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STUDIES ON MODES OF ACTION OF ANTICELLULAR ANTIOODIES 

An in vitro system conta1n1ng a rabb1t serum medium­

adapt.ed subline of L5178Y cells and rab bit ant1serma vas usecl to 

study the efrects.·of ant1bod1es. in the absence of coapl8llent. en 

cells in cul. ture. 

Bea't-inact1vated ant1seram inh1bits cell growtb and colony 

fOl'lU.t1on in sort Agar, and ld.lls the cells. 'lbese actions oceur 

slowly and aetabollc events, in sequence; that 1s. RNA. synthes1s is 

inhibited dter 4 hr. but the effects on the rates of protein and 

DN.! synthe ses become demonstrable only &tter 6 to 8. and 8 br, 

respect1vely. Maximal inhibition can he obtained. dter 24 to 48 hr. 

These effects together vith the apparent involvement of 

energy generating systems suggest that some indirect mechani .. 

triggered as a resul t of pr1mary antigen-antibody react10ns on the 

cells surface, 1s respons1ble. An indirect mode of action mediated 

by second JIl8ssengers, such as cyc11c AMP. 1s proposed.. 
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CHAPrER l. Th'TRODUCTlON AND REVIEW OF LITERATURE 

Immunologieal reactions which cause Alteration or damage 

of tis~e cells are many and include both indirect and direct effects 

( Wissler, 1962). Indirect reactions are those in which the antibody 

is directed neither against the tissue cells nor their components 

( i.e., acute anaphylaxis, the Arthus reaction and serum sickness ). 

Direct reactions are those in which specific antibodies are involved 

against tissue cells an:! their components ( i.e., tumor. auto-immune 

states and, possibly. the rejection of allograf'ts ( Wissler. 1962; 

Stetson, 1963 ». 
In general, each of these immuno-pathological processes 

involves the response of blood and lymph vessels as vell as the 

inflamatory cells; and in some instances, at least, they are brought 

about b.Y the release of mediators of inflammation, including esterases, 

histamine and other stored permeabUity factors. As a result these 

complieated and variable effects of eytotoxic antibodies in the intact 

animals have preventod an understanding of their exact action on tissue 

cells. lt since has been found, however, that tissue culture affords a 

method for the study of cytotoxic antibodies in which their direct 

effects can be distinguished from cellular defense, vascu1ar reaction, 

c10tting lIIechanisms, and other media tors of resistance and homeostasis 

that axiat in vivo. 'ibis system vi11 allov the direct observation of 

cells in l'8latively uninjured state for a longer period of time than 

vas fonaerly possible. 

t.mbert and Ranes in 1911 vere the firet ta utillie the 

-1-



-2-

tissue culture technique for this parpose. 'nley- reported that rat 

sarcoma would not grow in p1a:smacoagulum fram guillea pigs immunized 

with rat sareoma tissue. Since then a number of reports have appeared 

on the in vitro effect of cytotoxic antibodies, Lambert ( 1914 ), 

Lnmsden and co-workers ( 1931 ) measured the ability of antibody to 

1nhib1t the outgrowth of explants and, in 1929, Niven made the first 

study- on the nature of the damage infiicted upon growing cultures of 

cells by cytotoxic antibodies. 

Al though Many studies have been made on both the theoretica1 

and the practiea1 aspects of cyto1y-sis, and remarkab1e advances have 

been made in complement research, Most of these experiments were con­

eerned with JIlorpho1ogiea1 changes of the cells in cultuN. Fev obser­

vations have been made on the exact nature of the injury infiictecl 

upon cells by- the antise~ or on the accompanying metabo1ic events. 

The main purpose of the work vas to 1nvestigate 1mmunity to 

transplant&b1e t\Dllors, th.t is, to find whether cytotoxic antibodies 

vere specific for tumor cells. In the search for eancer-specific 

antibodies, the indieators of activity- were the destruction or death 

of ceU and the prevention of eaU " outvandering " and grovth 

( Lumsden, 1931). Sim:Uar work va_ done on body ceUs in general, and au't­

horsstreuGc1 that the cytotoxic action vas organ or species specifie 

( Lambert, 1914; Verne &: Ober1ing, 1932; Harris, 1948; nte et al., 

1967 ). 

The first c1ear evidenea about the nature of the c:iamage to 

the eaU CaM fram Green and co-workers ( 1959&, b ) who studied the 



-3-

cytotoxic action of rabbit antibody and complement on Krebs ascites 

tumor cells in vitro. 'nleY' observed that, within a few minutes, Most 

of the smaUer intracellular ions and Molecules such as potassium, 

free amino acids, and ribonucleotides were lost fram the ceU together 

with a large but variable proportion of the intracellular RNA and 

protein. These cellular components escaped through a ceU membrane 

which appeared, in phase and electron microscopic exam1nations, to be 

altered ( although unruptttred ) and stUl able to discr1m1nate to 

some degree against the passage of larger Molecules. 

