
of oligoden- 

drocytes normally die in the developing rat optic nerve, 

apparently as a result of a competition for limiting 

amounts of survival signals. Both platelet-derived 

growth factor and insulin-like growth factors are sur- 

vival factors for newly formed oligodendrocytes and 

their precursors in culture. Increasing platelet-derived 

growth factor in the developing optic nerve decreases 

normal oligodendrocyte death by up to 90% and dou- 

bles the number of oligodendrocytes in 4 days. These 

results suggest that a requirement for survival signals 

is more general than previously thought and that some 

normal cell deaths in nonneural tissues may also re- 

flect competition for survival factors. 

introduction 

Cell death occurs in most animal tissues at some stage of 

their development (Glucksman, 1951). These normal or 

programmed cell deaths are thought to involve the activa- 

tion of a suicide program in the cells that die (Wyllie et al., 

1980; Ellis et al., 1991) but the mechanisms of death are 

unknown. Despite the prevalence of normal cell death, 

there has been remarkably little work on the control of cell 

survival, especially when compared with the enormous 

effort that has been devoted to studying the control of cell 

proliferation. Neurons are an exception. It has long been 

recognized that many neurons in the developing verte- 

brate nervous system die soon after they are formed (Ham- 

burger and Levi-Montalcini, 1949; Cowan et al., 1984; Op- 

penheim, 1991). In the case of sympathetic and some 

sensory neurons, it is thought that death occurs because 

the developing cells compete for limiting amounts of nerve 

growth factor (NGF) released by their target cells, so that 

only a proportion of the neurons receive enough NGF to 

survive (Levi-Montalcini, 1987; Purves, 1988; Barde, 1989). 

Competition for target cell-derived survival (neurotrophic) 

factors is believed tooccur widely in thedeveloping periph- 
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erai and central nervous systems and is thought to serve 
at least two functions: to ensure an appropriate numerical 
match between synaptically connected cells, and to elimi- 
nate inappropriate neuronal projections (Cowan et al., 
1984). 
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Table 1. Survival of Purified G-2A Lineage Cells in Culture 

Factors Added 

None 
ONCM (1:l) 
Insulin (5 @ml) 
IGF-1 (100 @ml) 
IGF-2 (100 @ml) 
PDGF (IO @ml) 
bFGF (10 @ml) 
EGF (10 @ml) 
Cycloheximide 

(0.1 wW 

O-2A Progenitor Cells Oligodendrocytes 

Percentage of Ceils Surviving After Percentage of Cells Surviving After 
18 hr 42 hr 66 hr 18 hr 42 hr 66 hr 
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r$ll Survival in the Oligodendrocyte Lineage 

A. PURIFIED CELLS 
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B. SINGLE CELI S 
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Figure 1. Survival of Purified and Single D-2A Progenitor Cells and 
Oligodendrocytes In Vitro 
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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 ) Tj
0  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- 
tensely with propidium iodide (Figure 4694G6,o0  TD 3  Tr 0.1433  Tc 4  Tc 0.383  Tw (in- 3  Tr 0.1556  Tc Tj
0  Tr 19.8635e.8976 0 3Tj
0  Tr 0 -4530  Tr 31.7816 0  TD 3  Tr 0.0307  Tc 0.052rlwtained ) Tj
0  Tr 40.7202 0  TD
0  Tr  22.843 0  TD 3  Tr 0.1795  Tc -0.0965  9011.7816 0  9U a3  w (5  Tc -0.0965  9031.7816 0  90  Tr -2bserv86 0  TD 3  Tr .1922  Tc -0.1093 0.4324w (+ ) Tj36dU ) Tj
i Tr 61.5769 0Tr 918ined w i 4   
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A 
600 r calculated from the total amount of DNA in the nerve. Each value 

represents the mean f S. E. of four animals. The other four curves 
represent the estimatednumber of glial cells and precursors per nerve 
and were determined by multiplying the total number of cells in the 

nerve by the proportion of each cell type as determined in electron 
microscopic sections of rat optic nerves by Vaughn (1959, Figure 19). 
Small glioblasts are now thought to be O-2A progenitor cells (see Ful- 
ton et al., 1992) while large glioblasts are probably type-l astrocyte 
precursors. 
(B) The proportion of pyknotic nuclei in the optic nerve at different 

ages. The average instantaneous number of dying cells per nerve was 
determined by multiplying the average number of pyknotic nuclei in a 
longitudinal section of the newe (excluding the optic chiasm) by the 
average numbe’r of sections per nerve at a given age; this value was 
converted to a percent of total cells by dividing by the number of total 
cells per newe. 
(C) The intewal between S phase and cell death was determined by 
injecting developing animals with BrdU and following the appearance 
of the appearance of   Tr  c   Tr  183  Tr  0.11  Tc 2  T10.1795  Tw ( in tew6e )  T j 
0  457 
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human PDGF-A chain, were injected 
into the subarachnoid space of a postnatal animal at P6. and the optic 
nerves were examined at P12. Values represent means -c S. E., n = 
4 animals. 
(A)The number of dead cells per propidium iodide-stained longitudinal 
section of optic nerve was determined in control animals that received 
no cell injection, in animals that received mock-transfected COS cells, 
and in animals that received PDGF-expressing COS cells. 
(8) The number of mitotic figures per longitudinal section was deter- 
mined, as described in (A). 
(C)The total number of cells and the number of cells of each type per 
optic nerve was determined in control and test animals by measuring 
the DNA and by dissociating the cells and determining immunohisto- 
chemically the percent of astrocytes, C-2A progenitor cells, and oligc- 
dendrocytes. These immunohistochemical values were multiplied by 
the total number of cells per nerve (determined by DNA measurement) 
to give the number of each cell type per nerve. 

mined by following the appearance of labeled dead cells 
in P15 optic nerves after three intraperitoneal injections of 
BrdU were given over 16 hr (which labeled 75% of O-2A 
progenitor cells). Although only small numbers of pyknotic 
nuclei were BrdU labeled immediately after the third injec- 
tion, by 46 hr, most of the pyknotic nuclei were BrdU la- 

beled (Figure 5C). The proportion reached a plateau value 
of about 75%, which corresponded closely with the propor- 
tion of O-2A progenitor cells that was labeled by the pulse, 
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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 ) Tj
0  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 ) Tj
0  Tr -2whic2 0  TD 3  Tr 0.0644  Tc -0.4538  T10lial ) T(57  Tr -26orTr pond983 -10.5  TD63Tj
3  Tc 0.1866  Tw  (et ) Tj) T6gly, ) Tjt1 0  TD 3  Tr8799188  Tc -0.4562  Tw (the ) Tj
0  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 
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(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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naturally occurring neuronal death and are present in vivo 
in limiting amounts (Barde, 1988, 1989), it seems reason- 
able to conclude that PDGF is a “gliatrophic” factor for 
newly formed oligodendrocytes. Although PDGF is largely 
thought of as a mitogen for many types of nonneural cells, 
our findings suggest that it may also act as a survival factor 
for some of these cells. 

