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1. Iniroduciion

1In the mig-1950e, Pau! Weiss [1] applied the then 7

very culzenl concept of gybernetics to a major biclag
Jgal problem; namely, the conizol of mitosis in cells
in vire. Thus. Weiss and Kavanau {2] proposed that
a “*negative feedback inhibitor™ pre-cxisted i, or om,
the surface of cells which s-ﬂea:mca?]} inhibited the
mitosis of those cells undl they were gither displaced
or gestroved. In the sheence of thess specific nege 7
tive feedback mnhibitors af Tnitosis, the cell would en-
fer imto the mitotc evcle” . Bulloagh and Lavrence
{3, 4], applving this concept o thelr own work on
‘the conirol of epidermis, suggested that. since ex- -
iracts of varions epidermal Hssues could inhibit the
mitosis of epidermal cells i wive and in vifre withowt
appasently nhibiting the mitosis of other celf typez

in ﬂave'skin} this negative Teedbzck inhibitor could be
eelied 2 “chalone,” from the Greek word meening 1o

. “brake” orsiow down §4,5]. These woskers have

' j:-ri;pﬂs&:d that there 2xists in 2 wice varieTy of cells,

2 reprodactive cyole of c2Wl division bes been dimided into

- five phases. The oewly formed Canghter calls ore sz 1o bz

n {3@ i they.are permzncRily. of 2mporarily withdrewn

B  Trorn the dbvision sequence; i They semain in this sequence =~
oy re-gnier i1 they T8 go fhrough o pealnd ermed Gydwr. -

g which they make profein and RNA Bt no DHA; fhen
o abropl turst 91' DHA symﬁhem oecars and ihe cellsame

- edimbein phaze. ATer1his 1ime, Mméﬁ maeram Jn]e:tn- o

- lar s}mhess ﬂ:enm.jﬂs e ells, having twice avmsuch
- DINA penozmal, e said 16 e in Ga. Fimily the cslls go -
| Vimto metaphase and divide 1M ~whaz=d end fhe vesalting
ST ﬂaugh BT a:ei]sem onacE aga:n in Bg unlﬂ nha}' Ie-an EJ‘ TJa'e

) ‘L‘ﬁs ’C’“ﬂE ﬂnﬂu‘.’]‘ L‘n : L :

- Noru ol P

1?#3-{’5}31';3@.? —Aminendom < o et

S Teble & s
Chpertenstics uf»ar‘aua puistive n_ha‘a:‘afen

: ) - {Chalene Mol wi of ¢chalone
Chalone Reforentes assay {in daliomns}
Epidersds . 5,180,384 Gy.Gr Gz 30,000-40,600

' ' - Ga: > 100000
T Liver . 33,35 O < 2000
Mzlgmovyile 58, 33 G, ca =50
- Fibroblast - 37 G- 30,004 50,000
Ridney 58, 24 G - -
Grarulosyie 403,41,42 G, . <SG
G; Ga o Ty: 30,000 30,600

Evmphoorie 43, 44,45
R - G:: .

specific and endogenous miiotic inhibiiors which, by
a nege dive feedback mechinism, contiol the milolic

* setivity of these eelis 4, 5]. Their primeary bickopgical

charasteristics are, 1} 1oiel cell specificity, i} lack of
speciesspecifictty, and 1) reversipility, A number of

- workers have attempted (o 28 seblish that ihe wide

variety of c2lls are under chalone cortrol, and the

- myafor sysiews under chalone controt to be ;:mpmsed
- 1D daie .‘:]IEE Gesctibed in 3ble } '

We wil] revicw onty four. ﬂlaiﬂﬂﬁ EYSIEMS: epider

_ mis, melanocyis, fbroblast, and Iy mpiw-:.;, te. The evi-

gence for ihe E}ﬁsiiﬂ!'i{.‘? of i.i"E&? four gﬁmﬂnes i

: pmi’;ab.}' Esﬂh .ld-j'c,es in “Cﬂ?ﬁt;ﬁﬁ most convincing

uaﬂ '“3?




