with spermidine and putrescine stimu-
Lung branching morphogenesis is a result ofus, whereas the mesenchymal substance alone is
epithelial-mesenchymal interactions, which are irsignificantly increased in apical-median lung sec-
turn dependent on extracellular matrix compositions with transforming growth factor &nd trans-
tion and cytokine regulation. Polyamines haveforming growth factor 3+ spermidine lung cul-
recently been demonstrated as able to modifyures. Transforming growth factor, Bnd trans-
chick embryo skin differentiation. In this work we forming growth factor 3+ spermidine confirm the
have examined the effects of putrescine and speblocking of epithelial branching formations and
midine during chick embryo lung morphogenesisfibroblast activation, and show that polyamines
in organotypic cultures by morphological, histo-are unable to prevent the blocking of epithelial
chemical and biochemical examination. To verifycells due to the inhibitory effect of transforming
the role of polyamines, we used specific inhibitorsgrowth factor R
such as bis-cyclohexylammonium sulphate and
alfa-difluoromethylornithine, and transforming
growth factor R an ornithine decarboxylase and INTRODUCTION
polyamine stimulator. Our data show that lung
morphogenesis is significantly altered following Epithelial-mesenchymal interactions are required
the induced mesenchymal glycosaminoglycarfor the development of many organs, including
changes. The increase of mesenchymal glythose of the gastrointestinal, tegumental, renal and
cosaminoglycans is correlated with a stimulatiorrespiratory systems (Petagsal, 1992; Stabellini
of lung development in the presence ofet al, 1998; Wallneret al, 1998; Hogan, 1999;
polyamines, and with its inhibition when trans-Quin et al, 1999). They are mediated by soluble
forming growth factor Ris added to the culture and /or membrane-bound mesenchymal factors,
medium. The morphometric data show a uniformwhich act as signalling molecules (Ohmiehial,
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1998).The activity of these factors isfafted by eration, increasing 2levels and ODC activity
the specific composition of the mesenchyme(Evangelistiet al, 1997) as well as extracellular
which gives them easy access and masks assoCiAG synthesis (Locoet al, 1993).Therefore, a
ed receptors. crucial point to be clarified in embryonic lung
Lung morphogenesis entails a complex branchingevelopment regards the fefts of diferent
process with a specific spatial-temporal sequencgrowth factors on extracellular matrix (ECM)
(ecto-para-entobronchi) (Romafof960) depen  modifications during bronchial branchingVe
dent on epithelial-mesenchymal interactiohse  have recently shown that exogenous SPD modu
composition of mesenchymal of glycosaminegly |ates the accumulation of sulphated GAG in chick
cans (GAG) varies during the various phases of thempryo skin, leading to an increase of feather for
branch formation (Becchettt al, 1988). Further  mation (Stabelliniet al, 1998). The oganotypic
more, in vitro (Carinci et al, 1986) andn vivo  cyjture system dérs a suitable model to study the
studies have shown that both the branching anghieractions of growth factors, including\Pand
differentiation of the lung epithelium are related tOECM, and hence the resultingets on morpho
mesenchymal changes (Becchedti al, 1988, onaqisThe aim of the present work was to exam
Shannon, 1994). Experiments on Mouse or irang,q the morphogenesis of the chick embryo lung in
genic mouse lung cultures have shown that factor rganotypic cultures in the presence of P&
such as fibroblasts growth factor tipe b, plateledgp together with the spermine synthase
growth factor and epithelial growth factor play a inhib’itor bis-cyclohexylammonium  sulphate

regulatory role in embryonic lung development(BCHS) (Fuersteiret al, 1985), and the an irre
(Robertset al, 1990; Souzat al, 1995; Bonstrém versible inhibitor ODC DFMO, as well FGFR.

et al, 1996; Miettineret al,, 1997; Ohmichet al,
1998). On the other hand, the addition of exogeo.ur r_esults show thatAPprpmotes morphogene
sis, via a mesenchymal stimulus. HowevArare

nous transforming growth factor 3 to embryonic : o
mouse lung cultures inhibits branching morpho not able of overcoming the inhibitoryfeét of

