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Figure 1. lmmunofluorescence Microscopy and [“H]Thymldlne AutoradIography of P7 Rat Optic Nerve Cells In Culture 

Opk nerve 31, see Fkgure 2). An (AZB5*, GC ) 0.2A progenitor cell l!es between two GC’ ollgodendrocytes Of these, only the progenitor cell has 
Incorporated [“H]thymidine (lower arrow). An unstained flat cell, posslbfy a type-l astrocyte. has also Incorporated radIolabel (upper arrow) Approxl- 
mately 45% of 0.ZA progenitor cells incorporated [+f]thymldlne when cultureo wth Superose fraction 31 or PDGF (Table 1) Mature GC- oligoden. 
drocytes never Incorporated [‘H]thymldlne In our cxperlments 

in controlling the proliferation and differentiation of O-2A 
progenitors in the developing rat optic nerve. 

Results 

The Astrocyte-Derived Mitogen Comigrates with 
PDGF on a Size-Exclusion Column 
We fractionated astrocyte-conditioned 
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Figure 7 Superose 17 S17e-Exclusion Chromatography of Astmrytc- 
Ccndltioned Medium 

We concentrated astrocyte-conclt oned medium by ammonium sulfate 
preclpltatlon (see Experimental Procedures) and separated it on a Su- 
perose 12 (Pharmacla) column equilibrated with 0.2 
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Figure 3 Dose-Response ProflIes for Mltogemc Stlmulat:on of O-2A 
Progenitor Cells by CondItIoned Media. and by Purlfled PDGF 

Media cond,tioned for 48 hr by primary cultures of astrocytes from neo- 
natal rat cerebral cortex, by primary cultures of rat menlnyeal cells, o’ 
by A7-6-3 rat CNS cells were tested at various dilutions for mltoyenic 
effect on 0-2A progenitors in P7 rat opt#c nerve cultures, by counting 
we do not know how 

the sensltlvity differs between rat and human, or how it 

differs for different molecular forms of PDGF. 

In parallel experiments, we compared the abilities of the 

same conditioned media lo promote proliferation of O-2A 

progenitor cells by the progenitor cell counting assay 

used to generate Figure 2 (see previous sectlon). Dose- 

response curves for condItIoned media of astrocytes, A7- 

6-3 cells. and menlngeal cells are shown in Figure 3, with 

dose-response profiles for human and porcine PDGFs for 

comparison. The amount of mitogenic activity In each 

conditioned medium, expressed as the dilution at which 

activity is half-maximal. 

IS listed in Table 2. For the cell 

types examined. the mltogenic effect on O-2A progenitor 
cells correlates well with the level of PDGF-like molecules 
in the medium, estimated by receptor competing ability. 
This is consistent with the notion that the predominant ac- 

tive molecule may be a form of PDGF. 

Astrocytes Secrete PDGF Dimers 
into the Culture Medium 
We labeled primary astrocytes for 24 hr with “sS-cysteine. 

and 



PDGF in the CNS 
313 

Table 3. The Mitogenlc AcWty in Astrocyte-CondItIoned 
Medium Is Neutralized by AntI-PDGF lrnmunoglobulir~ 

Addltlon to 
Number of Progenitors 

Neutral- 
Culture Medium” tg None Control rrPDGF iration 

(Experamenr 1) 
astrocyte CM (1:5) 147 ND 25 83% 
astrocyte CM (1 10) 55 05 15 7% 
human PDGF (5 ngimt)’ 41 36 3 92% 
no addltlon 6 ND ND - 

(Experiment 2) 
as?rocyte CM 11 .2) 592 372 30 90% 
no addltlorl 19 ND ND - 

(Experiment 3) 
astrocyte CM [1:5) 72 ND 3 96% 
no addition 15 ND ND - 

(Experimenl ND 
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1984). Trace amounts of an RNA of the same size may also 
have been present in A7-6-3 cells, but nothing could be de- 
tected in meningeal cells (Figure 58, lane 8) or C6 cells 
(data not shown). The 157 glioma cells contained small 
amounts of a h4 kb B chain-specific transcript (data not 
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Fjguro 6 Time Course of Appearance of PDGF A Chain mFiNAs I” 
Rat Erml 

Poly(Aj-containing RNA (10 tigilane) from the brains of rats of various 
ages was electrophoresed on an agarose-formaldehyde gel, trans- 
ferred to nylon membrane, and hybridl7ed to a 3’P-labelt?d DNA probe 
speclflc for Ihe PDGF A chain mRNAs. After auturadiograpfrlc ex- 
posure, the probe was removed by boiling, and the blot rehybridized 
with a probe speclftc for glial fibrillary acidic protein (GFAP] mRNA, 
and then again with a probe for pyruvate kinase (PK) mRNA. PDGF 
A cham mRNAs and GFAP mRNA both Increase several-fold between 
El7 and El9: PDGF A chain mRNAs then remain at a fairly constant 
level to P12. whereas GFAP mRNA Increases further between PO and 
P12, probably reflecting the growth of astrocytlc processes. PK mRNA 
remains at roughly constant levels over the time period examtned. and 
acts as a control for lane loadings PDGF A chain mRNA levels remain 
constant up to 2 years of age (data not shown). PDGF B chain mRNAs 
(3.5 kb and 2.1 kb) were expressed at low, constant levels between El5 
and 2 years idata not shown). 