Our observations suggest that IGF-1 and IGF-2 are also 
present in the optic nerve in limiting amounts; either alone 
is sufficient to prevent oligodendrocytes and their precur- 
sors from dying in vitro, yet many newly formed oligoden- 
drocytes die in vivo. A more direct demonstration that IGFs 
are normally limiting in the CNS is the finding that brain 
size, brain DNA, and the amount of brain myelin are all 
increased in mice that carry a human IGF-1 transgene and, 
as a result, express increased levels of IGF-1 mRNA and 
protein in the brain (Mathews et al., 1988; Carson, 1990; 
McMorris et al., 1990; Mozell and McMorris, 1991). The 
increase in the numbers of various nonneural cell types in 
these transgenic mice indicates that IGFs are also present 
in limiting amounts outside the et al07 0 0 0 018.8700382  Tc -0.3513  Tw l., The cel483
0  Tr i35 0  TD 3  T7.945.065  Tc 0.2956  (IGFs ) Tj
0  Tr 24.8294 0  TD 3  Tr 1TD 90329  Tc 0.3935 2w  Fs o f  the numbers also amounts of of  formed oligodendrocytes reflects the pro- 

gressive loss of PDGF receptors from these cells (Hart et 
al., 1989b; McKinnon et al., 1990; Pringle et al., 1992), 
which makes them less able to compete for PDGF. But 
why should oligodendrocytes that survive for 2-3 days no 
longer be at risk? Our data do not distinguish among three 
possibilities: more mature oligodendrocytes might be- 
come better at competing for IGFs; they might become 
responsive to a new survival factor; or they might entirely 
lose dependence on survival factors. 

Why are twice as many oligodendrocytes generated 
than are needed? One possibility is that cell death re- 
sulting from a competition for survival factors helps to ad- 
just the number of.oligodendrocytes to the number of 
axons requiring myelination, just as competition for neuro- 
trophic factors is thought to adjust the number of presynap- 
tic cells increasingly believed that most normal cell deaths in 

