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Summary. Previous grafting experiments have demon- 
strated that cells from non-contiguous positions within 
developing and regenerating limbs differ in a property 
referred to as positional identity. The goal of this study 
was to determine how long the positional identity of 
axolotl limb blastema cells is stable during culture in 
vitro. We have developed an assay for posterior position- 
al properties such that blastema cells can be cultured 
and then grafted into anterior positions in host blaste- 
mas, to determine if they can stimulate supernumerary 
digit formation. We report that posterior blastema cells 
are able to maintain their positional identities for at least 
a week in culture. In addition, we observed that blastema 
cells are able to rapidly degrade collagenous substrates 
in vitro, a property that apparently distinguishes them 
from limb ceils of other vertebrates. These results pro- 
vide information regarding the time boundaries within 
which the positional properties of blastema cells can be 
studied and manipulated in vitro. 

Key words: Axolotl - Cell culture Regeneration Posi- 
tional information 

Introduction 

Developing and regenerating vertebrate limbs are useful 
experimental systems for studying pattern formation be- 
cause of the informative ways in which these structures 
respond to experimental manipulation. A characteristic 
regulative response of both developing and regenerating 
limbs is their ability to generate extra structures through 
interactions between cells with different positional infor- 
mation (Bryant et al. 1981; 1987). For example, grafts 
of limb buds or blastemas that confront cells from ante- 
rior and posterior positions result in the stimulation of 
growth and the intercalation of cells with positional 
values that are intermediate between the anterior and 

Correspondence  to . S.V. Bryant 

posterior boundaries (Muneoka and Bryant 1984). This 
ability to undergo pattern regulation in response to posi- 
tional confrontations is particularly evident in the uro- 
dele amphibians in which pattern regulation occurs 
along all three limb axes (anterior-posterior, dorsal-ven- 
tral, and proximal-distal). In addition, urodeles are capa- 
ble of redeveloping (regenerating) their limbs after the 
period of initial limb development has passed. Thus, uro- 
dele limbs represent a unique opportunity to study the 
cellular interactions involved in limb pattern formation, 
since their limb cells can reinitiate pattern formation 
at any time during the life of the organism. 

Studies at both the cellular and tissue levels have pro- 
vided abundant evidence indicating that interactions be- 
tween cells with different positional values are critical 
for limb outgrowth and pattern formation. At present, 
the molecular basis of positional information and pat- 
tern formation in limbs is beginning to be uncovered. 
For example, retinoids have dramatic effects on limb 
pattern formation (Tickle et al. 1982), and their various 
nuclear and cytoplasmic receptors are being actively 
studied; TGF-fl affects the pattern of specific skeletal 
elements in the developing chick limb (Hayamizu et al. 
1991); and a variety of homeobox-containing genes ap- 
pear to be involved in the specification and regulation 
of limb pattern (Doll6 etal. 1989; Izpisfia-Belmonte 
et al. 1991 ; Nohno et al. 1991; Yokouchi et al. 1991). 
In order to be able to assess the possible function(s) 
of candidate pattern formation genes, it will be necessary 
to experimentally alter the expression of such genes so 
as to observe effects on limb pattern formation. One 
approach to this in amphibians will be through the use 
of cultures of pattern formation-competent ceils for 
transfection or other genetic manipulation, followed by 
a functional test of their ability to participate in pattern 
formation. 

