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Cytodifferentiation an 
Its Control 

Intrinsic and extrinsic cellular controls intimate 
interact in differentiative synthesi 

Clifford Grobste 

Diversification of cell types during 
the course of development is widely 
regarded as one of the most enigmatic 
and challenging problems of modern 
biology. Recognition that this is a cru- 
cial problem is not new. Recent years, 
however, have been marked by a sense 
of urgency and expectancy-as though 
great things were just over the horizon. 
Not only do long-time students of the 
subject feel this but so, too, do in- 
vestigators in other areas who, increas- 
ingly, have been looking over the fence, 
quietly surveying the terrain, and re- 
grouping their forces for entry into 
what seem to be very green pastures. 

The source of the excitement, of 
course, is the increased familiarity with 
the interior of the cell resulting from 
joint use of the electron microscope, 
the ultracentrifuge, and the fraction col- 
lector. Coupled with the high-resolu- 
tion techniques of microbial genetics, 
these studies have yielded models of the 
cell and its controls which seem to re- 
quire only a properly placed switch or 
two to allow for the formation of an 
erythrocyte, or a liver cell, from an 
undistinguished zygote. That no one has 
yet seen such simple switching occur 
with cells rather than models may be 
mere happenstance. It may, however, 

indicate the need for soi 
approaching these pro 
pastures. 
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ing component, to which various names 
have been applied. Whatever it is called, 
it includes increasing heterogeneity as 
well as advance to higher levels of 
order. Increasing heterogeneity is mani- 

d fested as increase in kinds of things in 
increasing numbers of compartments- 

Is new kinds of molecules, organelles, 
cells, tissues, and so on. Increases in 
the number of kinds of cells, and the 

ly processes by which cells of more gen- 
eral properties in earlier stages change 
into cells of more special properties in 
later stages, are what we refer to as 

*~in ~ cytodifferentiation. 
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Fig. 1. Technique for preparing standard transfilter cultures of pancreatic epithelium 
and salivary mesenchyme. Intact rudiments may be cultured either "in the clot" in the 
position of the epithelium, or "on the platform" in the position of the mesenchyme. 

Fig. 2. Intact pancreatic rudiment "on the platform" at successive stages during the 
first 2 days in culture. 
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lated portion of a more complex one. 
The components of the system should 
be separable, and it should be possible, 
after separation, either to keep them in 
isolation or to recombine them to test 
for componential interactions. The dif- 
ferentiative behavior of individual cells 
should be readily, and preferably quan- 
tifiably, characterizable. Finally, the 
cells should lend themselves operation- 
ally both to the kinds of manipulation 
and observation which have proved use- 
ful in examining intercellular relations 
and to the kinds which have yielded 
insight into intracellular controls. 

No experimental system is likely to 
present the perfect answer to these re- 
quirements. However, the developing 
pancreatic rudiment of the mouse is 
promising for several reasons. The adult 
pancreas has been the subject of in- 
tensive cytological, physiological, and 
biochemical study (1) and is a familiar 
object from these points of view. It has 
a definite but relatively simple architec- 
ture, with at least two specialized cell 
types-acinar and islet. The first pro- 
duces a number of well-characterized 
enzymes; the second, two well-charac- 
terized hormones. The cells, particularly 
the exocrine acinar cell, are among 
those whose study has provided the 
basis for present conceptions of intra- 
cellular regulation of biosynthesis. 
Moreover, the mouse-genetically the 
best known of the vertebrates-offers 
opportunity for controlled variation of 
the genetic parameter. 

Accordingly, several years ago Golo- 
sow and I made some preliminary de- 
velopmental studies in vitro on the 
mouse pancreas (2). We began by con- 
firming earlier findings (see 2) that 
cultured embryonic pancreas continues 
its development and differentiation. The 
culture techniques were those employed 
earlier in studies of kidney, salivary- 
gland, somites, and other rudiments of 
mouse embryos (3). These are modi- 
fications of classical procedures for or- 
gan culture, in which advantage is taken 
of newer materials and procedures. 
Highly porous, thin membrane filters, 
mounted on Plexiglas rings, as indi- 
cated in Fig. 1, provide the substrate 
for culturing and allow exchange with 
the nutrient medium below. The nu- 
trient (changed daily) is the basal me- 
dium of Eagle (4) supplemented with 
horse serum (10 percent) and chick 
embryo extract (3 percent). The in- 
corporation of penicillin, streptomycin, 
and Mycostatin makes it possible to 
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Fig. 3. Section of methacrylate-embedded 
and stained pancreatic epithelium after 5 
days of culture, as viewed with the phase- 
contrast microscope. Note the prominent 
zymogen granules in many of the cells, 
arranged around acinar lumina. 