rlgure 5 PDGFAand BChaln rnRNAs 111 Var- 
lous CNS-Derived Cell Types 

Poly(A)-contatnlng RNA (79   Tr 0.o
 (B ) Tj
0  Tr 8.9386 0  TD 3  Tr 0.1503  Tc -0.0673  Tw (chain ) Tj
0  Tr 24.8294 0  TD 3  Tr 0.1212  Tc -0.0382  Tw (probe. ) Tj
0  Tr 29.7953 0  TD 3  Tr 0.2196  Tc -0.1367  Tw (Lane ) Tj
0  Tr 22.843 0  TD 3  Tr 0.1647  Tc -0.0818  Tw (7, ) Tj
0  Tr 8.9386 0  TD 3  Tr 0.2823  Tc -0.1994  Tw (SSV- ) Tj
0  Tr -177.7784 -9.75  TD 3  Tr 0.0669  Tc 0.016  Tw (transformed ) Tj
0  Tr 57.6042 0  TD 3  Tr 0.2036  Tc -0.1207  Tw (normal ) Tj
0  Tr 33.768 0  TD 3  Tr 0.0227  Tc 0.0603  Tw (rat ) Tj
0  Tr 14.8976 0  TD 3  Tr 0.0593  Tc -0.7264  Tw (kidney ) Tj
0  Tr 32.7748 0  TD 3  Tr 0.0809  Tc -0.7479  Tw (cells ) Tj
0  Tr 26.8157 0  TD 3  Tr 0.2196  Tc -0.1367  Tw (Lane ) Tj
0  Tr 24.8294 0  TD 3  Tr 0.1647  Tc -0.0818  Tw (8, ) Tj
0  Tr -190.6897 -9  TD 3  Tr 0.0493  Tc -0.7163  Tw (primary ) Tj
0  Tr 35.7543 0  TD 3  Tr 0.0255  Tc -0.6926  Tw (cultures ) Tj
0  Tr 36.7475 0  TD 3  Tr 0.1647  Tc -0.0818  Tw (of ) Tj
0  Tr 9.9318 0  TD 3  Tr 0.0227  Tc 0.0603  Tw (rat ) Tj
0  Tr 13.9045 0  TD 3  Tr 0.2922  Tc -0.2093  Tw (menlngeal ) Tj
0  Tr 46.6792 0  TD 3  Tr 0.0809  Tc -0.7479  Tw (cells ) Tj
0  Tr 24.8294 0  TD 3  Tr 0.2196  Tc -0.1367  Tw (Lane ) Tj
0  Tr 22.843 0  TD 3  Tr 0.1647  Tc -0.0818  Tw (9, ) Tj
0  Tr -190.6897 -9.75  TD 3  Tr 0.0493  Tc -0.7163  Tw (primary ) Tj
0  Tr 39.727 0  TD 3  Tr 0.0255  Tc -0.6926  Tw (cultures ) Tj
0  Tr 39.727 0  TD 3  Tr 0.1647  Tc -0.0818  Tw (of ) Tj
0  Tr 14.8976 0  TD 3  Tr 0.0227  Tc 0.0603  Tw (rat ) Tj
0  Tr 16.884 0  TD 3  Tr -0.0965  Tc -0.5706  Tw (astrocytes ) Tj
0  Tr 52.6383 0  TD 3  Tr 0.0959  Tc -0.013  Tw (The ) Tj
0  Tr 21.8499 0  TD 3  Tr -0.1457  Tc 0.2287  Tw (ex- ) Tj
0  Tr -185.7238 -9  TD 3  Tr 0.0369  Tc 0.046  Tw (posure ) Tj
0  Tr 33.768 0  TD 3  Tr 0.2884  Tc -0.2054  Tw (time ) Tj
0  Tr 20.8567 0  TD 3  Tr 0.1647  Tc -0.0818  Tw (of ) Tj
0  Tr 11.9181 0  TD 3  Tr 0.2867  Tc -0.2038  Tw (lane ) Tj
0  Tr 20.8567 0  TD 3  Tr 0.2196  Tc -0.1367  Tw (7 ) Tj
0  Tr 8.9386 0  TD 3  Tr -0.0278  Tc -0.6392  Tw (was ) Tj
0  Tr 19.8635 0  TD 3  Tr 0.1298  Tc -0.7968  Tw (approximately ) Tj
0  Tr 63.5632 0  TD 3  Tr 0.0994  Tc -0.0164  Tw (one- ) Tj
0  Tr -179.7648 -9.75  TD 3  Tr 0.2074  Tc -0.1244  Tw (fifth ) Tj
0  Tr 20.8567 0  TD 3  Tr 0.1647  Tc -0.0818  Tw (that ) Tj
0  Tr 18.8703 0  TD 3  Tr (of ) Tj
0  Tr 11.9181 0  TD 3  Tr 0.1503  Tc -0.8173  Tw (lanes ) Tj
0  Tr 25.8226 0  TD 3  Tr 0.2196  Tc -0.1367  Tw (8 ) Tj
0  Tr 9.9318 0  TD 3  Tr (and ) Tj
0  Tr 18.8703 0  TD 3  Tr 0.1647  Tc -0.0818  Tw (9. ) Tj
0  Tr -205.5873 -51  TD 3  Tr /F0 9  Tf
0.1808  Tc 0.1798  Tw (shown). ) Tj
0  Tr 43.6997 0  TD 3  Tr 0.2109  Tc 0.1497  Tw (As ) Tj
0  Tr 16.884 0  TD 3  Tr -0.0382  Tc -0.3513  Tw (a ) Tj
0  Tr 8.9386 0  TD 3  Tr 0.1589  Tc -0.5483  Tw (positive ) Tj
0  Tr 43.6997 0  TD 3  Tr 0.0867  Tc -0.4761  Tw (hybridization ) Tj
0  Tr 68.5291 0  TD 3  Tr 0.1142  Tc 0.2463  Tw (control ) Tj
0  Tr 38.7338 0  TD 3  Tr 0.1406  Tc 0.22  Tw (for ) Tj
0  Tr 16.884 0  TD 3  Tr -0.044  Tc -0.3454  Tw (B ) Tj
0  Tr 9.9318 0  TD 3  Tr 0.1362  Tc 0.2244  Tw (chain, ) Tj
0  Tr 34.7611 0  TD 3  Tr 0.208  Tc -0.5974  Tw (we ) Tj
0  Tr -281.0687 -11.25  TD 3  Tr 0.0314  Tc -0.4209  Tw (included ) Tj
0  Tr 48.6656 0  TD 3  Tr 0.2881  Tc -0.6775  Tw (RNA ) Tj
0  Tr 26.8157 0  TD 3  Tr 0.2175  Tc 0.1431  Tw (from ) Tj
0  Tr 27.8089 0  TD 3  Tr 0.1337  Tc -0.5231  Tw (the ) Tj
0  Tr 19.8635 0  TD 3  Tr 0.0996  Tc -0.489  Tw (SSV-transformed ) Tj
0  Tr 91.3721 0  TD 3  Tr 0.1406  Tc 0.22  Tw (rat ) Tj
0  Tr 16.884 0  TD 3  Tr 0.1011  Tc 0.2595  Tw (cell ) Tj
0  Tr 21.8499 0  TD 3  Tr 0.0756  Tc 0.285  Tw (line, ) Tj
0  Tr 24.8294 0  TD 3  Tr 0.2256  Tc 0.135  Tw (sis- ) Tj
0  Tr -278.0891 -12  TD 3  Tr 0.2881  Tc -0.6775  Tw (NRK ) Tj
0  Tr 25.8226 0  TD 3  Tr 0.0244  Tc -0.4138  Tw ((obtained ) Tj
