
The Journal of Neuroscience, May 1987, 7(5): 1595-l 800 

Interactions Between Growth Cones and Neurites Growing from 
Different Neural Tissues in Culture 

Josef P. Kapfhammer and Jonathan A. Raper 

Max-Planck-lnstitut fh Entwicklungsbiologie, 7400 Ttibingen, Federal Republic of Germany 

We have previously used retinal and sympathetic explants 
to show that growth cones recognize and retract from spe- 
cific neurites in culture (Kapfhammer et al., 1988). In an 
effort to determine the generality of this phenomenon and 
to see how many different neurite labels can be detected 
by it, we have studied interactions between individual growth 
cones and neurites extending from a variety of neural 
sources in vitro. 

Using most of the possible pairings between sympathetic, 
ciliary, dorsal root ganglion (DRG), retinal, and diencephalic 
neurons, we have found that in most instances: (1) Growth 
cones do not retract from neurites originating from the same 
tissue; (2) retinal growth cones do not retract from dience- 
phalic neurites; (3) sympathetic, ciliary, and DRG growth 
cones, with one possible exception, do not retract from 
sympathetic, ciliary, or DRG neurites; (4) retinal growth cones 
retract from sympathetic, ciliary, and DRG neurites; (5) sym- 
pathetic, ciliary, and DRG growth cones retract from retinal 
neurites; and (8) sympathetic growth cones retract from 
diencephalic neurites. 

A simple hypothesis consistent with these results is that 
2 labels exist-one associated with central neurites and 
another associated with peripheral neurites-and that pe- 
ripheral growth cones are programmed to retract from the 
central label and central growth cones are programmed to 
retract from sympathetic, ciliary, and DRG neurites; (5) sym- 
evant to the separation of the CNS and PNS during devel- 
opment. 

The interaction of growth cones with neurites in their immediate 
environment can play an important role in growth cone guidance 
(Raper et al., 1983, 1984; Bonhoeffer and Huf, 1985; Bastiani 
et al., 1986; Kuwada, 1986). Time-lapse cinematography has 
been used in the past to study the behavior of growth cones 
contacting neurites in simple tissue culture environments. Na- 
kajima (1965) reported that chick growth cones extending in a 
plasma clot either cofasciculated on, crossed over, or retracted 
away from neurites in their path. Dunn (1971) explained the 
radial extension of neurites from dorsal root ganglia (DRG) 
grown in plasma clots by the contact inhibition of growth cones 
that contacted other net&es. In contrast, Wessells et al. (1980) 
reported that individual growth cones extending from chick 
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DRG or ciliary neurons growing on polylysine or collagen sub- 
strates cross other axons easily and without contact inhibition. 

Using cocultures of retinal and sympathetic explants in a 
manner similar to that described by Bray et al. (1980), we have 
shown that sympathetic growth cones extending on laminin 
cross sympathetic neurites without inhibition. The same is true 
for retinal growth cones crossing retinal net&es. However, sym- 
pathetic growth cones retract on contact from retinal neurites, 
as do retinal growth cones from sympathetic neurites (Kapfham- 
mer et al., 1986). When a growth cone touches an incompatible 
neurite, its normal, flattened, motile morphology collapses and 
its trailing neurite retracts (Kapthammer and Raper, 1987). A 
new growth cone is usually organized after a brief delay. These 
events-contact mediated paralysis, retraction, and recovery- 
bear a strong resemblance to the contact inhibition of loco- 
motion that occurs between many non-neuronal cells (Aber- 
crombie, 1970). 

These results cannot be explained by nonspecifc, purely pas- 
sive mechanisms. Instead, they suggest that some form of spe- 
cific cell-cell recognition triggers the collapse of growth cone 
motility. They imply that there exists at least one difference 
between sympathetic and retinal neurites that allows growth 
cones to distinguish between them. Also implicit is a comple- 
mentary difference in retinal and sympathetic growth cones that 
causes them to react in opposite ways to the same stimulus. 