'nle specifie c;ytotoxic action of antibodies on cells has 

been well estab11shed ( Table l ) and it 121 generallY' believed that 

complement is needed for th1s action. DetaUed work carr1ed out in 

the laboratory of Goldberg ( Goldberg, 1963 ) has clearlY' shawn its 

mechanism to be very similar to that of rad blood cell ilIIDmne hemolY'­

sis. As can he seen in the rev1ew of the 11 terature ( Table 1 ) Most 

of the observations made vere for the period used for convent1on&! 

complement-med1ated 1lIImune hemolysis sY'stem ( 1.e., 30 min to 2 hr ). 

The reactions in this system usuallY' oceur too quickly for the study 

of metabol1c sequences. Consequently, Most problema relating to the 

. abUitY' of nuclea~ cells to " neutralize " and to repair or COllpen­

sate for moderate amounts of buaune damage still remain to he solved. 

( Harris, 1948; Winn, 1965). In order to study the effects of anti­

bod1es on necleated JD8.JIIIU.1ian cells in greater detaU and to estab11sh 

vbat is due to the b1nding of antibod1es and what 1s dependent on the 

l;ytic activ1ty of the complement, a system vhich vould allov sequential 



Table 1 Effects of Anticellular Antibodies on Cells 
in Culture in the Presence of Complement 

Antiserum Cella Effects 

Rat anti-mouse Mouse sarcoma Inhibition of ini­
sarcoma &: guinea pig &: rat sarcoma tiation of grovtb; 
anti-rat sarcoma cells 1 te several days. 

Rabbit anti-human 
tonsil lymphocytes, 
&: rat thymus cells 

Rabbit anti-mouse 
embryo tissue 

Rat anti-chick 
heart 

Rabbit anti-Brown­
Pearce carcinoma 
cells 

Guinea p1g anti­
JIlouse JIl8JIIIIIary' 

carcinoma 

Rabbit anti-HeLa 
cella 

Rat thymus 
cells 

House heart 
fibroblasts 

<l1ick heart 
explants 

Brown-Pearce 
carcinoma 
cells 

House 
maJlDll&ry' car­
cinoma ex­
plants 

HeLa cella 

Trypan blue dye up­
take; morphologica1 
changes; 35 min. 

Inhibi tien of cell 
em1gration; death 
of actively growing 
cella; 35 min. 

Immediate drastic 
effects; 15 min 
te 6 br. 

Cellular changes ct: 
cell death; vithin 
2 hr. 

Oel1 death, 3 te 
6 hr, 16 hr. 

Morpho1ogical 
changes, " blis­
ters ", cell dea th ; 
a !ev hrs to 
several days. 

Re!erence 

Lambert &: Hanes, 
1911. 

Pappenhe'imer, 
1917. 

N1ven, 1929. 

Harris, 1948. 

lalfayan &: 
Kidd, 1953. 

liu.gava et al., 
1954 --

Mcnmtain, 19.5.5. 
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Table l Effects of AnticeUular Antibodies on CeUs 
in Culture in the Presence of Complement ( continued ) 

Antiserum 

Rabbit anti-Ehrlich 
ascites cells 

Rabbit anti-Ehrlich 
ascites tumor cella 

Rabbit & chicken 
anti-HeLa cells 

GuiDea pig anti­
chicken embryo 
heart 

Rabbi t anti-HeLa 
cella 

Rabbit anti-lreba-
2 ascites tumor 
cella 

Cells 

Ehrlich 
ascites cells 

Pllrllch 
ascites cells 

HeLa cells & 
normal human 
cells 

Olicken am­
bryo heart 
fibroblsts 

Hela cells 

EffectlS 

Immediate cessation 
of respiration; un­
able to utUbe 
endogtious substrate 
or exo~'t)nous glu­
cose, cell death. 

Inhibition of nu­
c1eic acid & protein 
syntheses; 108s of 
ceU protein & RNA; 
90 min. 

Ceu injury & des­
truction; 20 min to 
2 br. C1nema~ 
. gra phic stud,.. 

Horpho1og1cal 
changes, & oeU 
death; 15 to 90 
min. 

Irreversible cyto­
taxic changes 
with1n 2 hr. 

Kreba-2 Phase & e1ectron 
ascites tuJaor microscopic study; 
cells distinctive altera­

tion in cellular 
surface membrane; 
subsequent e,ytoplas­
mic changes. 

Reference 

Flu, 1956. 

Col ter et al., 
1956. -

Miller & Bsu, 
1956. 

Latta ci: 
latsakis, 1957. 

Go1dstein & 
Myrrlk, 1958 

Go1dberg & 
Green, 1959. 
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1. .. ' Table 1 Ef'fects of Anticellular Antibodies on Cells 
in Cal ture in the Presence of Complement ( continued ) 

Antiserum Ce11s Effects Reference 

Rabbit anti-Krebs-2 Krebs-2 Loss of free amino Green et al., 
ascites tumor calls ascites tWl10r acids. ribonuc1eo- 1959b.--

cells tides. t+. RNA & 
cell protein within 
a fev min. No 
changes detectab1e 
in DNA. 