0  Tr 51.6451 0  TD 3  Tr 0.2175  Tc 0.1431  Tw (from ) Tj
0  Tr 26.8157 0  TD 3  Tr -0.044  Tc -0.3454  Tw (P ) Tj
0  Tr 9.9318 0  TD 3  Tr 0.118  Tc 0.2426  Tw (Stroobant, ) Tj
0  Tr 57.6042 0  TD 3  Tr 0.0483  Tc -0.4377  Tw (Ludwig ) Tj
0  Tr 39.727 0  TD 3  Tr 0.25  Tc -0.6394  Tw (Institute ) Tj
0  Tr 43.6997 0  TD 3  Tr 0.1406  Tc 0.22  Tw (for ) Tj
0  Tr 15.8908 0  TD 3  Tr 0.0901  Tc 0.2705  Tw (Can- ) Tj
0  Tr -272.1301 -11.25  TD 3  Tr 0.1367  Tc 0.2239  Tw (cer ) Tj
0  Tr 21.8499 0  TD 3  Tr 0.1881  Tc 0.1725  Tw (Research, ) Tj
0  Tr 58.5974 0  TD 3  Tr 0.0289  Tc 0.3317  Tw (London). ) Tj
0  Tr 50.652 0  TD 3  Tr 0.219  Tc 0.1416  Tw (This ) Tj
0  Tr 26.8157 0  TD 3  Tr 0.1011  Tc 0.2595  Tw (cell ) Tj
0  Tr 22.843 0  TD 3  Tr -0.0249  Tc -0.3645  Tw (line ) Tj
0  Tr 22.843 0  TD 3  Tr 0.1556  Tc 0.205  Tw (contains ) Tj
0  Tr 48.6656 0  TD 3  Tr 0.2978  Tc -0.6872  Tw (two ) Tj
0  Tr 21.8499 0  TD 3  Tr 0.219  Tc 0.1416  Tw (very ) Tj
0  Tr -274.1165 -11.25  TD 3  Tr 0.0263  Tc 0.3343  Tw (abundant ) Tj
0  Tr 54.6247 0  TD 3  Tr 0.1992  Tc 0.1614  Tw (transcripts ) Tj
0  Tr 59.5905 0  TD 3  Tr 0.2196  Tc 0.1409  Tw (at ) Tj
0  Tr 13.9045 0  TD 3  Tr 0.065  Tc 0.2956  Tw (about ) Tj
0  Tr 34.7611 0  TD 3  Tr -0.0382  Tc -0.3513  Tw (2 ) Tj
0  Tr 10.9249 0  TD 3  Tr 0.2138  Tc -0.6032  Tw (kb ) Tj
0  Tr 16.884 0  TD 3  Tr -0.0382  Tc -0.3513  Tw (and ) Tj
0  Tr 23.8362 0  TD 3  Tr (3 ) Tj
0  Tr 10.9249 0  TD 3  Tr 0.3017  Tc 0.0589  Tw (kb, ) Tj
0  Tr 20.8567 0  TD 3  Tr -0.0382  Tc -0.3513  Tw (and ) Tj
0  Tr 23.8362 0  TD 3  Tr 0.0691  Tc 0.2915  Tw (other ) Tj
0  Tr -269.1505 -11.25  TD 3  Tr 0.2205  Tc 0.1401  Tw (less ) Tj
0  Tr 24.8294 0  TD 3  Tr 0.0263  Tc 0.3343  Tw (abundant ) Tj
0  Tr 53.6315 0  TD 3  Tr 0.1992  Tc 0.1614  Tw (transcripts ) Tj
0  Tr 58.5974 0  TD 3  Tr 0.0427  Tc -0.4321  Tw ((Figure ) Tj
0  Tr 41.7134 0  TD 3  Tr 0.1337  Tc 0.2269  Tw (58, ) Tj
0  Tr 21.8499 0  TD 3  Tr -0.0315  Tc -0.3579  Tw (lane ) Tj
0  Tr 25.8226 0  TD 3  Tr 0.1406  Tc 0.22  Tw (7). ) Tj
0  Tr -226.444 -23.25  TD 3  Tr 0.1196  Tc 0.2409  Tw (Developmental ) Tj
0  Tr 87.3994 0  TD 3  Tr 0.0679  Tc -0.4573  Tw (Regulation ) Tj
0  Tr 63.5632 0  TD 3  Tr 0.2196  Tc 0.1409  Tw (of ) Tj
0  Tr 15.8908 0  TD 3  Tr 0.2051  Tc 0.1555  Tw (PDGF ) Tj
0  Tr 35.7543 0  TD 3  Tr -0.044  Tc -0.3454  Tw (A ) Tj
0  Tr 12.9113 0  TD
 3  Tr 0.0656  Tc -0.455  Tw (Chain ) Tj
0  Tr 36.7475 0  TD 3  Tr 0.3282  Tc -0.7176  Tw (mRNA ) Tj
0  Tr -252.2666 -11.25  TD 3  Tr -0.0249  Tc -0.3645  Tw (in ) Tj
0  Tr 13.9045 0  TD 3  Tr -0.0299  Tc -0.3595  Tw (Brain ) Tj
0  Tr 34.7611 0  TD 3  Tr 0.4717  Tc -0.1111  Tw (Is ) Tj
0  Tr 12.9113 0  TD 3  Tr 0.2176  Tc 0.1429  Tw (Consistent ) Tj
0  Tr 64.5564 0  TD 3  Tr 0.2205  Tc -0.6099  Tw (with ) Tj
0  Tr 28.8021 0  TD 3  Tr 0.4736  Tc -0.113  Tw (Its ) Tj
0  Tr 16.884 0  TD 3  Tr 0.1894  Tc 0.1712  Tw (Synthesis ) Tj
0  Tr -172.8125 -11.25  TD 3  Tr 0.2138  Tc 0.1468  Tw (by ) Tj
0  Tr 17.8772 0  TD 3  Tr 0.1097  Tc -0.4992  Tw (Type-l-like ) Tj
0  Tr 61.5769 0  TD 3  Tr 0.268  Tc 0.0925  Tw (Astrocytes ) Tj
0  Tr 64.5564 0  TD 3  Tr 0.2196  Tc -0.6091  Tw (In ) Tj
0  Tr 13.9045 0  TD 3  Tr 0.093  Tc -0.4824  Tw (Vivo ) Tj
0  Tr -157.9149 -12  TD 3  Tr 0.2021  Tc -0.5916  Tw (We ) Tj
0  Tr 21.8499 0  TD 3  Tr -0.033  Tc -0.3564  Tw (prepared ) Tj
0  Tr 51.6451 0  TD 3  Tr 0.054  Tc -0.4434  Tw (poly(A)-containing ) Tj
0  Tr 99.3176 0  TD 3  Tr 0.2881  Tc -0.6775  Tw (RNA ) Tj
0  Tr 28.8021 0  TD 3  Tr 0.2175  Tc 0.1431  Tw (from ) Tj
0  Tr 27.8089 0  TD 3  Tr 0.1337  Tc -0.5231  Tw (the ) Tj
0  Tr 21.8499 0  TD 3  Tr 0.0537  Tc 0.3069  Tw (brains ) Tj
0  Tr 35.7543 0  TD 3  Tr 0.2196  Tc 0.1409  Tw (of ) Tj
0  Tr -286.0345 -11.25  TD 3  Tr 0.2219  Tc 0.1387  Tw (rats ) Tj
0  Tr 23.8362 0  TD 3  Tr 0.2196  Tc 0.1409  Tw (of ) Tj
0  Tr 13.9045 0  TD 3  Tr 0.1126  Tc 0.248  Tw (various ) Tj