A first step in such an investigation is the establish- 
ment of an appropriate culture and assay system for 
pattern formation-competent cells. In this paper we re- 
port the development of techniques for dissociating axo- 
lotl blastemal tissue so as to obtain viable, pattern for- 
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mar ion -compe ten t  cells that  can be used in a func t iona l  
assay for cells with poster ior  pos i t ional  in fo rmat ion .  Pre- 
viously, p r imary  cultures of  b las tema cells have been 
established f rom cells tha t  migrate  ou t  of explants  or 
minced  blas temas ra ther  than  by dissociat ion of blaste- 
mal  tissue ( C o n n  et al. 1979; Jabaily et al. 1982; Ferrett i  
and  Brockes 1988). This approach,  while useful  for some 
types of  studies, is no t  par t icular ly  well suited to the 
s tudy of  pos i t ional  stabili ty because of the long periods 
of t ime required to ob ta in  reasonably  large num be r s  of 
cells, and  the var iabi l i ty  in bo th  cell n u m b e r  and  viabil i ty 
associated with explant  cultures. The assay we describe 
involves the graft ing of  dissociated and  cul tured cells 
into an  anter ior  loca t ion  benea th  the apical cap of  a 
m e d i u m  bud  blastema.  Graf ts  of cells with anter ior  posi- 
t ional  propert ies  have no  effect on  the pa t t e rn  of the 
regenerate,  whereas grafts of poster ior  cells result  in the 
fo rma t ion  of supe rnumera ry  skeletal elements. Us ing  
these procedures,  we have been able to d o c u m e n t  the 
stability of poster ior  pos i t ional  ident i ty  in axolotl  blaste- 
mal  cells tha t  have been cul tured for varying  periods 
of time. 

Materials and methods 

Preparation of donor and host blastemas. All experiments were per- 
formed on axoiotis (Ambystoma mexicanum) spawned at UCI and 
measuring between 9 and 20 cms, snout to tail tip. To generate 
both donor and host blastemas, animals were anesthetized in a 
0.1% solution of MS222 (Sigma) prior to surgery, and both fore- 
limbs were amputated through the mid-humeral region. The ampu- 
tation surface was trimmed flat. The regenerates were staged using 
the system described by Tank et al. (1976). 

the animal as described above. Tissues were sterilized in a 1% 
sodium hypochlorite solution for 90 sec prior to removal of the 
epidermis. Anterior and posterior thirds of the blastema mesenchy- 
mal tissue were collected as described above and rinsed in several 
changes of sterilizing medium (60% L15 with 1 mM glutamine, 
50 gg/ml gentamycin sulfate, 200 U/ml penicillin, 200 gg/ml strep- 
tomycin sulfate and 0.5 gg/ml amphotericin B as fungizone (Gib- 
co)). They were then treated sequentially with collagenase (0.2% 
collagenase (Sigma) in 60% L15 for 20 min at 4 ° C and then one 
hour at 26 ° C) and trypsin (0.05 trypsin, 0.53 mM EDTA in Ca+ 
+ /Mg+ + free Hanks (Gibco) for 20 min at 4°C and 40 min 
at 26 ° C). Fetal bovine serum (FBS) was added to 20% to neutral- 
ize the trypsin, the tissue pieces were gently pelleted by centrifuga- 
tion, and resuspended in I ml of culture medium (60% L15 with 
1 mM glutamine, 50 gg/ml gentamycin sulfate, and 5% FBS). The 
fragments were repeatedly pipetted to dissociate them and the re- 
sulting cell suspension was filtered through a double layer of Nitex 
70 gm mesh. Cell counts and trypan blue viability were determined 
using a hemacytometer. The cells were then spun into a pellet 
(5 rain at 250 x g) and resuspended to micromass density (1.6 x 
107 viable cells/ml) in a fibrinogen solution (Sigma, 0.3% in L15 
sterilizing medium). 

Blastema cells were cultured and grafted as fibrin clots that 
were generated by adding the cell/fibrinogen mixture in 2.5 gl ali- 
quots (approximately 4 x 104 cells) on top of an equal volume of 
reconstituted thrombin (Sigma). We initially observed that these 
micromasses did not remain attached to the culture dishes, and 
hence we embedded the clots in collagen gels (1 part rat tail colla- 
gen (Collaborative Research) to 2 parts culture medium) to keep 
them from floating away. Cultures were fed with fresh culture 
medium one hour after being embedded in the collagenous matrix. 
The clots were transferred with watchmakers forceps into fresh 
collagen gels and fed with fresh culture medium every three days. 