genesis (Zhaet al, 1996, 1998). TGFNR on epithelial branching.
Polyamine (R) stimulate cell proliferation and
differentiation. In particular putrescine (PUT),
spermidine (SPD) and spermine (SPM) are nece
sary for cell growth and d#rentiation (Pegg,
1986) and play a role in DNA, RNand protein Organ cultures :
synthesis (@bor andrabor 1984). R are involved ~ S1x-day-old Hubbard chick embryos, staged
in the transduction of signals between the ceIIuIaIECC‘)rdmg.tO the Hamilton tables (1952) provided
membranes, and especially in transforming growtf?Y the Selice Incubator Company (Bubano, Imola,

factor R (TGFR) signal transduction @bib and Italy), were r_er_noved under st_erile conditions,
Bachrach, 1994; Blachowskt al, 1994; Evange placed in Petri dishes and decapitated. Lungs were

listi et al, 1997)A key enzyme in theAbiosyn removed_ under sterile conditions and placed in
thetic pathway is ornithine decarboxylase (ODC)culture dishes on membrana testacea & 3Gr 3

An important point is the/RTGFR ratio because days. Semisolid serum-free media were used
it promotes or inhibits cell proliferation according @ccording to the technique elsewhere described
to the cell type and presence offelient growth (Carinciet al, 1986).Test cultures were adminis
factors (Frazeet al, 1994).The decrease in intra tered with semisolid serum-free media incorporat
cellular A due to long-term treatment with-  €d with: @) 2x10M SPD; b) 2x16M PUT; c) 200
difluoromethylornithine (DFMO), is associated MM BCHS; d) 200uM BCHS + 2x10M SPD;
with increased expression of tH&FR gene in  €)5mM DFMO; f) 5 mM DFMO + 2x1tM PUT;
normal small-intestinal epithelial crypt cells, and itg) 50 ng/mITGFR; h) 50 ng/mITGFR + 2x10'M

has been suggested that this gene can play &PD. The inhibitor of spermidine BCHS was
important role in the process of growth inhibition added at a concentration of 2081. Five cultures
following PA depletion (Patelet al, 1998). In for each experimental condition were performed,
chick embryo fibroblastsGFR stimulates prolif  for a total of four independent experiments.

Q/IATERIALS AND METHODS
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Morphological and morphometric investigations ~ GAG but also nucleic acids and sulphated glycopro
Cultures were observed dailynd bronchial teins were stained; at 0.3M MgCthe only macro
branching was evaluated by counting epitheliaimolecules which were positively stained were the
branch points under a stereomicroscope and ph@GAG (CS, DS, KS, HS); at 0.65M Mggthe only
tographed at 30X magnification. Cultures wereGAG stained were heparin, HS and R8e action
fixed in bufered formalin at 4C for 3-4 hours, of specific enzymes on the section, followed by
and routine histological procedures were followedAlcian staining, allowed us to determine the distrib
Entire lungs were cut inbsections at intervals of ution of individual GAG. In particulardigestion
100 p (Fig. 1L), stained with hematoxylin and with testicular hyaluronidase selectively removed
eosin, and observed with an optical microscdpe. HA and CS, which might no longer be bound to pro
quantify the structural dérences between lung teoglycans. Since a good relation between colour
cultures, we performed morphometric analysis orand GAG concentration has been demonstrated
the sections stained with hematoxylin-eosive  (Carinci et al, 1968), we obtained GAG values
assessed the tkfences between total area of lungmeasuring optical density of 5 random areas by con
section and total epithelial branching developmentecting a Zeiséxioplane Microscope to a Kontron
with a ZeissAxioplane Microscope connected to a Electronic Scanner usingdas SoftwareWe exam
Kontron Electronic Scanner usiiMidas Software. ined 2 slides for each sample; the values are
We delimited single bronchial branching andexpressed as relative optical density (arrangement:
determined the single aredatal development of black = 0, white = 1) and were the mea8D of 5
epithelial branching was evaluated by addingdeterminations per slide.
together all determined aread¥e performed two
slides for samples; the values are expressed,as Cell cultures

and are the mean SD. Lungs were carefully removed from 6-day-old
chick embryos, washed ifiyrodes solution and
Histochemical study dissociated in 0.25% trypsin (DIFCO, 1:300;

The histochemical study was perfomed orroom temperature, 25-30 min). Cells were recov
homologous sections of the interclavicular air sacered by centrifugation and suspended in 199+10%
ectobronchi, parabronchi and entobronchi on thealf serum (Gibco, Grand Island, NYIen ml cell
basis of previous indications of the spatial GAGsuspension (1XZ*Ccell/ml) was plated in Falcon
distribution and tridimensional reconstruction offlasks and placed in a humidity-saturated atmos
epithelial lung branching vivo (Becchettiet al,  phere (5% CQ 37°C). After 24 hrs, the medium
1988). GAG are tested in mesenchyme betweewas exchanged and cultures were wasHdu
ectobronchi and parabronchi. cells were incubated with 199 alone, or medium