 Voluine'32, number 1
'2.'*\Ch‘a'l>ﬁme :symems
2 1 E pfdermai rﬂzm’onf

‘ The existence-of ‘chalons in
suggested by the study of eplderma}_wmmnﬂ healing

by Bullviigh smd Lavrence in 1960 [3]. The epider- -~ =

. iz nnd supe:rfi{:ﬁ31 dermis were rernoved from one
- side of the sars of mice, then the mumber of mitoses

“was counted in the intact epilermis across from the

wound. An increased mnitotic ate was found opposite
from the centre of the wound. 1 a stimulator had
been relvascd Trom the mjuxeﬂ wells, then more mito-

- se5 ghould have been found opposite the edges of ihe -

wound, But if the increase in number of mitoses was
due 10 the 1sloase from an inhibition normally pres-
ent, then the highest mitotic activity would be found
opposiie from he centre of the wound, as they

_ found, su ggesting the presence of a mitotic inhibitor
in the epidermis. Finegold {6] extended these experi-
‘menis to show that the replacement of the removed

. tissue with a graft of intact epidermis suppressed the

proliferation opposite the wound, further supporiing

the existence of an epidermal chelone.

The epidermal chalone wes extracted by Buﬂ]@ugh
and Lausence I5] from the epidzrmis of male Strong
'CBA mice and reduced the mitotic raie of ear epider-
mis when injecleﬂsubcullaﬁemmly or when addeg 1o
pieces of mouse car in organ <ulture. Epinephrine
was necessary for epidermal vhalone aciion in visro,

which led 1o the suggestion that é'thaﬂ@na—zpinéphr _

ring complex could be the active mitolic inhibitor.
“The active substance was wr*ar soluble, n@nwﬂmﬂyz-
able, precipitable by 80% ethancl, and heat-labile [77.

'Epidermal chalone was relatively ns;ue specific: ague-.

- ous exiracis of k]dney liver, thg, bwm recipm, hmr

_ bmhs, and hypodermns did not affect the mitotic. raie -

" of ear epidermis i1 vitro; addition of the m:p]derm’al
‘extract to cultures did not inhibit mitosis in growing
“hair £ umllacles or 1ectal erypls, but clearly reduced the
‘mitolic rate in cornea and oesophagus, which are

 closely relmm:?l to Epﬂ\ﬂﬁrm]b Embnmlogmal]y Pmmms; ‘
o .pleie hass of 21
| mouse skin, with fD'J‘DSS in the Gy aa‘n:h:my [18].

Epnﬂerma] ibasa.l cells were smamttéﬂ from ﬁnfrsranw»
L meﬂ cells an‘d"ey“lraams oi' eaeh cel] Type swere made 0,

”.1:31’ emwdemw from male or femnale CBA or. WLL. mme
. Tais; guinea pigs, or rabbits alj contained, Ep:ldcimal

r;]ﬂ'lﬂna aln:mrrty ﬂms thmonf: mm ity was not depen-:
,ram m 5335 r-zes :D? amma] tes?ed

: ;:udem on the sex; s
. This' wmk has beam ©
. Iversen E1gt3 and ihum

rmed m:d mxten deﬂ hy
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A major effort was put inlo fm{:mmatmn and pu— 5

' nﬁi:mmn @f epidztmal chalone from pig skin, Ireaﬂmg :
© to the suggesiior: that iHe epzﬂema] chalone wasa

pmmn or glycoprotein with a molecular weight of

39,000 10 30,000 dalions. A}thxm_gh the materiai was
- - prrified perhaps 2000 times, the high ]IEK?E]I of hy- -

droxyprofine in the most pumrﬁeﬁ ma‘h&ua] indicates

-probable serious conlamination with co’]auem frag- . -
“ments from the dermis [12a] .

Until 1958, all Eﬁpmlmenl’s on ePudem]a! chalmm
ntilized a mitosis assay; Ehh@ugh it had become clear

that a physi dlogical growth regulator shonld act in the

| G, phase of the cell cycle {[]3}, prior to DNA syn-

thesis, rather than in G5 or in mitesis: Most cellsina -

tissue are at 185t in Gy {or Gy), from which state

they may differentiales o1 may be induced to prepare’
for DNA. replication by synthesizing RNA and pro-
tein moleenles necessary for initialing and preceed-

ing through S phase. The addition of epidermal
" chalone to organ cullures of rat skin did not affect