0  Tr 43.6997 0  TD 3  Tr 0.1658  Tc 0.1948  Tw (ages, ) Tj
0  Tr 32.7748 0  TD 3  Tr 0.2175  Tc 0.1431  Tw (from ) Tj
0  Tr 28.8021 0  TD 3  Tr 0.1331  Tc 0.2275  Tw (embryonic ) Tj
0  Tr 60.5837 0  TD 3  Tr 0.1298  Tc 0.2308  Tw (day ) Tj
0  Tr 24.8294 0  TD 3  Tr -0.0382  Tc -0.3513  Tw (17 ) Tj
0  Tr 15.8908 0  TD 3  Tr -0.0311  Tc 0.3917  Tw ((E17) ) Tj
0  Tr 30.7884 0  TD 3  Tr 0.2196  Tc -0.6091  Tw (to ) Tj
0  Tr 13.9045 0  TD 3  Tr -0.0382  Tc -0.3513  Tw (2 ) Tj
0  Tr -290.0073 -11.25  TD 3  Tr 0.2192  Tc 0.1414  Tw (years. ) Tj
0  Tr 34.7611 0  TD 3  Tr 0.1036  Tc -0.493  Tw ((Conception ) Tj
0  Tr 68.5291 0  TD 3  Tr 0.2649  Tc 0.0957  Tw (marks ) Tj
0  Tr 34.7611 0  TD 3  Tr 0.1337  Tc -0.5231  Tw (the ) Tj
0  Tr 20.8567 0  TD 3  Tr 0.273  Tc 0.0876  Tw (start ) Tj
0  Tr 26.8157 0  TD 3  Tr 0.2196  Tc 0.1409  Tw (of ) Tj
0  Tr 14.8976 0  TD 3  Tr 0.1406  Tc 0.22  Tw (El, ) Tj
0  Tr 18.8703 0  TD 3  Tr -0.0382  Tc -0.3513  Tw (and ) Tj
0  Tr 23.8362 0  TD 3  Tr 0.0744  Tc -0.4638  Tw (birth ) Tj
0  Tr 28.8021 0  TD 3  Tr 0.2271  Tc 0.1335  Tw (is ) Tj
0  Tr 11.9181 0  TD 3  Tr -0.0382  Tc -0.3513  Tw (on ) Tj
0  Tr -283.055 -11.25  TD 3  Tr 0.0679  Tc 0.2927  Tw (E21.) ) Tj
0  Tr 28.8021 0  TD 3  Tr 0.1711  Tc 0.1895  Tw (After ) Tj
0  Tr 27.8089 0  TD 3  Tr 0.0685  Tc -0.4579  Tw (separation ) Tj
0  Tr 59.5905 0  TD 3  Tr -0.0382  Tc -0.3513  Tw (on ) Tj
0  Tr 15.8908 0  TD 3  Tr 0.0668  Tc -0.4562  Tw (formaldehyde-agarose ) Tj
0  Tr 121.1674 0  TD 3  Tr 0.1711  Tc 0.1895  Tw (gels, ) Tj
0  Tr 27.8089 0  TD 3  Tr 0.208  Tc -0.5974  Tw (we ) Tj
0  Tr -281.0687 -12  TD 3  Tr 0.113  Tc -0.5024  Tw (blotted ) Tj
0  Tr 37.7407 0  TD 3  Tr 0.1337  Tc -0.5231  Tw (the ) Tj
0  Tr 19.8635 0  TD 3  Tr 0.3557  Tc 0.0049  Tw (mRNAs ) Tj
0  Tr 43.6997 0  TD 3  Tr 0.0908  Tc -0.4802  Tw (onto ) Tj
0  Tr 26.8157 0  TD 3  Tr 0.0679  Tc -0.4573  Tw (nylon ) Tj
0  Tr 31.7816 0  TD 3  Tr 0.086  Tc -0.4754  Tw (membrane ) Tj
0  Tr 58.5974 0  TD 3  Tr -0.0382  Tc -0.3513  Tw (and ) Tj
0  Tr 23.8362 0  TD 3  Tr -0.0347  Tc -0.3547  Tw (probed ) Tj
0  Tr 39.727 0  TD 3  Tr 0.1406  Tc 0.22  Tw (for ) Tj
0  Tr -283.055 -11.25  TD 3  Tr 0.1992  Tc 0.1614  Tw (transcripts ) Tj
0  Tr 57.6042 0  TD 3  Tr 0.0281  Tc -0.4175  Tw (encoding ) Tj
0  Tr 51.6451 0  TD 3  Tr 0.2051  Tc 0.1555  Tw (PDGF ) Tj
0  Tr 33.768 0  TD 3  Tr -0.044  Tc -0.3454  Tw (A ) Tj
0  Tr 9.9318 0  TD 3  Tr 0.0679  Tc -0.4573  Tw (chain ) Tj
0  Tr 30.7884 0  TD 3  Tr 0.0427  Tc -0.4321  Tw ((Figure ) Tj
0  Tr 39.727 0  TD 3  Tr -0.0278  Tc 0.3884  Tw (6) ) Tj
0  Tr 12.9113 0  TD 3  Tr -0.0382  Tc -0.3513  Tw (and ) Tj
0  Tr 21.8499 0  TD 3  Tr -0.044  Tc -0.3454  Tw (B ) Tj
0  Tr 9.9318 0  TD 3  Tr 0.0679  Tc -0.4573  Tw (chain ) Tj
0  Tr -268.1573 -11.25  TD 3  Tr 0.0691  Tc -0.4585  Tw ((data ) Tj
0  Tr 28.8021 0  TD 3  Tr 0.1337  Tc 0.2269  Tw (not ) Tj
0  Tr 18.8703 0  TD 3  Tr 0.1808  Tc 0.1798  Tw (shown). ) Tj
0  Tr 42.7065 0  TD 3  Tr 0.2021  Tc -0.5916  Tw (We ) Tj
0  Tr 18.8703 0  TD 3  Tr 0.0944  Tc -0.4839  Tw (also ) Tj
0  Tr 24.8294 0  TD 3  Tr -0.033  Tc -0.3564  Tw (reprobed ) Tj
0  Tr 48.6656 0  TD 3  Tr 0.1337  Tc -0.5231  Tw (the ) Tj
0  Tr 18.8703 0  TD 3  Tr 0.2094  Tc -0.5989  Tw (same ) Tj
0  Tr 30.7884 0  TD 3  Tr 0.0974  Tc 0.2632  Tw (blot ) Tj
0  Tr 21.8499 0  TD 3  Tr 0.1406  Tc 0.22  Tw (for ) Tj
0  Tr 16.884 0  TD 3  Tr 0.0709  Tc 0.2897  Tw (pyru- ) Tj
0  Tr -271.1369 -12  TD 3  Tr 0.2167  Tc -0.6062  Tw (vate ) Tj
0  Tr 25.8226 0  TD 3  Tr 0.1342  Tc -0.5237  Tw (kinase ) Tj
0  Tr 36.7475 0  TD 3  Tr 0.3282  Tc -0.7176  Tw (mRNA ) Tj
0  Tr 36.7475 0  TD 3  Tr 0.2196  Tc -0.6091  Tw (to ) Tj
0  Tr 13.9045 0  TD 3  Tr 0.1142  Tc 0.2463  Tw (control ) Tj
0  Tr 37.7407 0  TD 3  Tr 0.1406  Tc 0.22  Tw (for ) Tj
0  Tr 17.8772 0  TD 3  Tr 0.1313  Tc -0.5207  Tw (sample ) Tj
0  Tr 40.7202 0  TD 3  Tr 0.081  Tc 0.2796  Tw (loadings, ) Tj