For histochemical analysis, in order to distinguishl99 plus SPD, PUBCHS, BCHS+SPD, DFMO,
different GAG, such as hyaluronic acid (HA), chon DFMO+PUT, TGFR and TGFR+SPD and incu
droitin 4-6 sulfate (CS), dermatan sulfate (DS) andbated for a subsequent 24 Hrhe viability of the
heparan sulfate (HS) we used staining with 1%ells was measured by their ability to exclude try
Alcian blue 8 GX (AB) (Fluka) in 0.025M or 0.3M pan blue (Patterson, 1979).
or 0.65M MgC] (Hoechst 1% in 0.2 M phosphate
buffer, pH 6, 37C, 1h). For enzymatic digestion, the Newly synthesized GAG and theiidentification
sections were incubated with testicular Pooled media (two cultures for each experiment)
hyaluronidase (Merck, Darmstadt, Germarly were exhaustively dialyzed against distilled water
mg/ml; 0.1 M phosphate Hfef, pH 7, 6 h at 37C). and lyophilised.The GAG were isolated by the
Control sections were incubated infeafaloneThe  method elsewhere described (Stabed#iral, ‘98).
GAG were identified by critical electrolyte coneen The lyophilised material was dissolved in 8 ml 0.5
trations at which the polyanions change from bindM acetate bdér (pH 7.5) with 0.5 mM Cagl
ing Alcian to binding Mg (Scott and Dorling, digested with pronase (Calbiochem, San Diego,
1965).Alcian stained the polyanions with increasingCA, 2 mg/ml, 24 h at 5@C), then deproteinated
selectively as the MgCtoncentration of the stain with ethanol containing 5% potassium acetale
ing solution was raisedt 0.025 M MgCl, not only  precipitate was washed with absolute ethanol, 1:1

153



Imp. Stabellini 1-06-2001 9:23 Pagina 154

154

Fig. 1 (A, L) - Epithe
lial branching morpho
genesis in  chick
embryo lung explant
cultures maintained in
a defined serum-free
medium. Addition of
SPD and PUTincreas
es epithelial branching,
whereas TGFR and
polyamine inhibitors
(BCHS and DFMO)
prevent epithelial
lung morphogenesis
as well as with
TGFR+SPD.A) 199;
B) SPD; C) PUT
D) BCHS; E) DFM;
FYBCHS+SPD;
G) DFMO+PUT,
H) TGFR;