Rat & rabbit anti- Ehrlich Inhibition of res- Bicld.s et al •• 
Ehrlich ascites ascites car- pirat1pn. uptalœ & 1959. 
carcinoma cells cinoma ce11s incorporation of 

C-1-g1ycine, 
exudation of cellu-
lar materia1s; cyto-
logical changes; 1 to 
2 br. 

Rabbit anti-human Human UD'lion Inhibition of acid Ross & Lepow, 
lJID'1ion cells cells prodution in medium; 1960. 

increase in trypan 
b1ue uptake. 

Rabbit anti-human HeLa cells Cytotoxic effects Hiramoto et al., 
connective tissue start rrom 6 min. 1960 -

Gainea pig anti- Olang's c,ytotoxicity most &oen et al., 
Olang' s conjunctiva conjunat1va effective during the 1966. 
cells cella stage of' cytoplan1c 

call division, i.e •• 
betveen mitosis & 
G1-phase. 

Rabbi t anti-HeLa & Hela &: L Cytotox:ic efrects. Bartho1omew 
L cells cells ~ •• 1967. 
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Table 1 Ef'fects of Antice1lular Ant1bod1es on Cells 
in Ollture in the Presence of Complement ( continued ) 

Ant1sel"Ulll Cell~ Ef'fects 

Rabbit ant1-Ehr11ch ntr1ich I.eakage of cell 
ascites tumor ce1ls ascites tumor constituents. 

cells 

Reference 

Nungester et al., 
1969. -
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follow up studies was essential. Furthermore, certain evidence and. 

soma casual obervations suggested that longer experimental periods 

were needed ta demonstra te cytotoxic effects in the absence of COlll­

plement. As early as 1931, for instance, Lumsden notec1 that " in 

the absence of complement, antibodies cause agglutination of cells 

and not inf'requently a precipitation reaction and graduaI death are 

observed". Using experiments ranging from 24 br to 5 days, Liu, 

McCrory and Flick ( 19.57 ) found cytotoxic action of anti-rat kidney 

antibody on rat renal tissue cultures. This action causee! the loss 

of at least 50 " of the cells and microscopic Alterations in those 

remaining. LiPIJlWl, Cameron and Campbell ( 1950 ) also reported the 

inhibi tory effect of adlOniUlll sulphate precipi tated i:mmune globulin 

on cells in culture. Babel et al. ( 19.58 ) and Quersin-'lbiry ( 19.58 ) 

reported independently that the cytopathic effect of certain entero­

viruses in tissue culture was inhibited by antiserulll prepared against 

the cells of the culture. Bolland and McLaren ( 1959 ) found that 

anti-BeLa serum strongly inhibited plaque formation by type 1 polio­

vir'.J.s in HeLa cells, ERK-l, Minn. RE am 1I10nkey 1d.dney cells, both 

confirming and extending the .bave resül. ts. Timbur,v ( 1962 ) Aleo 

reported that serœa prepared a~inst amnion cells had strong cyto­

taxic effects on amnion ceU 1I10nolayers and tha t in e. !!'t!b-cytotox1c 

dilution ( 1:)2 ) strongly inhibited plaque formation by ECHO virus~e 

and by Coxsackie virus type A9. He mentioned that the inhibition vas 

not due to the specific neutra1izing effect on the virus and that the 

reaction did not require the presence of complEm8Tlt. Quersin-Thiry 
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( 1958 ), Bolland & McLaren ( 1959 ) and T1mbury ( 1962 ) suggested 

that the 1nhibitory affects of anticeUular antibodies on viruses 

may he due to specific combination vith antigenic receptor sites on 

the celi surface or, alternative1y, that viral receptors may he 

partialiy covered by antibodies reacting vith neighbouring antigenic 

determinants. On the otherhand, Babel et al. ( 1958 ) have suggested 

that metabo1ic distrubance of host cel1s by antibodies is a like1y 

cause because anticel1ular serum 1nhibited the viral cytopathic effect 

when added in the latent period of infection. Hahel conc1uded that 

the b10cldng of viral adsorption sites ns not the sole mechanism of 

inhibition and that the influence of antiserum resulted fram a general 

cellular inhibition. Timbury ( 1963 ), himself, 1ater conf'irmed this 

suggestion by showing that the anti-human amnion ceU serum inhibited 

the intracellular replication of Coxsackie A9 virus in amnion ce11s 

but dM not affect either the viral adsorption or eclipse periode 'lbe 

formation of infective centers and intracellular virus vas great1y 

reduced, a1though not COlllp1etely suppressed, in suspensions of cells 

treated vith antibod1es. 

In the above-mentioned reports antibody a10ne, in the absence 

of complement, seemed to he harmtul to the cel1s in culture a1though 

more controlled conditions vere needed before a definite conclusion 

could he made. In .. ost of the exper1aents, tor ex.aaple, .-oniUll 

sulpbate precip1t&ted guaa globalin tl'Olll non-heated antiserum had been 

used vith or vithout culture œedi1Dl containing fresh serum or embr,yo 

extracts ( L1p~, 1950; Ehrlich &: Ba1hert, 1961; Ehrlich, Ha1bert &: 
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Manski, 1962 ). 