culture the cells in loosely covered glass 
dishes in an incubator at high humidity, 
in air containing 5 percent carbon di- 
oxide. A dorsal pancreatic rudiment 
dissected from an 11-day mouse em- 
bryo continues its development when 
placed on the membrane platform un- 
der these conditions (Fig. 2). The origi- 
nal, relatively simple, epithelial com- 
ponent grows and ramifies to form 
many acini, which become opaque on 
the fourth or fifth day. A section 
through such a culture on the fifth day 
(Fig. 3) shows that many of the acinar 
cells are packed with eosinophilic zymo- 
gen granules, presumably packets of 
stored enzyme awaiting secretion. In 
addition, one can identify nonsecretory 
ducts and, very occasionally, packets 
of cells resembling islets-the source of 
insulin and glucagon in the normal 
pancreas. 

Pancreatic Exocrine Differentiation 

Differentiation of the acinar exocrine 
cells is detectable with the optical 
microscope on the fourth to fifth day 
of culture, but it can be detected con- 
siderably earlier by other methods. 
Frances Kallman (5) examined the dif- 
ferentiating acinar cells of the rudi- 
ments, both in the embryo and in vitro, 
with the electron microscope. The zy- 
mogen granules visible with the optical 
microscope on the fifth day of culture 
(corresponding to the 16th day of em- 
bryonic life) appear in the electron 
micrographs as obvious opaque bodies. 
On the fourth day in culture precursor 
prozymogen granules are equally obvi- 
ous. However, even on the third day 
some cells can be identified as probably 
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embarked on a differentiative course. 
Although prozymogen granules are seen 
infrequently in these cells and are quite 
small, the endoplasmic reticulum is 
clearly modified, for many of the 
ribosome-studded membrane profiles are 
expanded into cisternae. The Golgi ma- 
terial at this stage also suggests activity, 
as indicated by an increase in the num- 
ber of profiles and vesicles of various 
size. The ultrastructural picture is the 
one to be expected if product synthesis 
has already begun, and if material is 
accumulating in the endoplasmic reticu- 
lum and beginning to be transformed 
in the Golgi zone into secretion gran- 
ules. A day earlier, on the 13th day of 
embryonic development or the end of 
the second day of culture, the cytoplasm 
is packed with ribosomes, but the num- 
ber of endoplasmic reticular profiles is 
relatively small, and only occasional and 
small, expanded cisternae are seen. It 
is interesting to note that at this stage 
and earlier, when there is little evidence 
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of accumulation of secretory material, 
the abundant ribosomes are charac- 
teristically in rosettes, a configuration 
reminiscent of configurations described 
for message-reading, by the ribosomes, 
from associated strands of RNA (6). 

The ultrastructural indication that ac- 
cumulation of specialized product is 
well under way by the third day is in 
accord with studies of the amylase con- 
tent of maturing rudiments in vivo and 
in vitro carried out by Rutter (7). 
Specific amylase activity increases by 
approximately five orders of magnitude 
during the period of culture, and this 
increase is only slightly less than that 
observed in the normally developing 
rudiment (Fig. 4). The amylase ac- 
tivity by the third day of culture is 100 
times the initial level on the first day. 
The inflection point of the curve in 
Fig. 4 is at about the end of the second 
day, a finding which corresponds well 
with the ultrastructural observations. 