1) TGFR+SPD. Magni
fications 30X. L)9-day
lung drawing shows
the position of the =1
10" 19" section levels;
a.s.= aerifery sacs; Bl=
bronchus; B2= sec
ondary bronchus; P=
parabronchus; sec=
section.
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ethanol/ether and ether alon€he ether was The results were expressed as nmoles of CO
removed undewacuumat room temperature and released Hmg?* protein.
GAG dissolved in 0.075 M NaCl. Individual GAG For RA determination the lungs were washed
were separated by two-dimensional electrophoresidiree times with PBS and homogenized in 4 vol of
on cellulose acetate plates and identified by-com0.3 M perchloric acid. & were extracted and
paring them with the standards and their specifiglerived with dansyl chloride (DNS) and a high
enzymatic susceptibilityyophilized samples were performance liquid chromatography (HPLC)
digested with bovine hyaluronate (EC 3.2.1.35)method as described by Stefaneiial (1986).
(Miles lItaliana, Cavenago Brianza, Milano, Italy) The HPLC equipement was composed of two 420
and Streptomicetes hyaluronate lyase (EC 4.2.2.1umps, a m 491 mixerSFM 25 fluorescence
(Streptomycetes hyaluroniticus, Seikagaku Kogyodetectoya Data system 450 (Kontron Instruments,
Tokyo, Japan) at 3T for 24 hrs with 30 and 5 Milano, Italy) and 7000 injector (Rheodyne, Inc.,
enzyme units, respectively; or with chondroitinCotati, CA, USA). Separations were achieved
AC-ll lyase (EC 4.2.2.5) (Arthrobacter aurescenswith a Spherisorb S 50DS2 |5 column
Seikagaku, KogyoJokyo, Japan) for 24 hrs with (250x4.6 mm 1.D.) (Kontron)The DNS deriva
0.5 and 0.01 enzyme units (Conredal, 1977). tives of A were separated with Spherisorb, a sol
They were quantified using a microcolorimetricvent composed of watercetonitrile-methanol
method (Bartold and Page, 1985) and expressed ¢&3:2) as solventA and acetonitrile-methanol
nmol/mg prot. (3:2) as solvent BThe sample was eluted with a
linear gradient from 28% to 90% solvent B in 15
Ornithine decarboxylase activity and polyamine  min at a flow rate of 1.0 ml/miffhe values were
assay expressed as nmol/mg protein.
At the end of incubation, thegan cultures were
removed and lungs were detached from the menstatistical analysis
brana testacea, washed with PBS, and centrifuged'he statistical analysis was made using the stu
at 50 g for 10 min at°€. The pellets were extract dent t-test for paired and unpaired data.
ed with 100ul of 50 MMTRIS-HCI, at pH 7.5, 0.1
mM EDTA, 5 mM dithiothreitol, 0.05 mM pysi
doxal-5'-phosphate and 0.5%iton X-100 (lysis RESULTS
buffer). Lung lysates were centrifuged at 7,000 g
for 15 min at 4C, and the resulting supernatantsOrgan cultures
were used immediately for ODC assay (Stefanelli Morphological data.A single 6-day lung rueli
et al, 1992) and the determination of proteins byment is formed by mesobronchus covered with
Bradfords method (1976). ODC activity was €ar pseudostratified epithelium from which 4 ento
ried out in a 5Qul total volume, 40ul of which  bronchi and 1 ectobronchus emer(Romandf
were of lung extract originThe assay mixture 1960).All secondary bronchi are lined by a simple
(final concentration) contained 50 mis-HCI, at  columnar epithelium.
pH 7.5, 0.1 mM EDA, 5 mM dithiothreitol, 0.05  After 3 days of culture in 199, more growth and
mM pyridoxal-5’-phosphate, 0.5%riton X-100, more epithelial tubules were detectable. Lung
0.4 mM L-ornithine and 0.Ci [“C]-ornithine (sp. explants grew well; epithelial tubules extended
act. 58 mCi mmal, NEN). The assays were per outwardly Four entobronchi, 3-4 parabronchi
formed in glass tubes with filter paper attached t@meged from entobronchi covered with a simple
the inside of the caplhe filter paper was moist jsoprismatic epithelium, 3-4 ectobronchi, 4 latero
ened with 20ul of 1 M methylbenzethonium bronchi, 2-3 dorsobronchi and 4-5 air sacs lined by
hydroxide in methanol to trap releasé&dO,. The  a simple squamous epithelium were presito.-
reaction was carried out for 1 h in a°@7shaker gether 22.632.30 ramifications were counted
bath, then stopped by injecting 2000f 1 M citric  under the stereomicroscopeafie I) (Fig. 1Aand
acid through the rubber cafsiter a further 30 min,  2A). The lungs, maintained in the presence of SPD
the incubation filters were cut out and the radioacor PUT, showed good growth and exhibited
tivity was counted in a Kontron scintillator counter increases in bronchial ramification (p<0.01) of
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Fig. 2 (A,l) - Epithelial branching morphogenesis in chick embryo lung explant cultures maintained in a defined serum-free
medium. Increased numbers of normal ramifications can be observed with SPD gradd@dieased number of dilated ramifi
cations can be seen witliGF3 and polyamine inhibitors as well as wiliiFR+SPD.A) 199; B) SPD; C) PU]TD) BCHS; E)

DFMO; F) BCHS+SPD; G) DFMO+PUH) TGFR; 1) TGFR+SPD. Ematoxylin and Eosin Magnifications 10X.