DNA synthesis within 1—3 hr {14} . This lack of im-

- mediate effect of [SH]thymidine incorporation nto
 epidermal DNA was confirmed i vive [15]. How-

ever, DNA synthesis was clearly inhibited 9—13 hr

 after intraperitonesl injection of epidermal chalone,

siggesting that the chalons was acting 2t a point in
G several hours prior 1o the beginning of 8 phase
IJS] DNA synihesis in Organ caltures of hamater-

- cheek pouch was mhabued 1620 hr after the addi-

tion of an agueous extract of chezk pouch epidermel

“cells [16]. Epinephrine was noi n_qmm:ﬂ for this in-
hibition. In an autoradiographic study, it was fmmd
“that ][3h]ﬂ1ymmdme labelmg index of mouse Tore-
- stomach cells was clearly lowered 11 hr afies myemmn
- of epjderma] chalome: I]?] ‘ -

FDlﬂmmng these prahmmary ﬁﬁ{]mg m:dn:mmg

 the presenge in the epidermis. of an nh Mtor acting in -
o Gl » evidence for the Gy ep&demua] rs:ha]mle has agen-
wmﬂated Tremmem of mouse skin wmh afcmﬂmymm

I* 24 hr before malwmne aextmmmn msn]meﬁ inacom-
3 chalm’m aﬂwﬂy B tratiahffe fmm
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. whnfle ﬂlB d:.ffe:rmtla ting ceﬂ]s conmtained m@s" cf ﬂfat,

Gy E’hal@mz activity {20]. Dlatks ]21&} mjt:staém

7 with pig .:]‘;1]" extracts and fm;nﬁ an inhibition of

DNA sy’m‘thssxs after alag of about 5 hr, with z peak
mh:lbnmn batween 10 and 20 hr after chalone injec-

tion. In conirast to the G4 chalone, activity of the Ga '

chalong was not affecisd by boiling at nevtrat pH or
. by excessive dﬂges?m"l with trypsin or pronase, The
G, chalosie Has been putified about 50.000-fold, but -
the active fraction, which zontains protein, carbohy-.
drate, and RNA, may still be heterogeneous.

Megardmv the tissue specificity of the G, eipld'er
mal chalone, it has been found that the skin extract
dig not inhibit DNA synthesis in lung, liver, kidney, |
or spleen, while exiracts of lung, liver, or kidney did
not affect DNA synthesis in skin [211. Extracts of liv-
er {15,17] or conneciive tissue ‘[16}] did not affect
epithelisl DNA synihesis.

Thus, it is clear that the material which has been re-
ferred to as the “epidermal chalone ” is not a single
substance. Both the G5 inhibitor and the G, inhibitor
ate apparenty tissns-specific in thelr actien, 8 neces
sary characteristic of 2 chalone. Which of these sub-
stances is more likely 1o be the physiological growth

regulator for epidermis — the epidermal chalone?
Since muosi cells rest in and differentiaie from the G;
phase, we submit that the chalone acting in G, is pn-
marlly responsible for epidermal growth control. The
- 34 inhibitor is more likely to he involved in stress sit-
uations wt;mmg an immediate sicppage of mitosis
{the G, inhibitor wonld require several howuss 1o =f-
' fect a decresse inthe number of epidermal mitoses).
- While we feel that factors aeting in Gy should proper-
Iy be designated “chalones™ for clarity in the Hiers
“{use, chalones should be-referred 1o as “G ) chalone™,

on 1 The assay wsed for astimating chalone activity

“i>5 chalone”, “mammaon chalone™, ele:, a:]epemim@ '

Recently Laurence and Randers-Hansen have f@umﬂ -

' that the Gy chalone acts as well in adm‘nalmmmnzad
mice 25 in intact mice {22], casting doubt on the im-
portange of f epmephrine in G, chalone action i wv@. |

- Thiese authors have goncluded that *. [ the eplﬁlermaﬂ o
~ chalons may not act directly with adrenalin 1o redice