On the basis of these data, can we 
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Fig. 4. Plot of amylase activity in the developing pancreas in vivo and in vitro. 
Characteristic ultrastructure is indicated at approximate stages along the curve. 
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Fig. 5. Stained sections of pancreatic epithelium fixed at indicated times of culture. 
Note the growth in size and the increased orientation of cells around acinar cavities. 

say when pancreatic acinar differentia- 
tion begins? With the optical micro- 

scope and ordinary methods of section- 

ing, exocrine differentiation is first iden- 
tified on the fourth to fifth day, when 
frank zymogen granules can be clearly 
discerned. However, thinner sections 
embedded in methacrylate resin, when 
viewed with the phase-contrast micro- 

scope, show droplet-containing cells as 

early as the third day of culture. As 
has been noted, the electron micro- 

graphs show this period to be one of 

expanding cisternae and enlarging Golgi 
vesicles. The electron micrographs and 
the results of enzymatic assay are in 
accord in suggesting that some special- 
ized synthesis occurs even earlier, per- 
haps after only 48 hours of culture. If 
differentiation is regarded as accumula- 
tion of specialized product, detection 
of its beginnings obviously may be lim- 
ited by the method of assay. On the 
basis of the cited criteria of ultrastruc- 
ture and amylase activity, one would 

say that acinar cells begin differentiating 
by the end of the second day. Con- 

ceivably, however, a more discriminat- 

ing test or an assay for another enzy- 
matic product-for example, trypsin, 
chymotrypsin, or ribonuclease-would 
show specialized synthesis even earlier 
for assay than amylase does. Paren- 

thetically, one of the interesting ques- 
tions to raise is: What is the degree of 

coupling in the synthesis of the several 

enzymatic products of the pancreatic 
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acinar cell? For the moment, all we can 

say about the beginning of differentia- 
tion-as measured by specific synthesis 
-is that significant increase of amylase 
cannot be detected earlier than the end 
of the second day. 

Criteria of Differentiation 

But is synthesis, or accumulation, of 

specialized product the most appropri- 
ate measure of differentiation? Are 
there other criteria by which a differ- 
entiative state may be recognized? Are 
there differentiative changes which pre- 
cede the earliest appearance of special- 
ized product? These are old questions 
which have yet to be fully answered, 
and which lie close to the heart of the 

problem of differentiative mechanisms. 
In the case of the pancreas the follow- 

ing observations are relevant. As I have 

said, epithelial differentiation proceeds 
in the intact rudiment in vitro. It can 
be shown that an essential contribution 
to epithelial differentiation is provided 
by the surrounding mesenchyme (2). 
This is demonstrated by exposing the 
rudiment briefly to a solution of crude 

trypsin, making possible the separation 
of epithelial and mesenchymal compo- 
nents. The epithelial component, when 
clotted on the under surface of a filter 

assembly, spreads as a sheet but en- 

tirely fails to differentiate secretory 
acinar cells. If it is recombined with 

mesenchyme, however, either directly 
or across the thin membrane filter, 
epithelial differentiation occurs. Similar 
dependence of epithelial differentiation 
on mesenchyme has been shown for 
the salivary-gland, thyroid, kidney, skin, 
thymus, and other rudiments (8). In 
other words, epithelial differentiation, 
including that of the pancreas, is at 
least partly under extrinsic control-by 
a tissue of another type. This kind of 
heterotypic dependency of differentia- 
tion has long been known as embryonic 
induction. In the case of the pancreas 
the inducer clearly is of such nature 
that it can cross a 20-micron inter- 
space provided by the thin, porous, 
membrane filter. I discuss more of this 
later. For the moment, the impor- 
tant point is that the trans-filter induc- 
tion system makes it possible to inter- 
rupt the interaction at any time simply 
by removing the mesenchyme from the 
upper or platform surface of the filter. 
When this is done after increasingly 
long intervals of culture (9) it is found 
that removal prior to the 30th hour is 
not followed by acinar differentiation. 
Removal of the mesenchyme at the 30th 
hour allows minimal differentiation in 
some cultures, and removal of the mes- 

enchyme at the 48th hour or later al- 
lows zymogen synthesis to occur in all 

cultures, the degree of synthesis in- 

creasing with the period of culture. 
What is relevant to the question un- 

der discussion is the fact that 18 hours 

prior to the time when enzymatic or 
ultrastructural signs of differentiative 

product are discerned, changes occur 
which render at least some cells of the 

epithelium capable of differentiation in 
the absence of an inductive stimulus 
that they required earlier. From ap- 
proximately the 30th to approximately 
the 48th hour of culture the epithelium 
shows none of the usual signs of defini- 
tive pancreatic differentiation. Yet a 
critical change has occurred, due to the 
influence of the mesenchyme, and only 
time seems to be needed for the effect 
to be manifested. This kind of change 
of properties, undetectable in terms of 

the criteria of the final state, has been 
demonstrated in many developmental 
pathways and has been variously re- 

ferred to as determination, chemodiffer- 

entiation, or covert differentiation (10). 
The mechanisms of this covert state 

have yet to be elucidated, and it seems 

likely that in them may lie the crux of 

the puzzle of differentiation. What are 

the possibilities concerning the nature 

of this state as we now visualize them? 
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Nature of the Covert Phase 