28.532.54 and 30.183.0 respectively @ble I) TGFR, all the lungs presented a similar decrease
(Figs. 1B-C and 2B-C). Explants showed decreased4) in the number of obtained sectioghen
growth (p<0.01) when BCHS (12.%R.00) or BCHS was added to SPD, or DFMO to RUfe
DFMO (13.821.98) were added, as compared tonumber of sections obtained rose again (17 vs. 14),
controls.The ramifications were poorly developed but did not reach that of the controls (1@jhen

and presented enormously dilated air sacs, coverddsF[3 was added to SPD, the number of sections
with isoprismatic epithelium @ble 1) (Figs. 1D-E decreased (15) as compared to controls and was
and 2D-E).When BCHS was added to SPD orsimilar to those obtained imGFR3, BCHS and
DFMO to PUT lung cultures showed 1920.13 DFMO cultures (14).

and 20.1@2.48 more dilated epithelial branchings Mesenchymal mass, which was obtained by sub
than those of controls &ble 1) (Figs. 1F-G and 2F- tracting the total developmental area of bronchial
G). Epithelial branching of ganotypic lung cul  branching (calculated section by section) from the
tures maintained in the presence ®fGFR  total section area, did not show significanfeti
(13.42:1.67) or TGFR+SPD (15.32.20), was ences in PUDr SPD cultures with respect to eon
decreased (p<0.01)4dMle 1) (Figs. 1H-1 and 2H-1). trols. Section 3, obtained from the apical region,
At morphometric analysis éble Il) the lung cul showed an increase of mesenchymal mass
tures, treated with PU®r SPD showed a lger  (p<0.01) withTGF[ or TGFRR+SPD. Section 4
number of sections than controls (21 vs. 19)showed a decrease (p<0.01) with SPD and an
whereas in the presence of BCHS, DFMO oirncrease (p<0.01) with BCHS, BCHS+SPD,
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Table |
Number of chicken embryo bronchis developed after 3-day cultures with SPDBRUHIB, DFMO (polyamine
inhibitor) TGFR andTGFR+SPD: developed bronchi were counted under a stereomicroscope (nteahs
SPD = Spermidine; PUF Putrescine; BCHS = bis-cyclohexylammonium sulfate;
DFMO = a-difluoromethylornithine.TGFR = transforming growth factor, 3

Treatment Culture number Bronchi/culture
Control 20 22.63t2.30
SPD 20 28.53:2.54*
PUT 20 30.18:3.0*°
BCHS 20 12.7Q:2.00*
DFMO 20 13.87#1.98*
BCHS+SPD 20 19.2G:2.13
DFMO+PUT 20 20.10:2.48
TGFR 20 13.42+1.67*
TGFR+SPD 20 15.35:2.2%

*P<0.01 as compared to control®<0.01 as compared TGFR.

DFMO, DFMO+PUT TGFR or TGFR+SPD. bronchi staining at 0.025, 0.3, 0.65 M MgQiar
Levels 5 and 6, obtained from the apical regiontially removable by testicular hyluronidase treat
showed an increase of mesenchymal massent (HS, CS, DS, HA).

(p<0.01) in the presence of BCHS, BCHS+SPD, After 3 days of culture, the mesenchymal ground
DFMO, DFMO+PUT TGFR or TGFR+SPD. In substance exibited alcianophilic histochemical
sections 7 and 8, the mesenchymal mass signifstaining as above.

cantly increased in the presence of BCHS, DFMO, In 199 alone, the alcianophilia at 0.3 M Mg®hs
TGFR andTGFR+SPD. In sections 9 and 10, only largely abolished by hyaluronidase (CS). It showed
TGFR or TGFR+SPD produced an increase indifferent intensities in relation to the various sites:
mesenchymal mass (p<0.01). In medial sectiongiaximum in the outer region of the growth, clear
(11 and 12), the mesenchymal mass decreasedound the ento- and ecto-, poor in the latero- and
(p<0.01) in the presence of DFMQ,GFR, para-bronchi, and scarce around the air sacs. In
BCHS+SPD, DFMO+PUTwhereas in the pres SPD- and PUTtreated lungs, the ground substance
ence of BCHS, it increased (sectiol)lor showed alcianophilia, which was hyaluronidase-
decreased (section 12). In sections 13 and 14, $ensitive at 0.3M MgG| stronger (higher CS cen
decreased (p<0.01) in the presence of BCHSegent) than controlsThe basement membrane of
DFMO, TGFR, BCHS+SPD or DFMO+PUT lung cultures added with SPD or P&fiowed clear
Section 15 showed a significant decrease in thelcianophilia in 0.025, 0.3 and 0.65 M MgCl
presence of BCHS+SPD, DFMO+PU®Br whichwas partially removable by hyaluronidase. In
TGFR+SPD. In the caudal region (sections 16 andCHS- and DFMO-treated lungs, at 0.3 M MgClI
17), the mesenchymal mass showed a significaicianophilia was strongly reduced (less CS-con
decrease with SPD, PUTBCHS+SPD and tent), and basement membranes showed poor reac
DFMO+PUT In section 18, only SPD showed thetivity, which was partially abolished by

same trend (p<0.01) as above. hyaluronidase. In BCHS+SPD and DFMO+PUT
cultures, alcianophilia increased at 0.3 M (CS
Histochemical data increase). INTGFR or TGFR+SPD cultures, the