) “the mﬂmm Tate.™ An alieration in, the nypm}msus of

C'Ga ﬁhﬁl@nﬂ wcmn i3 neaessary '"ﬂ’:a, ex:stamxe @f a Gz e

lﬂmad by ihe dermiis),_, hue m:“mm @1" whnc’h majg ba

. _'blmckefi ’h}f’ EP}anhIme has T’been pmﬂu}a‘iﬁﬁ I 3’4] |

, ?Egs'mﬁr_ﬁg' -7

- ey 1 9?'3; L

ar cna]rmaes ate ‘ﬁhxe physm]ogacai rLel wﬁa erg.ﬂmm, 8 -

-then their synthesis, or the sensitivity of a tissue 1o
' 'their action, may be clered during carcinogenesis and
" in tumours. The skin carcinogen 7.1 2-dimethyibenz
 lal-anthracene binds io the € ; chalone-conaining
&0% hihan@i precipitate from mouse skia 1o a much

greater extent than io the inactive-55% or 70% etha
nol precipitates §25] . This suggestive resull will ze-
main inconclusive uatil selatively pure chalones can
be prepared. Afier purnification is accomiplished, then
it will be possible to determine whether carcinogens
interact directly with Gy or G chalones, or whether
the rate of {:h&lonf: S\fmh@i s is altered during carcino-
gonesis.

~Three transplantable epidermal carcinomas {rabbit
¥x2, Hewitt mouse carcinoma, Chernozemski ham-
ster carcinoma) have been studied with especi o
their chalone content and whetber they respord to
the epidenmal chalone prepared from normal £in. Ex-

 tracts with G, chalone activity have been prepared

frem all thige tamours [26—29]. in addition, all thres
turnours responded with a reduced mitoilic rate to the

normal epidermal chalone. Only the Chernozemski

turpour has been tesied to determine whether i te-
tains the response to inhibitien in G afler chalons in-
jection. A 70—84% depression of DA synthesls was
fourd 4—8 hr after chalone injection, with no sifect
at 2 1.7 [28]. Thus, transplaniable epidermal tumonrs
appear to retain the ability 10 synthesize at least the
G ‘chalone, although perhaps 'n reduced amounts,

_and still respond o normal chalene by inhibition of

mitosis and DMNA synthesis. Attempts to inducs re-
gression of epidermal tumours by mpp'ate{i chalone in-
jections liave been unsuccessful. -

2.2. Mel anacy;e mﬁiwze :

A G4 chalone con 1ro) mechamsm for nmamnc’yies
the pngmem-pmﬂmmg celis of the skin, vas firsi sug
gested by Bullough and Lairence: §30]. An aguecus
extract of pig skin, which conteined epidermal -

- chalone aciivity, was found to inhibit the milotic rate _'

: af Ha;dmp ]Pasvﬁ}' ;r-e!laﬁ@mas in mice. When the ezg- o

. tract was aﬂdcé o the sulture medinm of pieces ef

"'hamnim amejan@nc melanmma:a, the mitntic rate was

: inkibited, but only in the. pmsemﬂ of epmap}mm a;nd ‘

e hydmwﬁzsnmz Both in »ivo and in Yitro, amone '

- ‘highly purified pxepazatmp of Epzden'm f:hamne was B
nm af:iwe agmnst *he meﬁaﬂbm;aa T
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This work has recently been extended by Dewey
~ [31]. who has shown that extracts of Harding Passey
melanoina inhibit the growth of the Harding Passey
mezlanoma growa in cell cultnre, but do noi affect the
prowth of Chinese hamster lung cells, transformed liv-
er cells, 01 normal human fibroblasts. The active inhib-
itor appears to differ from that studied by Bullough
and Laurence [30)], since it acis iz vigo in the ab-
sence of added epinephrine and hydrocortisone. Mela-
nocy e chalone activity is destroyed by heating to
> 50, or by treatment with trypsin, chymotrypsin,
or neuraminidase. The maierial was dialyzable, with a
molecvlaz vreight of sbout 200D dalions, as incicated
by Sephadex chromalography. Thus, the melanocyte
chalone appears 1o be a small glycoprotein or oﬂym-
peptide.

The pig skin exiract used by Bullough and
1surence was tested for its effect on mive bearing
Harding Passey melanomas and Syrian hamsters bear-
ing amelanotic melanomas 32} . The tumours dramat-
ically regressed and wicerated in all treated animals.
Since purifizd epidermal chalone was not active
apainst the rmelanomas, the umonr regressions were
ihought to be the resuit of melanocyte chalone action.
Subsequent!y. howawver, it was discovered that the ac-
tivity was nat present in all pig skin extracis, and that
asiive praparations were inactivated by sterile fillra-
tion, shgpesting that the activity was the result of bac-
terial contamination [33]. Mohr has recently con-
cluded thal [33], “... the siriking oncoly tic activity

of some of our pig skin fractions is eansed by contam-

Inating Clostridivm spores and not by possible
chalone compnnents,”

Conseqnently, the results of experiments nsmg pig

skin exiracts may not be valid. However, Bullough
and Laurence obtained active exiracts from melano-
mas a3 well as from pig skin, and their extrecisdis-
pleyed the necessary tissue specificity [30], while
Mohr’s Clostridinm-containing preparations were ac- .
tive against 2 wide spectram of transplanted tamours.