First, it is possible that we are deal- 

ing with an artifact of observation, that 
the covert phase is a period when syn- 
thesis of specific product is subliminal 
at resolutions presently attainable, and 
that with improved methods of detec- 
tion the covert phase will disappear. 
Second, covertness may represent la- 

tency in the sense of preparation-a 
shifting of the cell "gears" to initiate 
new synthesis. It may represent the 
time, for example, necessary for the 
inducer to move into the cell, derepress 
certain structural genes, and allow their 
translated message to reach sites of 

protein synthesis in the cytoplasm. Ac- 

cording to this view, the covert phase 
is different in nature from the overt 
phase but part of a continuous time 
course: the one is prelude to the other, 
but not otherwise separable from it. 

A third possibility has long been en- 
tertained: that the covert phase is in 
fact the fundamental phase, differing 
not only in nature from the overt one 
but entirely separable from it and able 
to persist for long periods without overt 
expression. Whatever the mechanism, 
this possibility requires the assumptions 
that the covert phase begins with the 
essential event of differentiation, that 
some main-line switch closes, and that 
differentiated type is thereby deter- 
mined. According to this view, all that 
follows this essential event is relatively 
inconsequential detail or realization, 
and "true differentiation" is covert with 
respect to the criteria applicable to the 
final state, stable from the outset, and 
presumably propagable, since cells fre- 
quently continue to divide during the 
covert phase. It is to be noted that this 
possibility, as compared with the first 
two, requires a different definition of 
differentiation, at least for the moment 
-one in terms of operations that de- 
termine what cells will do later on, 
not what they will do immediately after 
the essential event. It says that two 
populations now operationally indistin- 
guishable must be different because they 
become distinguishably different later, 
even though they are kept under identi- 
cal conditions. 

The importance of resolving these al- 
ternative explanations of the covert 
phase lends special interest to the events 
occurring in cultured pancreas between 
about the 30th hour and the end of 
the second day of culture. One ques- 
tion to be asked is whether cells become 
"fixed" in their differentiative behavior 
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at the beginning of the phase (as sug- 
gested by the third possibility). This 
question has been asked in connection 
with other developing systems (11), and 
the answer has usually been in the 

negative. Wessells and I undertook to 
answer it for the pancreas, in the fol- 

lowing way (9). Epithelium which has 
been cultured from mesenchyme, across 
a membrane filter, for 30 or 40 hours 
can be removed from its clot with 

trypsin and recultured by reclotting in 
a new assembly. There is a clear differ- 
ence in the behavior of the epithelium 
cultured for 30 hours and that cultured 
for 40 hours: the 30-hour epithelium 
rarely forms detectable zymogen in a 
total culture interval of 5 days, while 
the 40-hour epithelium invariably does 
so. However, if the 40-hour epithelium 
is cut into fragments before reculturing, 
its differentiative behavior varies, de- 

pending upon the size and disposition 
of the fragments. If it is cut into eight 
fragments of equal size and if these 
are combined in a close cluster so as 
to re-fuse into a single mass, the new 
culture always forms zymogen, though 
in somewhat reduced amount relative 
to the original unfragmented culture. 
Fragments of this size cultured indi- 
vidually never produce zymogen, even 
when all fragments of a particular 
epithelial mass are tested. This finding 
indicates that some cells which were 
covertly differentiated fail, later, to dif- 
ferentiate overtly if they are compo- 
nents of small fragments, whereas they 
do differentiate overtly if they are com- 

ponents of a larger mass. 
This kind of experiment has obvious 

shortcomings as a means of deciding 
what is going on in particular cells 
from the 30th to the 40th hour of 
culture. Since, however, the test for 
covert differentiation reveals that the 
size of the cell population tested is an 

important parameter, one cannot ex- 
clude interactions among the epithelial 
cells themselves as possible contributors 
to the altered behavior between 30 and 
40 hours. Indeed, when one compares 
the epithelium after culture from 
mesenchyme for 1 and 2 days, across a 
filter (Fig. 5), it is obvious that both 
the increased size of the population and 
the altered arrangement of the cells 
provide ample basis for changes in the 
interactions among the cells. 