After a variable number of days in culture, the cell pellets were 
removed from the gels and lightly stained with Nile blue as de- 

Grafting of blastema tissue fragments. All tissues were obtained 
from medium bud blastemas. The donor limbs were marked at 
the anterior margin with subcutaneous implants of Nile red crys- 
tals. The limbs were removed from the animal and the mature 
skin (dermis plus epidermis) along with the apical wound epidermis 
was removed with watchmaker forceps. The mesenchymal portion 
of the blastema was divided into three equally sized pieces along 
the anterior-posterior axis of the blastema with iridectomy scissors. 
The anterior and posterior thirds were removed to separate dishes 
of culture medium for subsequent grafting, whereas the middle 
third was discarded. Prior to grafting, the thirds were hghtly stained 
with a dilute solution of Nile blue (1:1800 in 60% LI5 culture 
medium) for visibility, and cut into smaller pieces (size and number 
as reported in the Results) with iridectomy scissors. 

The host site was prepared by making a small cut with iridec- 
tomy scissors through the skin (dermis and epidermis) just proxi- 
mal to the base of the host blastema. The stage of the host blastema 
was varied as described in the Results. A tunnel was made distal 
to the cut, between the wound epidermis and the blastema mesen- 
chyme, using a blunt-ended glass probe. The pieces of graft tissue 
were inserted into the tunnel with a small-bore pipette, and the 
tunnel opening was packed with Gelfoam (Upjohn) to keep the 
grafts in place. 

Camera lucida drawings were made of the position of the 
grafted fragments within the host blastema, and the animals were 
then transferred to individual plastic boxes and examined 24 h later 
for graft retention. Animals in which the graft had not been re- 
tained were not analyzed further. The animals were fed and 
changed three times a week until regeneration was complete (ap- 
proximately one month from the time of grafting). The limbs were 
then removed, preserved in Bouin's fixative and stained with Victo- 
ria blue for analysis of skeletal patterns (Bryant and Iten 1974). 

Dissociation and culture of blastemal cells. Medium bud donor limbs 
were marked aiong their anterior margins and were removed from 

Fig. 1. Supernumerary response to a graft of posterior biastemal 
tissue into an anterior site of a host blastema. The above limb 
received a graft of the posterior one third of a blastema that had 
been dissected into eight fragments. This represents the maximal 
response observed for such grafts (x 11) 
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scribed above. They were then subdivided into 8-10 pieces with 
iridectomy scissors and grafted into host blastemas in the same 
manner as blastema fragments. 

Evaluation of regenerates. As discussed below, the frequency of 
formation of supernumerary skeletal elements can be interpreted 
to indicate the presence or absence of differences in positional 
identity between graft and host tissues. In this study we characterize 
a supernumerary response as the presence of at least two extra 
skeletal elements associated with the host carpals or metacarpals 
and the presence of an externally evident extra digit morphology 
(Fig. 1). Isolated cartilagenous nodules, skin tags, and minor extra 
cartilage elements without a corresponding external digit morphol- 
ogy were not scored as a supernumerary response. In general, the 
supernumerary responses were characterized by the presence of 
one or two extra digits. 

Results 

Assay for posterior positional information 

The assay for the presence of  posterior positional infor- 
mation is to graft blastema cells or tissue fragments be- 
neath the apical epidermis on the anterior edge of  a 
host blastema. For reasons presented in the Discussion, 
grafts containing cells with posterior positional informa- 
tion should stimulate the formation of supernumerary 
structures when grafted into a population of cells with 
anterior positional identity. In a preliminary experiment, 
we determined that the frequency of  the supernumerary 
response from grafts of posterior blastema thirds was 
increased when the donor  fragment was cut into small 
pieces (8-10 pieces) prior to grafting (frequency of 27% 
for whole thirds, n=15 ,  versus 70% for fragmented 
thirds, n = 23). In all subsequent experiments, grafts were 
fragmented into 8-10 pieces (when thirds were used) 
prior to grafting. The highest frequency of  response we 
observed in any one experiment was 93% (n--28). In 
contrast, we never observed a supernumerary response 
when anterior cells or tissue framents were grafted into 
anterior host sites; for example, grafts of  anterior one 
third fragments from medium bud blastemas resulted 
in a supernumerary response of  0% (n--28). 

