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ABSTRACT Experiments have been done to determine the time in the development 
of the embryonic chick limb when the cells in the cartilage-forming area become 
"stabilized." The particular criterion for stability used in this work was the ability 
of the cells to resist the infiuences zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAin the limb which cause some limb mesenchyme 
cells to form cartilage and other limb mesenchyme cells to form soft tissue. Blocks 
of cartilage-forming mesenchyme were transplanted from the cartilage-forming area 
of one limb to the prospective soft tissue area of a second limb. The host limb was 
permitted to develop for zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA48 hours, and then examined to determine if the implanted 
cells had formed cartilage outside of the normal cartilage pattern of the host limb. 
The embryos used as a source of the implanted blocks varied in stage from stage 22 
to stage 27, the hosts also varied in stage from stage 22 to stage 27. 

It was found that a block of cartilage-forming mesenchyme generalIy would con- 
form with the host limb pattern if the donor war stage 24 or younger and the host 
was stage zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA24 or younger. A block of cartilage-forming mesenchyme generally did not 
conform with the host limb pattern if the donor was stage 25 or older whatever the 
stage of the host. We conclude that the cartilage-forming cells become stabilized by 
this criterion between stage 24 and stage 25. 

It has been observed that the cartilage- 
forming cells of the embryonic chick limb 
remain labile until surprisingly late in 
limb development (Searls, '67). The ex- 
periments described in that paper had been 
done to investigate the role of cell migra- 
tion in the development of the limb. Blocks 
of mesoderm from the cartilage-forming 
areas of stage 23 (Hamburger and Hamil- 
ton, '51) and stage 24 embryonic chick 
limbs were implanted into the dorsal sur- 
face of the right wings of embryos grow- 
ing in ouo. After a period of further devel- 
opment, the host limbs were examined to 
discover the fate of the implanted cells. 
No evidence of cell migration out of or 
through the implanted blocks could be de- 
tected. It was further observed that the 
implanted blocks became integrated into 
the host limb and that the implanted cells 
differentiated according to the host pat- 
tern, forming cartilage in the cartilage- 
forming area of the host limb and soft tis- 
sue in the soft tissue area of the host limb. 

This lability of cartilage-forming mesen- 
chyme from stage 24 limb buds was un- 
expected because extracellular metachro- 
matic material appears in the cartilage- 
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forming area of the limb during stage 

and zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

25. 
It has generally been observed- tha; cells 
become stabilized somewhat before they 
begin to demonstrate the overt signs of a 
particular differentiation (Grobstein, '64). 
Cartilage cells have been demonstrated to 
be capable of preserving their special prop- 
erties in cell culture (Coon, '66; Cahn and 
Lasher, '67; Abbott and Holtzer, '68) and 
during limb regeneration (Patrick and 
Briggs, '64; Steen, '68; Namenworth, '68). 

Experiments have been done to deter- 
mine if a block of cartilage-forming cells 
from the limb of a chick embryo ever be- 
comes so stabilized as cartilage that the 
cells will not respond to the influences in 
the limb that caused some of the limb 
mesenchyme cells to become cartilage and 
other limb mesenchyme cells to become 
soft tissue; and, if they do become so 
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stabilized, the stage in embryonic de- 
velopment when this stabilization occurs. 
Evidence was also obtained concerning 
whether the ability of the host limb to 
control the differentiation of ectopically 
implanted blocks of cells changes during 
limb development. 

Blocks of cartilage-forming mesoderm 
were obtained from the limbs of embryos 
at each stage from stage 22 to stage 27. 
These blocks were inserted into the right 
wing buds of embryos growing in zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAon0 that 
were at each stage from stage 22 to stage 
27. After 48 hours of further development, 
the host wings were examined to deter- 
mine whether extracellular metachromatic 
material was to be found in the implanted 
blocks outside of the normal cartilage pat- 
tern of the host limb. 