Six-day lung rudiments showed loose mesmesenchyme showed poor cellular condensation
enchyme, and the ground substance exhibitednd a rather fine intercellular network, particularly
greater alcianophilia in the entobronchi and ectoevident between the parabronchi and at the periph
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Table I
In vitro chick embryo lung development with polyamines, polyamine inhibitor and cytokahges are expressed
as 1X10u2 and represent the tifence between the total area section and total area bronchial branching.
CONTR = Control. SEC = Section

SEC CONTR SPD PUT BCHS BCHS+SPD DFMO DFMO+PUT TGFR TGF[+SPD
1 - - - - - - - - -
2 17.331.9 18122 191421 20.%#25 16219 14 #1.6 15.91.7 14.62.0 13.6:3.1
3 16.A#2.1 15115 16.524 30.944.1 23.53.6 25.62.8 20.3:3.1 26.3t3.8* 24.52.9*
4 19.6:3.0 12.#1.7* 16.6:2.3 38.%#5.1 29.%4.0 34.1+4.1 30.53.3 31.54.0* 28.8:3.0*
5 23.82.9 25.023.0 26.04.2 53.2+6.3* 39.%5.4* 39.1+3.9* 37.%#55* 34.(+3.9* 32.1+4.2*
6 24.8:3.9 21.9%429 23.23.0 56.57.7* 42.6:6.3* 41.0t5.6* 35.1+4.6* 35.1+4.7* 36.3t5.3*
7 32.6:4.4 26.8:3.9* 27.9%3.3 49.554* 38.24.6 40.245 35448 42.255* 40.43.9*
8 20.9+3.9 20.9%+4.2 28.8:3.6 46.4:5.8* 34.0:5.4 38.%#4.9° 30.3t3.7 48.5:6.2* 45.54.4*
9 40.145.3 34.54.7 35543 42451 30.24.6 37.6:4.9 33.3t3.9 51.6:6.9* 49.3t4.1**
10 34952 27233 30.34.2 36.449 26.83.5 35543 28.74#4.0 47.4#57* 48.(x5.0*
11 42,856 39.1+4.6 38.1+5.3 44.(45.7 25.4:3.6* 34.1+4.9 26.4t3.9* 34.1+4.0** 36.25.5
12 43.455 34.:3.9 33.55.0 32.44.2* 32.6:4.4* 32.44.6* 27.23.5* 35.624.9 36.1+4.7
13 41.453 39.1+4.6 38.84.5 23.A#3.1* 28.84.1* 26.3:t3.4* 25.3:3.5* 31.(#5.3* 33.53.5
14 36.25.0 30.#4.0 33.45.1 24.8:5.5* 27.8:3.6* 18.9+2.8* 23.83.5* 23.0t4.2* 28.8:5.7
15 33.A4.1 29.43.3 28.6:3.4 - 23.1+3.5% - 23.A3.5** - 21.44.9
16 34544 27142 27741 - 20.6:3.7* - 18.9+2.8* - -
17  32.#4.9 18.5:2.6* 20.4+2.8* - 17.6:2.9* - 14.3:2.5* - -
18  21.A3.2 15.6:2.2* 18.5:2.7 - - - - - -
19 10.41.7 10.622.0 13.1+2.4 - - - - - -
20 - 8.22.4 10.41.9 - - - - - -
21 - 5609 7.7#1.1 - - - - - -

*P<0.01, **P<0.05 as compared to controls.