Medium bud blastemas proved to be a more respon- 
sive host site as compared to later stages of regeneration. 
We examined the effect of the stage of the host blastema 
on the supernumerary response for three stages of  regen- 
erates: medium bud, in which the entire blastema is un- 
differentiated; palette/early digits, in which the anterior 
of the blastema is beginning to condense digits while 
the posterior is still undifferentiated; and late digits, in 
which all the digits are condensed. The highest frequency 
of response was observed for medium bud hosts (93%, 
n=28) ;  whereas the frequency decreased progressively 
with increasing maturity of the host blastema (70%, n-- 
29 for palette/early digit; 25%, n = 14 for late digit). 

The magnitude of  the supernumerary response was 
proportional to the total number of  cells grafted. Pieces 
of blastema ranging from a third down to a sixteenth 
were tested and all elicited responses. Unlike the thirds, 
which were fragmented into 8-10 pieces, quarters were 
cut into 8 pieces, fifths into 6 pieces, eighths into 4 pieces 
and sixteenths into 2 pieces. The frequency of  supernu- 

merary response was comparable for thirds, fourths and 
fifths (75-85%), lowest for sixteenths (25%), and inter- 
mediate for eights (50%). Fractions of the blastema less 
than one sixteenth were not tested. 

Assay for anterior positional information 

To test for anterior positional information, we grafted 
anterior and posterior one third blastema fragments as 
described above into medium bud hosts, except that they 
were grafted into posterior rather than anterior host 
sites. For reasons presented in the Discussion, grafts con- 
taining cells with anterior positional information should 
stimulate the formation of supernumerary structures 
when grafted into a population of  cells with posterior 
positional identity. Tissue fragments from both anterior 
and posterior regions of the blastema induced a supernu- 
merary response when grafted into posterior host sites. 
Anterior grafts resulted in a slightly higher frequency 
of response (54%, n=24)  as compared to posterior 
grafts (37%, n=24) .  Since both anterior and posterior 
regions of  the blastema appear to contain cells with ante- 
rior positional information (see Discussion), we confined 
our further analyses of positional stability in vitro to 
posterior positional information, for which we could un- 
ambiguously assay. 

Stability of posterior positional identity in vitro 

Utilizing the blastema dissociation procedures developed 
for this study, we can obtain reasonably large numbers 
of viable cells for primary culture. On average we obtain 
105 cells/medium bud blastema ( S D = 2  x 104 cells, n =  
12 independent experiments) with a mean trypan blue 
viability of  85 % (SD = 6 %). In our earlier studies, blaste- 
ma cells were plated on plastic or other substrates (pri- 
maria, collagen, fibronectin, polylysine, and gelatin) at 
densities ranging from 105 to 3 x 105 cells/cm 2. The plat- 
ing efficiency at 24 h ranged from 50% to 82%. Differ- 
ences in substrate did not appear to affect plating effi- 
ciency (data not shown). 

We observed that the total number of  cells in the 
monolayer cultures declined for several days after plat- 
ing even though the cells appeared healthy and mitoses 
could often be observed. This loss of cells seemed to 
be due to detachment since floating, viable cells could 
be found in the medium. In order to culture blastema 
cells for prolonged periods and still be able to harvest 
them for grafting into host blastemas, we modified the 
culture procedure to that described in the Materials and 
Methods. In these micromass cultures embedded in col- 
lagen gels, the blastema cells rapidly degraded the sur- 
rounding collagen matrix, and after a period of  about 
three days would become free floating. The progression 
of matrix degradation by a micromass culture over a 
three day period is documented in Fig. 2. In order to 
maintain blastema cell cultures for longer periods, it was 
necessary to manually transfer the micromasses into 
fresh collagen gels every 3 days. In this way we have 
maintained blastema micromasses for periods up to two 
weeks. 
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Fig. 3. Stability in vitro of the ability of posterior blastemal cells 
to stimulate a supernumerary response when grafted to the anterior 
of a host blastema in vivo. Posterior blastemal thirds were disso- 
ciated into a single-cell suspension, pelleted and cultured as micro- 
masses in collagen gels for 0 to 14 days. The pellets were moved 
to fresh collagen gels every three days as the matrix was degraded. 
After culture for the specified period, the micromasses were grafted 
into the anterior of medium bud host blastemas. Each graft was 
subdivided into 8-•0 fragments prior to grafting, and the resultant 
response frequency was determined by analysis of Victoria blue- 
stained preparations 