It has been found that a block of limb 
cartilage-forming mesenchyme that has 
been obtained from the limb of an em- 
bryo stage 24 or younger will usually con- 
form with the host limb pattern if the host 
is stage 24 or younger. A block of limb 
cartilage-forming mesenchyme which has 
been obtained from the limb of a stage 25 
or older embryo will usually form ectopic 
cartilage in host limbs of embryos of any 
stage from stage 22 to stage 27. We con- 
clude that blocks of limb cartilage-forming 
mesenchyme become stabilized as cartilage 
by this criterion between stage 24 and 
stage 25. However, when a block of limb 
cartilage-forming mesenchyme from a 
stage 23 or stage 24 embryo was implanted 
into the limb of a stage 25 or older host 
embryo, the implanted cells formed ec- 
topic cartilage with an increased fre- 
quency. This result suggests that the host 
limbs lose some, but not all, of their abil- 
ity to control the differentiation of im- 
planted cells between stage 24 and stage 
25. Further, this result suggests that car- 
tilage-forming cells from the limbs of stage 
23 and stage 24 embryos are already 
strongly inclined toward the formation of 
cartilage. 

MATERIALS AND METHODS 

The procedures used in these experi- 
ments were identical with those used pre- 
viously (Searls, '67). Windows were pre- 
pared in the shells of White Cornish Cross 
eggs (Brown Cornish male X Arbor Acres 

White Rock female) after two days of in- 
cubation at 37" (Zwilling, '59). Incubation 
was continued at 37" until the eggs had 
reached the desired stage of development. 

Donor embryos were labeled by the in- 
jection of tritiated thymidine (10 vc; New 
England Nuclear Corp.; greater than 10 C 
per mM; diluted with Tyrode's solution to 
100 uc per ml) into the yolk sac through 
a hole drilled in the large end of the egg. 
The injection was always at least ten 
hours before the embryo had reached the 
desired stage, and never later than stage 
22. It has been observed that some of the 
cells in the chondrogenic area will not be- 
come labeled if the injection occurs any 
later than that stage (Janners, '68). When 
a donor embryo had reached the stage de- 
sired for a particular experiment, it was 
transferred into Tyrode's solution at room 
temperature. The limb buds were cut from 
the embryo and the cartilage-forming areas 
were isolated with cataract knives as de- 
scribed previously (Searls, '67). The car- 
tilage-forming areas were then cut into 
small blocks 0.1 to 0.2 mm on the longest 
side. In some experiments leg and wing 
buds were mixed, in other experiments 
only the leg buds were used since the car- 
tilage-forming areas from the leg buds 
were somewhat easier to obtain free of 
other mesoderm. 

Other eggs were incubated until the em- 
bryos had reached an appropriate stage 
for use as hosts. The window in the shell 
was opened. Working through the window, 
a pocket was made with a tungsten needle 
in the dorsal surface of the right wing bud 
in the area of the prospective humerus 
(Saunders, '48). A block of labeled meso- 
derm was inserted into this pocket. No at- 
tempt was made to control the orientation 
of the implanted block or the exact position 
of the implanted block in the host limb. 
The window was sealed with Scotch tape 
and incubation was continued at 37" for 
a further 48 hours. 

The host limbs were fixed in Bouin's 
fluid, embedded in paraffin, and sectioned 
at 5 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAw. The paraffin was removed with 
xylene, the sections were hydrated through 
a graded series of alcohols, and kept in dis- 
tilled water. The slides were dipped in 
Kodak NTB-3 photographic emulsion while 
wet. After the emulsion had dried, the 
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slides were stored in the dark over Drierite 
at 4” for three months. The emulsion was 
developed in D-19 (Caro and Tubergen, 
’62). The sections were stained with hema- 
tein by a double bath technique (Searls, 
’67). When there was question as to the 
presence of cartilage, the sections were de- 
stained with acid-alcohol and stained with 
toluidine blue. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

RESULTS zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
Tabulation zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAof the results and description 

of the criteria used 
Table 1 presents a summary of all of 

the operations done in this laboratory in 
which the donor was labeled with tritiated 
thymidine and the host was allowed to 
develop for at least 48 hours after the op- 
eration. Some of the operations listed in 
table 1 were listed in a previous publica- 
tion (Searls, ’67). Table 1 does not include 
any of the operations in the previous pub- 
lication in which the donor had been la- 
beled with S-35 sulfate. The rather heavy 
nonnuclear labeling in most of those im- 
plants masked any metachromatic mate- 
rial which might have been present. 

