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Table 2. Various Measures of Cell Survival in Cultures of Purified O-2A Progenitor Cells in B-S Medium 

Factors Added 

None 
Insulin (5 ug/ml) 
IGF-1 (100 nglml) 
PDGF (IO @ml) 

Number of Cells After 16 hr Number of Cells After 66 hr 

Live Cells Dead Cells Live Cells Live Cells 
by Phase Contrast by Phase Contrast by Phase Contrast by MTT Assay 

90 f 16 145 f 25 6*2 6*3 
199 * 40 4427 133 * 4 137 * 7 
207 * 36 40 * 5 135 i: 16 136 f 20 
201 -c 29 50 -+ 8 164 * 21 170 f 22 

Purified O-2A progenitor cells were cultured as described in Table 1. After 16 hr, the total numbers of live and dead cells were counted by 
phase-contrast microscopy. At 66 hr, the numbers of live cells were recounted by phase contrast, and then 1 pt of MTT (5 mglml) was added, and 
the numbers of cells whose mitochondria were able to reduce the MTT to a dark blue reaction product were assessed by bright-field microscopy. 
The results shown are means f S. D. of quadruplicate cultures. 

factor acts directly is to study its effects on single ceils in s94  Tw (factor ) Tj0  Tr 32.7748 0  TD 421o5  Tw e 
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Table 3. Influence of Insulin and IGF on BrdU Incorporation 
and Oligodendrocyte Differentiation in Cultures ’ 
of Purified 0-2A Progenitor Cells 

Factor Added 
Percent GC+ Percent 
Oligodendrocytes BrdU+ Cells 

None 91 + 1 0 
PDGF (10 @ml) 16 f 2 52 f 6 
Insulin (5 uglml) 96 f 1 0 
IGF-1 (100 nglml) 97 2 1 0 
PDGF + insulin (5 @ml) 16 f 1 53 f 1 
PDGF + IGF-1 16 f 1 52 f 4 

Approximately 40,000 purified O-2A progenitor cells were plated in 100 
ul of insulin-free B-S medium containing the appropriate factor onto 
PDL-coated 6 mm glass coverslips. After 24 hr, BrdU (10 PM) was 
added, and 24 hr later, the cells were fixed and labeled with anti-BrdU 
and anti-GC antibodies. The results shown are means + S. E. of three 
coverslips. 

densed and often fragmented nucleus, which stained in- 
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O-2A progenitor cells (Behar et al., 1988; Aloisi et al., 1990; 
Bogler et al., 1990) including immunopanning (Stallcup 
and Beasley, 1987; Gard and Pfeiffer, 1989; Dutly and 
Schwab, 1991), in no case has the purity achieved been 
better than 90%. By combining positive and negative se- 
lection steps in a sequential immunopanning procedure, 
we have obtained 04% lineage cells of greater than 
99.95% purity with a yield of greater than 95%. 

By using both single-cell cultures and cultures of pure 
O-2A progenitor cells or oligodendrocytes, we show that 
these cells require signals from other cells to survive in 
vitro, even when cultured at high density, they are unable 
to survive on their own. Conditioned medium from cultures 
of non-0-2A lineage cells from optic nerve (containing 
mainly type-l astrocytes, meningeal cells, and to a lesser 
extent endothelial cells) allow the 0-2A progenitor cells 
and oligodendrocytes to survive for at least 3 days, sug- 
gesting that non-OPA lineage cells in the optic nerve se- 
crete survival factors for O-2A lineage cells, at least in 

IGFs and PDGF Act As Survival Factors for 
O-2A Lineage Cells in Culture 
For O-2A progenitor cells and newly formed oligodendro- 
cytes, either IGF-1 or PDGF is sufficient for short-term 
survival in the absence of other signaling molecules or 
proteins; for more mature oligodendrocytes, IGF-1, but not 
PDGF, is sufficient. Thus, the requirements for survival 
change as 04% progenitor cells differentiate into oligo- 
dendrocytes. IGF-2 or a high concentration of insulin mim- 
ics the effect of IGF-1, presumably because they both acti- 
vate IGF-1 receptors (Sara and Hall, 1990) which have 
been shown to be present on cultured O-2A progenitor 
cells and oligodendrocytes (McMorris et al., 1988; Baron- 
Van Evercooren et al., 1991). Although bFGF is mitogenic 
for both oligodendrocytes and progenitor cells in the pres- 
ence of high insulin (Eccleston and Silberberg, 1985; Bo- 
gler et al., 1990; McKinnon et al., 1990) it is not mitogenic 
in the absence of insulin (unpublished data) and has only 
a weak survival-promoting effect on its own. EGF has little 
survival-promoting effect on either cell type. 

It seems likely that neighboring cell types supply survival 
factors to 04% lineage cells in the optic nerve, as they do 
in vitro. PDGF activity (Raff et al., 1988) and PDGF mRNA 
(Pringle et al., 1989) have been demonstrated in the devel- 
oping rat optic nerve, and type-l -like astrocytes have been 
shown to make PDGF in culture (Richardson et al., 1988), 
suggesting that astrocytes are a major source of PDGF in 
the developing optic nerve. IGF-1 and IGF-2 proteins and 
mRNAs have also been demonstrated in the developing 
andadultratCNS(Rotweinetal., 1988; Lievreetal., 1991) 
and IGF-1 is made by both neurons and glial cells in culture 
(Ballotti et al., 1987; Rotwein et al., 1988; Drago et al., 
1991). Anti-IGF-1 antibodies stain glial cells in the devel- 
oping rat optic nerve and ganglion cells in the developing 
rat retina (Hannson et al., 1989); interestingly, the IGF-1 
immunoreactivity was detected in optic nerve glial cells 
only between Re175  Tc -0.4069  Tw (devel1  Tr 0.2263  Tc 0.1343    Tw (and ) Tj0  Tr 20.8567 0  TD 3  Tr 0.1664  Tc -0.5558  T668lial ) T(isTr 20.8P45, 0  TD 3  Tr 0.174  Tc 0.1866  Tw ( (IGF-1 ) Tj0  Tr -2whic2 0  TD 3  Tr 0.0644  Tc -0.4538  T10lial ) T(57  Tr -26orTr pond983 -10.5  TD63Tj3  Tc 0.1866  Tw  (et ) Tj) T6gly, ) Tjt1 0  TD 3  Tr8799188  Tc -0.4562  Tw (the ) Tj0  Tr 19.8635 0  TD 3  Tr 0.0772  Tc 0.1343    Tw 0lial 

et IGF-1 in the 
CNS is made primarily by the choroid plexus and lepto- 

meninges and is present in the cerebrospinal fluid in much 
higher concentrations than IGF-1 (Sara and Carlsson- 
Skwirut, 1990). 