These findings are consistent with the labeled pathways hy- 
pothesis, originally proposed to explain the navigational abilities 
of middle and late-growing neurites in the CNS of invertebrates 
(Goodman et al., 1982; Raper et al., 1983). It predicts that (1) 
axons are specifically labeled and (2) growth cones are differ- 
entially programmed to prefer to grow in association with cer- 
tain labels as opposed to others. 

One object of this study was to determine if the growth cone 
retractions we described between retinal and sympathetic tissues 
are representative of a more general phenomenon, applicable 
to a wide range ofgrowth cone-neurite pairings. If so, our second 
object was to determine how many different neurite labels can 
be detected in this way. To these ends, we tested most of the 
possible growth cone-net&e pairings of DRG, sympathetic 
ganglia, ciliary ganglia, and retinal tissues, as well as pairings of 
retinal or sympathetic growth cones with a population of early 
diencephalic net&es. 

We found that, as a rule, growth cones from the PNS do not 
retract from other PNS neurites but do retract from the limited 
selection of CNS neurites we tested. Retinal growth cones retract 
from PNS neurites but not from the CNS neurites we tested. 
These results tentatively suggest that the retraction phenomenon 
we have described reflects a general difference between central 
and peripheral neurites and growth cones. 
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Table 1. Culture media used for the different growth cone-neurite 
combinations 

Medium 

F12 

l-d HCM 213 
+ 3-d HCM l/3 

F12 or l-d HCM 

Tissue combinations cultured 

Ret gc vs. Ret; Sym gc vs. Sym; 
Ret gc vs. Sym; Ret gc vs. DRG, 
DRG gc vs. DRG; Ret gc vs. DEC, 
Sym gc vs. DRG; DRG gc vs. Sym; 
Sym gc vs. Ret; DRG gc vs. Ret 
Cil gc vs. Cil; Cil gc vs. Sym; 
Sym gc vs. Cil; Ret gc vs. Cil 
Sym gc vs. DEC 

F12 is the medium described by Kapkammer et al. (1986), l-d HCM is F12 
medium conditioned 1 d over heart cells (Kapfhammer et al., 1987), and 3-d 
HCM is the same. medium conditioned for 3 d. Abbreviations: Ret, retina; gc, 
growth cone; Sym, sympathetic; DRG, dorsal root ganglion; DEC, diencephalon; 
Cil, ciliary. 

Materials and Methods 
Explants. Embryonic day 6 (E6) retinal explants and E8 sympathetic 
explants were made as described earlier (Kapfhammer et al., 1986). 
DRGs were dissected from the lumbosacral region of E8 chick embryos 
and cut into halves or quarters before culturing. Ciliary ganglia were 
taken from E9 chick embryos and cut into halves. The diencephalon of 
E4 chick embryos was disSected and cut into pieces measuring approx- 
imatelv 2.50 x 250 urn before culturing. We do not know the identitiy 
of the-very long ne&ites (> 1000 pm)that grow from these explants, 
although it is possible that they normally contribute to the very early 
developing, descending thalamotegmental and/or medial longitudinal 
pathways (Windle and Austin, 1936). All explants were positioned 2- 
4 mm apart and briefly pressed against the substrate to aid in their 
attachment (Kapfhammer et al., 1986). 

Cultures. All explants were grown on laminin-coated glass coverslips 
(Kapfhammer et al., 1986). Most explant pairs were cultured in F12 
medium with 5% chick serum, 5% fetal calf serum, and supplemented 
as in Kapfhammer et al. (1986). Some tissue combinations were cultured 
in the same medium conditioned by a monolayer of heart cells 
(Kapfhammer and Raper, 1987). It is difficult to obtain optimal growth 
from all the tissues in the same medium. Sympathetic explants grow 
best in medium conditioned for at least 1 day (1 d HCM), ciliary explants 
in medium conditioned 3 d (3 d HCM), and retinas in unconditioned 
medium or medium conditioned no more than 1 day. The medium we 
used for each pairing (Table 1) was chosen as a healthy compromise 
between the competing requirements of each of the 2 explants. 