The criterion used in this work for “sta- 
bility of differentiation” was the appear- 
ance of cartilage within the implanted 
block of tissue which did not appear to be 
part of the normal cartilage pattern of the 
host limb. Decision as to whether the car- 
tilage observed in an implanted block was 
part of the normal cartilage of the host 
limb was made by inspection. None of the 
host limbs was reconstructed. 

The results have been described entirely 
in terms of cartilage zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAvs. non-cartilage. 
Cells surrounded by metachromatic mate- 
rial after a total of 5 to 7 days of develop- 
ment have been called cartilage cells, cells 

not surrounded by metachromatic material 
at that time have been called soft tissue. 
Multinucleate straps are observed in the 
limb after 6 to 7 days of development, but 
are still so poorly formed at the end of 
eight days of development that i t  is diffi- 
cult to determine if a particular labeled 
cell is within a strap. This difficulty in rec- 
ognizing soft tissue cells has prevented 
further analysis of the implant-derived 
cells which become soft tissue. 

A summary of the results, in terms of 
the number of implants that formed ec- 
topic cartilage, is presented in table 2. 

Operations in which the donors were 
stage 24 or younger, hosts 

stage 24 or younger 
It had been observed previously (Searls, 

’67) that blocks of mesoderm obtained 
from the cartilage-forming area of stage 22 
to stage 24 limbs when implanted into 
stage 24 or younger host limbs usually 
were incorporated into the host limb and 
differentiated in accordance with the host 
pattern. Further operations of this kind 
have been done. All together, in the new 
experiments and the old experiments, 70 
implants obtained from 13 different donor 
embryos have been examined. Of the 70 
implants, only 5 (7% zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA) appeared to give 
ectopic cartilage. 

By stage 24, the chondrogenic area is 
fully developed. Metachromatic material 
appears in the limb during stage 25. Fif- 
teen operations, using three different donor 
embryos, were done in which both the 
donor and the host were stage 24. Ectopic 
cartilage was found in three (20% ) of 
these implants. 

The three implants which developed ec- 
topic cartilage were from a single donor 

TABLE 1 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
Summary zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAof the operations done in this laboratory in which the donor was labeled with 

tritiated thymidine and the host was allowed to develop for at least 
48 hours after the operation 

Stage of host 
Number zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAStage of 

donor 21and22 23 24 25 26 and 27 

22 36 21 2 3 10 
23 36 4 3 14 13 2 
24 41 2 6 15 14 4 
25 33 4 12 14 3 

26 and 27 45 1 7 8 7 22 



368 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAROBERT zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAL. SEARLS AND MARTHA zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAY .  JANNERS 

TABLE 2 

A summary zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAof the results giving the number of operations at each stage and the 
number which formed ectopic cartilage 

Host zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA22,23,24 25,26,27 
staee zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA- -  ~.~ 

Total ~~~~~ 

Ectopic 
number cartilage cartilage Donor 

stage 

Total Number Ectopic 
number :;$tie cartilage 

% % 
22 26 0 0 10 0 0 
23 21 2 10 15 4 27 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
24 23 3 13 18 15 83 
25 16 15 94 17 15 88 

26 and 27 16 15 94 29 24 83 

embryo. The right wing of this embryo 
measured 1.2 mm along the body wall and 
1.6 mm from the body wall to the apex of 
the wing. An embryo whose right wing 
was any larger than this would be consid- 
ered to be a stage 25 embryo in this lab- 
oratory. AU of the implants from this par- 
ticular donor were obtained from the leg 
buds. Ten operations using this donor and 
stage 24 host embryos survived for 48 
hours. In seven of the ten implants (70%), 
the implanted cells differentiated in ac- 
cordance with the pattern of the host wing 
(fig. 1) .  Those cells that had come to lie 
in the cartilage-forming area of the host 
wing formed cartilage, those cells which 
had come to lie in the soft tissue area of 
the host wing formed soft tissue. This re- 
sult was observed in 65 of the 70 implants 
in this group. 