In Many of the experiments t the tissue explants used 

contained stroma1 ceUs in addition to eniothe1ia1 or epi the11al ce11s 

and aU ot . _. these contribute cOlllponents of complement to the 

culture or cause their production ( Thorbecke ~., 1965 ). 

Al though some workers were cautious enough to rinse the cultures 

with ba1anced salt solutions bafore adding antisera, they possib1y 

cOuld have introduced another factor by previous absorption of the 

antisera and the non-immune normal sera with 1yopbi1ized poo1ed 

normal serum; the absorption was to e1iminate the non-tissue anti-

bodies for ail tests ( Basset et al. t 1957; Ehrlich & Ha1bert, 1961; 

Ehrlich .!l..!1. t 1962). Moreover, rinsing the antiserum-reacted 

cells bafore further culture in tissue culture medium requires careful 

control because it is wall known that it 1s ditficult te wash the cell 

surface free of antibod1es ( Kits!i..!!. ( 1967 ) have demonstrated 

carry over of serum in tissue culture medium for three generation ). 

50, in many of the tissue culture systems used. the worken may not 

have comp1etely exc1u.ded the heat-lab1.1e components in the1.r attempts 

te eva1uate the effects of heated antisertml. This may be one reason 

that some of them described a " b1ebbing " of the cytoplasm vbich wae 

sim1l.ar to responses noted by others in cOIIlp1ement-eontaining systems. 

L1terature concerning the non-complement mediated systems is 1isted 

in Table 2. 

'nle puoposes of the present study vere several. F1rst1y, te 

1nvest1gate the effecta of ant1bod1es on the nuc1eated mamma11an cella 
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Table 2 Etfects of Anticellular Antibodies on Cells in 
Culture in the Absence of Added Complement 

Antisel"Ulll Cells Erfects a.: ___ ... Reference 

Rabbit anti-mouse Mouse fibro- Delayed cytotoxic Niven, 1929. 
embryo tissue blasts action, complete 

death at 15 to 30 
hrs. 

Sheep anti-mouse & Mouse sarco- GraduaI death. Lumsden, 1931. 
human cancers, and ma ( 537 ) & 
rabbit anti-mouse cancer ( M63 ) 
cancer cells 

Rabbit anti-rat Explants or No growth. Lippaan et al.. 
k1d.ney rat & chiclœn 1950. 

heart muscle 
& kidney 

Rabbit ant1-HeLa Hela cells Large clumps of Mountain. 1955. 
cells cells rounding up 

& peeling orr the 
wall; a fev hrs to 
5 days. 

Gu1nea pig anti- Cllicken a- No toxic activity latta & 
chicken embryo bryo heart over the 3 hr obser- lutsakis, 1957. 
heart ribroblasts vation period 

Rabb1t anti-rat Rat kidney Cytop"thogenic Liu et al •• 
kidney cells etfect Vithin 5 1957-. -

days. 

Rabb1t anti-human Buman sk:1n Cytopa thogenic Besset et .1 •• 
skin &: placenta explanta vith efrect vith1n 1 1957. 

outgrowth veek. 

Rabbit anti-HeLa Hela cells Marked depress10n Goldat.ein &: 
ceUs or grovth ra te Myrvik. 1958. 



-12-

Table 2 Effects of Anticellular Antibodies on Cells in 
Culture in the Absence of Added Complement ( continued ) 

Antiserum 

Rabbit anti-HeLa &: 
monkey kidney 

Cells 

HeLa &: monkey 
kidney cells 

Effects 

Rounding &: aggluti­
nation after several 
hrs. Protected the 
cells tram viral 
cytopathogenic 
effect. 

Reference 

Quersin-Thil"Y. 
1958. 

Rabbi t anti-Krebs-2 Krebs-2 Call surface membrane Go1dberg &: 
ascites tumor cells ascites tumor change, invagination Green, 1959. 

Du.ck anti-rabbit 
cornea ( absorbed 
vi th normal rabbi t 
serum ) 

Duck anti-rabbit 
lens 

Rabbit anti-human 
amniotic membranes 

Rabbi t anti-BeLa 
cl L cells 

cells &: interdigitation of 
projections fram the 
surfaces of APPOSed 
cells 

Rabbit 
cornea 
explants 

Cyto1ogical changes 
atter :3 to 6 hrs 

Ehrlich cl 
Halbert, 1961 

Rabbit 1ens 
explants 

Cytotoxic atter :3 to Ehrlich et al., 
20 hrlS. 1962. --

Hwun amnion 
cells 

HeLa cl L 
celle 

Higb concentration: 
cytotoxic; 10. con­
centration: inhibi­
tion of v1rws grovth 
cl viru cytopatho­
genic effeot; after 
24 hrlS. 

Cytopa thogen1c 
effect after 1 to 5 
days. 

'l'1lIlbury. 196 2. 