- Results showing that melanomas contain and respond
- 10 aguepus exirects, along with Dewey’s isclationand

- partizal <C}‘JEE'2!CIB"‘123L’|DII of aclive material from the
Harding Passey melanmna, must be Ct:n..lﬁemad ay the

best evidence suppnmng ths_ em’stem:P m’ meianmsyte e
-0 .7 - other, they begin to share their a:ha]um and ot some.
L 'o:nm,al cnnr:ﬁmra*mn ﬂff shﬂred s._h:a.@m, mlitom

a:hfalnne :
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2.3. Fibroblast f)mﬁ'ane '
" The fibrohlast represents another cell 1 1yp= whach
suggesus chalene control mechanisms. That is, pormal-

~ ly fibroblasts fdo not divide nniil the fissue i dis-

turbed, as in injury. At this iime, the defect is re-
paired in part by the proliferation of fibroblasts into
the injured area, Sometime after the onset. ‘of this fi-
broblast proliferation, the cell population becomes
quite dense and the fibroblasts cease to proliferate. At
this particular point, it starts 1o make slycosamino-
glycans and eventually collagen 1o repair the defect.

In eulture, the fibroblast represenis a celi type
which demonstrates “contact inhibition™. That is, ini-
tially after seeding the cultures with various types of
fibroblasts, there ig 2 short lag which is followed in
turn by a logarithmic growih phase. Eventuaily, the
lozarithmic growth phase reaches the point of crowd-
ing the culture so that many celis are obviously close-
Iy in contact with each other. At thas noint the kinet-
ics of culture growth reach a stationary phase; that is,
the cells cease 1o divide. This contact inhibition of mi-
totic activity can be casily overcome by either in-
creasing the conceniration of serum o1 by scratching
a hole into the lavers of cells (nsually a wmonolayer)
which cover the bottom of the culiure vessel. Thus, an
initially very rapid burst of cell proliferation is fol-
lowed by an glmost complete inhibition of mitotic ac-
tivisy of these cells when they have become crowded
and are in contact. It is believed that this in vitze con-
tact inhibition might be a model for the &1 vivo phe-
nomenon of the termination of the nilial prolifera-
tion of fibioblasts during wound healing.

We have found that exiracts of either the medium

 from eultured diploid human fibrablass or of the

c=}s themsclves possess @ trypsin-labile and thermo-

- labile material with a mplecular weipht between

30,000 and 50,000 dalions which will inhibi signifi-
canily the uptake of [PH]tiymidine by other diploid
human fibroblasts duzing normal growih in vitro [37).

" These extracts of either fibroblasts or their used med
- um md not influence ﬂne prﬂ]lfﬁanun rate of yarious -
types of Ttymphocytes o1 other cultured cells, cr.hus sug. ‘
- gesting some SPEﬁlﬁm‘ty in mitotic inhibition. :

o Itis pc:ss;lble that as. ihﬂse ﬁbmblasfs proliferate in.
vitro and approach and make contact pne with the -
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activity cersem:a]ly ceases. Thus, the elabmaam ofa
chalone by dipleid human fibroblasts in culture sug-

gests a possible explanation for 2 phmmmmmn of con--

tact-inhibition so characteristic of these celi typesin -
vitro.

