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gives good hope that the public will have ex- 
cellent: scientific help in  the promotion of the 
national mineral industry. 

After the opening ceremony the president, 
followed by the other guests, made a tour of 
inspection of the library and of the museum. 

H. T. CHAXG, 
PEKING, 	 A c t i ~ ~ gDirector 
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AGGLUTINATION AND TISSUE 
FORMATION , 

FORa considerable number of years the prin- 
ciple underlying our analysis of tissue forma- 
tion-undertaken with the view of contributing 
to a physiology of tissues in contradistinction 
to a physiology of organsi--was the sugges-
tion that primarily agglutination is the factor 
which makes isolated cells join into a tissue, 
and that this agglutination depends on a cer-
tain consistency of the outer layer of the cell 
pl-otoplasm2. I n  a n  analysis of tissue forma- 
tion it  was thus necessary to determine the 
factors on which this consistency depencls and 
we showed that i t  is a quantitatively variable 
factor, that this variability is a prerequisite 
in ainceboid movement and that the same ag-
glutinabili~g tvhich determines tissue formation 
is the cause of ~ v h a t  we have called stereo-
tropism of tissue cell!:, their tendency to move 
in contact with solid ~ u r f a c e s . ~  Tissue forma- 
tion, stereotropism and amceboid lnovement are 
therefore related phenomena, all depending on 
a certain variability and regulation in the 
consistency of the outer layer of the proto-
plasm. As a step in  this investigation we pre-
pared a n  experimental anicebocyte tissue which 
consists of motile bloodcells of invertebrates 
and nhich reaciilg admits of a n  experimental 
analysis of all these associated f a ~ t o r s . ~  The 
basic laws of tissue formation must apply 

1Biological Bulletcn, 1903, IV, 1301, S'irchow's 
Arc11i.r.. 1903, CLXXIII ; 135 Anatomical Re-
cord 1912 VI, 109. 

2Washington Unirersity studies 1920. VIII, 3. 
dlnerzcan Journ. Physrol. 1921, LVI, 140. 
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3TGashington Universit,~ Studies, 1920. VIII.  
3 SCIEKCE 1919 L. 502. American Journal 
Physzol. 1922, LX, 277. 

equally to the oarious kinds of g~vwth ,  em- 
bryonic, regenerative, correlative and tumor 
growth.* 

Tissues are primarily aggregates of aggln-
tinated cells. Secondarily certain differentia- 
tions may occur which concern the individual 
cells as well as  the connections between these 
cells. Elementary tissues and even structures 
resembling particular tissues i n  certain re-
spects, can be produced from isolated amcebo- 
cytes under conditions vhich we have described 
i n  detail elsewhere. Under the influence of en-
vironmental changes the consistency of the 
outer protoplasmic layer of these cells is 
altered in  such a way that it  becomes sticky. 
I n  this experimental tissue various processes 
which occur i n  natural tissues can be imitated. 
-4 state of the outer parts of the protoplasm 
intermediate between liquid and solid is essen- 
tial for  tissue formation, because i t  insures 
that degree of adhesiveness necessary for  this 
process. Agglutination is likewise the basio 
factor, which insures the possibility of the 
formation of paraplastic structures in which 
the products of adjoining cells are  united into 
a homogeneous whole. 

We showed that the movements of tissue 
cells take place in  contact with surfaces which 
are solid or approach the solid state, such as  
fibres. TfTe designated this mode of reaction 
as  stereotropism of tissue cells (18981, and 
attributed to it  a significant part, not only in 
wound healing, but also in processes taking 
place normally in  the 01-ganism whenever 
niovements of tiesne cells occura6 This stereo- 
tropisni is apparent not only in normally mo-
tile cells, but even in cells which are  normally 
in a fixed condition but which are made to 
move under conditions which imply a change in 
environment; i t  is self-evident that this in-
cludes also those environmental changes which 
take place during embryonal development. 
l T e  found that this stereotropic reaction can 

4Vircho.w'~ Archiv. 1903, CLXXIII, 135. 
Jourt~. Xed. Research, 1917, XXXII, 75, 1920, 
XLI, 247. Journ. Cancer Research, 1920, V, 261. 
SCIEKCE,1922, LV, NO.1410. 

6Arohiv. f .  Entwiokelungsmech. 1898, VI, 297. 
1902, XIII,  487. Anatomical Record, 1912, VI, 
109. M. S. FIeischer and Leo Locb. Proo. Soc. 
Exp. Biol. and Mcd., 1911, VIII,  133. 
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be induced and modified experimentally in  the 
amabocyies and that i t  depeniis upon chaages 
in the con.;istency of the protopla:;m, ~vhich 
tend to xilake i t  sticky. Stereotropism is Ihere- 
fore a n  expression of the same factor %v,vhjch 
leads to the agglutination of isolated cells with 
each other, ~vhich latter results i n  tissue forma- 
tion. 