Recordings and analysis. Video recordings were taken between 20 
and 72 hr of culture time. For the tissue combinations involving dien- 
cephalic explants, a piece of diencephalic tissue was cultured for 48 hr 
until the time when significant fiber outgrowth had begun. Then, a 
second explant was positioned nearby and viedo recordings were made 
between 20 and 48 hr thereafter. 

The video system, the selection of recordings, the identification of 
the involved growth cones and neurites, and the methods of analysis of 
the recordings were the same as described in Kapfhammer et al. (1986). 
In brief, situations were chosen at random in which growth cones and 
neurites could be traced back to their explant of origin. Only cases in 
which growth cones approached neurites at an angle of between 60” and 
120” were analyzed. Video recordings were made with a 25 x lens and 
at a time-lapse factor of 125 x . The paths of growth cones were traced 
from the screen as the videos were replayed and converted into plots 
relating the distances between growth cones and neurites as a function 
of time. The numbers for retractions, crossings, and delays were ex- 
tracted from these plots according to our previous definitions (Kapfiam- 
mer et al., 1986). 

Results 
Like pairs 
We tested the behavior of growth cones that were confronted 
with neurites from the same tissues. Figure 1 illustrates the 

distances between growth cones and neurites (y-axis) as a func- 
tion of time (x-axis). These values are positive as the growth 
cones approach neurites, zero as they cross them, and negative 
thereafter (see Kapfhammer et al., 1986). Figure 1A shows rep- 
resentative confrontations between a retinal growth cone and a 
retinal neurite (Fig. M-l), a sympathetic growth cone and a 
sympathetic neurite (Fig. U-2), a DRG growth cone and a DRG 
neurite (Fig. M-3), and a ciliary growth cone and a ciliary neu- 
rite (Fig. U-4). In each of these pairings growth cones are hardly 
influenced by the neurites in their paths. They generally cross 
like neurites without retracting, and are consequently delayed 
little or not at all. 

Unlike CNS pairs and unlike PNS pairs 
The same pattern holds for 1 pairing between 2 CNS tissues, 
and all but one of the pairings between 3 PNS tissues. Retinal 
growth cones cross diencephalic neurites without retraction or 
delay (Fig. lB- 1). Retraction generally does not occur between 
sympathetic growth cones confronting DRG neurites (Fig. 1 B- 
2), DRG growth cones confronting sympathetic neurites (Fig. 
lB-3), or ciliary growth cones confronting sympathetic neu- 
rites (Fig. lB-4). In all of these CNS vs. CNS or PNS vs. PNS 
pairings, growth cones behave as if they were meeting neurites 
from their own tissue of origin. The only exception to this pat- 
tern is that a majority of sympathetic growth cones retract (Fig. 
1 B-5) and are delayed when crossing ciliary neurites. 

Retinal growth cones versus PNS neurites 
The only type of CNS growth cone we used in this study was 
from retinal explants, since in our cultures the extension of 
growth cones from other CNS tissues we tested was not consis- 
tent enough to be analyzed. Retinal growth cones cross PNS 
neurites with greater difficulty than CNS neurites. Retinal growth 
cones meeting sympathetic (Fig. lC-Z), DRG (Fig. lC-2), or 
ciliary neurites (Fig. 1 C-3) usually retract on contact. Although 
their advance is delayed, they generally cross peripheral neurites 
upon readvancing once or twice. These results are in sharp con- 
trast to the lack of retraction or delay shown by retinal growth 
cones crossing retinal (Fig. U-1) or diencephalic neurites (Fig. 
l&l). 