Changes in the orientation and shape 
of cells and in the homotypic relations 
of cells to one another and to their 
substrate have been emphasized as pre- 
liminaries to cytodifferentiation. In a 

number of developing systems (see 10, 
12), interruption or inhibition of these 
changes has been correlated with failure 
of differentiation, though the causal 
connection is not clear. It is possible 
that the covert phase is at least partly 
an expression of such changes, and that 
differentiation as defined by the more 
usual criteria is their sequel. A number 
of investigators have suggested that the 

findings implicate the cell boundary- 
the surface membrane of the cell and 

immediately associated materials-in 
the initiation of differentiation (13). In 

particular it is suggested that boundary 
materials, especially when shared among 
cells, may play an important relay and 

transducing role in the transmission of 
extrinsic cues of higher-order integra- 
tive patterns (14). Definitive evidence, 
however, is still lacking about the 
nature of the boundary materials in- 
volved and the mechanism by which 
such changes may influence processes 
deeper in the cell. 

DNA and Zymogen Synthesis 

Let us set aside for the moment the 
question of the earliest steps in differen- 
tiation. There is evidence that, by the 
beginning of the third day of culture, 
important changes in properties relating 
to subsequent differentiation occur in 
pancreatic epithelium. Wessells (15) 
has gotten some idea of what is going 
on by observing the incorporation of 
tritiated thymidine, a process which re- 
veals patterns of synthesis of DNA 
within the cell mass. By the 48th hour 
it is clear that the number of cells en- 
gaged in such synthesis is greater 
at the periphery of the tissue than at 
the center, and by the 72nd hour cells 

synthesizing DNA are largely confined 
to the superficial layer of the explant 
(Fig. 6). Labeling, followed by re-incu- 
bation for various periods, provides 
grounds for making the following state- 
ments with some assurance. By the 48th 
hour pancreatic epithelium under these 
culture conditions has a peripheral, 
germinal cortex, within which a high 
proportion of the outermost cells are 
in the DNA-synthesis phase of the mi- 
totic cycle. These cells undergo actual 
mitosis in the immediately subperipheral 
zone-that is, lower in the cortex. Mi- 
totic figures in this region are unlabeled 
in tissues fixed immediately after the 
incorporation of tritiated thymidine but 
are 100 percent labeled 7 hours later. 
The mitotic cells are, therefore, a later 
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phase of the peripherally labeling ones 
-that is, cells or nuclei move toward 
the center to divide. Some cells pro- 
duced by the cortical proliferation ac- 
cumulate toward the center, making up 
a postmitotic compartment of the popu- 
lation which enlarges during the next 
several days at the expense of the pro- 
liferative compartment. There is thus a 
periphero-central gradient of increasing 
age of maturation, and this is reflected 
in a centro-peripheral appearance of 
zymogen granules in the differentiating 
cells. 

The findings provide clear indication 
of a generally reciprocal relation be- 
tween DNA synthesis and zymogen syn- 
thesis, in accord with the long-held view 
that overt differentiation and mitotic 

activity tend to exclude each other 
(10, 16). It should be noted, however, 
that there are complications, that not 

everyone accepts this view (17), and 
that there is need for particular caution 
in extending histological and cytological 
generalization to the molecular level-- 
that is, to the question of the relation 
between replicative and transcriptional 
activity of DNA. Methods for ap- 
proaching this latter problem are only 
now becoming available. 