The stereot,ropism of tissue cells depends 
upon their ability to carry out amcpboid move- 
ments. On the basis of our observations and 
experiments we concluded that in  ammboid 
movements, cyclic changes in  the consistency 
of those pmts  of the protoplasm take place 
which are concerned i n  this act i~ri ty .~With 
these changes there must be associated cor-
responding changes i n  the agglutinative power 
of the tissue cells. The factors underlying 
ameboid rnovcmenis are therefore closely re-
latecl to those determining agglotination and 
tissue formation; but while i n  the la,tter usual- 
Ig the whole surface of the cell is i n  a viscous 
state, the cyclic changes i n  consistwlcy and 
viscosity of the protoplasm are localized ancl 
thus lead to the fo~.mation of pseudopods. In 
modifying this amcrboid ~noven~ent  experiment-
ally we have shown {that its character varies 
wilh the consistency of the protoplasm; only 
if the latter approaches the liquid state can 
surface tension play a par t  in  the amceboid 
morrement; bat  during certain phases of the 
process the consistency of the protoplasm is 
so great t11mat the lax-s of surface tension, as 
they have been deline~l for  the liquid state of 
matrter, cannot play a n  essential par t  i n  
ameboid. m o ~ e i n e n t . ~  

Relaied to amceboid rnowment but not 
identical with it, i,s the spreading out of tissue 
cells, \vliich occurs under certain conclitions, 
when the cells are i n  contact with solid sur-
faces. This process can likewise very con-
veniently be studied i n  ammbocytes. Both 
amc~boid morelnent and spreaciing out depend 
upon ,changes i n  the consistency of t.he proto- 
platsm. The spreading out in  particular de-
pends upon a softening and relaxation of the 
outer layer of the protoplasm. Usually this 
spreading out goes hand in hand with amceboid 

eJournal Zed .  &esearch, 1902, V I I ,  145. 
';Washington Uni~ersityStudies, 1920, VIII, 3. 

movement; yet both processes ca,n to a certain 
extent he separated from each other experi-
mentally. As we have s h o w ,  i t  is possible to 
increase the consislency of the protoplasm in 
such n way, that the spreading out is prevent-
ed or r c q  much clelayed, ~ r h i l e  am@hoid move- 
ments are still quite active. Addition of defi- 
nite amounts of acids to the medium i n  which 
!the amrcbocgtes are held, may have this effect. 
Hou-ever, in  influencing tlie consistency of the 
outer laye:- of ",LC pi.otop1asm as a n.liole, fo r  
instanse th:,ongh the aclriition of acid, we mag 
also influenee the character of the pseudopock 
in s conqesponding manner. Addition of slight 
amoul~lts of allia?i favors very much the es-
te~is io~lof t l ~ e  cells by sofl(:ning the consistency 
ge~le la l lg .~  Again the consistency of the outer 
lager of the spreading out cell is such that 
ail.hesjveness resuik;  thus a n  agglutination of 
the sprc::ding out cells to the base on which 
they rest is assured. Tliis spreading out is a n  
importnnt factor in tissue formation and dur- 
ing enib~yol~ic developmcrrt [the formation of 
the mesenchyme depends upon such kt trans-
fon*inaiion of the morc or less rounded off 
biastome:.cs into cclls, which not only assume 
amcehoirl n~ovsment, but a t  the same time 
spread ,out. We have previously callei? atiten- 
tion to t!le imporlance of changes in aggluti-
native p~.ope::iies of cells during en~bryonic 
dcveloprr,cnt, in  ivilich a change takes place 
from aggluliriated rouncl cells, v l ~ i c h  stick to 
each othi.!. \:.it% certain parts of their circum- 
fwence, to ce!!:: sp~en?~iingout i n  coi~tact with 
a soliil o i s c o ~ ~or s ~ ~ / ~ : r a t i l n ~ . ~  