ery. At 0.3 M MgCl, the positivity increased (high cantly greater (p<0.01) than the decrease in lung
CS content) inTGFR-and TGFR+SPD-treated cultures administered with SPD, PUBICHS+SPD,
lungs, as compared to contrds.this molarity the ~ DFMO+PUT, TGF[3 or TGF[3+SPD.The reactiv
basement membranes showed strong reactivity whidly to the enzyme proved that the decrease was due
was partially abolished by hyaluronidase0.65 M to the digestion of hyaluronic acidihe pattern of
MgCl,, the alcianophilia significantly decreased residual staining denotes that sulphated GAG were
BCHS- and DFMO-treated lung cultures. abundantThis finding was confirmed by reactivity
The histochemical reactivity of the mesenchymalvith Alcian blue at 0.3 M MgGl(Table II1). Since
ground substance around the ectobronchi (where lathondroitin sulfates and hyaluronic acid are sensi
erobronchi emee) exhibited quantitative @fr-  tive to the enzyme, it may be deduced that the-high
ences according to the experimental treatmen®r amounts of sulphated GAG, observed in SPD,
(Table Ill). The staining pattern, produced by treat PUT, TGF} and TGF[3+SPD-treated cultures, are
ment withAlcian blue in 0.025 M MgG]J revealed partly due to the CS themselves, and partly due to
strong alcianophilia, which drastically decreasedS, KS and HSAt 0.65 M MgCl, the alcianophil
after testicular hyaluronidase digestion. Howgveria significantly decreased in BCHS-and DFMO-
the reduction observed in the controls was signifitreated lung cultures.
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Table 111
Histochemical GAG evaluation in mesenchyme of 6-day chick embryo lung. Development after 3-day culture.
After Jal = after hyaluronidase treatment. SPD = Spermidine;=PRtrescine; BCHS = bis-cyclohexylammonium
sulfate; DFMO =u-difluoromethylornithineTGF(3 = transforming growth factor, 3

ALCIAN BLUE IN MgCl,

0.025 M 0.3 M 0.65 M
Before After jal Before After jal

CONTROL 182.a:12.7 0 110.6t7.7 18.91.3 59.8t4.2
SPD 231.?16.2 67.2‘;4.1 130.1110.8 37.%1.5 61.8t4.3
PUT 229.;&20.5 65.§t6.0 120.3:9.2 39.?:2.9 55.25.1
BCHS 186.A#13.1 0 109.9:7.1 0 25.?1.8
BCHS+SPD 181.A#13.0 20.&3‘51.2 128.3t11.6 28.%:1.5 65.1+4.6
DFMO 178.3:14.1 0 102.410.7 0 30.115.1
DFMO+PUT 181.6:14.8 22.6:2.4 104.3:11.0 20.9:2.7 58.6:3.9
TGFR 224.?15.7 62.13«:1.6 133.*&12.8 39.12121.6 64.3t4.5
TGFR+SPD 230.?17.4 64.%3.1 140.*&13.6 40.112.8 63.2£4.0

*P<0.01, **P<0.05 as compared to controls.

Ornithindecarboxylase activity and polyamine tures, whereas it decreased in DFMO-treated ones.

values PUT significantly increased iff GF@—and BCHS-

In Table IV ODC and R values of 6-day chick reated cultures, and decreased in DFMO- treated
brvo | " detU 3-d Ity IOD nes. SPD increased (p<0.01Y{@BFR- treated cul

€mDryo Iungs are reported after s-day Culiures. res and decreased (p<0.01) in BCHS- or DFMO-

increased (p<0.01) IRGFR3- and BCHS-treated cul  treated oned’he SPM variation was not significant.

Table IV
Ornithinedecarboxylase activity and polyamine levels gaootypic cultures of chick embryo lung after 3 days
in vitro growth.The data are meaasSD; ODC is expressed as nmolfi@g proteins x hour and®as nmol/mg
prot. TGFR = transforming growth factor 31, BCHS = bis-cyclohexylammonium sulfate;
DFMO = a-difluoromethylornithine

OoDC PUT SPD SPM
CONTROL 4.870.58 2.65:0.29 5.020.49 9.6/41.2
TGFR 6.01+0.78* 5.15-0.57* 10.551.16* 8.93+0.98
BCHS 10.34£1.13* 33.4%4.21* 1.93+0.21* 10.92+1.42
DFMO 1.26t0.18* 0.0 1.58:0.19* 8.55:1.11

*P<0.01 as compared to controls.
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TableV
Extracellular GAG values of chick embryo lung fibrobla$tse values are the meah$D.T.GAG =Total
Glycosaminoglycans; HA hyaluronic acid; HS = heparan sulfate; CS+DS = condrotin sulfate + dermatansulfate;
S.GAG = Sulphated Glycosaminoglycans; SPD = Spermidine;?PRItrescine; BCHS = bis-cyclohexylammonium
sulfate; DFMO =u-difluoromethylornithine.TGFR = transforming growth factor, 3