Barthobaev I.t. 
al., 1967. 
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Table 2 Erf'ects of' Anticel1u1ar Antibodies on Cells in 
Cal ture in the Absence of' Added Complement ( contimled ) 

Antiserum Cells Ef'f'ects Ref'erence 

Rabbit anti-Yoshida Yoshida hep&- Depression of' aero- MarsUii & 
ascites hep&toma toma cell & bic & anaerobic ~- Cbiarugi, 1968. 

its cell-free corporation of' l c-
system l-glycine into pro-

tein. 

Rabbit anti-HEP-2 HEP-2 cells Echovirus plaque Timbury, 1969. 
cells f'ormation inhibited 

Horse & goat anti- Mixed lympho- Inhibition & stimu- Bach & Bach. 
human lymphocytes cyte culture lation of' mixed lym- 1970. 

~ocyte reactions, 
H-thymidine incor-

poration. 

Duck anti-rabbit Rabbit cor- No change at 90 Hanski &: 
cornea neal epithe- min; cytotoxic mtr1ich, 1970. 

lima explants ef'f'ects af'ter 3 to 
6 hrs. showing round-
ing of' cells & dis-
organization of' the 
cell sheet. 
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in the absence of complement but under more controlled systems than 

have been previously used. Secondly, to see if' and how antibodies 

affect cell metabolism and growth in the absence of complement. And, 

finally, to es'tablish the sequence of metabolic avants caused by anti­

bodies alone for, when complement 15 present, it bas been impossible 

to dif'ferentiate between the effects due to the binding of antibodies 

and those depandant on the lytic activity of the complement. 



CHA.PTER II. EXPERlMENTS AND DISCUSSION OF RESULTS 

Part l. !tfects of Beat-inactivated Antisera on the Biochamica1 

Activitias of Meuse Leuk6 .. 'la L51?8YR Cells in Culture. (1) 

1. Introduction 

The cytotoxic effect of ant1bod1es <.'n nuc1eated 

m.mm.' 1an cells treated in vitro has generally been shawn to require the 

presence of complement ( Gorer & O'Gorman, 1956; W1ss1er, 1962; Bitensky, 

1963; Goldberg, 1963; Winn, 1965). In the absence of complement the 

ce11s have been reported to appear normal. when viewed by phase-contrast 

microscopy ( Go1dberg & Green, 1959 ); they retain their capac1ty to 

exc1ude trypan b1ue ( Gerer & O'Gorman, 1956 ); and the se1ect1ve per-

meab11ity, chem1ca1 constitution and metabo11c properties of the cella 

appeared not to be s1gn1ficantly affected ( Flu, 1956: Bickis, Quaste1 

& Vas, 1959; Green !i-!!., 1959b; Johnstone & Vas, 1961). Therefore, 

antibody a10ne is be11eved not to interfere w1 th the structural and 

tunct10nal integrity of cell membranes ( lfuner-Eberhal'd, 1968 ). 

In view of the fact that Most of the exper1lllenta on the effect 

of antibod.ies on cells vere done for a period of only 2 hr or 1ess, and 

that Most 1ymphotoxic agents such as cortisone start to show a slight 

k111ing effect dter 5 hr and a maxime1 effect &fter 24 br ( Trovell, 

1965 ), it was decided to re1nvestigate the effect of antibodies on 

cells for longer periods of Ume. 

The results of this vork show that antiserua a10ne 18 inhib1-

(1) The result has been pub1ished in Cancer Research 30:1231-1235, 19'70. 

-15-
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tory to cell metabolism and growth and has cytocidal activity starting 

a t 6 hr and reaching a maxiDnml 24 to 48 hr dter i ta addition to 

tissue culture. This suggests, as doea Trowell's explanation for 

lymphocyte poisons ( Trowell, 1965 ), that the failures of some workers 

to find any effect fram antisera may, in some cases, have baen due to 

the fact that they did not observe the cells for long enough periods. 

2. Mater1als and Methods 

a. L5178YR Cells 

L5178Y mouse leukemia cells ( Fischer & 

Sartorelll, 1964 ), obtained fram Dr. R. KOIIlparlar, KcG1ll University 

Cancer Research Unit, were adapted graduall;y fram medium containing 

horse serum to medium containing rabbit serum. They vere designated 

as L5178YR subline. The cells had baen passaged more than 24 times in 

complete rabbit serum medium before use in experiments. (The cells 

at present are in the 2:3lst passage. ) Fischer's JIledium for leukem1c 

cells of mice vas obtained fram Grand Island Biologica1 Co. ( Grand 

Island, N. Y., U.S.A. ) and ns sterUised b.Y flltering through a 

sintered glass fU'ter. The mediUlll contained 10 tf:, heat-inactivated 

normal rabbi t serum which had been prefU tered through a vashed 

Millipore fllter ( Cahn, 1967 ). 'ftle cells contained no demonstrable 

viral particles or M,ycoplasma. The cultures vere maintained b.Y ~t1ne 

subcu1 ture every 2 to :3 days. 

b. Production of Antisera 

After pre-1mmaniution bleeding, adult 

male New Zealand white rabbits were iDlmmized intravenously w1th 2 
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pulses ot 2.5-3.5 x 108 viable L517BYR cells whlch had been vashed 

3 times with the Fischer's medium without serum and injected according 

to the schedule of' Levey and Medawar ( Levey & Medawar, 1966 ). 