In the other three implants from that 
donor, the boundaries of the host cartilage 
appeared to be distorted by the cells of the 
implant (fig. 2). Cartilage extended into 
the implant as if the control exerted by 
the host limb was not sufficient to prevent 
those implant cells contiguous with the 
cartilage-forming area of the host from 
forming cartilage. This was the result ob- 
tained with 5 of the 70 implants in this 
group. It is possible that the cartilage in 
these limbs is normal, the appearance of 
distortion may be due to the plane of sec- 
tion. The number of cases of this kind was 
small enough that they did not distort the 
conclusions, it did not appear profitable 
to reconstruct these limbs to determine if 
the cartilage pattern had in fact been dis- 
torted. In all of these implants, implant 
cells some distance from the host cartilage- 
forming area formed soft tissue. 

Operations in which the donors were 
stage 25 or older, hosts 

stage 25 or older 
These experiments were continued with 

older donors and older hosts in an attempt 
to discover when, during limb develop- 
ment, the cells of the cartilage-forming 
area of the limb lose the ability to conform 
with an ectopic site in a host limb. Forty- 
six implants, obtained from 13 different 
donor embryos stage 25, stage 26 and 
stage 27 and implanted into hosts of the 
same stages, were examined. Of the 46 
implants, 39 (85% ) developed cartilage 
which was clearly separate from the car- 
tilage of the host limb. 

Cells in the cartilage-forming area of 
the limb are first surrounded by faint wisps 
of metachromatic material at stage 25. In 
14 operations, using five different donor 
embryos, both the donor and the host were 
stage 25. Ectopic cartilage was found in 
12 (86%) of these implants (fig. 3). In 
almost every case, the ectopic cartilage 
which formed was clearly separate from 
the cartilage of the host limb. The two im- 
plants that failed to produce ectopic car- 
tilage were obtained from the same donor 
embryo. Seven other implants from that 
donor produced ectopic cartilage. One of 
the two implants that failed to produce 
ectopic cartilage produced both cartilage 
and soft tissue in the host pattern. The 
other was entirely within the soft tissue 
area of the host limb and produced only 
soft tissue. 

Operations in1 which the donor was 
stage 25 or older, hosts 

stage 24 or younger 
To discover if the cells of the cartilage- 

forming area of the stage 25 limb had be- 
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come stabilized as cartilage, those cells had 
to be tested under the conditions which 
caused the cells from the cartilage-forming 
area of the stage 24 limb to conform with 
the host pattern. Blocks of mesoderm from 
the cartilage-forming area of stage 25 or 
older limb buds were implanted into stage 
24 or younger host limbs. 

Thirty-two such operations were per- 
formed using six different donor embryos. 
Three of the donor embryos were stage 25, 
two were stage 26 and one was stage 27. 
The host embryos were stage 22, stage 23 
and stage 24. Thirty of the 32 implants 
(94% zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA) developed cartilage that was clear- 
ly separate from the cartilage of the host 
limb (fig. 4). The two implants that failed 
to produce ectopic cartilage were implant- 
ed into the soft tissue area of the host 
limb and produced only soft tissue. One 
of these was from a stage 25 donor em- 
bryo, the other was from a stage 27 donor 
embryo. Both hosts were stage 24. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

Evidence that mucopolysaccharide is 
synthesized in the ectopic cartilage 

It seemed possible that metachromatic 
material surrounding the implanted cells 
might not be adequate evidence that the 
implanted cells were cartilage cells. Traces 
of metachromatic material are present in 
the cartilage-forming area of a stage 25 
limb. If a block of cartilage-forming cells 
is implanted into a host limb, these cells 
might synthesize metachromatic material 
during the period after the operation when 
the block has not yet become healed into 
the host limb. It has been demonstrated 
that the mucopolysaccharide synthesized 
by limb mesenchyme cells is not rapidly 
turned over (Searls, '67). The matrix syn- 
thesized by the cells in the implanted block 
prior to incorporation into the host limb 
would remain in the implanted block even 
if the host limb gained control of the im- 
planted cells and prevented any further 
synthesis of matrix. The cells might appear 
to be cartilage cells (i.e. surrounded by 
metachromatic material) but no longer be 
acting as cartilage cells (i.e. synthesizing 
metachromatic material). 