Wessells has been investigating the 
relation of nucleic acid synthesis to the 
formation of zymogen granules by 
treating the differentiating pancreatic 
epithelium with metabolic inhibitors for 
short periods at various times during 
culture. It is of considerable interest 
that the sensitivity of granule formation 
to actinomycin changes between the 
48th and 72nd hour of culture. At 

actinomycin levels which fail to pro- 
duce indication of general toxicity, the 

appearance of zymogen granules is in- 
hibited by treatment prior to 72 hours, 
but appearance of the granules is not 

inhibited, in at least some cells, by 
treatment at 72 hours or later. The 
cells in which there is no inhibition at 
72 hours tend to be centrally located 
and presumably represent the post- 
mitotic "avant-garde" cells characterized 

by failure to incorporate thymidine. 
Rutter has made amylase determina- 
tions on the actinomycin-treated cul- 
tures and finds that treatment at 96 

hours has little effect on amylase ac- 

tivity measured on the 5th day. Treat- 
ment at 72 hours, however, clearly re- 

duces the amylase activity at the 5th 

day, and treatment at times earlier than 

the 72nd hour progressively further re- 

duces the activity until, with treatment 

at 24 hours, the activity is virtually 
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Fig. 6. Autoradiogram of transfilter culture labeled with tritiated thymidine. Note the 
localized incorporation primarily in the peripheral cells, with a central nonlabeling 
population. 

eliminated. Similarly, Wessells has 
found the 5-brornodeoxyuridine blocks 
the appearance of zymogen granules 
when administered prior to the 72nd 

hour, but not when administered at this 
hour or later. Among the more interest- 

ing explanations of these data is the 

possibility that "avant-garde" cells at 
the 72nd hour have already trans- 
mitted messenger RNA to their ribo- 
somes and are therefore not affected 
in their specialized synthesis by actino- 

mycin binding to their DNA. Continued 

experimentation with metabolic inhibi- 

tors, in conjunction with autoradiogra- 
phy, electron microscopy, enzyme as- 

say, and chemical fractionation of the 

differentiating cultures, should yield de- 
finitive tests of this hypothesis, as well 
as insight into the initiating mechanisms 
for specialized protein synthesis in pan- 
creatic acinar cells. 

The Input Leg and Differentiation 

It is worth asking, however, whether 
the elucidation of these mechanisms of 
the output leg, from DNA to special- 
ized product, will yield full compre- 
hension of cytodifferentiation. Beyond 
question, it will represent considerable 

advance, particularly in showing that 
the intimate interplay of chromosome 
and cytoplasm which is fundamental to 
metabolic regulation in microorganisms 
also obtains in higher organisms. But 
there will remain the question of the 

input leg (18), the path of regulative 
impingement on the chromosome. This 

regulation is documented in a number 
of ways-not only for microorganisms 

but for higher organisms, and particu- 
larly for insects in the remarkable stud- 
ies of the chironomids (19). We now 

know, for example, that an extrinsic 

agent-ecdysone-can turn chromoso- 
mal loci, in the functional sense, on 
and off, and that these functional loci 
are indeed those involved in genetic 
continuity and recombinations. It should 
be emphasized that this extrinsic con- 
trol is exerted on overtly differentiated 
cells, at a stage corresponding to that 
of zymogen synthesis in pancreatic 
cells; what earlier steps induced the 

particular response pattern to ecdysone 
shown by salivary cells is still an open 
question. 

I italicized induced in the preceding 
sentence to introduce my final point. 
The concept of induction and the con- 

cept of differentiation have been closely 
interlinked since the classic demonstra- 
tions of developmental dependency by 
Roux and Spemann. What these demon- 
strations say in modern terms is that 
the control systems of the cell in the 

development of higher organisms are 

subject to manipulation from without. 
To the extent that cytodifferentiation 
is controlled biosynthesis, the web of 

biosynthetic operations must be ex- 

trinsically regulable. If microbial regu- 
lation is a suitable model (20), we 
conclude that the complexity of higher- 
order controls in the multi-cellular sys- 
tem funnels down to a final common 

path on the chromosome. This conclu- 
sion implies two things worth noting. 
First, given the demonstrable complex- 
ity of higher-order controls, many 
factors may register in the final com- 

mon path and operate as an embryonic 
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inducer. Second, an embryonic inducer 
need not be, and probably is not, iden- 
tical in nature with the more direct 

-conceivably final-path-inducer of 
microbial systems. 