T+ has heen known for perhaps half a century that
serum is an extremely helpful component in culture
medinm. Recently [50] we have shown that dinloid
human fibroblasts in culivre sfringently require serum
in order Yo divide. We have izolated and purified this
serun-derived mitcgen for diploid human fibroblasts

“znd have found it to be a mactosnolecule weighing ap-
proximately 115,000 daltons, made up of two identi-
cal dimners. Each dir.er contains two free —8H groups
and two sialic acic components. Meuraminidaze will
destyay the activity of this serum-derived mitogen.
Each dimer also contains ai least one and possibly two
disuifide pairs. The thermostable serurs macromele-
cule can be destroyed by trypsin. This macromolecular
species of slaloprotein is found in ali species of mam-
malian sera that we have investigated 1o date (human,
cow, horse, dog, pig, and ra1). This sialoprotein which
serves as the critical mitogen for diploid human fibro-
blasts can substiiuie completely for serum over at
least 15 generations o the lifetime of these cells in
ritro. : :

Preliminary dats suggests that an interesting rela-
tionship exists beiween the fibroblast chalons and the
serum mitngen. Namely, that as one incresses the con-
ceniration of the serum mitogen i vifro for a given
amount of chalone, the activity of tha chalone is de-
creased; conve rsely, given concentrations of chalone.
have a much larger anti-mitotic efiect in the presence
of less serum mitogen. The relationship between serurm
milogen and chalone concentralion in terms of the
proliferation of diploid human fibroblasts ir vifre is
straightforwardly ene of an apparent competition for-

- either fhe same or similar siies on’ the surface of the

cell. Neither the serum mitogen nor ihe chalone, when

administered one to the other, shows a strong interac-

tiom; that is, the chalone weighing less than 50,000 |
ang the serum mitogen weighing over 100,000 can eas-

- By be separatcd by molecular sieving and, quantilative-

Iy, after mixing puriied serum mitogen amj crude fi-

- broblast chalone. Onr proposal is- that the serum mito- ~
gen serves. 10 dssplaﬁe preexsamg chalone from the sur-
s i’m:;eﬁ Qf the mbmhizast, hins permitting me_@:ell ioenler
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the mitoiic phase of its cell cycle, 1t would also ex-

plein in part the rapid prolifesation of resting fibro-
Blasis into a wound 1since this is sssociated with the

-insuspation ¢f serum into the area), and the terniing-

tion of ¢zl proliferation which occurs kinstically
aboui the same time that the biological coniinuity of
the ricrccirculation is restored to nosmal and the
ceils are no longer bathed with the servm-der ived mi-
topen. Thus, we are of the opinion thai the serum mi-
togen functions as an “anti-chalone™ which, in quanii-
tative relationship with the chalone concentration of
the fibroblasy, effectively conirols the protiferation of
this cel} in vize and i vivo.

2.4, Lymphoryie chalone

Moorhead was the first to apply the chslone con-
cept 10 the control of the proliferation of ympho-
cytes [43]. He showed thai extracts of pig lvmph
node would inhibit significantly the biast transivrna-
ilon of human lymphocyies in culture when stimu-
inted with iectins such as phyichemaggluiinin (PHA).
This inhibition of blast iransformation {determired
morphologically) was also associated with a signifi-
cant inhibition of the uptake by these cells of tritiazed
thymidine culiure. This inhibition of lymphocyte
transformation when siivnulated by PHA was paral-
leied by Moorhead’s furthar finding that iymph node
exiracis from pig would also inhibii the spontansous
transformation and eventual mitosis of leukemic
lymphocyies derived from temouf patients in vive
{44]. These observalions weze confirmed by Garcia-
Giralt et al. [45] and by ourselves §46.47]. We ko
indicated that exiracts of not only lymph nodes but
also spleen and thymus from cow, pig, and rat were
all capable of inhibiting the transivrmation of PHA-
stimulated lymphoeytes in vitro, Furiher, we wee

‘abls to establish that exirscts of non-hympheid tissues
‘had no effect upon the ransformation rzte of humean

tymphoryies in cnlture and that these ﬂymplmm ex-
wacts conld be purified with the “cha]@nt” astivity
concenirated in.a mol cular weight : sange beiween

- 30,000 and 56,000 daliors. This porificaiion process.
 also removed the varicus cyinioNic components, par-

Mﬂﬂaﬂ}’ c@mpﬁlemem and 1gM, from the aguesss ex-
tracis of ine lymphoid tissue, and these extracis @mﬂﬁ

then be. ﬁem@n&mﬁl&ﬁ 10 be without efiect upon the

Pmnfamt@n rates {ﬁ' d&plmd hu.man ﬁsm“aﬂaats Hﬁla
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cells, or colon tarmnmm cells in wm;. Thus we hav
been able to demonstrata a correspondence be’rweern

the mitotic inhibition activity of Jvmphoid tissue visa '

wig stimulated lymphocytes and Bullough and
1aprence’s definition of a chalone.