It car1 he s?~o~-;uthst Ills stiekiness and 
ihercfore the agglutinability of cells is a vari-
able factor; bu!: Ihe degree of this rariabi1it.y 
d i E ~ r s  very much i n  dige~efent kinds of cells 
and cnde;. dirferent conditions, We have 
found 1ha.t this variability is very great i n  the 
case ,of amabocgtes. I n  the circulating blood 
they are not sticlcy; but as soon as  the enviroa- 
n ~ e n t  is altered they become sticky, show 
amaboid movements ancl agglutinate to each 
other and to other structnres. We have every 
reason to believe that, while these variations 
in  stickiness are  leas marked i n  the majority 

sdrnericavt, Jouv~zaZ Physiol. 1923, LX, 277. 
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of cells, great variations occur generally. Thus 
i n  the resting stage, the endothelial cells lining 
blood and  lymph vessels present a perfectly 
smooth surface and other cells pass them free- 
ly  without adhering to them. But  when cer-
tain changes i n  the environment occur, these 
cells may become amceboid and migrate ad-
hering to surfaces; or they assume phagocytic 
properties, which likewise presuppose certain 
changes i n  the surface consistency. I t  is very 
probable that similar changes occur in  all  
epithelial o r  connective tissue cells, when they 
change from the resting state to the active 
state of amoaboid migration, adhering to sur-
faces with which they come i n  contact. 
Ameboid movement tts such implies, as we 
have shown, a cyclic, localized change i n  the 
consistency of the cell and i t  can be shown 
that the stickiness of the pseudopod mag be 
greater than that of the rest of the cell. I n  
the majority of the cells the variation in  con- 
sistency and stickiaess is less marked than i n  
the aase of the amebocytes, because they are 
already naturally in  the state of It 'issue COM-

ponents, adhering with certain parts of their 
surface to neighboring cells. This applies al- 
ready to the blastomeres of the dividing egg, 
i n  which some parts of the outer layer have 
such a degree of viscosity that the segmenting 
cells remain united. The union of cells in  
resting tissues may be accomplished by means 
of secondary differentiations, which lead to the 
production of special structures. There is 
reason for  believing that when, under the in- 
fluence of certain stimuli these cells enter into 
the siate of amceboid movement, these differen- 
tiations are a t  least partially lost and this im- 
plies a change i n  the condition of the outer 
layer of the cell, which exhibits ameboid 
movement and on which the agglutinability, 
and therefore stereotropism, depends. 

Such changes in  environment which lead to 
amceboid movement, alterations i n  consistency 
of protoplasm, stereotropic response, play a 
great par t  i n  pathological conditions, in  in- 
flammation, wound healing, a n d t u m o r  growth, 
i n  all of ahioh cellular stereotropic move-
ments are a significant factor. Tjnder natural 
conditions these movements occur not only 
during embryonic development in  various types 

of cells, but also in  the adult organism, for  
instance in  the ovary during atresia of the 
follicles, in  the endothelial cells of the corpus 
lutenni during the foimation of blood vessels 
and i n  the lymphocytes migrating through 
epithelial sarfaces. 

I t  is possible furlher to analyse some of the 
factoxs and especially the significance of iag-
glutination i a  the formation of centain tissue 
structures. I n  general, cell division not ac-
companied by al~imboid niovcments tends to the 
proLuction of epithelial surfaces. Tissues 
which shorn active anice'noid and spreading out 
n~oven~cnis, ahich dif- niay prodnce s:mclures 
fe r  according to the relative degree of agglu-
l inabi l i~y and cnei.gy of ammboid movement 
present. Zf the ainceboid moliliiy is aery 
marlceii in  proportion to t l ~ e  degree of ad-
llesivcness, we tend to have ti5sues of a niore 
01. less loow character. Thus the fibroblasts 
are connzcted wit11 each other t h r o n ~ h  rela- 
tively s~nal i  areas of contact, vhile iliay are 
sending ont lorig pseuclopodia and moving free- 
ly  along solid bodies. I n  epithelial tissues, o r  
i n  tissues orl ~jrnilar morphoio:S;cal character, 
the prepondeianee of amn5otd motility over 
the aclbesiveness of he cells la much less pro- 
aov.nced and illese cells are the1cfo:e jo~ned 
togetliex in  ~Tider surfaces of c o n ~ x t  and may 
foriil more or less connected legcrs. Tile same 
difiercnces we find be:acen the growth of sai- 
coma eclls, which iehzvn sirr'!:;.iy io fibroblasts, 
and cnrcinon~a cells nrc~ ~ h i c h  cpithclia!~ in 
character. Great siid~iriess ma.y lead to the 
formation of cell clumps, a i d  if i t  is associated 
wiih a tkndcncy to a~cnboii l  morcrnent and 
spreading out of the adhesive cells, i t  may lead 
to the Solmation of t i s s ~ ~ eluycrs, i n  which 
strands of s;wead out cells for111 a n$. This 
net formation is clue to the fact that the cells 
move away from the cell clumps, which serve 
as centers, and form thus scconda:ily strands 
of spread out cells, ~ i ~ h i c h  withconnect each 
other. 