0  Tr 50.652 0  TD 3  Tr -0.0382  Tc -0.3513  Tw (and ) Tj
0  Tr 22.843 0  TD 3  Tr 0.1406  Tc 0.22  Tw (for ) Tj
0  Tr -283.055 -10.5  TD 3  Tr 0.0805  Tc -0.4699  Tw (GFAP ) Tj
0  Tr 37.7407 0  TD 3  Tr 0.358  Tc 0.0025  Tw (mRNA, ) Tj
0  Tr 43.6997 0  TD 3  Tr -0.0382  Tc -0.3513  Tw (an ) Tj
0  Tr 19.8635 0  TD 3  Tr 0.221  Tc 0.1396  Tw (astrocyte-specific ) Tj
0  Tr 97.3312 0  TD 3  Tr 0.1338  Tc 0.2268  Tw (marker ) Tj
0  Tr 41.7134 0  TD 3  Tr 0.0427  Tc -0.4321  Tw ((Figure ) Tj
0  Tr 43.6997 0  TD 3  Tr 0.1406  Tc 0.22  Tw (6). ) Tj
0  Tr -283.055 -12  TD 3  Tr 0.2051  Tc 0.1555  Tw (PDGF ) Tj
0  Tr 34.7611 0  TD 3  Tr -0.044  Tc -0.3454  Tw (A ) Tj
0  Tr 10.9249 0  TD 3  Tr 0.0679  Tc -0.4573  Tw (chain ) Tj
0  Tr 31.7816 0  TD
 3  Tr 0.1992  Tc 0.1614  Tw (transcripts ) Tj
0  Tr 57.6042 0  TD 3  Tr 0.0901  Tc -0.4795  Tw (were ) Tj
0  Tr 28.8021 0  TD 3  Tr 0.1104  Tc 0.2501  Tw (present ) Tj
0  Tr 41.7134 0  TD 3  Tr 0.1337  Tc 0.2269  Tw (but ) Tj
0  Tr 19.8635 0  TD 3  Tr 0.0537  Tc 0.3069  Tw (barely ) Tj
0  Tr 35.7543 0  TD 3  Tr 0.1841  Tc 0.1765  Tw (detect- ) Tj
0  Tr -262.1983 -11.25  TD 3  Tr -0.0315  Tc -0.3579  Tw (able ) Tj
0  Tr 26.8157 0  TD 3  Tr 0.2196  Tc 0.1409  Tw (at ) Tj
0  Tr 14.8976 0  TD 3  Tr -0.0313  Tc -0.3581  Tw (El5 ) Tj
0  Tr 22.843 0  TD 3  Tr 0.0691  Tc -0.4585  Tw ((data ) Tj
0  Tr 30.7884 0  TD 3  Tr 0.1337  Tc 0.2269  Tw (not ) Tj
0  Tr 19.8635 0  TD 3  Tr 0.1313  Tc 0.2293  Tw (shown) ) Tj
0  Tr 41.7134 0  TD 3  Tr -0.0382  Tc -0.3513  Tw (and ) Tj
0  Tr 24.8294 0  TD 3  Tr -0.0313  Tc -0.3581  Tw (El7 ) Tj
0  Tr 21.8499 0  TD 3  Tr 0.0427  Tc -0.4321  Tw ((Figure ) Tj
0  Tr 41.7134 0  TD 3  Tr 0.1406  Tc 0.22  Tw (6), ) Tj
0  Tr 17.8772 0  TD 3  Tr 0.1337  Tc 0.2269  Tw (but ) Tj
0  Tr 20.8567 0  TD 3  Tr -0.0224  Tc 0.383  Tw (in- ) Tj
0  Tr -284.0482 -11.25  TD 3  Tr 0.1088  Tc -0.4982  Tw (creased ) Tj
0  Tr 44.6929 0  TD 3  Tr 0.0967  Tc -0.4861  Tw (several-fold ) Tj
0  Tr 62.5701 0  TD 3  Tr -0.0249  Tc -0.3645  Tw (in ) Tj
0  Tr 11.9181 0  TD 3  Tr 0.1288  Tc 0.2317  Tw (amount ) Tj
0  Tr 42.7065 0  TD 3  Tr 0.1058  Tc -0.4952  Tw (between ) Tj
0  Tr 46.6792 0  TD 3  Tr -0.0313  Tc -0.3581  Tw (El7 ) Tj
0  Tr 20.8567 0  TD 3  Tr -0.0382  Tc -0.3513  Tw (and ) Tj
0  Tr 22.843 0  TD 3  Tr -0.0313  Tc -0.3581  Tw (El9 ) Tj
0  Tr 20.8567 0  TD 3  Tr 0.075  Tc 0.2856  Tw ((Fig- ) Tj
0  Tr -272.1301 -11.25  TD 3  Tr -0.0313  Tc -0.3581  Tw (ure ) Tj
0  Tr 20.8567 0  TD 3  Tr 0.1406  Tc 0.22  Tw (6), ) Tj
0  Tr 16.884 0  TD 3  Tr -0.0382  Tc -0.3513  Tw (and ) Tj
0  Tr 23.8362 0  TD 3  Tr 0.1207  Tc 0.2399  Tw (thereafter ) Tj
0  Tr 55.6178 0  TD 3  Tr 0.0285  Tc -0.418  Tw (remained ) Tj
0  Tr 52.6383 0  TD 3  Tr 0.2196  Tc 0.1409  Tw (at ) Tj
0  Tr 13.9045 0  TD 3  Tr -0.0382  Tc -0.3513  Tw (a ) Tj
0  Tr 10.9249 0  TD 3  Tr 0.144  Tc 0.2165  Tw (fairly ) Tj
0  Tr 28.8021 0  TD 3  Tr 0.2167  Tc 0.1438  Tw (constant ) Tj
0  Tr 48.6656 0  TD 3  Tr 0.0732  Tc 0.2874  Tw (level ) Tj
0  Tr -272.1301 -11.25  TD 3  Tr -0.0382  Tc -0.3513  Tw (up ) Tj
0  Tr 16.884 0  TD 3  Tr 0.2196  Tc -0.6091  Tw (to ) Tj
0  Tr 13.9045 0  TD 3  Tr 0.1354  Tc 0.2252  Tw (postnatal ) Tj
0  Tr 51.6451 0  TD 3  Tr 0.1298  Tc 0.2308  Tw (day ) Tj
0  Tr 23.8362 0  TD 3  Tr -0.0382  Tc -0.3513  Tw (12 ) Tj
0  Tr 15.8908 0  TD 3  Tr 0.0679  Tc 0.2927  Tw ((P12; ) Tj
0  Tr 30.7884 0  TD 3  Tr 0.0527  Tc -0.4421  Tw (Figure ) Tj
0  Tr 37.7407 0  TD 3  Tr -0.0278  Tc 0.3884  Tw (6) ) Tj
0  Tr 13.9045 0  TD 3  Tr -0.0382  Tc -0.3513  Tw (and ) Tj
0  Tr 23.8362 0  TD 3  Tr 0.0878  Tc -0.4772  Tw (even ) Tj
0  Tr 29.7953 0  TD 3  Tr -0.0382  Tc -0.3513  Tw (up ) Tj
0  Tr 16.884 0  TD 3  Tr 0.2196  Tc -0.6091  Tw (to ) Tj
0  Tr 13.9045 0  TD 3  Tr -0.0382  Tc -0.3513  Tw (2 ) Tj
0  Tr -290.0073 -12  TD 3  Tr 0.1676  Tc 0.193  Tw (years ) Tj
0  Tr 32.7748 0  TD 3  Tr 0.2196  Tc 0.1409  Tw (of ) Tj
0  Tr 13.9045 0  TD 3  Tr -0.0382  Tc -0.3513  Tw (age ) Tj