EXTRACELLULAR GAG

T.GAG HA HS CS+DS HA/S.GAG

CONTROL 7.35:0.7 1.50:0.2 1.3720.5 4.48:0.4 0.26+0.03
(20.4) (18.6) (60.9)

SPD 11.25+0.8* 1.470.3 1.50:0.3 8.28:0.4* 0.15+0.02*
(13.1) (13.3) (73.6)

PUT 12.0G+1.0* 1.68:0.5 1.74:0.4 8.58:0.6* 0.16+0.3*
(14.0) (14.5) (71.5)

BCHS 10.08:0.8* 2.24+0.4* 2.19+0.3* 5.650.5 0.29:0.04
(22.2) (21.7) (56.0)

BCHS+SPD  9.17%1.0* 1.92+0.3 1.83:0.4 5.41+0.4 0.26+0.04
(21.0) (20.0) (59.0)

DFMO 5.56+0.9* 1.120.2* 1.11+0.2 3.33:0.5* 0.25+0.04
(20.1) (20.0) (59.9)

DFMO+PUT  8.00t1.6 1.67:0.4* 1.72:0.5 4.61+0.3 0.26+0.2
(20.9) (21.5) (57.6)

TGFR 12.49-0.9* 2.37:0.4* 2.08:0.4* 8.03:0.5* 0.23:0.03
(19.0) (16.7) (64.3)

TGFR+SPD  11.1+0.7* 2.23+0.5* 2.15+0.3* 6.71+0.6* 0.25+0.04
(20.1) (19.4) (60.5)

*P<0.01as compared to controls

Cell cultures epithelial morphogenesis in the course of lung
Newly synthetised GAGhe amount of total extra developmentn vivo (Becchettiet al, 1988).The
cellular GAG (BbleV) increased (p<0.01) in 6-day present study reveals the presence of similar
lung fibroblast cultures in all experimental condi epithelial branching featurés vitro. In particulay

tions except under DFMO-treatment. Regarding thghe mesenchymal ground substance exhibits anal

BCHS, BCHS+SPD, DFMO+PUTTGFR and gy results indicate thatRreatment stimulates

TGFR+SPD lung cultures, whereas it decreaseg,,
. . . g explant growth as seenTable | and GAG
with DFMO. CS+DS increased (p<0.01) in SPD-, 5001 mylation as sedible IlI. Inhibitor adminis

PUT, TGFR-, TGFR+SPD-treated cultures and : . .
' N . tration corroborated these observations : indeed,
decreased with DFMO. HS increased (p<0.01) onl%Oth inhibition of SPD synthesis by BCHS and

in BCHS-, TGFR- or TGFR+SPD-treated ones. .
The HA/sulphated GAG ratio was significanty PUT Production by DFMO arrested lung growth.
The arrested lung growth was in turn almost

lowered in SPD-and PUffeated cultures, while the ; . L )
changes obtained with BCHS, DFMOGFR and reversible by the simultaneous administration of

TGFR+SPD were not significant. PA (Table ). _ '
After a 3-day culture, lung histochemistry

showed alcianophilia at 0.3M MgCiITesticular
DISCUSSION hyaluronidase digestion (an index of sulphated

GAG) was observable around the secondary
We have previously established a clear relationbronchi and parabronchi, but was strongest around
ship between accumulated mesenchymal GAG anithe parabronchi growing in the laterodorsal region
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in the presence of SPD and PUWHy contrast, it  In conclusion, the present study providesiran
decreased in the presence of BCHS and DFMGiitro demonstration thalT GFR} stimulates mes
These observations underline the fundamental rolenchymal cells and modifies ECM, but these
of SPD and PUTon ogan diferentiation.Treat  changes cannot prevent the blocking of epithelial
ment with TGFR or TGFR+SPD (Tble Ill) cells in the G1 phase of the cell cycle, due to the
increased the production of sulphated GAG (CSinhibitory efect of TGFR. Moreover our data
DS and HS) in fibroblasts and lung cultures.provide important confirmation that the ECM is
TGFR also determined an increase iA Rvels important for lung development, and suggest that
following ODC activation (&ble 1V), which how  the coordination of GFR and other growth sig
ever was accompanied by decreased epitheligals are essential for tifentiation.
branching.Taken togetherour histochemical and

biochemical data show an increase of sulphated

GAG in both RA- and TGFR-treated lungs. Nev. ACKNOWLEDGEMENTS
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