PNS growth cones vs. CNS neurites 
Growth cones from PNS tissues generally retract from retinal 
neurites. Sympathetic (Fig. lD-1), DRG (Fig. lo-2), and ciliary 
(Fig. 10-3) growth cones usually retract on contact. Their ad- 
vance is greatly delayed, and they are-frequently unable to cross 
retinal neurites at all. The same pattern holds for sympathetic 
growth cones that meet diencephalic neurites (Fig. lo-4), al- 
though sympathetic growth cones cross diencephalic neurites 
more frequently than retinal neurites (Table 2). 

Quantitative results 
We analyzed between 16 and 5 3 growth cone-neurite interac- 
tions for each tissue pair we studied. The majority of growth 
cones behaved like the representative examples given in Figure 
1 for each tissue pair. There were always some growth cones, 
however, that behaved differently. The complete quantitative 
data for all the growth cone neurite interactions we analyzed 
are given in Table 2. Listed for every tissue combination are 
the number of interactions analyzed, the precentage of growth 
cones that retracted from neurites, the percentage of growth 
cones that crossed neurites, and the percentage of growth cones 
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A LIKE PAIRS ,B UNUKE CENTRAL PAIRS AND UNLIKE PERIPHERAL PAIRS 

19 RETINAL SC VS PERIPHERAL NEURITE D PERIPHERAL gc VS CENTRAL NEURITE 

bb 

that were delayed for longer than 10 min by neurites. 
It can be seen that retinal and ciliary growth cones are less 

often delayed by like neurites than are sympathetic and DRG 
growth cones. In the latter 2 pairings, there is a significant mi- 
nority of instances in which retraction or delay occurs. 

Retinal growth cones generally do not retract nor are they 
significantly delayed when meeting retinal or diencephalic neu- 
rites. The same is true for DRG growth cones meeting DRG or 
sympathetic neurites, ciliary growth cones meeting ciliary or 
sympathetic neurites, or sympathetic growth cones meeting 
sympathetic or DRG neurites. Sympathetic growth cones are 
more likely to retract from ciliary neurites than they are from 
sympathetic or DRG neurites. 

The percentages of retractions and delays are very high for 
all combinations of retinal growth cones confronting PNS neu- 
rites or PNS growth cones confronting CNS neurites. However, 
retinal growth cones are more likely to cross PNS neurites than 
PNS growth cones are to cross CNS neurites. 

These results are reflected by the distribution of delay times 
for each pairing (Fig. 2). These distributions are always skewed 
towards shorter delay times when like growth cones meet like 
neurites (Fig. 2: A, E, J, N), when retinal growth cones meet 
diencephalic neurites (Fig. 2B), or when PNS growth cones meet 
other PNS neurites (Fig. 2: F, K, 0). In contrast, delay times 
are skewed to the right whenever retinal growth cones meet PNS 
neurites (Fig. 2: C, G, L) or when PNS growth cones meet CNS 
neurites (Fig. 2: D, H, M, Q). The distributions of delay times 
are remarkably similar for those pairings in which retraction 
generally does not occur (Fig. 2: first and second columns). The 
distributions are also similar for pairings in which retraction 
generally occurs (Fig. 2: third and fourth columns). 

A summary of all our results is given in Table 3. Pluses mark 
those growth cone-neurite combinations in which significant 
retractions and delays are found. Minuses mark those growth 
con+neurite combinations in which no significant retractions 
or delays occur. 