0  Tr 23.8362 0  TD 3  Tr 0.0691  Tc -0.4585  Tw ((data ) Tj
0  Tr 30.7884 0  TD 3  Tr 0.1337  Tc 0.2269  Tw (not ) Tj
0  Tr 19.8635 0  TD 3  Tr 0.1808  Tc 0.1798  Tw (shown). ) Tj
0  Tr 44.6929 0  TD 3  Tr -0.044  Tc -0.3454  Tw (A ) Tj
0  Tr 11.9181 0  TD 3  Tr 0.0547  Tc -0.4441  Tw (single ) Tj
0  Tr 35.7543 0  TD 3  Tr 0.1549  Tc -0.5443  Tw (pyruvate ) Tj
0  Tr 49.6588 0  TD 3  Tr 0.1342  Tc -0.5237  Tw (kinase ) Tj
0  Tr -263.1915 -11.25  TD 3  Tr 0.1725  Tc 0.1881  Tw (transcript ) Tj
0  Tr 53.6315 0  TD 3  Tr 0.2196  Tc 0.1409  Tw (of ) Tj
0  Tr 13.9045 0  TD 3  Tr 0.0277  Tc -0.4171  Tw (~2.5 ) Tj
0  Tr 29.7953 0  TD 3  Tr 0.2138  Tc -0.6032  Tw (kb ) Tj
0  Tr 16.884 0  TD 3  Tr 0.2939  Tc 0.0666  Tw (was ) Tj
0  Tr 24.8294 0  TD 3  Tr 0.1104  Tc 0.2501  Tw (present ) Tj
0  Tr 43.6997 0  TD 3  Tr -0.0382  Tc -0.3513  Tw (on ) Tj
0  Tr 16.884 0  TD 3  Tr 0.1337  Tc -0.5231  Tw (the ) Tj
0  Tr 20.8567 0  TD 3  Tr 0.2094  Tc -0.5989  Tw (same ) Tj
0  Tr 32.7748 0  TD 3  Tr 0.0974  Tc 0.2632  Tw (blot ) Tj
0  Tr 23.8362 0  TD 3  Tr 0.2196  Tc 0.1409  Tw (at ) Tj
0  Tr 12.9113 0  TD 3  Tr -0.0382  Tc -0.3513  Tw (a ) Tj
0  Tr -289.0141 -11.25  TD 3  Tr 0.0406  Tc 0.32  Tw (roughly ) Tj
0  Tr 43.6997 0  TD 3  Tr 0.2167  Tc 0.1438  Tw (constant ) Tj
0  Tr 49.6588 0  TD 3  Tr 0.0732  Tc 0.2874  Tw (level ) Tj
0  Tr 28.8021 0  TD 3  Tr 0.2196  Tc 0.1409  Tw (at ) Tj
0  Tr 14.8976 0  TD 3  Tr -0.0205  Tc 0.3811  Tw (all ) Tj
0  Tr 16.884 0  TD 3  Tr 0.1658  Tc 0.1948  Tw (ages, ) Tj
0  Tr 33.768 0  TD 3  Tr 0.108  Tc -0.4974  Tw (showing ) Tj
0  Tr 48.6656 0  TD 3  Tr 0.2196  Tc 0.1409  Tw (that ) Tj
0  Tr 24.8294 0  TD 3  Tr 0.1176  Tc 0.2429  Tw (similar ) Tj
0  Tr -262.1983 -12  TD 3  Tr 0.177  Tc 0.1836  Tw (amounts ) Tj
0  Tr 48.6656 0  TD 3  Tr 0.2196  Tc 0.1409  Tw (of ) Tj
0  Tr 12.9113 0  TD 3  Tr 0.2881  Tc -0.6775  Tw (RNA ) Tj
0  Tr 26.8157 0  TD 3  Tr 0.0901  Tc -0.4795  Tw (were ) Tj
0  Tr 27.8089 0  TD 3  Tr -0.0337  Tc -0.3557  Tw (loaded ) Tj
0  Tr 38.7338 0  TD 3  Tr -0.0249  Tc -0.3645  Tw (in ) Tj
0  Tr 11.9181 0  TD 3  Tr 0.0878  Tc -0.4772  Tw (each ) Tj
0  Tr 28.8021 0  TD 3  Tr -0.0293  Tc 0.3899  Tw (gel ) Tj
0  Tr 18.8703 0  TD 3  Tr 0.0703  Tc 0.2903  Tw (lane. ) Tj
0  Tr 27.8089 0  TD 3  Tr 0.1279  Tc -0.5173  Tw (The ) Tj
0  Tr 22.843 0  TD 3  Tr 0.0547  Tc -0.4441  Tw (single ) Tj
0  Tr -264.1847 -11.25  TD 3  Tr 0.0277  Tc -0.4171  Tw (~2.7 ) Tj
0  Tr 29.7953 0  TD 3  Tr 0.2138  Tc -0.6032  Tw (kb ) Tj
0  Tr 17.8772 0  TD 3  Tr 0.0805  Tc -0.4699  Tw (GFAP ) Tj
0  Tr 34.7611 0  TD 3  Tr 0.1725  Tc 0.1881  Tw (transcript ) Tj
0  Tr 53.6315 0  TD 3  Tr 0.2939  Tc 0.0666  Tw (was ) Tj
0  Tr 24.8294 0  TD 3  Tr 0.2783  Tc 0.0822  Tw (first ) Tj
0  Tr 24.8294 0  TD 3  Tr 0.1537  Tc -0.5432  Tw (detected ) Tj
0  Tr 48.6656 0  TD 3  Tr 0.2196  Tc 0.1409  Tw (at ) Tj
0  Tr 14.8976 0  TD 3  Tr -0.0313  Tc -0.3581  Tw (El7 ) Tj
0  Tr 22.843 0  TD 3  Tr 0.1406  Tc 0.22  Tw ((at ) Tj
0  Tr 16.884 0  TD
 3  Tr -0.0382  Tc -0.3513  Tw (a ) Tj
0  Tr -290.0073 -11.25  TD 3  Tr -0.0303  Tc 0.3909  Tw (longer ) Tj
0  Tr 35.7543 0  TD 3  Tr 0.0904  Tc -0.4798  Tw (exposure ) Tj
0  Tr 51.6451 0  TD 3  Tr 0.0908  Tc -0.4802  Tw (than ) Tj
0  Tr 25.8226 0  TD 3  Tr 0.2271  Tc 0.1335  Tw (is ) Tj
0  Tr 11.9181 0  TD 3  Tr 0.1611  Tc -0.5505  Tw (shown ) Tj
0  Tr 36.7475 0  TD 3  Tr -0.0249  Tc -0.3645  Tw (in ) Tj
0  Tr 11.9181 0  TD 3  Tr 0.0527  Tc -0.4421  Tw (Figure ) Tj
0  Tr 35.7543 0  TD 3  Tr 0.1406  Tc 0.22  Tw (6), ) Tj
0  Tr 16.884 0  TD 3  Tr 0.1337  Tc 0.2269  Tw (but ) Tj
0  Tr 19.8635 0  TD 3  Tr 0.0791  Tc -0.4685  Tw (increased ) Tj
0  Tr -246.3075 -11.25  TD 3  Tr 0.0967  Tc -0.4861  Tw (several-fold ) Tj
0  Tr 63.5632 0  TD 3  Tr 0.1058  Tc -0.4952  Tw (between ) Tj
0  Tr 48.6656 0  TD 3  Tr -0.0313  Tc -0.3581  Tw (El7 ) Tj
0  Tr 21.8499 0  TD 3  Tr -0.0382  Tc -0.3513  Tw (and ) Tj