I n  the process of tissue formation, su~cli as  
we observe in  tissne growing in culture media 
in  vitro, t ~ o  phenomena are noticeable i n  out- 
growing cells, (1) the stereotropisn~, which 
leads the cells to grow i n  contact with solid 
surfaces, ( 2 )  the tendency of the cells to grow 
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out in  a centrifugal direction a v a y  from the 
piece of tissue implanted; thus a more or less 
radial and often tree-like branching arrange-
ment of the outgrowing cell strands is pro-
duced. We have discussed above the stereo-
tropic response. The centrifugal arrangement 
can be conveniently studied in  amcobocyte tis- 
sue. Several years ago we tested experimen'r- 
ally the possible significance of the gahanic 
current and differences i n  electric potential i n  
the centrifugal direction of cell migration. 
Our results were negative, neither did the di- 
rection of light rays influence the movements. 
I t  is very probable that  the centrifugal growth 
depends upon the following two factors, (I) 
the tendency of the cells adhering to each other 
to separate, to send out pseudopodia and  to 
move in such a direction that Lwo o r  more cells 
forming a clump become isolated, (2) the ten- 
dency of a healthy cell tbo continue for  a cer-
tain time to form pseudopods a t  the same par t  
of the cell a t  which this process has been in- 
duced. These two factors, the existence of 
which observation of the moving cells verifies, 
would be sufficient to prociuce the centrifugal 
movement, which would thus partly represent 
a statistical chance phenomenon. Inasmuch as 
the isolated cells and the cell clumps become 
less frequent v i t h  increasing distance from the 
central piece, this would insure a aentrifngal, 
more or less net-like growth, or in other cases 
a tree-like growth, such as  we found under 
various conditions. JJ7e may assume that the 
same factors play a role during the growth 
within the organism. 

Tissue formation depends upon a combina-
tion of cell movements and cell divisions. W e  
have seen that contact with a solid base is a 
prereqnisite for  the outgrowth of tissues; but 
i n  addition we found more recently that in  
various ti3sues growing in vitro, a very active 
mitotic cell division mag be induced i n  favor- 
a'ble liquid culture media supplied with a suf-
ficient amount of oxygen, even under condi-
tions which do not permit a n  active outgrowth 
because of the lack of a solid surface along 
which the cells would be able to migrate.10 

While it  is thus po~sible  to separate experi- 

IsLeo Loeb and 3Ioyer 5. Fleisher, Jou~n.&fed. 
Research, 1919, XL, 509. 

mentally mitotic cell proliferation and migra- 
tion of cells in tissue cultures, the same stimu- 
lus usually tends to produce both of these re- 
actions together. d suitable change i n  en-
vironmental conditions nsually brings about 
al~erations in the cells, which lead to both mi- 
totic cell division and migration in tissues, 
provided they are capable of both of these 
activities. The clifferenee in  actual response 
on the part  of different tissues depends upon 
the structure of the tissue, which enables cer-
tain Binds of cells to migrate very readily and 
to di~3cle only with difficulty or not a t  all, and 
other tissues to dlvide much more readily than 
to make ameboid movements. 

The stereotvopic reaction of tissue cells to 
a n  enrironmcntal change consists of two com-
ponent parts, (a)  of ammboid movement and 
(b) of alterations in  the consistency of the out- 
er layer of the tissue cells; the latter change 
may vary very much in different cases. I n  some 
cases a previously non-sticky surface may be- 
come sticlcy as the result of the environmental 
change (as in  amcebocytes, the free snrface of 
endothelial cells, perhaps i n  lymphocytes and 
cer ta~n  other cells), ~ l z l l e  in  other cases a cer- 
tain degree of usually circumscribed adhesive- 
ness pre-existed, but became more general o r  
stronger as  the result of the environmental 
change. 

These changes in  motility and adhesiveness 
are responses of a living organism to a stimu- 
lus. This is quite apparent i n  the case of the 
amcebocytes and i n  the reactions of the ex-
perimental amcebocyte tissue, where a mechani- 
cal stimulus leads to that f a r  going alteration 
in  cell consistency, which makes possible both 
stereotropic reactivity and tissue formation; 
but i n  principle, conditions are  similar also i n  
the case of other tissues. 

LEO LOEB 
WA~HIXQTOXTXIVERSITY 

THE SHENANDOAH CAVERNS 
THE exhibition of caverns to the traveling 

public is noted by the United States Geological 
Survey as  a gTowing industry in the Shenan- 
doah Valley of Virginia. The famous Valley 
Pike, now a link in  the New P o r k  to Atlanta 
highway, is traversed yearly by thousands of 
automobile tourists, and no one has adequately 