The first point is particularly perti- 
nent in view of the multiplicity of in- 
ducers which has, indeed, been found 
in primary induction (21). After the 
excitement of 30 years ago when the 

neuralizing action of killed tissues on 

gastrula ectoderm was discovered, there 
was a period of embarrassment of 
riches when everything "induced," cul- 

minating in the frustration of "self- 
induction." In recent years, renewed 
respect for the role and complexity of 
the responding tissue-an entirely 
healthy development-has led in some 
quarters to complete deprecation of the 
role of the inducer. Despite the de- 
thronement of inducers from the status 
of "organizer substance" and the prob- 
ability that they operate in very dif- 
ferent ways in different instances, the na- 
ture of physiologically effective inducers 
remains an important potential clue to 
the character not only of embryonic 
integration in general but of differentia- 
tive controls in particular. The problem, 
however, is probably best approached 
not by testing the effect of various ma- 
terials on an isolated responding system 
but by attempting to determine the na- 
ture, and the requisite conditions for 
transfer, of inductive materials in an 
intact, physiologically functioning inter- 
action. In our laboratory at Stanford, 
my associates and I have been attempt- 
ing to do this in several systems; here I 
mention only some recent results ob- 
tained by Rutter with the pancreas (7). 

As I said earlier, pancreatic epithe- 
lium, under the conditions of our ex- 
periments, continues its differentiation 
only in the presence of mesenchyme. 
On finding that this requirement could 
be met not only by pancreatic mesen- 
chyme but by mesenchyme from any 
source tested, it seemed possible that 
the responsible materials might be fairly 
generally distributed, and hence abun- 
dant enough to be chemically isolated. 
When chick embryo mesenchyme was 
found to be active, it appeared that 
chick embryos might be a suitably 
abundant source. The nutrient medium, 
of course, contains embryo juice, at the 
3 percent level, so the effect of an 
increase in the concentration of embryo 
juice was tested. At concentrations of 
10 to 20 percent, growth and differenti- 
ation of pancreatic epithelial cells oc- 
curred in the absence of mesenchyme, 
14 FEBRUARY 1964 

though the amount of zymogen pro- 
duced did not seem as high as the 
amount produced with a control me- 
dium containing mesenchyme and em- 

bryo juice in 3-percent concentration. 

Raising the concentration of embryo 
juice still further, to 40 percent, did 
not increase the response-in fact, there 
was evidence of toxicity and inhibition, 
and deleting horse serum from the me- 
dium, or raising the concentration of 
horse serum above the normal 10 per- 
cent, similarly inhibited acinar differen- 
tiation. It seemed clear that in this 

experimental system, several fac- 
tors could act as differentials. In par- 
ticular, something in chick embryo juice 
at proper concentration was effective 
in the absence of mesenchyme. 

We do not yet know the specific na- 
ture of the active material or materials, 
but certain properties of the active frac- 
tion have been defined. There is no 

activity in chick embryo juice ultra- 
filtrate, nor in the soluble fraction after 
sedimentation at 100,000g. There is ac- 
tivity in the sediment obtained at 1000g 
and 10,000g, and activity is high in the 
sediment obtained at 100,000g. The ac- 

tivity of the sediment declines in a few 
hours at 37?C and is eliminated by 
exposure to trypsin. Treatment with 
RNA-ase and DNA-ase has little effect. 
No comparable effects are exerted by 
adult liver microsomes, by mitochon- 
dria, or by collagen, DNA, and RNA 

preparations tested in a wide range of 
concentrations. 

It is too early to interpret these re- 
sults, especially to specify the relation 
of the active material of embryo 
juice to the physiologically active prod- 
uct of mesenchyme. Nonetheless, it is 

encouraging to find that the properties 
observed so far are in general con- 

formity with the results of studies of 
induction of kidney tubules by dorsal 

spinal cord (22). In both instances the 
evidence implicates large-molecular ma- 
terials which are sensitive to trypsin and 
so organized as probably to have low 

mobility under physiological conditions. 
In the case of the transfilter interaction 
of spinal cord and metanephrogenic 
mesenchyme, activity was significantly 
restricted when the average diameter 
of the filter pores was about 0.1 micron. 
It will be interesting to learn whether 
there is comparable restriction of the 

mesenchyme factor. Meanwhile, what- 
ever the physiological significance of 
the embryo juice factor, it has the 

practical significance of providing a 

differentiating epithelial culture in the 

absence of mesenchyme. Tests are in 

progress to determine whether the ma- 
terial is a general promoter of differ- 
entiation in vitro. Salivary epithelium 
gives only a weak response to the par- 
ticulate factor, and metanephrogenic 
and somitic mesenchyme are not in- 
duced by the particulate factor to form 

kidney tubules and cartilage, respec- 
tively, as they are by appropriate re- 

gions of embryonic spinal cord. 