0  Tr 22.843 0  TD 3  Tr 0.0893  Tc 0.2713  Tw (E19, ) Tj
0  Tr 24.8294 0  TD 3  Tr 0.0706  Tc -0.46  Tw (coinciding ) Tj
0  Tr 57.6042 0  TD 3  Tr 0.2205  Tc -0.6099  Tw (with ) Tj
0  Tr 24.8294 0  TD 3  Tr 0.1337  Tc -0.5231  Tw (the ) Tj
0  Tr 19.8635 0  TD 3  Tr -0.0224  Tc 0.383  Tw (in- ) Tj
0  Tr -284.0482 -11.25  TD 3  Tr 0.1333  Tc -0.5227  Tw (crease ) Tj
0  Tr 37.7407 0  TD 3  Tr -0.0249  Tc -0.3645  Tw (in ) Tj
0  Tr 11.9181 0  TD 3  Tr 0.2051  Tc 0.1555  Tw (PDGF ) Tj
0  Tr 34.7611 0  TD 3  Tr 0.0493  Tc -0.4387  Tw (Achain ) Tj
0  Tr 41.7134 0  TD 3  Tr 0.358  Tc 0.0025  Tw (mRNA. ) Tj
0  Tr 40.7202 0  TD 3  Tr -0.0382  Tc -0.3513  Tw (and ) Tj
0  Tr 21.8499 0  TD 3  Tr 0.0908  Tc -0.4802  Tw (then ) Tj
0  Tr 25.8226 0  TD 3  Tr 0.0791  Tc -0.4685  Tw (increased ) Tj
0  Tr 53.6315 0  TD 3  Tr -0.0329  Tc -0.3565  Tw (again ) Tj
0  Tr -268.1573 -12  TD 3  Tr 0.0967  Tc -0.4861  Tw (several-fold ) Tj
0  Tr 62.5701 0  TD 3  Tr 0.1722  Tc 0.1883  Tw (after ) Tj
0  Tr 26.8157 0  TD 3  Tr 0.1416  Tc 0.219  Tw (birth. ) Tj
0  Tr 29.7953 0  TD 3  Tr 0.1623  Tc -0.5517  Tw (These ) Tj
0  Tr 35.7543 0  TD 3  Tr 0.1347  Tc 0.2259  Tw (observations ) Tj
0  Tr 69.5223 0  TD 3  Tr -0.0313  Tc -0.3581  Tw (are ) Tj
0  Tr 19.8635 0  TD 3  Tr 0.2188  Tc 0.1418  Tw (consistent ) Tj
0  Tr -244.3212 -11.25  TD 3  Tr 0.2205  Tc -0.6099  Tw (with ) Tj
0  Tr 25.8226 0  TD 3  Tr 0.1337  Tc -0.5231  Tw (the ) Tj
0  Tr 22.843 0  TD 3  Tr -0.0315  Tc -0.3579  Tw (idea ) Tj
0  Tr 26.8157 0  TD 3  Tr 0.2196  Tc 0.1409  Tw (that ) Tj
0  Tr 23.8362 0  TD 3  Tr 0.1113  Tc -0.5007  Tw (type-l-like ) Tj
0  Tr 57.6042 0  TD 3  Tr 0.2686  Tc 0.092  Tw (astrocytes ) Tj
0  Tr 57.6042 0  TD 3  Tr -0.0313  Tc -0.3581  Tw (are ) Tj
0  Tr 21.8499 0  TD 3  Tr -0.0382  Tc -0.3513  Tw (a ) Tj
0  Tr 10.9249 0  TD 3  Tr 0.1333  Tc -0.5227  Tw (source ) Tj
0  Tr 39.727 0  TD 3  Tr 0.2196  Tc 0.1409  Tw (of ) Tj
0  Tr -286.0345 -11.25  TD 3  Tr 0.2051  Tc 0.1555  Tw (PDGF ) Tj
0  Tr 34.7611 0  TD 3  Tr -0.044  Tc -0.3454  Tw (A ) Tj
0  Tr 10.9249 0  TD 3  Tr 0.0679  Tc -0.4573  Tw (chain ) Tj
0  Tr 31.7816 0  TD 3  Tr 0.3282  Tc -0.7176  Tw (mRNA ) Tj
0  Tr 37.7407 0  TD 3  Tr -0.0249  Tc -0.3645  Tw (in ) Tj
0  Tr 12.9113 0  TD 3  Tr -0.0287  Tc -0.3607  Tw (brain ) Tj
0  Tr 28.8021 0  TD 3  Tr 0.093  Tc -0.4824  Tw ((see ) Tj
0  Tr 25.8226 0  TD 3  Tr 0.22  Tc 0.1406  Tw (Discussion), ) Tj
0  Tr 67.5359 0  TD 3  Tr 0.0296  Tc -0.419  Tw (although ) Tj
0  Tr -251.2734 -11.25  TD 3  Tr 0.0691  Tc 0.2915  Tw (other ) Tj
0  Tr 30.7884 0  TD 3  Tr 0.1011  Tc 0.2595  Tw (cell ) Tj
0  Tr 20.8567 0  TD 3  Tr 0.2666  Tc 0.094  Tw (types ) Tj
0  Tr 31.7816 0  TD 3  Tr 0.292  Tc 0.0686  Tw (may ) Tj
0  Tr 25.8226 0  TD 3  Tr 0.0944  Tc -0.4839  Tw (also ) Tj
0  Tr 24.8294 0  TD 3  Tr 0.1526  Tc 0.208  Tw (contribute. ) Tj
0  Tr 58.5974 0  TD 3  Tr 0.2196  Tc -0.6091  Tw (In ) Tj
0  Tr 12.9113 0  TD 3  Tr 0.0823  Tc 0.2783  Tw (addition, ) Tj
0  Tr 48.6656 0  TD 3  Tr 0.208  Tc -0.5974  Tw (we ) Tj
0  Tr 17.8772 0  TD 3  Tr 0.0878  Tc -0.43  Ti3 Tr  Twt5 Tj
0  Tr -25172333 0 2  TD 3  Tr 0.0966 Tc -0.354   Tw (wefou ) Tj
0  Tr 2132.7748  TD 3  Tr 0.09447 Tc 0.3822 0 w (in t ) Tj
0  Tr 23.8226 0  TD 3  Tr 0.22 1  Tc 0.1555  Tw (PDGF ) Tj
0  Tr 34.7475 0  TD 3  Tr -0.024  Tc -0.3454  Tw (A ) Tj
0  Tr 10.9181 0  TD 3  Tr 0.0529  Tc -0.4573  Tw (chain ) Tj
0  Tr 31.2.7748  TD 3  Tr 0.0982  Tc -0.7176  Tw (mRNA ) Tj
0  Tr 37.727 0  TD 3  Tr 0.21913 Tc 0.15533 Tw (in s Tj
0  Tr 10.9181 0  TD 3  Tr 0.05110 Tc 0.38250 Tw (Inpre ) ) Tj
0  Tr -24631990  TD 3  Tr -0.0249  Tc -0.3645  Tw (in ) Tj
0  Tr 12.9113 0  TD 3  Tr -0219134Tc 0.1553Ti3 Tr  cal
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In contrast to the Achain mRNAs. very low, roughly con- 
stant levels of PDGF B chain transcripts at r-3.5 kb,m2.1 
kb, and below were present in rat brain from El5 to 2 years 
of age (data not shown). 