invertebrate and vertebrate development depend on the 

activation of a suicide program in the cells that die (Wyllie 
et al., 1980; Oppenheimet al., 1990; Elliset al., 1991). The 
most direct evidence comes from genetic studies in the 
nematode Caenorhabditis elegans, where loss of function 
mutations in either of two 1990; t3y22  Tw (most ) Tjh.0382 Tr n 0  3  Tr 0.0 0.2205(ted-390; t3y22  Tw (most ) Tjh.0382 6383 7
 (medium, ) Tj
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croplates (Falcon). About 200 cells adhered to the bottom of the well. 
and 98% of the O-2A progenitor cells and 80% of the oligodendrocytes 
were viable when tested at 1 hr by the MIT assay (see below). Thirty 
minutes after plating, 1 ul of DMEM, or DMEM containing a specific 
growth factor, was added to each well. An optimal concentration of 
each factor was initially determined in titration experiments. The sur- 
vival affects of these growth factors were similar when used at IO-fold 
higher concentrations than used in the experiments shown in Table 1 
and Figure 1A (data not shown). In experiments where conditioned 
medium was added to the microwells, 5 nl of medium was removed 
after 30 min. and 5 ul of conditioned medium was immediately added 
to each well. The B-S medium was prepared with a highly purified, 
crystalline grade of BSA (Sigma, A41 61) in order to avoid contaminat- 
ing survival factors (see above). The number of surviving cells on t
 (Non-O-2A ) Tj
0  Tr -221.4781 -9  TD 3  Tr 0.258  Tc -0.175  Tw (Lineage ) Tj
0  Tr 37.7407 0  TD 3  Tr 0.1784  Tc -0.8455  Tw (Cells ) Tj
0  Tr 23.8362 0  TD 3  Tr 0.1011  Tc -0.0181  Tw (from ) Tj
0  Tr 23.8362 0  TD 3  Tr 0.0272  Tc -0.6943  Tw (Optic ) Tj
0  Tr 27.8089 0  TD 3  Tr -0.0251  Tc 0.108  Tw (Nerve ) Tj
0  Tr 28.8021 0  TD 3  Tr -0.0479  Tc 0.1309  Tw ((ONCM) ) Tj
0  Tr -142.0241 -9  TD 3  Tr 0.0272  Tc -0.6943  Tw (Optic ) Tj
0  Tr 23.8362 0  TD 3  Tr 0  Tc 0.0825  Tw (nerve ) Tj
0  Tr 25.8226 0  TD 3  Tr 0.0203  Tc -0.6874  Tw (suspensions ) Tj
0  Tr 54.6247 0  TD 3  Tr 0.0994  Tc -0.0164  Tw (prepared ) Tj
0  Tr 39.727 0  TD 3  Tr 0.1011  Tc -0.0181  Tw (from ) Tj
0  Tr 21.8499 0  TD 3  Tr 0.3416  Tc -0.2587  Tw (P6 ) Tj
0  Tr 12.9113 0  TD 3  Tr 0.1647  Tc -0.0818  Tw (to ) Tj
0  Tr 10.9249 0  TD 3  Tr 0.1205  Tc -0.7876  Tw (Pldrats ) Tj
0  Tr 35.7543 0  TD 3  Tr 0.0676  Tc 0.0154  Tw (were ) Tj
0  Tr 22.843 0  TD 3  Tr 0.2395  Tc -0.1565  Tw (depleted ) Tj
0  Tr -249.287 -9  TD 3  Tr 0.1647  Tc -0.0818  Tw (of ) Tj
0  Tr 12.9113 0  TD 3  Tr 0.1604  Tc -0.0774  Tw (0-2A ) Tj
0  Tr 25.8226 0  TD 3  Tr 0.1393  Tc -0.0563  Tw (progenitor ) Tj
0  Tr 47-9yc56w (Optic485 0.1647  T Tr  Tr 0l(
 3  Tr -0.0251  Tc 0.108  Tw (Nerve ) Tj
0  Tr 27.8089 0  TD 3  Tr 0.1784  Tc -0.8455  Tw (Cells ) Tj
0  Tr -238.3621 -9  TD 3  Tr 0.0822  Tc 0  Tw (Microcuifure ) Tj
0  Tr 0 -9  TD 3  Tr -0.0644  Tc 0.1474  Tw (For ) Tj
0  Tr 16.884 0  TD 3  Tr -0.0248  Tc -0.6422  Tw (reasons ) Tj
0  Tr 34.7611 0  TD 3  Tr 0.1647  Tc -0.0818  Tw (that ) Tj
0  Tr 18.8703 0  TD 3  Tr 0.0593  Tc 0.0236  Tw (are ) Tj
0  Tr 15.8908 0  TD 3  Tr 0.1024  Tc -0.0195  Tw (unclear, ) Tj
0  Tr 36.7475 0  TD 3  Tr 0.034  Tc 0.0489  Tw (O-2A ) Tj
0  Tr 23.8362 0  TD 3  Tr 0.1393  Tc -0.0563  Tw (progenitor ) Tj
0  Tr 44.6929 0  TD 3  Tr 0.0809  Tc -0.7479  Tw (cells ) Tj
0  Tr 20.8567 0  TD 3  Tr 0.1647  Tc -0.0818  Tw (that ) Tj
0  Tr 17.8772 0  TD 3  Tr 0.0676  Tc 0.0154  Tw (were ) Tj
0  Tr 22.843 0  TD 3  Tr -0.0041  Tc 0.087  Tw (dissoci- ) Tj
0  Tr -253.2597 -9  TD 3  Tr 0.1922  Tc -0.1093  Tw (ated ) Tj
0  Tr 20.8567 0  TD 3  Tr 0.3537  Tc -0.2708  Tw (in ) Tj
0  Tr 9.9318 0  TD 3  Tr 0.2644  Tc -0.1814  Tw (papain ) Tj
0  Tr 30.7884 0  TD 3  Tr 0.2196  Tc -0.1367  Tw (and ) Tj
0  Tr 17.8772 0  TD 3  Tr 0.2128  Tc -0.1299  Tw (purified ) Tj
0  Tr 33.768 0  TD 3  Tr -0.0879  Tc -0.5791  Tw (by ) Tj
0  Tr 12.9113 0  TD 3  Tr 0.2008  Tc -0.1179  Tw (sequential ) Tj
0  Tr 45.6861 0  TD 3  Tr 0.2788  Tc -0.1959  Tw (immunopanning ) Tj
0  Tr 69.5223 0  TD 3  Tr 0.309  Tc -0.2261  Tw (did ) Tj