Discussion 

Figure 1. Selection of plots from rep- 
resentative growth cone neurite en- 
counters. Time is shown on the x-axis, 
distance between growth cone and neu- 
rite on the y-axis. A growth cone crosses 
a neurite when y  = 0. Abbreviations: 
Ret, retina; Sym, sympathetic; Cil, cil- 
iary; DRG, dorsal root ganglion; DEC, 
diencephalon; gc, growth cone. Cali- 
brations (thickened regions of axes), 30 
min, 50 pm. A, Interactions between 
growth cones and neurites from the same 
tissues: 1, Ret gc vs. Ret; 2, Sym gc vs. 
Sym; 3, DRG gc vs. DRG, 4, Cil gc vs. 
Cil. B, Interactions between growth 
cones and neurites from unlike CNS tis- 
sues and between growth cones and 
neurites from unlike PNS tissues: I, Ret 
gc vs. DEC, 2, Sym gc vs. DRG, 3, 
DRG gc vs. Sym; 4, Cil gc vs. Sym; 5, 
Sym gc vs. Cil. C, Interactions between 
retinal growth cones and neurites from 
PNS tissues: I, Ret gc vs. Sym; 2, Ret 
gc vs. DRG, 3, Ret gc vs Cil. D, Inter- 
actions between growth cones from PNS 
tissues and neurites from CNS tissues: 
I, Sym gc vs. Ret; 2, DRG gc vs. Ret; 
3, Cil gc vs. Ret; 4, Sym gc vs. DEC. 

In 2 previous papers we have shown that retinal growth cones 
retract on contact from sympathetic neurites but not from retinal 
neurites, while sympathetic growth cones retract on contact from 
retinal neurites but not from sympathetic neurites (Kapfhammer 

Table 2. Numerical results for all growth cone-neurite combinations 

Combination n %R %X %D 

Like pairs 
Ret vs. Ret gc 44 2 100 9 
Sym gc vs. Sym 29 28 93 45 
DRG vs. DRG gc 17 12 100 47 
Cil vs. Cil gc 21 5 100 14 

Unlike central pairs and unlike peripheral pairs 
Ret vs. DEC gc 39 8 97 15 
Sym gc vs. DRG 18 11 100 22 
DRG vs. Sym gc 16 13 100 44 
Cil vs. Sym gc 31 10 100 16 
Sym gc vs. Cil 49 55 96 61 

Retinal gc vs. peripheral neurite 
Ret gc vs. Sym 38 79 68 84 
Ret vs. DRG gc 32 66 72 69 
Ret vs. Cil gc 22 91 77 86 

Peripheral gc vs. central neurite 
Sym gc vs. Ret 24 96 29 96 
DRG vs. Ret gc 33 91 42 97 
Cil vs. Ret gc 21 95 48 100 
Sym gc vs. DEC 53 85 62 89 

For each combination is shown the number of growth cone-neurite interactions 
analyzed (n), the percentage of cases where growth cones retracted from neurites 
(o/OR), the percentage of cases where growth cones crossed neurites (o/OX), and the 
percentage of cases where growth cones were delayed by neurites for more than 
10 min (%D). The growth cone-neurite combinations are arranged in the same 
order as in Figure 1. 
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c RET gc VS SYM D SYM gc vs RET A RET gc VS RET B RET gc VS DEC 

E SYM gc vs SYM 

J DRG gc VS DRG 

F SYM gc VS DRG 

K DRG gc VS SYM 

G RET gc VS DRG H DRG gc VS RET 

L RET gc VS CIL M GIL gc VS RET 

N GIL gc vs GIL 0 CIL gc VS SYM 

min:O 10 30 >50 

p SYM gc VS CIL Q SYM gc VS DEC 

010 30 >50 0 10 30 >50 

Figure 2. Distributions of delay times for various growth cone-net&e combinations. Each histogram shows the percentage of delay times that 
fell into each of the 10 min intervals indicated on the bottom. The last bin represents all delay times > 50 min. The number of cases analyzed for 
each combination is given in Table 2. Abbreviations as in legend to Figure 1. 

et al., 1986; Kaplhammer and Raper, 1987). These results imply 
that sympathetic and retinal neurites are differentially labeled 
and that sympathetic and retinal growth cones behave differently 
when confronted with the same labels. In an effort to determine 
the generality of this phenomenon and to determine how many 
different axonal labels might be detected in this manner, we 
have now extended our observations to include interactions 
between a variety of growth cones and neurites. 