L5l78YR cells vere used tor the production ot antlsera in rabbi ts to 

avoid production of' antlbodles against horse serum components present 

in the medlum ot the original L5178Y cells. Furthermore, the possi­

bili ty of' an eftect by allo-antlbodies was excluded in preliminary 

experiments by testing the antisera with the L5178Y cells grown in the 

original medium conta1n1ng horse serum. There was no ditf'erence in 

eff'ect. Sera vere collected aseptlcally and stored at -70 C until 

use. They vere heat-inactlvated ( 56c, 30 min ) just bef'ore use. 

Sera tor metabollc studies vere selected on the basis of' agglutinating 

and cytotoxic ti tara. The cytotoxic tl ter had to exceed the agg1u­

tinating titer to exc1ude the 1nf'1uence of' c1ump1ng on the exper1ments. 

c. CUlture Cond.1tions 

CUltures which recel veel an inocul.lDIl to 

provide 1 x 105 viable cells par ml and vere incubated tor a period 

of 48 hr in statlonary Erlenmeyer rlaska served as seed cultures. At 

this stage, they vere near the end ot the logaritbm1c phase of repro­

ductlve activ1."t7 and had a popalatlon denslty of' about 1 x 106 viable 

cells per ml (The generation time vas 13 to 18 hr vith a mean gene­

ration time of' 14.5 hr). '1'be cultures vere adjusted to provide 

5 x 105 viable cells per III for radioisotope labe11ng sbJd1es and 

1 x 105 viable cellsper ti tor ceil exam1n.atlon. 

Frca a single call pool tive ml cultures vere set up, in 
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Ballco tissue culture tubes. Antisera and one of the substrates to 

be tested(2) were added and the tubes stoppered vith white rubber 

stoppera. Experiments of 6 hr duration or lees were carried out in 

a 37 C vater bath in an upright position vh1le those longer than 6 hr 

were placed into an incubator in a slanted position, in order to 

obtain marlmal air Spe.C8 in the tube. Metabollc etudies were made 

at 1/2, l, 2, 4, 6, 24, 48, 72 and 96 br dter the start of the 

experiment. Viable and total cell counts were made at each sampling. 

d. Metabollc studies 

The metabolic studies ot the cells treated 

vith antisera vere based on the methods described by Bicld.s et al. 

( 1959). At the abave stated t1mes, 5 uc of 14C-2-glycine ( Sp. Act. 

1.12mc/m mole, Merck Sharp &: Dohme of Canada Ltd., Montreal) in 0.2 ml 

of Fischer' s medium ( vi thout serum ) vas added to each culture. Mter 

incubation for a further 60 min in the 37 C vater bath, the cell 

suspensions were transferred to conical centrifuge tubes. Three-tenths 

ml of each celi suspension vas taken tor celi counts: the rest wu 

centrlfuged, and then vashed 4 t1mes vith Fischer's mediUJll ( vithout 

serum) at roOlll tempe rature ( Pipemo &: Oxender, 1968). Mter the 

tinal wash, the cells vere re-suspended in 5 ml of medi1Dll and 

div1ded into tvo equal portions and centr1tuged. One portion vas 

(2) 200 IIK solutions of sodiUJll succinate, sodiUJll malonate, glucose, sodium 

uhte and nicot1nam1de. Each vas passed tbrough a sintered 

glass tU ter and vu added to the test syst.ea in amounts ste tee!. 
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used for the determination of uptake and accumulation of the labeled 

amino acid in the cell and the other sample for the determination of 

incorporation of labeled amino acid into cali prote1t\s. To determing 

the upt&ke, 2.5 ml of 95 ~ ethanol vas added to the call button and 

left for at least 2 hr at room temperature to break the cells and 

precipitate their proteine It _s then centrif'uged, and a half of 

the supernatant vas added to 15 ml of Bray' s scintillation fiuid for 

radioactive assay. To determine the incorporation of the labeled 

amino acid into cell protein, the caU button vas treated vith 6 ~ 

trichloroacetic acid ( TCA ) in the refrigerator overnight and the 

precipitate extracted vith hot TC! at 90 C for 15 min to remove 

nucleic acids. The residue was then washed 3 times w1 th cold TC! to 

remove acid-soluble, radioactive components. The lipids vere removed 

by vashing firet vith 95 ~ ethanol at 60 C for 10 min, then vith 95 ~ 

ethanol at room temperature, next vith a mixture of 95 ~ ethanol and 

ether (3:1) and finally, vith ether. The residue vas dissolved in 

1 ml H;yam1n ( hydroxide of Byamine 10-%, Packard Instrument Co. Inc •• 

Downers Grove. D.linois ) and hall of i t vas addad to Bray' s scin-

t1.llation nuid. The radioactiv1ty vas assayed in a Packard Tri-carb 

liquid scintillation spectrometer Model 3375 ( Packard Instrament Co. 

Ine., La Grange, D.l.1nois ). 