In order to discover if the cells in an 
implanted block are still synthesizing 
met achromatic material after incorporation 
into an ectopic site in a host limb, blocks 

of mesoderm were isolated from the carti- 
lage-forming area of stage 25 and stage 26 
limb buds. The donor embryos were not 
labeled with tritiated thymidine. The blocks 
of mesoderm were implanted in stage 24 
or younger host limbs. The host embryos 
were allowed to develop for 46 hours at 
37". S-35 sulfate (50 vc; carrier-free; Oak 
Ridge National Laboratory; diluted with 
Tyrode's solution to 2.5 mc per ml) was 
then injected through the window onto the 
area vasculosa (Searls, '65). The host em- 
bryos were allowed to develop for two ad- 
ditional hours. The operated limbs were 
fixed and autoradiographs were prepared. 

These operations are not listed in tables 
1 and 2. The implants could not be found 
by histological examination unless they 
produced cartilage that was obviously ec- 
topic. The implants had not been labeled 
prior to implanting. Thirty-one host limbs 
were found to contain cartilage that was 
obviously ectopic. The implants were ob- 
tained from six donor embryos. Five of the 
donors were stage 25 and 1 was stage 26. 
One host was stage 21, 14 were stage 22, 
6 were stage 23 and 10 were stage 24. 
Where cartilage was found in these limbs, 
the cartilage was always heavily overlaid 
with silver grains (figs. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA5,  6). Label in ex- 
cess of background was never observed 
over soft tissue. It may be significant how- 
ever, that the ectopic cartilage seldom was 
more heavily labeled than the cartilage of 
the host, or appeared to be at a stage of 
differentiation in advance of the host car- 
tilage. This was true even when the donor 
embryo had been stage 26 and the host 
embryo was stage 22 at the time of the 
operation. 

Operations in which the donor was 
stage 24 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAor younger, the host 

stage 25 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAor older 
A block of cells obtained from the car- 

tilage-forming area of a limb stage 24 or 
younger that has been implanted into a 
host limb stage 24 or younger generally 
will differentiate in conformity with the 
host pattern, forming soft tissue in the soft 
tissue area of the host limb and cartilage 
in the cartilage area of the host limb. It 
seemed of interest to discover whether this 
ability of the host limb to direct the dif- 
ferentiation of an implanted block of cells 
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changes as the host limb develops. Blocks 
of cartilage-forming mesoderm from stage 
24 or younger limbs were implanted into 
stage 25 or older host limbs. 

Ten implants were examined in which 
the blocks of mesoderm had been obtained 
from the limbs of stage 22 embryos. None 
of these implants developed cartilage out- 
side of the cartilage area of the host limb. 
Two of the implanted blocks intruded into 
the cartgage-forming area of the host limb. 
In these two, the implanted blocks formed 
both cartilage and soft tissue. The other 
eight implanted blocks came to lie entire- 
ly in the soft tissue area of the host limb 
and formed only soft tissue. 

Fifteen implants were examined in 
which the blocks of mesoderm had been 
obtained from the cartilage-forming area 
of stage 23 embryonic limbs. Four of these 
implants (27% zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA) came to lie entirely with- 
in the soft tissue area of the host limb and 
produced ectopic cartilage. The other 11 
implants of this group developed in ac- 
cordance with the host pattern; nine came 
to lie entirely within the soft tissue area 
of the host limb and formed only soft tis- 
sue, two came to lie partially within the 
cartilage area and formed both cartilage 
and soft tissue. 

Eighteen implants were examined in 
which the blocks of mesoderm had been 
obtained from the cartilage-forming area 
of stage 24 limbs. Fifteen of these im- 
plants (83% ) produced cartilage clearly 
separate from the cartilages of the host 
limb (fig. 7). zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

DISCUSSION AND CONCLUSIONS 

The experiments described in this paper 
were done in order to determine if limb 
bud mesenchyme cells in the cartilage- 
forming area of the limb ever become sta- 
bilized as cartilage, and, if they do, the 
stage in embryonic development when sta- 
bilization occurs. The particular criterion 
for “stability” used in this work was the 
ability of the cells to resist those influences 
in the limb bud that act during normal 
limb development to cause some limb bud 
mesenchyme cells to become cartilage and 
other limb bud mesenchyme cells to be- 
come soft tissue. The experimental proce- 
dure was to transplant blocks of cartilage- 
forming mesenchyme from the cartilage- 

forming area of a limb into the area of 
the limb that will form soft tissue. After 
48 hours of further development, the host 
limbs were examined to discover whether 
the implanted cells had differentiated ac- 
cording to their site of origin or according 
to the new environment into which they 
had been placed. 