Obviously the meterial which is zcapa’blﬂs of mhmrl—

ing lymphocyte tramsformation may find wtility as an
immunosuppressive agent, and both Garcia-Giralt e1 al,
[48] and Kiger et al. [49] have published recently on
the application of lymphocyte chalone concentrate

1o the inhibition of graft rejection i yive.

The properties of the lymphocyte chalone are rela-
tively unknown, save m that the molecvlar weighi of
the reactive species mmst be batwean 20,000 and -
50,000 daltons. Further, the material is irypsin-labile
and it must contain very large amounnts of carbohy-
drate, since a portion of this chalone activity can be re-
eovered through cold trichloracetic or perchloric acids.
Thus, it is most probably a glycoprotein. Preliminary
evidence sugpesis ils 1sme]ﬁmnc point is soma,p'Faca be-
tween pH 4 and 5.

A comparisen of the response of tnmons cells
{lymphotytic ﬂeukaﬂmm and lymphomas) to the
chalone with that of normal dipieid human lympho-
cy ies suggests some imporiant differences between
these two cell rypes; namely, the tumour cells, while
responding to the addition of chalone in the medinm
in vitro, require two to four times as much chalone to
demonstrate an eguivalent percent inhibition as do di-
ploid cells. This increased requirement for chalone con-
centration seems to be associated with evidence that

“wg have pressnted elsswhere thai tumour lymphocytes.

will not bind chaione nearly as well as will diploid hu-
man lymphocytes. Our evidense suggests that the len-
- kasmic lymphocyte or lymphoma cell will produce a

small amonn? of chalone but, because of this fajlure of
- binding, cannot build a sufficiently large concentration

~pn e surface of the cell :o preclude the unremitiing.

mitotic activity acharamensm of thesa typa,s 0f rce]]s in '7

. tulture,
Finally, the Iymphmzcy'te cha]one aioes Aot appear- m

be enormously cytotoxic, since the cells whichare in- -~

- hibited with® respect to tritiated. myzmlﬂme upta‘ke are-

not m}nbﬂed with respect to their rate of Hp*i’:ﬂ(ﬁ nf e

- labeied ammn acids into prmem. "
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_3,. Dmussiﬂn and eritique

- The primazy eriticism that has been offered over

“the last ten yeers, during which the chulone proposal
. has been mcxeasm_g]y noted and sindied, relates firstly -
to ihe issue of gytotoxicity and secongly to the issug -
_ Df how does one ﬂ»warmme mitosis experimentally.

3.1.Crro mxsc’mv ‘
Extracts of many tissues which have 2ot been puri-
fied extensively contain, among other things, comple-
ment and Ighf; the first poriicn of the complement
chain togeiher with the 1eM.will fix o the surface of
a number of cells in such a fashion as to zctivate the
interdigitated proemzymes which constitute the com-

. plement chain, leading to the activation of a number

of proteases and mos] particularly enzymes similar lo
phospholipase-C (CB g)- In this fashion, a cell may be
engymutically injured to the point of being grossly
dead, as judged from morphoicgy or, more subily and
yet still profoundly, altered by these cytotoxic com-
ponents of blood-rich tissuss. Further, these tissue ex-
Izacis contain extensive amourts of lysosomal acid hy-
drolases, and many of the lysosomal cathepsins are
also cytolytic. Thus was bois “Honek’s Law® which
states that 1) *Dead cells do ant divide,” and i) “Dy-
ing pells divide damn slowly.” This profound phile-
sophieal statement indicates one of the major experi-

‘mental hazards, then, o accepting incredulonsly the
. ‘observation that tissue exiracts will cavse a given cell

species to cease dividing i »itro.
- We have stdied the matabelic and bwr'hemmal _
parameters of cell death by subjecting diploic¢ human

- fibroblasts in culture tc radiation. These cells, which
- ‘are programmed to diz at some particular finite time,

have a kinetics cf death which can be observed in-
terms of ingreasing failure frstly 1o incorporate labeled
ﬁhyamlﬁune into DNA, and secondly an increaging fafl-