It seems likely, then, that PDGF, IGF-1, and IGF-2 all 
promote the survival of O-2A progenitor cells and oligoden- 
drocytes in the developing optic nerve. As PDGF has been 
shown to stimulate some cells to make IGF-1 (Clemmons, 
1985; Clemmons and Shaw, 1986), it is possible that 
PDGF promotes the survival of 0-2A progenitor cells by 
stimulating them to make IGF-1 or IGF-2 for themselves. 
If so, PDGF must be able to induce a single cell to produce 
enough IGF to save itself in microculture. 

IGFs Are Not Mltogens for O-2A Progenitor Cells 
Although it is clear that both IGF-1 and IGF-2 play im- 
portant roles in regulating mammalian growth (Mathews 
et al., 1988; Sara and Hall, 1990), for the mdt part, it is 
still unclear whether they do so by primarily promoting cell 
survival or cell proliferation. While it has been found that 
IGF-1 or high insulin is a required component of defined 
media for the growth of most cell types in culture (Barnes 
and Sato, 1980) most studies of IGF effects on growth in 
vivo and in vitro have not specifically examined the influ- 
ence of IGFs on cell survival. Moreover, in most studies of 
normal cells, mixed cell cultures were used, so that it is 
uncertain whether IGF-1 was acting directly or indirectly. 
Studies of the effects of IGF-1 on O-2A progenitor and 
oligodendrocyte development illustrate these difficulties. 

McMorris and his cdneagues were the first to show that 
IGF-1 increases the numbers of oligodendrocytes that de- 
velop in culture (McMorris et al., 1988). Their subsequent 
studies on microcultures of rat brain-derived O-2A pro- 
genitor cells growing in the presence of irradiated cortical 
astrocytes led them to conclude that IGF-1 acts in two 
ways to promote oligodendrocyte development: it pro- 
motes proliferation of O-2A progenitor cells, and it induces 
these cells to become committed to develop into oligoden- 
drocytes (McMorris and Dubois-Dalcq, 1988; McMorris et 
al., 1990). In contrast, in the present study, we find that 
IGF-1 (or high insulin) is not mitogenic for optic nerve O-2A 
progenitor cells, nor does it significantly enhance PDGF- 
induced DNA synthesis or promote oligodendrocyte differ- 
entiation in the presence or absence of PDGF. Its main 
effect is to promote the survival of both 0-2A progenitor 
cells and oligodendrocytes. Our differing conclusions 
might reflect differences in the way the experiments were 
performed: McMorris and his colleagues studied the ef- 
fects of IGF-1 (or high insulin) on O-2A progenitor cells in 
the presence of other cell types, so that the effects of IGF-1 
on progenitor cell proliferation and differentiation might 
have been indirect; for example, IGF-1 



C$ll Survival in the Oligodendrocyte Lineage 

(Bottenstein et al., 1980; Aizenman and deVellis, 1987; 
Svzric and Schubert, 1990) and neuroepithelial cells 
(Drag0 et al., 1991). 