The effect of the stage of the host limb 
on the differentiation which occurred in 
the implants was also examined in order 
to discover if the influences which control 
the normal differentiation in the limb only 
act during certain stages. 

The results which have been obtained 
can be usefully compared with the changes 
which have been observed histologically 
in the cartilage-forming area of the limb. 
The morphological changes which occur 
were first described by Fell and Canti (‘34). 
Some of these changes have been pictured 
by Saunders (’48) in his depiction of the 
stages of limb development. The limb bud 
mesenchyme cells appear to be equivalent 
by morphological criteria (although there 
is a variation in cell packing through the 
limb) from the first appearance of the 
limb at about stage 17 (about 60 hours of 
development) until about the middle of 
stage 22 (about 84 hours of development, 
described by Fell and Canti as a leg bud 
about 1.0 mm in length). During stage 22, 
the cells in the proximal half of the limb 
in the central core begin to become more 
densely packed and appear to have less cy- 
toplasm. This area of condensed meso- 
derm does not show any evidence of the 
presence of metachromatic material. Dur- 
ing stage 24 (about 96 hours of develop- 
ment, described by Fell and Canti as a leg 
bud of about 1.6 mm in length) the mass 
of condensed mesoderm becomes Y-shaped 
when viewed in frontal section. Thus the 
future long bones and the position of the 
prospective joint are demarcated at this 
stage, but the limbs still do not contain 
any metachromatic material. Traces of 
metachromatic material are not found in 
the cartilage-forming area of the limb un- 
til stage 25 (about 104 hours of develop- 
ment, described by Fell and Canti as a leg 
bud of about 2.3 mm in length, described 
by Hamburger and Hamilton (’51) as the 
time when the wing first becomes bent at 
the elbow). The metachromatic material 
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in the limb increases in amount during 
succeeding stages until, by stage 27 (about 
148 hours of development), the long bones 
of the limb are clearly visible as “epitheli- 
o i d  cells imbedded in a lake of metachro- 
matic material. 

When blocks of limb mesenchyme cells 
were isolated from the cartilage-forming 
area of limbs prior to the appearance of 
metachromatic material (prior to stage 25) 
and implanted into the prospective soft 
tissue area of limb buds in which the car- 
tilage-forming area was in the process of 
formation (stage 22 to stage 24), the cells 
generally (65 out of 70, 94%) differenti- 
ated in conformity with their new environ- 
ment, forming cartilage if they had come 
to lie in the cartilage-forming area of the 
host limb and forming soft tissue if they 
had come to lie in the soft tissue area of 
the host limb. By stage 24, the cells in the 
cartilage-forming area of the limb have 
changed in their morphology, and in their 
rate of mucopolysaccharide synthesis 
(Searls, ’65; Medoff, ’67). Traces of meta- 
chromatic material begin to appear in the 
limb during stage 25 only 0 to 8 hours 
later. Yet even as late as stage 24, 20 out 
of 23 implants (83% zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA) differentiated in 
conformity with their new environment. 

When blocks of limb mesenchyme cells 
were isolated from the cartilage-forming 
area of limbs after the appearance of meta- 
chromatic material (stage 25 or later) and 
implanted into the prospective soft tissue 
area of limbs in which the cartilage-form- 
ing area was in the process of formation 
(stage 22 to stage 24), the results were 
completely different. Cartilage formed 
within the implants which was clearly 
separate from the host cartilage in 30 out 
of 32 cases (94% ). Clearly a block of 
limb cartilage-forming cells became cap- 
able of resisting the influence of a host 
limb between stage 24 and stage 25. 

Experiments described in this paper 
demonstrate that the “stabilization” which 
occurs between stage 24 and stage 25 is 
not an artifact produced by the presence 
of matrix around the cells prior to the time 
when they are incorporated into a host 
limb. The cells continue to synthesize 
mucopolysaccharide after integration of 
the implanted block is complete. It is pos- 
sible that the rate of synthesis of matrix 

may be controlled by the host limb, the 
implanted cells seem to regulate to a rate 
of production of matrix similar to the rate 
in the host cartilage. However, explana- 
tions other than control by the host limb 
are possible. 