- ure o, mcmpmate sither. m*dlmr or phenylalanine into
- RNAwor pmlwems& tespectivaly, After the cells have -
.. died” to an extent in which no further incorporation

of precursors to mac;romﬂlﬂcw]ar synthesis can be dem-

- -onstiated, these m:ells sml retained Jabeled ﬂhmmmm
. gmd 011]}’ after a few more hours would start to zelease
- both the a:hmmmm and lysosomal and cytoplasmic en-
Zymes into the. medmm. Even mallya ina penod of:.
. some. 3 mofe htmrs ﬂﬁ: cell 0o ]ongez po;ssessed ﬁnc
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' abﬂﬂy to exclade vital dye and fin:ally i mcrphﬂlmgy :

- itself began to depari szgmﬁzandy from normal. Even
" in golls which were no longer excluding vital dye, they
were still metabolically consuming glucose, releasing -

. CD,, and synthésizing ATP. Thus, the rate of cell
death ﬂepends on what parz.neters are being measured
of what particular crganelle: mitochozidrial activities
obvionsly will endure considerably longer than those
involving synthesis on the endoplasmic reticulum. It
thus is almosi as difficull 1o pinpoint the precise mo-
inent of death of a cell as it is to determine the precise
mornent of clinical death in a patient. '

Thus, i a chalene exiract contains suffigient
amounts of cytoloxic maierials 1o injure the celi so
that it will at some future date “die” by whatever
m@;rph@m@ca] or other critesia may be at hand, it is
quite possible that while still apparently in ciinical
health, the cell has lost the ability to incorporate thy-
midine into DN A. This inhibition proceeds, then, not
because of specific inhibition of mitosis but, rather, a
generalized kinetic phenomenon of eytotoxicity. The
end point of the exclusion of vital dyes by cellsisa
late menifestation of the cells” sarlier injury.

Terhaps the most ofiective way of demonstrating
the heaith of cells and hence the “chalone activity™ is
speeific to mitosis rather than relating to Houck’s Law
is 10 demonsirate that these cells, while not incorpoe-
rating thymidine, can still incurporate amino acid pre-
cursors. An even more snbtle and sophisticated charac-
teristic of the chalone is that it not oply inhibits mito-
sis but it also stimulates differentiated cell function.
Thus, for example, we find that fibroblast chalone,
when added to d:lpimﬂ buman fibroblasts in culture,

will inhibii their incorporation of [3H] thymidine con--

-siderably while at the same tine the cell is still caps-
~ ble, when e:xpa..ed 10 ascorbic acid of Smlhasmng hy-
droxyproline fram radicagtive proline. The bulk of
~ the invitro studies relating 10 chalones has aot been
carefully controlled with respeet to the eytotoxicity .
of the crude iissue extracts smder sindy . However, the

nype m_ndies ﬁem@nstv,ranng the exisience of chalone

. are not n:eaﬂy as compromised by this ;pmbﬂrm of cy-
m@mczw A5 ATe ihe m m?m smdles o

R Emrors in ﬂe:ennmzm@n , o
" ‘The most rapid ‘tec‘nmqaa for detemnmrg lhe B~

’tmnce of cells into the mitolic phasa of their cycle i
by ntuﬁymg the mw:pmatmn rates Df FH]ﬂ"mnume:_‘
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‘ ..mm macmm@iecuim maderial. Trﬂe are a pumber Oi

criticisms which are quite imporiant to the interpreta. -
tion of the appmen:l chalone inhibition of ihis process.
For examnple; the extracts of many lympheisd tissues, -
as welt asof iver, onisin s sufﬁuzm. amount of i ﬂw— ‘
midine Xinase to aliez effectively avery large amovnt
of the thymidine label added to the biological sysiem

‘under study. Thus, the apparent inhibition of thymi-

dine uptake by chalone might not be due to the inhid-
ition of mitosis in the cell but rather to the enzymatic
vatabolism of the thymidine itself, Further, many tis-
sue extracts which have not been subjected 1o dialysis
are known to contain “eold” nucleotides which are
capable of competitively diluting the pool size of the
added lzbeled thymidine. In this case, then, rzitotic
inhibition is zexily a demonstration of pool size dilu-
tion rathier than wrue chalone activity. Again, in vive
demonstraticns of chzlone activity wouid probably
1ot be snbjeet to the particuiar criticism nor would
those experimental techniques ior studying mitosis
which would invoive ihe aclual ‘,@ummg of eithzr the
avwmber of cells or, alternatively, the proportion of
those cells which were in metaphase.
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