0  Tr 15.8908 0  TD 3  Tr 0.183  Tc -0.1001  Tw (not ) Tj
0  Tr 14.8976 0  TD 3  Tr -0.1457  Tc 0.2287  Tw (ex- ) Tj
0  Tr -273.1233 -9  TD 3  Tr 0.1922  Tc -0.1093  Tw (tend ) Tj
0  Tr 20.8567 0  TD 3  Tr -0.1072  Tc -0.5599  Tw (processes ) Tj
0  Tr 44.6929 0  TD 3  Tr 0.3537  Tc -0.2708  Tw (in ) Tj
0  Tr 9.9318 0  TD 3  Tr 0.1616  Tc -0.0786  Tw (single-cell ) Tj
0  Tr 43.6997 0  TD 3  Tr 0.0887  Tc -0.0057  Tw (culture, ) Tj
0  Tr 33.768 0  TD 3  Tr 0.1922  Tc -0.1093  Tw (and, ) Tj
0  Tr 19.8635 0  TD 3  Tr 0.0905  Tc -0.0075  Tw (therefore, ) Tj
0  Tr 42.7065 0  TD 3  Tr 0.1551  Tc -0.0722  Tw (their ) Tj
0  Tr 19.8635 0  TD 3  Tr 0.1899  Tc -0.857  Tw (viability ) Tj
0  Tr 33.768 0  TD 3  Tr -0.0278  Tc -0.6392  Tw (was ) Tj
0  Tr -268.1573 -9  TD 3  Tr 0.2041  Tc -0.1211  Tw (difficult ) Tj
0  Tr 30.7884 0  TD 3  Tr 0.1647  Tc -0.0818  Tw (to ) Tj
0  Tr 9.9318 0  TD 3  Tr -0.1475  Tc 0.2305  Tw (assess. ) Tj
0  Tr 33.768 0  TD 3  Tr 0.1016  Tc -0.0186  Tw (Instead, ) Tj
0  Tr 33.768 0  TD 3  Tr 0.1283  Tc -0.7954  Tw (optic ) Tj
0  Tr 22.843 0  TD 3  Tr 0  Tc 0.0825  Tw (nerve ) Tj
0  Tr 24.8294 0  TD 3  Tr 0.2  Tc -0.117  Tw (cell ) Tj
0  Tr 15.8908 0  TD 3  Tr 0.0203  Tc -0.6874  Tw (suspensions ) Tj
0  Tr 53.6315 0  TD 3  Tr 0.0676  Tc 0.0154  Tw (were ) Tj
0  Tr 21.8499 0  TD 3  Tr 0.0994  Tc -0.0164  Tw (prepared ) Tj
0  Tr -247.3007 -9  TD 3  Tr 0.1011  Tc -0.0181  Tw (from ) Tj
0  Tr 20.8567 0  TD 3  Tr 0.3416  Tc -0.2587  Tw (P7 ) Tj
0  Tr 13.9045 0  TD 3  Tr -0.0818  Tc -0.5852  Tw (rats ) Tj
0  Tr 17.8772 0  TD 3  Tr 0.1503  Tc -0.0673  Tw (using ) Tj
0  Tr 24.8294 0  TD 3  Tr 0.0118  Tc 0.0712  Tw (trypsin, ) Tj
0  Tr 33.768 0  TD 3  Tr 0.1955  Tc -0.1126  Tw (EDTA, ) Tj
0  Tr 29.7953 0  TD 3  Tr 0.2196  Tc -0.1367  Tw (and ) Tj
0  Tr 18.8703 0  TD 3  Tr 0.1527  Tc -0.0697  Tw (collagenase, ) Tj
0  Tr 54.6247 0  TD 3  Tr -0.0879  Tc -0.5791  Tw (as ) Tj
0  Tr 11.9181 0  TD 3  Tr 0.0406  Tc -0.7077  Tw (previously ) Tj
0  Tr 45.6861 0  TD 3  Tr 0.0593  Tc 0.0236  Tw (de- ) Tj
0  Tr -272.1301 -9  TD 3  Tr 0.0135  Tc 0.0695  Tw (scribed ) Tj
0  Tr 31.7816 0  TD 3  Tr 0.2138  Tc -0.1308  Tw ((Miller ) Tj
0  Tr 27.8089 0  TD 3  Tr 0.1647  Tc -0.0818  Tw (et ) Tj
0  Tr 8.9386 0  TD 3  Tr 0.2318  Tc -0.1488  Tw (al., ) Tj
0  Tr 14.8976 0  TD 3  Tr 0.1234  Tc -0.0405  Tw (1965) ) Tj
0  Tr 27.8089 0  TD 3  Tr 0.2196  Tc -0.1367  Tw (and ) Tj
0  Tr 17.8772 0  TD 3  Tr 0.2065  Tc -0.1236  Tw (single ) Tj
0  Tr 26.8157 0  TD 3  Tr 0.0809  Tc -0.7479  Tw (cells ) Tj
0  Tr 20.8567 0  TD 3  Tr 0.0676  Tc 0.0154  Tw (were ) Tj
0  Tr 21.8499 0  TD 3  Tr 0.2091  Tc -0.1262  Tw (micromanipulated ) Tj
0  Tr 76.4745 0  TD 3  Tr -0.0879  Tc -0.5791  Tw (as ) Tj
0  Tr -275.1096 -9  TD 3  Tr 0.0593  Tc 0.0236  Tw (described ) Tj
0  Tr 43.6997 0  TD 3  Tr -0.0879  Tc -0.5791  Tw (by ) Tj
0  Tr 12.9113 0  TD 3  Tr 0.2219  Tc -0.139  Tw (Temple ) Tj
0  Tr 34.7611 0  TD 3  Tr 0.2196  Tc -0.1367  Tw (and ) Tj
0  Tr 18.8703 0  TD 3  Tr 0.1329  Tc -0.05  Tw (Raff ) Tj
0  Tr 19.8635 0  TD 3  Tr 0.0665  Tc 0.0164  Tw ((1985). ) Tj
0  Tr 32.7748 0  TD 3  Tr 0.1647  Tc -0.0818  Tw (In ) Tj
0  Tr 9.9318 0  TD 3  Tr 0.1476  Tc -0.0646  Tw (brief, ) Tj
0  Tr 24.8294 0  TD 3  Tr 0.183  Tc -0.1001  Tw (the ) Tj
0  Tr 15.8908 0  TD 3  Tr 0.0809  Tc -0.7479  Tw (cells ) Tj
0  Tr 21.8499 0  TD 3  Tr 0.0676  Tc 0.0154  Tw (were ) Tj
0  Tr 23.8362 0  TD 3  Tr -0.1457  Tc 0.2287  Tw (resus- ) Tj
0  Tr -259.2188 -9  TD 3  Tr 0.2196  Tc -0.1367  Tw (pended ) Tj
0  Tr 33.768 0  TD 3  Tr 0.3537  Tc -0.2708  Tw (in ) Tj
0  Tr 10.9249 0  TD 3  Tr 0.2196  Tc -0.1367  Tw (1 ) Tj
0  Tr 7.9454 0  TD 3  Tr 0.412  Tc -0.3291  Tw (ml ) Tj
0  Tr 12.9113 0  TD 3  Tr 0.1647  Tc -0.0818  Tw (of ) Tj
0  Tr 10.9249 0  TD 3  Tr 0.2196  Tc -0.1367  Tw (L15 ) Tj
0  Tr 17.8772 0  TD 3  Tr 0.23  Tc -0.1471  Tw (Air ) Tj
0  Tr 14.8976 0  TD 3  Tr 0.3032  Tc -0.2203  Tw (medium ) Tj
0  Tr 36.7475 0  TD 3  Tr 0.2008  Tc -0.1179  Tw (containing ) Tj
0  Tr 46.6792 0  TD 3  Tr 0.1268  Tc -0.0439  Tw (0.1% ) Tj