Posterior blastema cells maintain posterior positional 
identity for about one week when cultured under the 
conditions used in this study (Fig. 3). Dissociated and 
reaggregated blastema cells that are grafted into host 
sites without a period of  culture stimulate a supernumer- 
ary response (Fig. 3; 92%, n =  12) that is equivalent to 
grafts of  blastema fragments that have not been disso- 
ciated (93%, n = 28). Blastema cells that have been cul- 
tured stimulate a supernumerary reponse at a lower fre- 
quency that remains stable at 35-45% over a period 
of  about one week. After that time, cultured blastema 
cells no longer stimulated a response (Fig. 3). Anterior 
blastema cells cultured over the same time periods did 
not stimulate a supernumerary response when grafted 
into the anterior of  host blastemas (n = 42). 

Fig. 2a-e. Degradation of a collagen matrix over time by micro- 
mass cultures of blastemaI cells, a-e: Three day time-course of 
degradation on the same culture (x 100). a= 1 day; b=2 days; e= 
3 days. On the third day of culture, the micromass began to float 
up out of the surrounding matrix, d, e = Overview of a single culture 
at the end of the three day time-course (x 11) 

Discussion 

We report  here the development of a functional assay 
for posterior positional information in axolotl blastema 
cells. Unlike previous studies of positional information 
in amphibian limbs which have involved the grafting 
of intact limb buds or blastemas, this assay involves 
the grafting of  small fragments or pellets of  posterior 
cells into an anterior location. Such grafts are equivalent 
to the ZPA-type grafts commonly performed in studies 
of chick wing bud development (MacCabe et al. •973; 
Tickle et al. •975). Such an assay, in conjunction with 
the blastema dissociation and culture techniques re- 
ported here, allows for the experimental manipulation 
of blastema cells in vitro followed by a functional assay 
for alterations in positional information. 

Using this assay, we found that posterior blastema 
fragments containing as few as 6000 cells can stimulate 
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a supernumerary response when grafted into the anterior 
of a host blastema. This result is comparable to results 
from an equivalent experiment in chicks, in which pellets 
containing between 300 and 6000 pattern formation- 
competent posterior cells were able to stimulate a super- 
numerary response when grafted to an anterior host site 
(Tickle 1981). 

We observed that at least four parameters influence 
the frequency of the supernumerary response: positional 
origin of the grafted tissue, total number of grafted cells, 
size of the grafted fragments and the stage of the host 
blastema. Each of these is interpretable in the context 
of current views of the mechanism of pattern formation 
during limb regeneration. Briefly, growth and pattern 
formation are thought to occur as a result of short range 
cell-cell interactions such that interactions between cells 
with different positional identities stimulate growth and 
the intercalation of ceils with positional identities that 
are intermediate between the initially interacting cells. 
Such interactions continue to occur until positional con- 
frontations are resolved (Bryant et al. 1981 ; Bryant et al. 
1987). In contrast, interactions between cells with the 
same positional information do not stimulate growth 
and pattern formation, since no positional confronta- 
tions exist. In this context, we conclude that grafts of 
anterior blastema fragments into anterior host sites do 
not stimulate a supernumerary response because no posi- 
tional confrontations are generated between graft and 
host cells. In the situation in which positional confronta- 
tions were created by grafting posterior cells into anteri- 
or host sites, the frequency of response was proportional 
to the number of grafted cells. This was observed when 
the total number of grafted cells was increased by graft- 
ing in more fragments. In addition, the frequency of 
the response increased when the total number of cells 
remained constant but the grafts were dissected into 
smaller pieces prior to grafting. Since only cells on the 
surface of a fragment can interact with adjacent host 
cells, dissection of the graft into smaller fragments re- 
sults in an increase in the number of peripheral cells 
available for interactions with host cells. An equivalent 
interpretation has been presented for results from grafts 
of variable numbers of pattern formation-competent 
cells in the chick limb bud (Tickle 1981). Finally, the 
decreased response to grafts into later stage regenerates 
may reflect a decrease in the number of undifferentiated, 
pattern formation-competent host cells coincident with 
the progression of redifferentiation of limb tissues. Con- 
sistent with this interpretation is the observation that 
increased positional disparities are required to stimulate 
a pattern formation response from late stage developing 
Xenopus limbs (Muneoka et al. 1986) or mature axolotl 
limbs (Bryant and Iten 1977). 