3. Results 

a. The !tfeet of Antibodies on the Multiplication of 

the Cells 

As shcnm in Figure l, the dose-response curves 



-20-

Figure 1. 'nle effects of vanous ant1sera on the 
viable ceU counts of L5178YR cells in 
culture. Cell inoculUlll a t 0 br, l x 105 
viable cells/ml; durat10n of exper1lllent. 
48 br. àNRS. beat-inact1vated normal rabbit 
serum; àn/l 1.S., batch of heat-inact1vated 
~. rabbi t serum-. 
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of 1ndiv1dual antisera ditfer greatly. 

Figure 2 demonstrates that the inhibi tory or 1d.1ling effect 

of the antisera which started dter 6 hr and reached i ts maximum dter 

24 to 48 hr. No harmful effects of the antisera vere demonstrable at 

1. 2 and 4 hr. The decrease in total cell counts, i.e •• viable plus 

dead cells. was even slower and tlie'initial cause of cell death seemed 
~ 

not to he due to cell lys18 as in the complement-mediated system. 

Mter 24 to 48 hr, and aven at the longest observation period of 96 hr. 

there vas always a population of surrlving cells. In general, these 

cells vere much larger in size ( d1ameter 22.35.:tl.17u ) than normal 

stationary cells ( diamet8r l5.66.:tl.39u). In addition. the proportion 

of very large cella ( d1smeter 30.92.:tl.80u ), which constituted 0.5-

1.5 f, of the cells in the initial culture!, vas increased. 

It vas interesting to note that with some antisera there was 

a transient increase in cell numher. 2 hr after the start of the 

exper1ments • 

b. studies on the Metabol1sm of Antibody Treated CeUs 

14 
Aa shawn in Figure 3. bath C-2-glyc1ne 

uptake and incorporation vas 1nhibited by antibody in the cultures. 
6 

When the results wera 8xpressed in terms of 10 viable cella it cm 

he aeen that the incorporation of glycine vas doublad althoagh the 

am1no acid uptake had not increasad at the SaJll8 rate ( Figure 4 ). 

'lbere vas a transient stilllulation of uptalœ and incorporation of 

14C-2-glyci.ne at 2 br paralle11ng the increase in caU coants 

( Figures 2 &: 3 ). 
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Figure 2. T1me effects of va nous antisera on the 
viable cell counts of L5178IR cells in 

. culture. .Oell inocula at 0 hr, 1 x 105 
viable cells/ml; antiserom dilution, 4 x 
10-2• il. NRS, heat-inactivated normal rab bit 
serum; il. n/l 1. S., batch of heat-inactivated. 
1mBmne rabbit serom. 
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rime effects of antise~ 37/1 on the uptake 
and incorporation of 1 C-2-g1ycine into cul­
tures of L5178YR cells. 0811 inoculUJll at 0 hr. 
5 x 105

2
viab1e cel1s/ml; antiserum dilution, 

4 x 10- • ANRS, heat-inactivated nonu.1. rabbit 
serum; An/1 1.S •• batch of heat-inactivated 
1mmunê rabbi t serma. 
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Figure 4. 14ç-2_glycine uptake and incorporation/:t. x 
Id' viable cells in cultures shawn in Figure ). 
~, heat-inactivated normal rab bit serum; 
ân/l 1.S., batch of heat-inactivated immune 
rabbit serum. 
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SodiUJll succinate vas able to partially spare the cells fram 

the harmtul effects of antibodies. Both the viable call counts and 

the amino acid. uptake and incorporation increased when 10 mM succinate 

was included in the system ( Figure 5). Sodium malonate ( 10 mM ) 

complete1y reversed the ef'fects of' succinate. Glucose and nicotinamide 

were found to he partially protective, but malate vas without ef'fect. 

c. Studies on the Recovery of Antibody rreated Cells 

At 24, 48, 72 and 96 hr after the initia-

tion of' the experiments, there vas always a small population of 

surviving cells in which probably only multiplication vas inhibited. 

They vere larger than the usual cell size; . b.izarre-shaped cells were 

occasionally observed.. The incorporation rate, but not the rate of 

14 6 
uptake, of C-2-glycine par 10 viable cells vas DlUch higher than 

that of the contrals. Addition of' succinate increased the incorpora-

tion rate still f'urther. The proportion of' very large cells vas also 

increased. By replacing the medium which cont&ined anUsera vith 

f'resh antibody-f'ree mediUJll at 24 to 48 hr, the cells started to recover 

and to increase in numher again. 