0  Tr 25.8226 0  TD 3  Tr 0.3751  Tc -0.2922  Tw (BSA, ) Tj
0  Tr 23.8362 0  TD 3  Tr 0.2781  Tc -0.1951  Tw (allowed ) Tj
0  Tr 33.768 0  TD 3  Tr 0.1647  Tc -0.0818  Tw (to ) Tj
0  Tr -277.0959 -9  TD 3  Tr 0.1252  Tc -0.0423  Tw (settle ) Tj
0  Tr 25.8226 0  TD 3  Tr 0.0227  Tc 0.0603  Tw (for ) Tj
0  Tr 13.9045 0  TD 3  Tr 0.2196  Tc -0.1367  Tw (2 ) Tj
0  Tr 7.9454 0  TD 3  Tr 0.2884  Tc -0.2054  Tw (min. ) Tj
0  Tr 20.8567 0  TD 3  Tr 0.2196  Tc -0.1367  Tw (and ) Tj
0  Tr 17.8772 0  TD 3  Tr 0.0126  Tc 0.0704  Tw (transferred ) Tj
0  Tr 49.6588 0  TD 3  Tr 0.1647  Tc -0.0818  Tw (to ) Tj
0  Tr 10.9249 0  TD 3  Tr 0.2196  Tc -0.1367  Tw (a ) Tj
0  Tr 7.9454 0  TD 3  Tr 0.2272  Tc -0.1443  Tw (small ) Tj
0  Tr 24.8294 0  TD 3  Tr 0.1698  Tc -0.0868  Tw (bacteriological ) Tj
0  Tr 63.5632 0  TD 3  Tr 0.2039  Tc -0.1209  Tw (Petri ) Tj
0  Tr 21.8499 0  TD 3  Tr 0.1283  Tc -0.0454  Tw (dish. ) Tj
0  Tr -265.1779 -9  TD 3  Tr 0.0959  Tc -0.013  Tw (The ) Tj
0  Tr 19.8635 0  TD 3  Tr 0.0809  Tc -0.7479  Tw (cells ) Tj
0  Tr 21.8499 0  TD 3  Tr 0.0676  Tc 0.0154  Tw (were ) Tj
0  Tr 22.843 0  TD 3  Tr 0.1406  Tc -0.0577  Tw (viewed ) Tj
0  Tr 31.7816 0  TD 3  Tr 0.2274  Tc -0.1445  Tw (with ) Tj
0  Tr 19.8635 0  TD 3  Tr 0.2196  Tc -0.1367  Tw (a ) Tj
0  Tr 8.9386 0  TD 3  Tr 0.1283  Tc -0.7954  Tw (Leitz ) Tj
0  Tr 22.843 0  TD 3  Tr 0.0675  Tc 0.0155  Tw (Diavert ) Tj
0  Tr 32.7748 0  TD 3  Tr 0.1024  Tc -0.0195  Tw (inverted ) Tj
0  Tr 36.7475 0  TD 3  Tr 0.0255  Tc 0.0575  Tw (microscope ) Tj
0  Tr 50.652 0  TD 3  Tr 0.2274  Tc -0.1445  Tw (with ) Tj
0  Tr -268.1573 -9  TD 3  Tr 0.0034  Tc 0.0795  Tw (phase-contrast ) Tj
0  Tr 64.5564 0  TD 3  Tr 0.0508  Tc 0.0321  Tw (optics. ) Tj
0  Tr 30.7884 0  TD 3  Tr 0.3497  Tc -0.2668  Tw (Single ) Tj
0  Tr 28.8021 0  TD 3  Tr 0.0809  Tc -0.7479  Tw (cells ) Tj
0  Tr 21.8499 0  TD 3  Tr 0.0676  Tc 0.0154  Tw (were ) Tj
0  Tr 23.8362 0  TD 3  Tr 0.0593  Tc 0.0236  Tw (picked ) Tj
0  Tr 29.7953 0  TD 3  Tr 0.1011  Tc -0.0181  Tw (from ) Tj
0  Tr 21.8499 0  TD 3  Tr 0.183  Tc -0.1001  Tw (the ) Tj
0  Tr 15.8908 0  TD 3  Tr 0.0619  Tc 0.021  Tw (suspension ) Tj
0  Tr -237.3689 -9  TD 3  Tr 0.1503  Tc -0.0673  Tw (using ) Tj
0  Tr 25.8226 0  TD 3  Tr 0.2196  Tc -0.1367  Tw (a ) Tj
0  Tr 8.9386 0  TD 3  Tr 0.2247  Tc -0.1417  Tw (hand-pulled ) Tj
0  Tr 53.6315 0  TD 3  Tr 0.2196  Tc -0.1367  Tw (10 ) Tj
0  Tr 12.9113 0  TD 3  Tr 0.3537  Tc -0.2708  Tw (pl ) Tj
0  Tr 11.9181 0  TD 3  Tr 0.1643  Tc -0.0814  Tw (micropipet ) Tj
0  Tr 46.6792 0  TD 3  Tr 0.2196  Tc -0.1367  Tw (and ) Tj
0  Tr 19.8635 0  TD 3  Tr 0.221  Tc -0.1381  Tw (mouth ) Tj
0  Tr 29.7953 0  TD 3  Tr 0.0665  Tc 0.0164  Tw (suction ) Tj
0  Tr 32.7748 0  TD 3  Tr 0.2196  Tc -0.1367  Tw (and ) Tj
0  Tr 18.8703 0  TD 3  Tr -0.0615  Tc 0.1445  Tw (trans- ) Tj
0  Tr -261.2051 -9  TD 3  Tr 0.041  Tc 0.0419  Tw (ferred ) Tj
0  Tr 27.8089 0  TD 3  Tr 0.3537  Tc -0.2708  Tw (in ) Tj
0  Tr 9.9318 0  TD 3  Tr 0.2196  Tc -0.1367  Tw (a ) Tj
0  Tr 7.9454 0  TD 3  Tr 0.226  Tc -0.143  Tw (small’volume ) Tj
0  Tr 57.6042 0  TD 3  Tr 0.0637  Tc 0.0193  Tw ((<0.5 ) Tj
0  Tr 24.8294 0  TD 3  Tr 0.1487  Tc -0.0657  Tw (ul) ) Tj
0  Tr 12.9113 0  TD 3  Tr 0.2593  Tc -0.1763  Tw (into ) Tj
0  Tr 17.8772 0  TD 3  Tr -0.0071  Tc 0.0901  Tw (Terasaki ) Tj
0  Tr 38.7338 0  TD 3  Tr 0.1784  Tc -0.8455  Tw (wells ) Tj
0  Tr 22.843 0  TD 3  Tr 0.0096  Tc 0.0733  Tw ((Falcon) ) Tj
0  Tr 36.7475 0  TD 3  Tr 0.0988  Tc -0.0159  Tw (coated ) Tj
0  Tr -257.2325 -9  TD 3  Tr 0.2274  Tc -0.1445  Tw (with ) Tj
0  Tr 20.8567 0  TD 3  Tr 0.0147  Tc 0.0682  Tw (salt-extracted ) Tj
0  Tr 60.5837 0  TD 3  Tr 0.1045  Tc -0.0215  Tw (extracellular ) Tj
0  Tr 55.6178 0  TD 3  Tr 0.0828  Tc -0.749euu1045  T086  Tc 0.0733  Tc78 0  TD 3aw (4690.2196  Tc -0.10.0  TmMw (BSA, ) Tj
0  Tr 30.7884 0  TD 3  Tr60.0147  Tc-0.0423  ew (and ) Tj
0  Tr 18.8703 0  TD 3  T 0.1643  Tc0.0423beTw Falcon) ) Tj
0  Tr 30.7884 0  TD 3  Tr 0.2196  Tc -0.1367  Tw (and ) Tj
0  Tr 19.8635 0  TD 6  Tc4 0.0034 13 -0.0673(((trans- ) Tj