We found no evidence for an orderly 
proximo-distal sequence of changes occur- 
ing over a period of time. Of the six dif- 
ferent stage 24 donor embryos which were 
used for implants into stage 24 or younger 
hosts, only one gave any implants that 
developed ectopic cartilage. Eight of the 
11 implants from this donor (73% ) de- 
veloped in accordance with the host 
pattern, forming cartilage in the cartilage- 
forming area of the host limb and soft tis- 
sue in the soft tissue area of the host limb. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
All 12 of the implants from the other four 
donors developed in accordance with the 
host pattern. On the other hand, of the 
16 implants from three different stage 25 
donor embryos, just 1 (6% ) developed in 
accordance zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAwith the host pattern. Since 
the whole of the cartilage-forming area of 
the donor limbs, including the girdle area, 
was used in these experiments, it would 
appear that the limb cartilage-forming area 
does not become stabilized in a progressive 
proximo-distal sequence over an extended 
period of time, but that the whole of the 
cartilage-forming area becomes stabilized 
at some time very close to the division be- 
tween stage 24 and stage 25. We conclude 
that the cells of the cartilage-forming area 
become stabilized as cartilage cells by this 
criterion at that time when the cells begin 
to appear morphologically to be cartilage 
cells. 

The ability of the host limb to exert 
control over the differentiation of zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAan im- 
planted block of cells appears to decrease 
between stage 24 and stage 25, but does 
not appear to be lost. In stage 25 or older 
hosts, implants from the cartilage-forming 
area of stage 24 limb buds developed 
ectopic cartilage with about the same fre- 
quency (83%) as implants from the car- 
tilage-forming area of stage 27 limb buds 
(83% ). Clearly there has been a decrease 
in the ability of the host limb to exert con- 
trol. since only 13% of the implants from 
the cartilage-forming area of stage 24 limb 
buds formed ectopic cartilage in stage 24 
or younger host limbs. However, implants 
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from stage 22 limb buds conformed with 
the host pattern in 100% of the implants 
in both older and younger host limbs, in- 
dicating that older hosts have a residual 
ability to control the differentiation of im- 
planted cells. The ability of the host limbs 
was not observed to change during any 
other time period examined. The hosts 
could validly be described as stage 24 or 
younger and as stage 25 or older. 

The results suggest that the cells from 
the cartilage-forming area develop an in- 
creasingly strong chondrogenic bias as the 
cartilage-forming area becomes more dis- 
tinct. The “stabilization” which is observed 
does not appear to be an abrupt change 
from “unstabilized” to “stabilized” but from 
a form unable to resist the host influences 
to a form which can no longer respond to 
the host environment. The “stability” 
which is observed depends on the strength 
of the host influences. 

This result suggests that “stabilization” 
is not due to the appearance of a new mole- 
cule in the cartilage-forming cells at the 
time of stabilization. It would appear more 
likely that the stabilization which is ob- 
served is due to the accumulation of some 
“stabilizing” material. It would seem likely 
that accumulation short of some threshold 
amount can be reversed, but that accumu- 
lation beyond that threshold can not be 
reversed. The threshold level would ap- 
pear to depend on the strength of the in- 
fluences which are brought to bear on the 
cells. The level reached between stage 24 
and stage zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA25 would seem to be high enough 
that the influences in the limb that control 
the differentiation of limb bud mesenchyme 
cells can no longer control limb bud car- 
tilage-forming cells. Mucopolysaccharide 
itself would appear to be capable of play- 
ing the role of “stabilizing material,” since 
it has been shown to accumualte in limb 
mesenchyme cells (Seals, ’67). The mu- 
copolysaccharide synthesizing enzymes al- 
so appear capable of playing this role as 
suggested by Medoff (’67). They have 
been shown to accumulate in the limb 
mesenchyme cells at the indicated time 
and at an appropriate rate (Medoff, ’67). 