Thus far, our results suggest that growth cones generally do 
not retract from neurites arising from the same neural tissue. 
Within this generalization, some differences may be found. Ret- 
inal growth cones retract from retinal neurites and ciliary growth 
cones retract from ciliary neurites less often than DRG growth 
cones retract from DRG neurites or sympathetic growth cones 

retract from sympathetic neurites. One possible explanation for 
these differences is that more frequent retractions within a tissue 
type reflect a greater heterogeneity of labels within that tissue. 

Our results also suggest that peripheral growth cones generally 
do not retract from other peripheral net&es. This pattern holds 
true for all but 1 pairing, in which sympathetic growth cones 
meet ciliary net&es. Sympathetic growth cones retract 25% of 
the time from sympathetic neurites, 50% of the time from ciliary 
neurites, and more than 80% of the time from retinal or dien- 
cephalic neurites. The retraction of sympathetic growth cones 
from ciliary neurites is therefore relatively weak. The sympa- 
thetic-ciliary pairing is also unusual in that it is the only com- 
bination in which we observed asymmetric interactions between 
2 tissues. Ciliary growth cones respond very similarly to both 
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Table 3. Summary of the results for all growth cone-neurite 
combinations 

Ret DEC Sym DRG Cil 

Growth cones are given at left, neurites above. Combinations in which the majority 
of growth cones cross neurites without being inhibited are marked with a minus 
(no inhibition); combinations in which the majority of growth cones retract and 
are delayed by neurites are marked with a plus (inhibition); ambiguous cases are 
marked with both symbols (i); and combinations that were not tested are marked 
“n.d.” (not determined). The lines separate CNS from PNS tissues. 

ciliary neurites and sympathetic neurites, while sympathetic 
growth cones are more likely to retract from ciliary as opposed 
to sympathetic neurites. 

Our results further suggest that peripheral growth cones retract 
from central neurites and that retinal neurites retract from pe- 
ripheral neurites. 

The simplest rule consistent with these results is that periph- 
eral growth cones retract from central neurites, central growth 
cones retract from peripheral neurites, peripheral growth cones 
do not retract from peripheral neurites, and central growth cones 
do not retract from central neurites. This pattern could be gen- 
erated by a very small number of labels. The minimal require- 
ments would be that central and peripheral neurites have at least 
one difference between them and that central and peripheral 
growth cones have a complementary difference responsible for 
their conflicting behavior when faced with the same cues. 

One particularly straightforward hypothesis is that there exists 
a “central” axonal label and a “peripheral” axonal label: Only 
peripheral growth cones read and retract in response to the 
central label, and only central growth cones read and retract in 
response to the peripheral label. Relevant to this notion are the 
findings of Cohen and Selvendran (198 1) and Vulliamy et al. 
(198 l), who demonstrated the existence of CNS- and PNS-spe- 
cific cell surface antigens. 

The possibility that there is a division into central and pe- 
ripheral neurite labels must be considered a tentative hypoth- 
esis, subject to disproof based on data from a wider range of 
tissue combinations. 

An alternative hypothesis is that we detected incompatibilities 
between central and peripheral tissues merely because, of those 
we tested, they are the least alike. The peripheral tissues we used 
in this study represent a broad spectrum of neural crest-derived 
phenotypes, including sensory, sympathetic, and parasympa- 
thetic ganglia. It might be useful to include placode-derived 
tissues in future studies. Our results are also necessarily based 
on a very narrow range of central tissues, which should be aug- 
mented in the future. 