0  7  Tr27.2325 -9  TD 3  8r 0.1406  197 0.0236tainTw (using ) Tj
0  Tr 30.7884 0  TD 3  Tr 0.2196  Tc -0.1367  Tw (10 ) Tj
0  Tr 11.9181 0  TD 3  Tr 0.3537  Tc -0.2708  Tw (pl ) Tj
0  Tr 9.9318 0  TD 3 1Tr 0.1647  Tc -0.0818ofTw (in ) Tj
0  Tr 9.9318 0  TD 3  21 0.2039  T3-0.0159B-Sw (and ) Tj
0  Tr 19.8635 0  TD 3 3 Tc0.3537  T20-0.0673mediuw (from ) Tj
34.76111.9181 0  TD 3  Tr 0.2196  Tc -0.1367  Tw (and ) Tj
0  Tr 17.8772 0  TD 3  Tr 0.183  Tc -0.1001  Tw (the ) Tj
0  Tr 15.8908 0  TD 3  99 0.0959  Tc-0.1367groww (mouth ) Tj
0  Tr 29.7953 0  TD 6  Tc6c0.3537  61 -0.1209ft-eors(using ) Tj
0  Tr 30.7884 0  TD 3 1Tr 0.1647  Tc -0.0818Tw (into ) Tj
0  Tr 9.9318 0  TD 3  Tr 0.2196  Tc -0.1367be (ul) ) Tj
0  Tr 12.9113 0  TD 3 08r 0.1647  T0 -0.0818Tesext.  T086  Tc 0.0733  Tc78 0  TD 3aw (Tr 0.1784  Tc -0.8455C Tw (wells ) Tj
0  4  Tr 0.2051 -9  TD 3  Tr 0.0676  Tc 0.0154  Tw (were ) Tj
0  Tr 23.8362 0  TD 3  Tr 0.183  Tc -0.1001fxtracted ) Tj
0  Tr 15.8908 0  TD 7  Tc7 0.0959  579-0.1001byracted ) Tj
03.9Tr 0.8362 0  TD 3  5r 0.2274  07 -0.1445replacTw (using ) Tj
41.71330.7884 0  TD 3  Tr 0.2593  Tc -0.1763halfw (and ) Tj
0  Tr 17.8772 0  TD 3  Tr 0.1647  Tc -0.0818ofTw (in ) Tj
10.92421.8499 0  TD 3  Tr 0.183  Tc -0.1001  Tw (the ) Tj
06.r 30.7884 0  TD 3  85 0.1647  T02-0.1367cultuTw (were ) Tj
31.781 8.9386 0  TD 3 3 Tc0.3537  T20-0.0673mediuw (from ) Tj
3  Tr 36.7475 0  TD 3  T Tr 0.226  c4  0.0154everyracted ) Tj
0  Tr 25.8226 0  TD 3  Tr 0.2196  Tc -0.13672 Tw (a ) Tj
0  Tr 7.9454 0  TD 7  T48 0.0034 131-0.0673days.racted ) Tj
0  Tr 25.8226 0  TD 3 095 0.0959  Tc-0.0673T Tw (the ) Tj
52 TrTr 60  58226 0  TD
 0.2974  Tc -0.2144  Tw (ECM ) Tj
0  Tr 23.8362 0  TD 3  Tr -0.0278  Tc -0.6392  Tw (was ) Tj
0  Tr 19.8635 0  TD 3  Tr 0.0659  Tc 0.0171  Tw (used ) Tj
0  Tr 22.843 0  TD 3  Tr 0.1452  Tc -0.8123  Tw (routinely ) Tj
0  Tr 38.7338 0  TD 3  Tr 0.0439  Tc 0.039  Tw (because ) Tj
0  Tr 38.7338 0  TD 3  Tr 0.2988  Tc -0.2159  Tw (it ) Tj
0  Tr 7.9454 0  TD 3  Tr 0.1428  Tc -0.0598  Tw (enhanced ) Tj
0  Tr 44.6929 0  TD 3  Tr 0.183  Tc -0.1001  Tw (the ) Tj
0  Tr 15.8908 0  TD 3  Tr 0.0979  Tc -0.0149  Tw (adherence ) Tj
0  Tr 47.6724 0  TD 3  Tr 0.1647  Tc -0.0818  Tw (of ) Tj
0  Tr 10.9249 0  TD 3  Tr 0.183  Tc -0.1001  Tw (the ) Tj
0  Tr -271.1369 -9  TD 3  Tr 0.0809  Tc -0.7479  Tw (cells ) Tj
0  Tr 20.8567 0  TD 3  Tr 0.1647  Tc -0.0818  Tw (to ) Tj
0  Tr 8.9386 0  TD 3  Tr 0.183  Tc -0.1001  Tw (the ) Tj
0  Tr 15.8908 0  TD 3  Tr 0.2025  Tc -0.1195  Tw (bottom ) Tj
0  Tr 30.7884 0  TD 3  Tr 0.1647  Tc -0.0818  Tw (of ) Tj
0  Tr 9.9318 0  TD 3  Tr 0.183  Tc -0.1001  Tw (the ) Tj
0  Tr 14.8976 0  TD 3  Tr 0.167  Tc -0.084  Tw (wells, ) Tj
0  Tr 25.8226 0  TD 3  Tr 0.183  Tc -0.1001  Tw (but ) Tj
0  Tr 14.8976 0  TD 3  Tr 0.1946  Tc -0.1117  Tw (similar ) Tj
0  Tr 29.7953 0  TD 3  Tr -0.0022  Tc -0.6649  Tw (results ) Tj
0  Tr 29.7953 0  TD 3  Tr 0.0676  Tc 0.0154  Tw (were ) Tj
0  Tr 21.8499 0  TD 3  Tr 0.2395  Tc -0.1565  Tw (obtained ) Tj
0  Tr 37.7407 0  TD 3  Tr 0.1878  Tc -0.1049  Tw (when ) Tj
0  Tr -261.2051 -9  TD 3  Tr 0.2974  Tc -0.2144  Tw (ECM ) Tj
0  Tr 22.843 0  TD 3  Tr -0.0278  Tc -0.6392  Tw (was ) Tj
0  Tr 19.8635 0  TD 3  Tr 0.2266  Tc -0.1436  Tw (omitted. ) Tj
0  Tr -42.7065 -9  TD 3  Tr 0.1688  Tc -0.0858  Tw (Preparation ) Tj
0  Tr 54.6247 0  TD 3  Tr 0.1647  Tc -0.0818  Tw (of ) Tj
0  Tr 11.9181 0  TD 3  Tr 0.2974  Tc -0.2144  Tw (ECM ) Tj
0  Tr -66.5427 -9  TD 3  Tr 0.2285  Tc -0.1456  Tw (Purified, ) Tj
0  Tr 37.7407 0  TD 3  Tr 0.0647  Tc 0.0182  Tw (cortical, ) Tj
0  Tr 36.7475 0  TD 3  Tr 0.0835  Tc -0  Tw (type-l-like ) Tj
0  Tr 46.6792 0  TD 3  Tr -0.0632  Tc 0.1462  Tw (astrocyte ) Tj
0  Tr 41.7134 0  TD 3  Tr 0.0255  Tc -0.6926  Tw (cultures ) Tj
0  Tr 36.7475 0  TD 3  Tr 0.0676  Tc 0.0154  Tw (were ) Tj
0  Tr 23.8362 0  TD 3  Tr 0.0994  Tc -0.0164  Tw (prepared ) Tj
0  Tr 41.7134 0  TD 3  Tr -0.0879  Tc -0.5791  Tw (by ) Tj
0  Tr 13.9045 0  TD 3  Tr 0.2196  Tc -0.1367  Tw (a ) Tj
0  Tr -279.0823 -9  TD 3  Tr 0.2208  Tc -0.1378  Tw (method ) Tj