In experiments that are the reciprocal of the assay 
for posterior positional information, we grafted frag- 
ments of blastema tissue into a posterior host site. We 
observed that grafts of both anterior and posterior frag- 
ments stimulated a supernumerary response. Hence the 
posterior third of a medium bud blastema behaves as 
if it contains cells with anterior (as well as posterior) 
positional information. Although the distribution of po- 
sitional information within the blastema has not been 
systematically mapped, this information is available for 

the mature limb (Gardiner and Bryant 1989). These stu- 
dies showed the presence of cells with anterior and ven- 
tral positional values in the limb center, leading to the 
conclusion that the posterior half of the limb contains 
not only posterior positional information, but also ante- 
rior information. Investigations of the patterns of contri- 
bution of stump cells to the blastema indicate that 
whereas there is some cell rearrangement, it is relatively 
limited, and particular regions of the stump contribute 
a greater proportion of cells to nearby regions of the 
blastema than to more distant regions (Muneoka et al. 
1985; Tank et al. 1985). It is therefore likely that the 
distribution of positional information in the blastema 
reflects that of the stump, leading to the conclusion that 
posterior parts of the blastema not only contain ceils 
with posterior identity, but also cells with anterior iden- 
tity. Since the anterior cells are expected to be located 
deep within the blastema, and it is known that positional 
interactions only occur immediately beneath the permis- 
sive epidermis, the presence of anterior cells in the poste- 
rior part of the blastema is not likely to affect normal 
regeneration from an amputation stump. However, 
when posterior blastema thirds are fragmented and 
placed into a posterior location (as in the studies re- 
ported here), it is likely that some of the internal cells 
with anterior identity will end up under the permissive 
epidermis, and adjacent to posterior cells with which 
they can interact. Hence in the absence of a negative 
control (posterior into posterior) we were unable to de- 
velop an assay for anterior positional identity. It is possi- 
ble that pretreatment of posterior graft fragments with 
retinoic acid would eliminate anterior cells from posteri- 
or fragments, and thereby make them suitable as con- 
trols for grafts of anterior cells in future studies. 

We have used the assay for posterior positional infor- 
mation to develop dissociation and culture conditions 
that allow for the maintenance of pattern formation- 
competent cells in vitro. The dissociation and reaggrega- 
tion procedures did not affect the ability of posterior 
cells to stimulate a supernumerary response since micro- 
masses that were assayed without having been cultured 
(zero days in culture, Fig. 3) stimulated a supernumerary 
response at the same frequency as blastema fragments 
that had not been enzymatically dissociated. This ability 
was reduced in cultured cells but remained stable for 
at least one week, after which it was lost. 

Equivalent results have been reported for cultures of 
mouse and chick limb bud cells, except that the period 
of positional stability in vitro is shorter (36 h for chick 
and 24 h for mouse, see Hayamizu and Bryant 1992). 
The longer period of stability of blastema cells likely 
is related to the lower culture temperature (26°C vs 
37 ° C for mouse and chick cells) as has been suggested 
previously (Honig 1983). 