The specific repulsive effects produced by labels divided be- 
tween the CNS and PNS might partially explain the observation 
that long projecting axons rarely extend for great distances in 
both the CNS and PNS. One exception, the simultaneous ex- 
tension of DRG axon segments in the dorsal spinal cord and in 
the periphery, could be explained if the segments possess sep- 
arate peripheral and central labels. This presumed segregation 
of peripheral and central labels within 1 neuron might, in turn, 
explain why nearly 50% of our cultured DRG growth cones were 
delayed by DRG neurites. However, this line of reasoning does 

Table 4. A simple labeling scheme consistent with the present data 

Tissue Labels Receptivity Tissue avoided 

Sw P c’, X’ Ret DEC Cil _,-‘- 
DRG P C Ret, DEC 
Cil p, x C’ Ret, DEC 

Ret C P Sym, DRG, Cil 

DEC C ? ? 

Each tissue is listed in the leftmost column. A hypothetical assignment of neurite 
labels is made in the second column. Growth cone receptivity is indicated in the 
third column. If a growth cone’s receptivity matches a label, retraction is assumed 
to occur. Predicted retractions are listed in the last column, retractions actually 
observed in this study are underlined. Abbreviations: tissues as in Table 1; P, 
peripheral; C, central; X, a third label; P’, C’, and X’ represent the corresponding 
receptivities. 

not help to explain the same observation for sympathetic-sym- 
pathetic interactions. A possibility of more general interest is 
suggested by another exceptional case. Rohon-Beard cells are 
primary sensory neurons in amphibia and fish. They extend 
their axons in the CNS (Kuwada, 1986) and PNS (Roberts and 
Hayes, 1977) early enough to avoid the interference of other 
axon types. They may be able to grow long distances in both 
the CNS and PNS by virtue oftheir early start. The same strategy 
might also apply to DRG neurites. Even if they possess an 
exclusively “peripheral” label, they enter the cord early enough 
to avoid the interference of central axons (Ramon y Cajal, 1972; 
E. B. Grunewald and J. A. Raper, unpublished observations) 
and thereby establish their own exclusive tract for later-arriving 
DRG axons to grow in. Finally, a growth cone capable ofgrowing 
in association with any label could be generated by removing 
or inactivating the receptors on the growth cone that read the 
label. 

We obtained only 1 result hinting at labels that do more than 
differentiate central and peripheral processes, specifically, the 
retraction of sympathetic growth cones from ciliary neurites. If 
the intermediate level of sympathetic-ciliary retractions we ob- 
served implies an incompatibility between sympathetic growth 
cones and ciliary neurites, and keeping in mind that there is no 
corresponding incompatibility between ciliary growth cones and 
sympathetic neurites, the presence of as few as 3 separate axonal 
labels would comfortably explain all of our results (Table 4). 

Similar additional incompatibilities between axon pairs could, 
in theory, coexist independently with a more general antipathy 
between central and peripheral neurites. Since it is in the CNS 
that neurite-neurite interactions can be expected to play their 
greatest role in growth cone guidance, it may be that additional 
labels will be found when a more extensive range of central 
pairings is possible. 

It is somewhat disappointing that such a small number of 
putative labels can explain all our results. By implication, the 
labeled pathway hypothesis envisions a reasonably wide spec- 
trum of axonal labels. That they were not forthcoming in this 
study might suggest that (1) if they exist, they are positive rather 
than negative in their effects; (2) a wide variety of labels is more 
likely to be found on central than on peripheral neurites; (3) the 
appropriate labels are not expressed in our culture conditions; 
or (4) labels are more likely to be detected between neurites 
known to interact in vivo, as opposed to the unphysiological 
pairings necessarily used in this study. 

Growth cone motility has been shown to be specifically in- 
hibited by particular non-neuronal cells (Nuttall and Zinsmeis- 
ter, 1983; Vema, 1985), by a freely diffusible neurotransmitter 



1600 Kapfhammer and Fiaper * Specificity of Growth Cone-Neurite Interactions 

(Haydon et al., 1985), and on contact with specific axons. Spe- 
cific negative interactions like these could play an important 
role in growth cone guidance. Our findings tentatively suggest 
that negative growth cone-net&e interactions could play a role 
in the separation of the CNS and PNS. 
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