Cell and Organism 

In conclusion, let us return to the 
theme with which we began. A power- 
ful arsenal of techniques and knowl- 

edge recently has been made available 
to students of development by col- 
leagues in related fields. Thus, it is 

justifiable to expect very rapid, early 
advances in our knowledge of cytodif- 
ferentiation. In particular, we may ex- 
pect that differentiation at the cell level 
soon will be placed in proper perspec- 
tive in the spectrum of cell responses 
interpretable in terms of a general 
model of intracellular control of bio- 
synthesis. At the same time, as a phe- 
nomenon peculiarly characteristic of 

multicellularity, it will have to be re- 
lated to the subtle cues which integrate 
a collection of cells into an organism. 
The mechanisms of short-range, homo- 

typic interaction between cells of like 

type and of heterotypic interactions of 

conceivably somewhat longer range be- 
tween cells of unlike type will have to 
be related to the intracellular control 

system. In the process, the successively 
more encompassing shells of interactive 
control will merge the general model 
of the cell into a general model of the 

organism. Progress will be faster if, in 

applying newer knowledge at the levels 
of the molecule and the cell, we keep 
in mind the organism and its controls 
in searching for a full conception of 

developmental diversification. 
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A crucial period in the story of the 
pre-Columbian cultures of the New 
World is the transition from a hunting- 
and-collecting way of life to effective 
village farming. We are now fairly 
certain that Mesoamerica (1) is the 
area in which this took place, and that 
the time span involved is from approxi- 
mately 6500 to 1000 B.C., a period 
during which a kind of "incipient cul- 
tivation" based on a few domesticated 
plants, mainly maize, gradually supple- 
mented and eventually replaced wild 
foods (2). Beginning probably about 

.1500 B.C., and definitely by 1000 B.C., 
villages with all of the signs of the set- 
tled arts, such as pottery and loom- 
weaving, appear throughout Meso- 
america, and the foundations of pre- 
Columbian civilization may be said to 
have been established. 
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Much has been written about food- 
producing "revolutions" in both hemi- 
spheres. There is now good evidence 
both in the Near East and in Meso- 
america that food production was part 
of a relatively slow evolution, but 
there still remain several problems re- 
lated to the process of settling down. 
For the New World, there are three 
questions which we would like to an- 
swer. 

1) What factors favored the early 
development of food production in 
Mesoamerica as compared with other 
regions of this hemisphere? 

2) What was the mode of life of 
the earlier hunting-and-collecting peo- 
ples in Mesoamerica, and in exactly 
what ways was it changed by the addi- 
tion of cultivated plants? 

3) When, where, and how did food 
production make it possible for the first 

truly sedentary villages to be estab- 
lished in Mesoamerica? 

The first of these questions cannot 
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The first of these questions cannot 

be answered until botanists determine 
the habits and preferred habitats of the 
wild ancestors of maize, beans, and the 
various cucurbits which were domesti- 
cated. To answer the other questions, 
we must reconstruct the human-eco- 
logical situations which prevailed. 

Some remarkably sophisticated, mul- 
tidisciplinary projects have been and 
still are being carried out elsewhere in 
the world, aimed at reconstructing 
prehistoric human ecology. However, 
for the most part they have been con- 
cerned with the adaptations of past 
human communities to large-scale 
changes in the environment over very 
long periods-that is, to alterations 
in the macroenvironment, generally 
caused by climatic fluctuations. Such 
alterations include the shift from tun- 
dra to boreal conditions in northern 
Europe. Nevertheless, there has been 
a growing suspicion among prehistori- 
ans that macroenvironmental changes 
are insufficient as an explanation of the 
possible causes of food production and 
its effects (3), regardless of what has 
been written to the contrary. 

Ethnography and Microenvironments 

We have been impressed, in reading 
anthropologists' accounts of simple so- 
cieties, with the fact that human com- 
munities, while in some senses limited 
by the macroenvironment-for in- 
stance, by deserts or by tropical forests 
(4)-usually exploit several or even a 
whole series of well-defined microen- 
vironments in their quest for food (5). 
These microenvironments might be de- 
fined as smaller subdivisions of large 
ecological zones; examples are the im- 
mediate surroundings of the ancient 
archeological site itself, the bank of a 
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