0  Tr 32.7748 0  TD 3  Tr 0.2875  Tc -0.2046  Tw (modified ) Tj
0  Tr 36.7475 0  TD 3  Tr 0.1011  Tc -0.0181  Tw (from ) Tj
0  Tr 20.8567 0  TD 3  Tr 0.2373  Tc -0.1543  Tw (Nobleand ) Tj
0  Tr 42.7065 0  TD 3  Tr -0.0238  Tc -0.6433  Tw (Murray ) Tj
0  Tr 30.7884 0  TD 3  Tr 0.1127  Tc -0.0298  Tw ((1984)and ) Tj
0  Tr 44.6929 0  TD 3  Tr 0.3729  Tc -0.29  Tw (Lillien ) Tj
0  Tr 25.8226 0  TD 3  Tr 0.1647  Tc -0.0818  Tw (et ) Tj
0  Tr 8.9386 0  TD 3  Tr 0.2724  Tc -0.1895  Tw (al. ) Tj
0  Tr 11.9181 0  TD 3  Tr 0.0665  Tc 0.0164  Tw ((1988). ) Tj
0  Tr -255.2461 -9  TD 3  Tr 0.1146  Tc -0.0316  Tw (Newborn ) Tj
0  Tr 39.727 0  TD 3  Tr 0.0227  Tc 0.0603  Tw (rat ) Tj
0  Tr 12.9113 0  TD 3  Tr 0.056  Tc 0.0269  Tw (cerebral ) Tj
0  Tr 36.7475 0  TD 3  Tr 0.099  Tc -0.7661  Tw (hemispheres ) Tj
0  Tr 55.6178 0  TD 3  Tr 0.0676  Tc 0.0154  Tw (were ) Tj
0  Tr 22.843 0  TD 3  Tr 0.0907  Tc -0.0077  Tw (dissociated ) Tj
0  Tr 49.6588 0  TD 3  Tr 0.2593  Tc -0.1763  Tw (into ) Tj
0  Tr 17.8772 0  TD 3  Tr 0.2065  Tc -0.1236  Tw (single ) Tj
0  Tr 26.8157 0  TD 3  Tr 0.0857  Tc -0.0027  Tw (cells, ) Tj
0  Tr -263.1915 -9  TD 3  Tr 0.1248  Tc -0.0419  Tw (which ) Tj
0  Tr 27.8089 0  TD 3  Tr 0.0676  Tc 0.0154  Tw (were ) Tj
0  Tr 23.8362 0  TD 3  Tr 0.1024  Tc -0.0195  Tw (cultured ) Tj
0  Tr 37.7407 0  TD 3  Tr 0.3537  Tc -0.2708  Tw (in ) Tj
0  Tr 10.9249 0  TD 3  Tr 0.3071  Tc -0.2241  Tw (DMEM ) Tj
0  Tr 30.7884 0  TD 3  Tr 0.2008  Tc -0.1179  Tw (containing ) Tj
0  Tr 47.6724 0  TD 3  Tr 0.1325  Tc -0.0496  Tw (10% ) Tj
0  Tr 21.8499 0  TD 3  Tr 0.1348  Tc -0.0518  Tw (FCS ) Tj
0  Tr 22.843 0  TD 3  Tr 0.305  Tc -0.222  Tw (until ) Tj
0  Tr 19.8635 0  TD 3  Tr 0.0384  Tc -0.7055  Tw (they ) Tj
0  Tr 20.8567 0  TD 3  Tr 0.0676  Tc 0.0154  Tw (were ) Tj
0  Tr -264.1847 -9  TD 3  Tr 0.152  Tc -0.0691  Tw (confluent. ) Tj
0  Tr 43.6997 0  TD 3  Tr 0.1784  Tc -0.8455  Tw (Cells ) Tj
0  Tr 22.843 0  TD 3  Tr 0.0676  Tc 0.0154  Tw (were ) Tj
0  Tr 22.843 0  TD 3  Tr 0.0146  Tc 0.0683  Tw (shaken ) Tj
0  Tr 31.7816 0  TD 3  Tr 0.1154  Tc -0.0325  Tw (overnight ) Tj
0  Tr 40.7202 0  TD 3  Tr 0.2196  Tc -0.1367  Tw (on ) Tj
0  Tr 13.9045 0  TD 3  Tr (a ) Tj
0  Tr 6.9522 0  TD 3  Tr 0.2  Tc -0.117  Tw (cell ) Tj
0  Tr 16.884 0  TD 3  Tr 0.0508  Tc 0.0321  Tw (rotator ) Tj
0  Tr 28.8021 0  TD 3  Tr 0.1647  Tc -0.0818  Tw (to ) Tj
0  Tr 9.9318 0  TD 3  Tr 0.0564  Tc 0.0266  Tw (remove ) Tj
0  Tr 33.768 0  TD 3  Tr 0.183  Tc -0.1001  Tw (the ) Tj
0  Tr -272.1301 -9  TD 3  Tr (top ) Tj
0  Tr 15.8908 0  TD 3  Tr 0.054  Tc 0.0289  Tw (layer ) Tj
0  Tr 22.843 0  TD 3  Tr 0.1647  Tc -0.0818  Tw (of ) Tj
0  Tr 9.9318 0  TD 3  Tr 0.0857  Tc -0.0027  Tw (cells, ) Tj
0  Tr 24.8294 0  TD 3  Tr 0.2196  Tc -0.1367  Tw (and ) Tj
0  Tr 17.8772 0  TD 3  Tr 0.0088  Tc 0.0742  Tw (cytosine ) Tj
0  Tr 36.7475 0  TD 3  Tr 0.1688  Tc -0.0858  Tw (arabinoside ) Tj
0  Tr 51.6451 0  TD 3  Tr 0.0593  Tc 0.0236  Tw ((10 ) Tj
0  Tr 14.8976 0  TD 3  Tr 0.1795  Tc -0.0965  Tw (PM) ) Tj
0  Tr 18.8703 0  TD 3  Tr -0.0278  Tc -0.6392  Tw (was ) Tj
0  Tr 18.8703 0  TD 3  Tr 0.2196  Tc -0.1367  Tw (added ) Tj
0  Tr 27.8089 0  TD 3  Tr 0.0227  Tc 0.0603  Tw (for ) Tj
0  Tr 13.9045 0  TD 3  Tr 0.2196  Tc -0.1367  Tw (24 ) Tj
0  Tr -273.1233 -9  TD 3  Tr -0.0209  Tc 0.1038  Tw (hr ) Tj
0  Tr 10.9249 0  TD 3  Tr 0.1647  Tc -0.0818  Tw (to ) Tj
0  Tr 11.9181 0  TD 3  Tr 0.267  Tc -0.184  Tw (kill ) Tj
0  Tr 14.8976 0  TD 3  Tr 0.0146  Tc -0.6817  Tw (any ) Tj
0  Tr 18.8703 0  TD 3  Tr 0.1397  Tc -0.8067  Tw (rapidly ) Tj
0  Tr 30.7884 0  TD 3  Tr 0.2433  Tc -0.1604  Tw (dividing ) Tj
0  Tr 35.7543 0  TD 3  Tr 0.0857  Tc -0.0027  Tw (cells. ) Tj
0  Tr 24.8294 0  TD 3  Tr 0.034  Tc 0.0489  Tw (To ) Tj
0  Tr 14.8976 0  TD 3  Tr 0.0822  Tc 0  Tw (prepare ) Tj
0  Tr 35.7543 0  TD 3  Tr 0.2505  Tc -0.1675  Tw (ECM, ) Tj
0  Tr 25.8226 0  TD 3  Tr 0.183  Tc -0.1001  Tw (the ) Tj
0  Tr 16.884 0  TD 3  Tr 0.0809  Tc -0.7479  Tw (cells ) Tj
0  Tr 21.8499 0  TD 3  Tr 0.0676  Tc 0.0154  Tw (were ) Tj
0  Tr -264.1847 -9  TD 3  Tr 0.0797  Tc 0.00  o.74he kill ro were 