We can not determine from the data 
presently available to us whether the “sta- 
bility” which we have described in the 
cartilage-forming area of the limb is a 

Property of the individual implanted cells, 
or a property of the block of cells. NO im- 
plant, whatever the stage of the donor or 
of the host, produced only cartilage. In 
every case where there was ectopic car- 
tilage, the cartilage was surrounded by 
implant cells which appear to be soft tissue. 
It is possible that the host limb is capable 
of preventing matrix synthesis by the cells 
on the surface of zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAan implanted block but 
that the cells in the center of the implanted 
block are protected from host influences, 
and thus persist in matrix synthesis. Al- 
ternatively, the non-cartilage cells observed 
surrounding the ectopic cartilage could re- 
sult from minor contamination of every 
block with some soft tissue cells from the 
donor limb. The only evidence we can pro- 
duce against this second possibility is that 
we never found soft tissue in the cartilage 
area of the host limb. Thus we have no 
evidence that we ever implanted cells in- 
capable of becoming cartilage. It is im- 
possible to chose between these two possi- 
bilities using information now available to 
us. 
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PLATE 1 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
EXPLANATION O F  F IGURES zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

1 Stage 24 donor, stage 24 host. The donor embryo had been injected with 1Opc of 
tritiated thymidine when it was stage 20. Twenty-one hours later, when the embryo 
had reached stage 24, the chondrogenic areas of the legs were isolated and cut into 
small blocks. One of these small blocks was implanted into the dorsal surface of the 
right wing bud of a stage 24 embryo which was then allowed to develop for 48 hours. 
The implanted cells formed both cartilage and soft tissue in the pattern of the host 
wing. Hematein. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAx 100. 

Stage 24 donor, stage 24 host. An implant obtained from the same donor as the implant 
shown in figure 1. The cartilage pattern of the host wing appears to have been dis- 
torted by the presence of the implanted cells. Hematein. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAx 100. 

Stage 25 donor, stage 25 host. The donor embryo had been injected with 1Opc of 
tritiated thymidine when it was stage 22. Twenty-four hours later, when the embryo 
had reached stage 25, the chondrogenic areas of the legs were isolated and cut into 
small blocks. One of these small blocks was implanted into the dorsal surface of the 
wing bud of a stage 25 embryo which was then allowed to develop for 48 hours. The 
implanted cells formed cartilage which is clearly separate from the cartilage of the 
host. Hematein. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAX 100. 

4 Stage 25 donor, stage 24 host. The donor embryo had been injected with 1Opc of 
tritiated thymidine when it was stage 22. Twenty-seven hours later, when the embryo 
was stage 25, the chondrogenic areas of the legs were isolated and cut into small blocks. 
One of these small blocks was implanted into the dorsal surface of the wing bud of a 
stage 24 embryo which was then allowed to develop for 48 hours. The implanted cells 
formed cartilage which is next to but clearly separate from the cartilage of the host. 
Hematein. X 100. 

Stage 25 donor, stage 23 host. The chondrogenic areas of the leg buds of a stage 25 
embryo were isolated, cut into small blocks, and implanted into the dorsal surface of 
the right wing bud of a stage 23 embryo. Forty-six hours later, 50 pc of carrier-free 
S-35 sulfate were injected into the host egg onto the zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAarea vasculosa. Two hours after 
the injection, the host wing was fured and autoradiographs prepared using Ilford L-4 
emulsion. The emulsion was developed after three weeks, the sections stained and 
examined for the presence of ectopic cartilage. This section shows ectopic cartilage 
near to but separate from the cartilage of the host wing. Toluidine blue. X 100. 

A section which is six serial sections away from the section shown in figure 5. Stained 
with hematein and photographed i n  dark field to show the distribution of the silver 
grains. x 100. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

7 Stage 24 donor, stage 25 host. The donor embryo had been injected with 5 p c  of 
tritiated thymidine when it was stage 22. Twenty-one hours later, when the embryo was 
stage 24, the chondrogenic areas of the leg buds were isolated and cut into small blocks. 
One of these small blocks was implanted into the dorsal surface of the wing bud of a 
stage 25 embryo which was then allowed to develop for zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA48 hours. The implanted cells 
formed cartilage which is clearly separate from the cartilages of the host. Hematein. 

x 100. 
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