Discussion 

A Role for PDGF in CNS Development 
The aim of the experiments reported in this paper was to 
identify the growth factor(s) secreted by type-l astrocytes 
that induces 02A progenitor cells from developing rat op- 
tic nerve to proliferate in culture. In the absence of any 
mitogen. the O-2A progenitors promptly stop dividing in 
culture and differentiate into oligodendrocytes or type-2 
astrocytes. Hence, the mitogen seems to be important not 
only for expanding the pool of progenitor cells, but also for 
controlling the time and rate of production of differentiated 
progeny. The in vitro behavior of O-2A progenitor cells iso- 
lated from rat brain closely resembles that of their optic 
nerve counterparts (Behar et al., unpublished data), so it 
is likely that our conclusions from studies on optic nerve 
also apply to other myelinated tracts in the CNS. 

Our data shows that cultured type-l astrocytes make 
and secrete dimeric PDGF, which is essential for their 
mitogenic effect on O-2A progenitor cells in vitro. Several 
previous findings have suggested that PDGF is a growth 
factor for glial cells: it is mitogenic for cell lines of pre- 
sumed glial origin (Heldin et al., 1981c): some human 
gliomas secrete PDGF-like molecules and synthesize 
PDGF mRNAs (Eva et al., 1982; Betsholtz et al., 1986), 
and intracranial injection of simian sarcoma virus, which 
encodes an altered form of the PDGF B-chain gene 
(Waterfield et al., 1983; Doolittle et al.. 1983). causes a 
high frequency of glioblastomas (Deinhardt, 1980). How- 
ever, the results presented here (see also Noble et al., 
submitted) provide the first convincing evidence that 
PDGF plays an important role in normal gliogenesis, and 
may help explain the involvement of PDGF in glial tumor 
growth. 

The evidence that PDGF plays an active role In.9113 0  TD 3  Tr -0786). PDGF 
PDGF first 

plays 

active 30  Tr 14.8978.9380  TD 3  Tr 0.may 

PDGF plays PDGF 

active ha normal an ouowth. 



order to evaluate the relative Importance of the A and B 
chains for O-2A progenitor proliieratlon. 

It has been reported that the PDGF A chain itself is het- 

erogeneous. some of the A chain in glioma cells having 
a carboxy-terminal extension not found on A chain from 
normal endothelial cells (Tong et al., 1987; Collins et at., 

1987), but it is not known ii the longer form IS specific for 
glial cells, or related to tumor growth. It will therefore be 
interesting to determine the detailed structure of the A 
chain mRNA and its encoded protein from primary astro- 

cytes. 

Are Other Growth Factors Required 
for O-2A Proliferation? 

It is well known that growth factors can act together to ex- 
ert synergistic effects on cells (Rozengurt. 1986). Several 
growth factors other than PDGF are reported to stimulate 

proliferation and differentiation of oligodendrocytes or their 
precursors in vitro, including insulin and IGF I (McMorrls 
et al., 1986; Dubols-Dalcq, 1987). FGF (Eccleston and Sil- 
berberg. 1985; Saneto and de Vellis, 1985). and IL-2 (Saneto 
et al., 1986; Benveniste and Merrill, 1986; Saneto et al., 

1987). We have shown (Ballotti et al.: 1987) that cultured 
rat astrocytes synthesize IGF I mRNA, but there is as yet 
no evidence for its secretion. We might not have detected 

an effect of IGF I in the experiments reported here, since 
the culture medium (see Experimental Procedures) con- 
tains insulin (50 rig/ml), which will interact with IGF recep- 
tors (Gammeltoft et al.. 1987). It is not yet known if astro- 
cytes secrete FGF or IL-2, or other growth factors that may 
act on O-2A progenitors. 

Is there sufficient PDGF in astrocyte-conditionedfficient wth trypsln 
(UO25u/z w!v) for 30 mln at 37°C. dlssoclated by trlturatlon through a 
Pasteur pIpet, and cultured In DMEM plus 10% FCS and anliblottcs 
(material from three bralns lo one 75 cm’ flaskj, dntl! the cells were 
confluent (about 1 week) The cultures were thei vigorously agltatec 
overnight at 37°C (180 revolulions!minute on a horizontal rotating plat- 
form, rad us of rot&on 2 cm) lo shake elf cells growing on top of the 
monolayer of flat cells After shak#ng. the remalnmg cells were grown 
for 24 hr at 37% and then treated for 24 hr vrlth cytoslne arabinoslde 
(araC, 10 L1 M) to preferenlially kill rapidly dlvldlng cells such as flbro- 

blasls The cullures were passayed once (1 lo 4) and grown to near 
confluence (about 1 week). N this stage the cultures conslsted of at 
least 98% GFAP-positive, flbronectln-negative flat cells with Ihe mor- 
phology of type-l astrocytes, and were used for collection of condo- 
tloned medium or for RNA extraction (see below). 

Menlngeal membranes, removed in the course of preparmg astro- 
cyte cultures. were trypsinized (see above) and put into culture in 
DMEM plus 10% FCS and antlblotlcs (meninges frorn three brains Into 
one 75 cm? flask). The cultures were confluent wlthln a week. when 
they were passaqed 1 to 4. After a further week, the cells were agaln 
confluent and were used for collecting conditloned medium, or for RNA 
extraction These meningeal cell cultures contalned less than 1% con- 
tammatIng GFAP-posltlve cells 

Cell Lines and Conditioned Media 
The 157 human glloma cell line was Isolated by Dr. M. Noble from au- 
topsy material. The A7-6-3 rat cell line was Isolated by infecting optic 
nerve cells, growing on a monolayer of type-l astrocytes, with a retrovl- 
rus carrying the large T gene of slrnlan virus 40. From the resultant mix- 
tureof transformed cells, a series ofclonal lines wasderived. including 
A7-6-3 (H. Geller and M Dubols-Dalcq. unpublished data) Both 157 
and A7-6-3 are GFAP-negative. Cell line C6 was derived from a cheml- 
tally induced rat brain tumor (Benda et al 1968). About 5% of cells 
In C6 cultures are GFAP-positive. All cell lines were maIntamed In 
DMEM plus 5% FCS and antIbloWs. For collection of conditioned 
medium, scml-confluent monolayers of cell lines or primary cell cul- 
tures were washed three times wth serum-free DMEM, and Incubated 
at 37% for 46 hr In serum-free DMEM (8 ml/75 cm7 flask). SometImes 
two batches of conditloned medium were collected from primary cells. 
by returning the cells to 10% FCS-contalnlng medium for 2 days be- 
tween successive collectlons 

PDGF Receptor Competition Assays 
PDGF receptor cornpetItion assays were performed essentially as de- 
scribed previously by Nisttir et al. {1984) Human foreskin flhroblasts 
(AG 1523. obtained from the Human Mutant Cell Reposttory, lrlslltule 
for Medical Research, Camden, NJ), grown In 12.well Linbro plates, 
were Incubated with 05 ml condItIoned medium (buffered with 20 mM 
HEPES 
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