Approximately 50% of Oligodendrocytes Die 
during Normal Optic Nerve Development 
Although degenerating glial cells have long been observed 
in the developing CNS, the identity of these cells has been 
uncertain. Hildebrand (1971) provided evidence, on the 
basis of ultrastructural studies of developing cat white mat- 
ter, that some degenerating cells were oligodendrocytes. 
In the present study, we show that most of the dying cells 
in the developing optic nerve are newly formed oligoden- 
drocytes. First, the RIP monoclonal antibody, which spe- 
cifically recognizes oligodendrocytes, labels 15% of the 
pyknotic cells, while an anti-GC monoclonal antibody la- 
bels more than 90% of the pyknotic cells; none of the 
pyknotic cells is labeled by anti-GFAP or anti-RAN-2 anti- 
bodies, which recognize astrocytes. The low proportion of 
dead cells that are labeled by the RIP antibody compared 
with that labeled by anti-GC antibody might reflect either 
a relatively later appearance of the RIP antigen during 
oligodendrocyte differentiation or the destruction of the 
antigen in dying cells. Second, at P4, agradient of pyknotic 
cells is observed that colocalizes with a gradient of newly 
formed oligodendrocytes, with most of these cells in the 
chiasm-third of the nerve. Third, when normal cell death in 
the optic nerve is decreased by experimentally increasing 
PDGF levels, it is mainly the number of oligodendrocytes 
that correspondingly increases (see below). Fourth, BrdU 
pulse-chase experiments show that the majority of the pyk- 
notic cells go through 
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days, at which time the success rate of the transplants was 100%. The 
transplanted cells were normally rejected after about 10 days. 
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  0 . 2867   Tc  -0 .2038   Tw  (Y .  )  T j  0   T r  10 .9249  0   TD  3   T r  0 .0665   Tc  0 .0164   Tw  ( (1988 ) .  )  T j  0   T r  - 257 .2325  -9   TD  3   T r  0 .2342   Tc  -0 .1512   Tw  ( Immuno log i ca l ,  )  T j  0   T r  62 .5701  0   TD  3   T r  0 .1993   Tc  -0 .1163   Tw  (morpho log i ca l ,  )  T j  0   T r  61 .5769  0   TD  3   T r  0 .2196   Tc  -0 .1367   Tw  (and  )  T j  0   T r  16 .884  0   TD  3   T r  0 .1611   Tc  -0 .0781   Tw  (e l ec tmphys io l og i ca l  )  T j  0   T r  80 .4472  0   TD  3   T r  0 .1452   Tc  -0 .0623   Tw  ( va r i a t i on  )  T j  0   T r  36 .7475  0   TD  3   T r  0 .243   Tc  -0 .16   Tw  (among  )  T j  0   T r  - 258 .2256  -9   TD  3   T r  0 .2119   Tc  -0 .1289   Tw  ( re t i na l  )  T j  0   T r  28 .8021  0   TD  3   T r  0 .2867   Tc  - 0 .2038   Tw  (gang l i on  )  T j  0   T r  38 .7338  0   TD  3   T r  0 .0809   Tc  - 0 .7479   Tw  ( ce l l s  )  T j  0   T r  22 .843  0   TD  3   T r  0 .2128   Tc  - 0 .1299   Tw  (pu r i f i ed  )  T j  0   T r  33 .768  0   TD  3   T r  - 0 .0879   Tc  - 0 .5791   Tw  (by  )  T j  0   T r  12 .9113  0   TD  3   T r  0 .2395   Tc  - 0 .1565   Tw  (pann ing .  )  T j  0   T r  40 .7202  0   TD  3   T r  0 .1183   Tc  - 0 .0353   Tw  (Neu ron  )  T j  0   T r  33 .768  0   TD  3   T r  0 .1647   Tc  - 0 .0818   Tw  (1 ,  )  T j  0   T r  10 .9249  0   TD  3   T r  0 .1458   Tc  - 0 .0628   Tw  (791 -803 .  )  T j  0   T r  - 222 .4713  -11 .25   TD  3   T r  0 .1743   Tc  - 0 .0913   Tw  (Ba r t l e t t ,  )  T j  0   T r  34 .7611  0   TD  3   T r  0 .2867   Tc  - 0 .2038   Tw  (P .  )  T j  0   T r  10 .9249  0   TD  3   T r  0 .0227   Tc  0 .0603   Tw  (F . ,  )  T j  0   T r  13 .9045  0   TD  3   T r  0 .2248   Tc  - 0 .1419   Tw  (Nob le ,  )  T j  0   T r  29 .7953  0   TD  3   T r  0 .223   Tc  - 0 .1401   Tw  (M .  )  T j  0   T r  11 .9181  0   TD  3   T r  0 .1464   Tc  - 0 .0635   Tw  (0 . .  )  T j  0   T r  14 .8976  0   TD  3   T r  - 0 .0432   Tc  0 .1262   Tw  (P russ ,  )  T j  0   T r  28 .8021  0   TD  3   T r  0 .1011   Tc  - 0 .0181   Tw  (R .  )  T j  0   T r  11 .9181  0   TD  3   T r  0 .1853   Tc  - 0 .1023   Tw  (M . ,  )  T j  0   T r  14 .8976  0   TD  3   T r  0 .1283   Tc  - 0 .0454   Tw  (Ra f f ,  )  T j  0   T r  22 .843  0   TD  3   T r  0 .223   Tc  - 0 .1401   Tw  (M .  )  T j  0   T r  11 .9181  0   TD  3   T r  0 .104   Tc  - 0 .021   Tw  (C . ,  )  T j  0   T r  14 .8976  0   TD  3   T r  0 .0255   Tc  0 .0574   Tw  (Ra t t r ay ,  )  T j  0   T r  34 .7611  0   TD  3   T r  0 .2277   Tc  - 0 .1448   Tw  (S . ,  )  T j  0   T r  13 .9045  0   TD  3   T r  0 .2196   Tc  - 0 .1367   Tw  (and  )  T j  0   T r  - 271 .1369  -9   TD  3   T r  0 .2009   Tc  - 0 .118   Tw  (W i l l i ams ,  )  T j  0   T r  41 .7134  0   TD  3   T r  0 .1011   Tc  - 0 .0181   Tw  (C .  )  T j  0   T r  12 .9113  0   TD  3   T r  0 .2867   Tc  - 0 .2038   Tw  (A .  )  T j  0   T r  12 .9113  0   TD  3   T r  0 .0665   Tc  0 .0164   Tw  ( (1981 ) .  )  T j  0   T r  32 .7748  0   TD  3   T r  0 .1406   Tc  - 0 .0577   Tw  (Ra t  )  T j  0   T r  17 .8772  0   TD  3   T r  0 .1842   Tc  - 0 .1012   Tw  (neu ra l  )  T j  0   T r  29 .7953  0   TD  3   T r  0 .1838   Tc  - 0 .1008   Tw  (an t i gen -2  )  T j  0   T r  41 .7134  0   TD  3   T r  0 .0242   Tc  0 .0588   Tw  ( (RAN-2 ) :  )  T j  0   T r  39 .727  0   TD  3   T r  0 .2196   Tc  - 0 .1367   Tw  (a  )  T j  0   T r  7 .9454  0   TD  3   T r  0 .2   Tc  - 0 .117   Tw  ( ce l l  )  T j  0   T r  17 .8772  0   TD  3   T r  - 0 .0405   Tc  0 .1235   Tw  ( su r f ace  )  T j  0   T r  - 255 .2461  -9   TD  3   T r  0 .2423   Tc  - 0 .1593   Tw  (an t i gen  )  T j  0   T r  37 .7407  0   TD  3   T r  0 .2196   Tc  - 0 .1367   Tw  (on  )  T j  0   T r  15 .8908  0   TD  3   T r  - 0 .0777   Tc  0 .1607   Tw  (as t r ocy tes ,  )  T j  0   T r  51 .6451  0   TD  3   T r  0 .1941   Tc  - 0 .1111   Tw  (ependyma l  )  T j  0   T r  52 .6383  0   TD  3   T r  0 .0857   Tc  - 0 .0027   Tw  ( ce l l s ,  )  T j  0   T r  27 .8089  0   TD  3   T r  0 .2483   Tc  - 0 .1654   Tw  (Mu l l e r  )  T j  0   T r  31 .7816  0   TD  3   T r  0 .0809   Tc  - 0 .7479   Tw  ( ce l l s  )  T j  0   T r  24 .8294  0   TD  3   T r  0 .2196   Tc  - 0 .1367   Tw  (and  )  T j  0   T r  21 .8499  0   TD  3   T r  0 .1659   Tc  - 0 .0829   Tw  ( l ep to -  )  T j  0   T r  - 263 .1915  -9   TD  3   T r  0 .1909   Tc  - 0 .8579   Tw  (men inges  )  T j  0   T r  43 .6997  0   TD  3   T r  0 .2423   Tc  - 0 .1593   Tw  (de f i ned  )  T j  0   T r  34 .7611  0   TD  3   T r  - 0 .0879   Tc  - 0 .5791   Tw  (by  )  T j  0   T r  13 .9045  0   TD  3   T r  0 .2196   Tc  - 0 .1367   Tw  (a  )  T j  0   T r  8 .9386  0   TD  3   T r  0 .2234   Tc  - 0 .1405   Tw  (monoc lona l  )  T j  0   T r  51 .6451  0   TD  3   T r  0 .1567   Tc  - 0 .0738   Tw  (an t i body .  )  T j  0   T r  41 .7134  0   TD  3   T r  0 .2259   Tc  - 0 .1429   Tw  (B ra in  )  T j  0   T r  25 .8226  0   TD  3   T r  0 .0066   Tc  0 .0764   Tw  (Res .  )  T j  0   T r  22 .843  0   TD  3   T r  0 .1922   Tc  - 0 .1093   Tw  (204 ,  )  T j  0   T r  21 .8499  0   TD  3   T r  0 .0994   Tc  - 0 .0164   Tw  (339 -  )  T j  0   T r  - 266 .171  -9   TD  3   T r  0 .1922   Tc  - 0 .1093   Tw  (351 .  )  T j  0   T r  0 .9932  -11 .25   TD  3   T r  0 .1618   Tc  - 0 .0789   Tw  (Beha r ,  )  T j  0   T r  29 .7953  0   TD  3   T r  0 .0227   Tc  0 .0603   Tw  (T . ,  )  T j  0   T r  13 .9045  0   TD  3   T r  0 .0195   Tc  0 .0634   Tw  (McMor r i s ,  )  T j  0   T r  44 .6929  0   TD  3   T r  - 0 .0209   Tc  0 .1038   Tw  (F .  )  T j  0   T r  10 .9249  0   TD  3   T r  0 .2277   Tc  - 0 .1448   Tw  (A . ,  )  T j  0   T r  14 .8976  0   TD  3   T r  0 .0225   Tc  0 .0605   Tw  (Novo tny ,  )  T j  0   T r  39 .727  0   TD  3   T r  0 .2867   Tc  - 0 .2038   Tw  (E .  )  T j  0   T r  10 .9249  0   TD  3   T r  0 .2277   Tc  - 0 .1448   Tw  (A . ,  )  T j  0   T r  14 .8976  0   TD  3   T r  0 .0135   Tc  0 .0695   Tw  (Ba rke r ,  )  T j  0   T r  31 .7816  0   TD  3   T r  - 0 .1428   Tc  0 .2258   Tw  ( J .  )  T j  0   T r  10 .9249  0   TD  3   T r  0 .1464   Tc  - 0 .0635   Tw  (L . ,  )  T j  0   T r  12 .9113  0   TD  3   T r  0 .2196   Tc  - 0 .1367   Tw  (and  )  T j  0   T r  18 .8703  0   TD  3   T r  0 .0832   Tc  - 0   Tw  (Dubo i s -  )  T j  0   T r  - 254 .2529  -9   TD  3   T r  0 .1223   Tc  - 0 .0394   Tw  (Da l cq ,  )  T j  0   T r  27 .8089  0   TD  3   T r  0 .223   Tc  - 0 .1401   Tw  (M .  )  T j  0   T r  11 .9181  0   TD  3   T r  0 .0665   Tc  0 .0164   Tw  ( (1988 ) .  )  T j  0   T r  30 .7884  0   TD  3   T r  0 .0157   Tc  0 .0672   Tw  (Grow th  )  T j  0   T r  31 .7816  0   TD  3   T r  0 .2196   Tc  - 0 .1367   Tw  (and  )  T j  0   T r  17 .8772  0   TD  3   T r  0 .2119   Tc  - 0 .129   Tw  (d i f f e ren t i a t i on  )  T j  0   T r  58 .5974  0   TD  3   T r  0 .0778   Tc  - 0 .7448   Tw  (p rope r t i es  )  T j  0   T r  43 .6997  0   TD  3   T r  0 .1647   Tc  - 0 .0818   Tw  (o f  )  T j  0   T r  8 .9386  0   TD  3   T r  0 .301   Tc  - 0 .218   Tw  (02A  )  T j  0   T r  19 .8635  0   TD  3   T r  0 .1329   Tc  - 0 .05   Tw  (p rogen i -  )  T j  0   T r  - 252 .2666  -9   TD  3   T r  - 0 .0818   Tc  - 0 .5852   Tw  ( t o r s  )  T j  0   T r  17 .8772  0   TD  3   T r  0 .2128   Tc  - 0 .1299   Tw  (pu r i f i ed  )  T j  0   T r  33 .768  0   TD  3   T r  0 .1011   Tc  - 0 .0181   Tw  ( f r om )  T j  0   T r  20 .8567  0   TD  3   T r  0 .0227   Tc  0 .0603   Tw  ( ra t  )  T j  0   T r  11 .9181  0   TD  3   T r  0 .056   Tc  0 .0269   Tw  ( ce reb ra l  )  T j  0   T r  36 .7475  0   TD  3   T r  0 .0999   Tc  -0 .017   Tw  (hemisphe res .  )  T j  0   T r  57 .6042  0   TD  3   T r  -0 .1428   Tc  0 .2258   Tw  ( J .  )  T j  0   T r  9 .9318  0   TD  3   T r  0 .0329   Tc  0 .05   Tw  (Neu rosc i .  )  T j  0   T r  41 .7134  0   TD  3   T r  0 .0066   Tc  0 .0764   Tw  (Res .  )  T j  0   T r  20 .8567  0   TD  3   T r  0 .1352   Tc  -0 .0523   Tw  (27 ,168 -  )  T j  0   T r  -250 .2802  -9   TD  3   T r  0 .1922   Tc  -0 .1093   Tw  (180 .  )  T j  0   T r  0  -11 .25   TD  3   T r  0 .1149   Tc  -0 .0319   Tw  (Be tsho l t z ,  )  T j  0   T r  43 .6997  0   TD  3   T r  0 .104   Tc  -0 .021   Tw  (C . ,  )  T j  0   T r  14 .8976  0   TD  3   T r  0 .0024   Tc  0 .0805   Tw  ( Johnsson ,  )  T j  0   T r  45 .6861  0   TD  3   T r  0 .2277   Tc  -0 .1448   Tw  (A . ,  )  T j  0   T r  15 .8908  0   TD  3   T r  0 .2624   Tc  -0 .1795   Tw  (He ld i n ,  )  T j  0   T r  31 .7816  0   TD  3   T r  0 .1011   Tc  -0 .0181   Tw  (C .  )  T j  0   T r  12 .9113  0   TD  3   T r  0 .104   Tc  -0 .021   Tw  (H . ,  )  T j  0   T r  14 .8976  0   TD  3   T r  -0 .0465   Tc  0 .1295   Tw  (Wes te rmark ,  )  T j  0   T r  56 .611  0   TD  3   T r  0 .2277   Tc  -0 .1448   Tw  (B . ,  )  T j  0   T r  14 .8976  0   TD  3   T r  0 .2513   Tc  -0 .1684   Tw  (L i nd ,  )  T j  0   T r  22 .843  0   TD  3   T r  0 .2277   Tc  -0 .1448   Tw  (P . ,  )  T j  0   T r  -274 .1165  -9   TD  3   T r  0 .0999   Tc  -0 .017   Tw  (Urdea ,  )  T j  0   T r  31 .7816  0   TD  3   T r  0 .223   Tc  -0 .1401   Tw  (M.  )  T j  0   T r  14 .8976  0   TD  3   T r  0 .2277   Tc  -0 .1448   Tw  (S . ,  )  T j  0   T r  14 .8976  0   TD  3   T r  0 .1234   Tc  -0 .0405   Tw  (Eddy ,  )  T j  0   T r  28 .8021  0   TD  3   T r  0 .104   Tc  -0 .021   Tw  (R . .  )  T j  0   T r  14 .8976  0   TD  3   T r  0 .2196   Tc  -0 .1367   Tw  (and  )  T j  0   T r  19 .8635  0   TD  3   T r  0 .1029   Tc  -0 .0199   Tw  (Sco t t ,  )  T j  0   T r  27 .8089  0   TD  3   T r  -0 .1428   Tc  0 .2258   Tw  ( J .  )  T j  0   T r  11 .9181  0   TD  3   T r  0 .0665   Tc  0 .0164   Tw  ( (1988 ) .  )  T j  0   T r  32 .7748  0   TD  3   T r  0 .0632   Tc  0 .0198   Tw  ( cDNA )  T j  0   T r  27 .8089  0   TD  3   T r  0 .0659   Tc  0 .0171   Tw  ( sequence  )  T j  0   T r  44 .6929  0   TD  3   T r  0 .2196   Tc  -0 .1367   Tw  (and  )  T j  0   T r  -270 .1437  -8 .25   TD  3   T r  0 .1096   Tc  -0 .0267   Tw  ( ch romosoma l  )  T j  0   T r  60 .5837  0   TD  3   T r  0 .1974   Tc  -0 .1144   Tw  ( l oca l i za t i on  )  T j  0   T r  52 .6383  0   TD  3   T r  0 .1647   Tc  -0 .0818   Tw  (o f  )  T j  0   T r  12 .9113  0   TD  3   T r  0 .243   Tc  -0 .16   Tw  (human  )  T j  0   T r  33 .768  0   TD  3   T r  0 .1576   Tc  -0 .0747   Tw  (p l a te l e t -de r i ved  )  T j  0   T r  68 .5291  0   TD  3   T r  0 .0999   Tc  -0 .017   Tw  (g row th  )  T j  0   T r  33 .768  0   TD  3   T r  0   Tc  0 .0826   Tw  ( f ac to r  )  T j  0   T r  -263 .1915  -9   TD  3   T r  0 .1362   Tc  -0 .0533   Tw  (A -cha in  )  T j  0   T r  35 .7543  0   TD  3   T r  0 .2196   Tc  -0 .1367   Tw  (and  )  T j  0   T r  17 .8772  0   TD  3   T r  0 .0674   Tc  -0 .7344   Tw  ( i t s  )  T j  0   T r  12 .9113  0   TD  3   T r  0 .0138   Tc  0 .0691   Tw  (exp ress ion  )  T j  0   T r  48 .6656  0   TD  3   T r  0 .3537   Tc  -0 .2708   Tw  ( i n  )  T j  0   T r  9 .9318  0   TD  3   T r  0 .1248   Tc  -0 .0419   Tw  ( t umor  )  T j  0   T r  27 .8089  0   TD  3   T r  0 .2   Tc  -0 .117   Tw  ( ce l l  )  T j  0   T r  17 .8772  0   TD  3   T r  0 .1882   Tc  -0 .1053   Tw  ( l i nes .  )  T j  0   T r  24 .8294  0   TD  3   T r  0 .0999   Tc  -0 .017   Tw  (Na tu re  )  T j  0   T r  30 .7884  0   TD  3   T r  0 .1922   Tc  -0 .1093   Tw  (320 ,  )  T j  0   T r  20 .8567  0   TD  3   T r  0 .1458   Tc  -0 .0628   Tw  (895 -699 .  )  T j  0   T r  -246 .3075  -11 .25   TD  3   T r  0 .2084   Tc  -0 .1254   Tw  (Bog le r ,  )  T j  0   T r  33 .768  0   TD  3   T r  -0 .022   Tc  0 .1049   Tw  (O . ,  )  T j  0   T r  15 .8908  0   TD  3   T r  -0 .0251   Tc  0 .108   Tw  (Wren ,  )  T j  0   T r  29 .7953  0   TD  3   T r  0 .1464   Tc  -0 .0635   Tw  (0 . .  )  T j  0   T r  15 .8908  0   TD  3   T r  0 .1488   Tc  -0 .0659   Tw  (Ba rne t t ,  )  T j  0   T r  36 .7475  0   TD  3   T r  0 .2277   Tc  -0 .1448   Tw  (S . ,  )  T j  0   T r  15 .8908  0   TD  3   T r  0 .1977   Tc  -0 .1148   Tw  (Land ,  )  T j  0   T r  27 .8089  0   TD  3   T r  0 .104   Tc  -0 .021   Tw  (H . ,  )  T j  0   T r  15 .8908  0   TD  3   T r  0 .2196   Tc  -0 .1367   Tw  (and  )  T j  0   T r  19 .8635  0   TD  3   T r  0 .2248   Tc  -0 .1419   Tw  (Nob le ,  )  T j  0   T r  30 .7884  0   TD  3   T r  0 .223   Tc  -0 .1401   Tw  (M.  )  T j  0   T r  14 .8976  0   TD  3   T r  0 .0665   Tc  0 .0164   Tw  ( (1990 ) .  )  T j  0   T r  -257 .2325  -9   TD  3   T r  0 .1787   Tc  -0 .0958   Tw  (Coope ra t i on  )  T j  0   T r  55 .6178  0   TD  3   T r  0 .1858   Tc 
  - 0 .1028   Tw  (be tween  )  T j  0   T r  39 .727  0   TD  3   T r  0 .1406   Tc  -0 .0577   Tw  ( two  )  T j  0   T r  19 .8635  0   TD  3   T r  0 .0999   Tc  -0 .017   Tw  (g row th  )  T j  0   T r  32 .7748  0   TD  3   T r  -0 .0562   Tc  -0 .6109   Tw  ( f ac to rs  )  T j  0   T r  32 .7748  0   TD  3   T r  0 .0835   Tc  -0 .7505   Tw  (p romo tes  )  T j  0   T r  43 .6997  0   TD  3   T r  0 .129   Tc  -0 .0461   Tw  (ex tended  )  T j  0   T r  43 .6997  0   TD  3   T r  0 .0321   Tc  0 .0509   Tw  ( se l f -  )  T j  0   T r  52 .6383  648   TD  3   T r  0 .1856   Tc  -0 .1027   Tw  ( renewa land  )  T j  0   T r  51 .6451  0   TD  3   T r  0 .2138   Tc  -0 .1309   Tw  ( i nh ib i t sd i f f e ren t i a t i ono f  )  T j  0   T r  98 .3244  0   TD  3   T r  0 .046   Tc  0 .037   Tw  (o l i godend rocy te - t ypeas t rocy te  )  T j  0   T r  -150 .9627  -9   TD  3   T r  -0 .0644   Tc  0 .1474   Tw  ( (O -2A)  )  T j  0   T r  29 .7953  0   TD  3   T r  0 .1393   Tc  -0 .0563   Tw  (p rogen i t o r  )  T j  0   T r  45 .6861  0   TD  3   T r  0 .0857   Tc  -0 .0027   Tw  ( ce l l s .  )  T j  0   T r  25 .8226  0   TD  3   T r  0 .0272   Tc  0 .0557   Tw  (P roc .  )  T j  0   T r  24 .8294  0   TD  3   T r  0 .2039   Tc  -0 .1209   Tw  (Na t l .  )  T j  0   T r  21 .8499  0   TD  3   T r  0 .1234   Tc  -0 .0405   Tw  (Acad .  )  T j  0   T r  27 .8089  0   TD  3   T r  0 .1664   Tc  -0 .0835   Tw  (Sc i .  )  T j  0   T r  18 .8703  0   TD  3   T r  0 .3398   Tc  -0 .2569   Tw  (USA )  T j  0   T r  21 .8499  0   TD  3   T r  0 .183   Tc  -0 .1001   Tw  (87 ,  )  T j  0   T r  15 .8908  0   TD  3   T r  0 .1606   Tc  -0 .0776   Tw  (6368 -6372 .  )  T j  0   T r  -231 .4099  -11 .25   TD  3   T r  0 .1745   Tc  -0 .0915   Tw  (Bo t tens te i n ,  )  T j  0   T r  53 .6315  0   TD  3   T r  -0 .1428   Tc  0 .2258   Tw  ( J .  )  T j  0   T r  11 .9181  0   TD  3   T r  0 .2277   Tc  -0 .1448   Tw  (E . ,  )  T j  0   T r  14 .8976  0   TD  3   T r  0 .2196   Tc  -0 .1367   Tw  (and  )  T j  0   T r  20 .8567  0   TD  3   T r  0 .2245   Tc  -0 .1416   Tw  (Sa to ,  )  T j  0   T r  24 .8294  0   TD  3   T r  -0 .0879   Tc  0 .1708   Tw  (G .  )  T j  0   T r  14 .8976  0   TD  3   T r  0 .1011   Tc  -0 .0181   Tw  (H .  )  T j  0   T r  12 .9113  0   TD  3   T r  0 .0665   Tc  0 .0164   Tw  ( (1979 ) .  )  T j  0   T r  32 .7748  0   TD  3   T r  0 .0157   Tc  0 .0672   Tw  (Growth  )  T j  0   T r  34 .7611  0   TD  3   T r  0 .1647   Tc  -0 .0818   Tw  (o f  )  T j  0   T r  11 .9181  0   TD  3   T r  0 .2196   Tc  -0 .1367   Tw  (a  )  T j  0   T r  9 .9318  0   TD  3   T r  0 .0227   Tc  0 .0603   Tw  ( ra t  )  T j  0   T r  14 .8976  0   TD  3   T r  0 .0593   Tc  0 .0236   Tw  (neu ro -  )  T j  0   T r  -259 .2188  -9   TD  3   T r  0 .1771   Tc  -0 .0942   Tw  (b l as toma  )  T j  0   T r  41 .7134  0   TD  3   T r  0 .2   Tc  -0 .117   Tw  ( ce l l  )  T j  0   T r  17 .8772  0   TD  3   T r  0 .3537   Tc  -0 .2708   Tw  ( l i ne  )  T j  0   T r  18 .8703  0   TD  3   T r  ( i n  )  T j  0   T r  10 .9249  0   TD  3   T r  0 .0145   Tc  0 .0684   Tw  ( se rum- f ree  )  T j  0   T r  47 .6724  0   TD  3   T r  0 .1913   Tc  -0 .1084   Tw  ( supp lemen ted  )  T j  0   T r  63 .5632  0   TD  3   T r  0 .2756   Tc  -0 .1926   Tw  (med ium.  )  T j  0   T r  39 .727  0   TD  3   T r  0 .0272   Tc  0 .0557   Tw  (P roc .  )  T j  0   T r  25 .8226  0   TD  3   T r  0 .2039   Tc  -0 .1209   Tw  (Na t l .  )  T j  0   T r  -266 .171  -8 .25   TD  3   T r  0 .1234   Tc  -0 .0405   Tw  (Acad .  )  T j  0   T r  27 .8089  0   TD  3   T r  0 .1664   Tc  -0 .0835   Tw  (Sc i .  )  T j  0   T r  18 .8703  0   TD  3   T r  0 .3398   Tc  -0 .2569   Tw  (USA )  T j  0   T r  22 .843  0   TD  3   T r  0 .183   Tc  -0 .1001   Tw  (76 ,  )  T j  0   T r  15 .8908  0   TD  3   T r  0 .1458   Tc  -0 .0628   Tw  (514 -517 .  )  T j  0   T r  -84 .4199  -11 .25   TD  3   T r  0 .1745   Tc  -0 .0915   Tw  (Bo t tens te i n ,  )  T j  0   T r  51 .6451  0   TD  3   T r  -0 .1428   Tc  0 .2258   Tw  ( J .  )  T j  0   T r  9 .9318  0   TD  3   T r  0 .2277   Tc  -0 .1448   Tw  (E . ,  )  T j  0   T r  13 .9045  0   TD  3   T r  0 .0822   Tc  0   Tw  (Skape r ,  )  T j  0   T r  34 .7611  0   TD  3   T r  0 .2867   Tc  -0 .2038   Tw  (S .  )  T j  0   T r  10 .9249  0   TD  3   T r  0 .104   Tc  -0 .021   Tw  (D . ,  )  T j  0   T r  13 .9045  0   TD  3   T r  0 .1618   Tc  -0 .0789   Tw  (Va ron ,  )  T j  0   T r  30 .7884  0   TD  3   T r  0 .2867   Tc  -0 .2038   Tw  (S .  )  T j  0   T r  10 .9249  0   TD  3   T r  0 .2277   Tc  -0 .1448   Tw  (S . ,  )  T j  0   T r  13 .9045  0   TD  3   T r  0 .2196   Tc  -0 .1367   Tw  (and  )  T j  0   T r  16 .884  0   TD  3   T r  0 .2245   Tc  -0 .1416   Tw  (Sa to ,  )  T j  0   T r  24 .8294  0   TD  3   T r  -0 .0879   Tc  0 .1708   Tw  (G .  )  T j  0   T r  11 .9181  0   TD  3   T r  0 .1011   Tc  -0 .0181   Tw  (H .  )  T j  0   T r  11 .9181  0   TD  3   T r  0 .0665   Tc  0 .0164   Tw  ( (1980 ) .  )  T j  0   T r  -256 .2393  -9   TD  3   T r  0 .1574   Tc  -0 .0745   Tw  (Se lec t i ve  )  T j  0   T r  40 .7202  0   TD  3   T r  -0 .0041   Tc  0 .087   Tw  ( su rv i va l  )  T j  0   T r  34 .7611  0   TD  3   T r  0 .1647   Tc  -0 .0818   Tw  (o f  )  T j  0   T r  11 .9181  0   TD  3   T r  0 .063   Tc  -0 .7301   Tw  (neu rons  )  T j  0   T r  36 .7475  0   TD  3   T r  0 .1011   Tc  -0 .0181   Tw  ( f r om )  T j  0   T r  21 .8499  0   TD  3   T r  -0 .0958   Tc  -0 .5713   Tw  ( ch i ck  )  T j  0   T r  25 .8226  0   TD  3   T r  0 .0564   Tc  0 .0266   Tw  (embryo  )  T j  0   T r  34 .7611  0   TD  3   T r  -0 .1127   Tc  -0 .5544   Tw  ( senso ry  )  T j  0   T r  34 .7611  0   TD  3   T r  0 .2386   Tc  -0 .9057   Tw  (gang l i on i c  )  T j  0   T r  -242 .3348  -9   TD  3   T r  0 .0347   Tc  -0 .7018   Tw  (d i ssoc ia tes  )  T j  0   T r  48 .6656  0   TD  3   T r  0 .2583   Tc  -0 .1753   Tw  (u t i l i z i ng  )  T j  0   T r  33 .768  0   TD  3   T r  0 .0145   Tc  0 .0684   Tw  ( se rum- f ree  )  T j  0   T r  46 .6792  0   TD  3   T r  0 .1913   Tc  -0 .1084   Tw  ( supp lemen ted  )  T j  0   T r  61 .5769  0   TD  3   T r  0 .2756   Tc  -0 .1926   Tw  (med ium.  )  T j  0   T r  37 .7407  0   TD  3   T r  0 .0994   Tc  -0 .0164   Tw  (Exp .  )  T j  0   T r  19 .8635  0   TD  3   T r  0 .3219   Tc  -0 .239   Tw  (Ce l l  )  T j  0   T r  18 .8703  0   TD  3   T r  0 .0066   Tc  0 .0764   Tw  (Res .  )  T j  0   T r  -266 .171  -9   TD  3   T r  0 .1922   Tc  -0 .1093   Tw  (125 ,  )  T j  0   T r  20 .8567  0   TD  3   T r  0 .1458   Tc  -0 .0628   Tw  (183 -190 .  )  T j  0   T r  -20 .8567  -11 .25   TD  3   T r  0 .0593   Tc  0 .0236   Tw  (B runk ,  )  T j  0   T r  29 .7953  0   TD  3   T r  0 .1011   Tc  -0 .0181   Tw  (C .  )  T j  0   T r  11 .9181  0   TD  3   T r  0 .0227   Tc  0 .0603   Tw  (F . ,  )  T j  0   T r  13 .9045  0   TD  3   T r  -0 .0037   Tc  0 .0866   Tw  ( Jones ,  )  T j  0   T r  30 .7884  0   TD  3   T r  0 .2867   Tc  -0 .2038   Tw  (K .  )  T j  0   T r  10 .9249  0   TD  3   T r  0 .104   Tc  -0 .021   Tw  (C . .  )  T j  0   T r  14 .8976  0   TD  3   T r  0 .2196   Tc  -0 .1367   Tw  (and  )  T j  0   T r  17 .8772  0   TD  3   T r  0 .0157   Tc  0 .0672   Tw  ( James ,  )  T j  0   T r  32 .7748  0   TD  3   T r  -0 .0209   Tc  0 .1038   Tw  (T .  )  T j  0   T r  11 .9181  0   TD  3   T r  -0 .1516   Tc  0 .2345   Tw  (W.  )  T j  0   T r  13 .9045  0   TD  3   T r  0 .0665   Tc  0 .0164   Tw  ( (1979 ) .  )  T j  0   T r  30 .7884  0   TD  3   T r  -0 .1006   Tc  -0 .5664   Tw  (Assay  )  T j  0   T r  27 .8089  0   TD  3   T r  0 .0227   Tc  0 .0603   Tw  ( f o r  )  T j  0   T r  13 .9045  0   TD  3   T r  0 .1234   Tc  -0 .0405   Tw  (nano -  )  T j  0   T r  -262 .1983  -9   TD  3   T r  0 .1285   Tc  -0 .0456   Tw  (g ram )  T j  0   T r  23 .8362  0   TD  3   T r  0 .1898   Tc  -0 .8569   Tw  (quan t i t i e s  )  T j  0   T r  42 .7065  0   TD  3   T r  0 .1647   Tc  - 0 .0818   Tw  (o f  )  T j  0   T r  9 . 9318  0   TD  3   T r  0 .2161   Tc  - 0 .1331   Tw  (DNA )  T j  0   T r  21 .8499  0   TD  3   T r  0 .3537   Tc  - 0 .2708   Tw  ( i n  )  T j  0   T r  8 . 9386  0   TD  3   T r  0 .1832   Tc  - 0 .1002   Tw  ( ce l l u l a r  )  T j  0   T r  31 .7816  0   TD  3   T r  0 .1598   Tc  - 0 .0769   Tw  (homogena tes .  )  T j  0   T r  61 .5769  0   TD  3   T r  0 .1735   Tc  - 0 .0906   Tw  (Ana l y t .  )  T j  0   T r  31 .7816  0   TD  3   T r  0 .2076   Tc  - 0 .1247   Tw  (B iochem.  )  T j  0   T r  40 .7202  0   TD  3   T r  0 .183   Tc  - 0 .1001   Tw  (92 ,  )  T j  0   T r  - 273 .1233  -9   TD  3   T r  0 .1458   Tc  - 0 .0628   Tw  (497 -500 .  )  T j  0   T r  0  - 10 .5   TD  3   T r  0 .0292   Tc  0 .0538   Tw  (Carson ,  )  T j  0   T r  35 .7543  0   TD  3   T r  0 .223   Tc  - 0 .1401   Tw  (M.  )  T j  0   T r  11 .9181  0   TD  3   T r  - 0 . 1428   Tc  0 .2258   Tw  ( J .  )  T j  0   T r  9 . 9318  0   TD  3   T r  0 .0665   Tc  0 .0164   Tw  ( ( 1990 ) .  )  T j  0   T r  30 .7884  0   TD  3   T r  0 .1892   Tc  - 0 .8563   Tw  (S tud ies  )  T j  0   T r  33 .768  0   TD  3   T r  0 .2238   Tc  - 0 .1409   Tw  (examin ing  )  T j  0   T r  45 .6861  0   TD  3   T r  0 .183   Tc  - 0 .1001   Tw  ( t he  )  T j  0   T r  15 .8908  0   TD  3   T r  0 .1664   Tc  - 0 .0835   Tw  ( r o l e  )  T j  0   T r  16 .884  0   TD  3   T r  0 .1647   Tc  - 0 .0818   Tw  (o f  )  T j  0   T r  10 .9249  0   TD  3   T r  0 .1888   Tc  - 0 .1058   Tw  ( i nsu l i n - l i ke  )  T j  0   T r  45 .6861  0   TD  3   T r  0 .0999   Tc  - 0 .017   Tw  (g row th  )  T j  0   T r  - 257 .2325  -9   TD  3   T r  0   Tc  0 .0826   Tw  ( f ac to r  )  T j  0   T r  25 .8226  0   TD  3   T r  0 .1098   Tc  - 0 .02s  )  T j  0   T r  42 .70u I6 t c  0 .0164   Tw  ( ( 1990  3   T r  yD  3   T r  0 .C9-3a r  16 .8 .16 .2238   Tc  - 0 .3 l l eT j  0   T r  42 .7  3   T r  0 .1098   Tc  - 0 .02s  )  T j  0   T r  4242se   T r  27 .8089  0   TD  3   T r  0 .0227   TcP8Ce  0 .21 r8  )  T j  0   6T r  0 .3537   T  T j  0   T r  13 .9045  0   De lmc to r  )  T j  0   T r529 0   T r  16 .884  0   T87  0   TD  3   T r  0 .109e i .  (1lmop0  t238  Tc -50.00.1574  Tc -0.0745 3rIr  Tw (fact6409  19..W.1428  rm9..W.1428  rm8Ce 0.21r8 ) Tj0 49.658D 3  Tr 0.1888  98  Tc -0.0769  Tw (homogenates. ) Tj0  Tr 61.5769 0  TD005c 0.0603 77-50.00.ns oining g r o w t h  
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