war 18DL-coat8089 0  TD 3  Tr 0.0593  Tc 0.0236   Tw (Cells ) Tj
0  Tr w1.8499 0  TD 3  T3.836088  Tc 0.0742  1Tw (of ) Tj
0  Tr 9.9318 0  TD 3  Tr 0.0857  Tc -0.00292  0w (DMEM) Tjr 28.802Terasaki94 0  TD 3  T8.73383  Tc -0.1001  T38 (of ) Tj
5de 
c e l l s  were 

were 
in  2 mM phosphate buffer (pH 7.5). 

The resulting ECM was washed with DMEM (10 a time-lapse video 
tape recorder (Panasonic Model AG6720A), which acquired images at 
a rate of one image every 6 s. At the same time, images were also 
captured once every 4 min by a computer-controlled image processor 
(Matrox MVP-AT); these images were signal averaged and enhanced 
and then later transferred to videotape to make a high speed summary 
of the recording period. After 24 hr of recording, the process of death 
was observed from the videotapes by following the fates of individual 
cells. 

DNA Fragmentation Assay 
Purified 0-2A of o  Tr 10.9249 0  TD 3  Tr 0.0778  Tc 0.087  Tw (recording ) 353  Tr 27.80708r 0 -18 .0778  Tc 0.087  Tw (recording ) 2Tr 90.37970.16 TrA5TB-Sr 0.0085  Tc 0.0704  Tw (transferr303  Tr 20.822038 0  Tmedium0.139 (summary 7  Tw (cells. ) Tj
208ls. ) Tj
029 0  TD 3ithoutr 0.2196  Tc -0.1367  Tw (24 ) Tj
22 -90.37970.466r 0 -18 sulinTr 0.2196  Tc -0.1367  Tw (24 ) Tj
Tr 0  Tr 9.93138 0  TTTr 0.1647  Tc Tc 8red7  Tw (DNA ) Tj
0  -20  Tr 9.93 me, ) disTr 0.0085  Tc c -0.0181  Tw (from ) Tj
0  Tr 40.7202 0  TD 3  Tr 0.1011  Tc -0.0181  Tw (from ) 1367  Tr 15.138 0  Tr8 sTD 3  Tr 0.1647  Tc -0.0818  Tw (of 22
ls. ) Tj
04450  TD 3ith.2196  Tc -0Tc -0.0181  Tw (from )2r -90.37970.1668  Tc 50.0966  Tc -0.0137  Tw (speed ) T41  Tr 20.8-20D 3  Tr 0.2196  Tc -0TTc -0.1001  Tw (the )1 15.8908 0  TD 3  Tr 0.0742  Tc 0.0087  Tw (recording ) T34say 24 c e l l s .  f 4   T w  4  0   T D  3    T D T c  - 0 . 1 [ p H . 6  T c  4 a   T r  6 . 8 8 j 
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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   T r  27 .8089  0   TD  3   T r  -0 .1428   Tc  0 .2258   Tw  ( J .  )  T j 
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 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 
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 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 
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