Observation of blastema micromasses embedded in 
collagen gels provides a dramatic illustration of the pre- 
viously documented ability of whole blastemas to de- 
grade collagenous substrates (Grillo et al. 1968; Dresden 
and Gross 1970). Under our micromass culture condi- 
tions, a clear area around the cells was evident after 
one day, and the circular zone of cleared collagen contin- 
ued to increase in diameter with time. As the circle be- 
came larger, the micromass detached from the dish and 
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f loa ted  in to  the med ium.  Prev ious  r epor t s  o f  co l l ageno-  
lyric ac t iv i ty  a s soc ia t ed  wi th  b l a s t emas  invo lved  exp lan t s  
o f  ent i re  b las temas .  Since the  cul tures  in the p resen t  
s tudy  d id  no t  con ta in  ep ide rma l  cells, it  is ev ident  t ha t  
this ac t iv i ty  is a p r o p e r t y  o f  b l a s t ema  mesenchyma l  cells. 
Fu r the r ,  it  is these b l a s t ema l  mesenchyme  cells t ha t  have  
been shown to be p a t t e r n - f o r m a t i o n  compe ten t .  

A t  the p resen t  t ime,  we assume tha t  the d e t a c h m e n t  
o f  cells in m o n o l a y e r  cul tures  is a consequence  o f  the 
ma t r i x  d e g r a d i n g  ac t iv i ty  obse rved  in m i c r o m a s s  cul- 
tures.  We have  obse rved  tha t  m o n o l a y e r  cul tures  o f  axo-  
lotl  l imb bud  cells exhibi t  this  same behav io r  (unpub-  
l ished data) .  In  con t ras t ,  cul tures  o f  l imb bud  cells f rom 
o the r  ve r t eb ra t e  species exhib i t  e i ther  no decl ine in cell 
n u m b e r  p r io r  to g rowth  o f  the a t t ached  p o p u l a t i o n  
(mouse :  G a r d i n e r  et al. 1992; Shi and  M u n e o k a  1992) 
or  an  ini t ia l  pe r iod  o f  decl ine fo l lowed  by  g rowth  (Xeno- 
pus." G a r d i n e r ,  unpub l i shed) .  Since urode les  are  un ique  
in thei r  ab i l i ty  to regenera te  their  l imbs at  any  t ime dur -  
ing thei r  life, this poss ib ly  un ique  p r o p e r t y  o f  u rode le  
cells in cu l tu re  m a y  p rove  to be o f  func t iona l  s ignif icance 
in te rms o f  mob i l i z ing  f ib rob las t s  f rom the ex t race l lu la r  
m a t r i x  o f  m a t u r e  l imb tissues ( G a r d i n e r  et al. 1986), thus  
in i t ia t ing  the r egene ra t ion  process .  Studies  to fur ther  
charac te r ize  the m a t r i x  d e g r a d i n g  p rope r t i e s  o f  l imb cells 
b o t h  in vi t ro  and  in vivo are in progress .  

In  this s tudy  we have  p r o v i d e d  fur ther  i n f o r m a t i o n  
a b o u t  the p rope r t i e s  o f  p a t t e r n  f o r m a t i o n - c o m p e t e n t  
b l a s t e m a  cells, b o t h  in vi t ro  and  in vivo. Blas temas  can  
be d issoc ia ted ,  and  b l a s t e m a  cells can  be cu l tu red  for  
a t  least  one week  and  still m a i n t a i n  the abi l i ty  to par t ic i -  
pa t e  in cell-cell in te rac t ions  l ead ing  to p a t t e r n  fo rma t ion .  
D u r i n g  this per iod ,  cu l tu red  b l a s t ema  cells con t inue  to 
exhib i t  a d i agnos t i c  and  p o t e n t  m a t r i x  deg rad ing  p r o p e r -  
ty tha t  is charac te r i s t i c  o f  the  in tac t  b las tema.  This  p ro -  
vides us b o t h  wi th  fur ther  ins ight  in to  the un ique  na tu re  
o f  b l a s t e m a  cells a n d  thus  thei r  ab i l i ty  to unde rgo  regen-  
era t ive  processes ,  as well as def in ing  the w i n d o w  dur ing  
which  we can  re l iab ly  m a n i p u l a t e  such i n f o r m a t i o n  in 
v i t ro  in an  a t t e m p t  to a l ter  the  pa t t e rn ing  abi l i ty  o f  such 
cells. 
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