4. Discussion 

The present experiments demonstrate tha t 

heat-inactivated antisel"UJll alone is able ta inhibit the grovth and 

to ldll. mouse leukemia L5178YR cells if the observation pariod is 

extended for longer than 6 hr. '!his finding suggests that the failure 

of' soma investigators to tind Any eftect ot heated antisera .. y ha..-

been due to the f'act that tbey did. not observe the cells tor long enough. 
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Figure 5. Eff'ects of' 10 mM sodiUlll succin!te on the 
uptake and incorporation of C-2-glycine 
into cultures of' L5178YR cells af'f'ected by 
antiserum. Coll inoculum at 0 hr, 5 x 10' 
viable cella/ml; antiserum dilution, 4 x 10-2• 
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As early as 1931, in fact Lumsden ( 1931 ) had noted that 

" in the absence ot complement, antibodies cause agglutination of 

cells and not infrequently a precipitation react~on and gradual death 

are observed ". With exper1mental periods of at least 3 days, Babel 

et al. ( 1958 ) vere able to show the inhibitory effects of anticellular 

antisera on c,ytopathogenic effects and on the yield of viruses in 

tissue culture, possibly through inhibition of cell Metabolisme Rte 

et al. ( 1967 ) am BartholOlll9W, Rte and Rose ( 1967 ) have reported 

cytotox1c effects of anti-L cell and anti-HeLa cell antisera as shown 

by changes of microscopie morphology and medium pH with1n .5 days. 

The slow k1111ng action of antisera and the even slower 

decrease in total cell counts imicate that cell lysis is not the 

initial cause of celi death in the non-complement mediated system. 

Although all the sera agglutinated the cells, the agglutination titera 

of the sera vere not parallel vith the cytotox1c titers of the serum. 

The serum selected for metabolic studies (A37/l ) vas uaed in 

dilutions which exceeded the agglutination titer of this serum. Thua, 

clumping could not be contributing to the effects. The t1me of k1lling 

required by cytocidal agents, acting prblar1ly through interference of 

biosynthetic mechaniSJU, seems to he related with the generation Ume 

and physiological state ( e.g •. , dU'rerent stage or ceil cycle) or the 

cells. 

Two hr after the addition or certain antisera, there vas a 

tnnsient increase bath in viable I!ell counts and in uptake and incor-

14 
pontion or C-2-glycine. Tbe presence of noncycl1ng tlmsor cells 1.8 
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lOlown ( DeCosse & GeUant, 1968 ) and long G2 leukem1.a cells in 

bovine leukemia have prev10usly been observed ( Yang et al., 1967 ). 

Whether or not the transient increase in viable cells noted in the 

present study is due ta direct " stimulation " of noncycling G2 cells 

into. mi tosis by the antisera deserves i'urther study. In a histological 

study it has been reported that in some instances antibodies could 

st1mulat6 mitosis, suggesting that antibody-induced mitatic stimulation 

might in sOJlle CAses 0 be an important factor in the tumor enhancement 

phenomenon ( Gorer, 1962). DeCosse and GeUant ( 1968 ) have recently 

reported the ft release n of noncycl1ng G2 mouse Ehrlich ELD ascites 

tumor cells into mitosis in vivo by antllymphocyte serum which they 

think acts by depressing the host immune mechanism. 

The results vith L5178IR cells ( mouse leukemia lymphoblasts ) 

are in sharp contrast vith the stimnlator,y and transforming action of 

antisera on peripheral blood leukocyt8s vhich was firet described by 

Gr:sbeck, Nordman and De la Cllapelle ( 1964). The response of the 

cells may de pend on their dif'ferenthtion level and he a result of the 

inherent variation in their thresholds to cell poisons. We ha.ve also 

observed such ditferences vi th phytohemagglutinin on L5178IR cells and 

peripheral blood 1eukocy'tes. Pauly, Caron and Susldnd ( 1969 ) have 

reported that a subletha1 dose of mercuric chloride caused optimal 

transformation of lymphocytes. 

One can only specu1ate on the possible meehanisms for 

inhibition am killing by antisera, Some direct or indirect effect, 

triggered by the initial antigen-ant1body reaction on the cell surface, 
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may he one of the causes although the possibUity of an intracellular 

site of action for antibodies taken up b,y pinoeytosis bas not been 

eompletely exeluded. In these exper1ll1ents sueeinate, glucose and 

nicotinamide vere ali partially protective and the surviv1ng cells 

were larger and eould incorJ)Orate more amino acid into prote in with-

out a proportional inerease in uptake. These observations suggest 

that general disturbances in the efficieney of substrate uptake and 

energy production fram physica1 distortion of membrane-associated 

ft enzyme systems ft may be important. It has been reported that 

inhibition of energy production generaliy results in inhibition of 

celi division ( Epel, 196;; Kih1m.n. 1966; Webster & Van't Hoff. 1969 ) 

and that the incorporation of amino aoid into protein requires only 

; '" in contrast to the uptake which may require as much as 50 '" of the 

ATP utUizecl ( Quastel, 1965). Furthermore. anti-D antibody bas heen 

reported to inhibit membrane-mediated ATP syntbesis in membranes pre­

parec! frOll D-positive erythrocytes ( Schrier, Moore & (!b4 ~pella. 1968 ). 

Possible. indirect effects of the primar,y antigen-antioody reaotions at 

the celi suriace on intracytoplasmic changes eould he implied froa the 

work of Dumonde~. ( 1961). USing a fluorescent antibody technique, 

they showed that antibodies vere located exclusiveli on the cali surface 

although histochemical changes, such as marked activation of lys os omal 

acid phosphatase and dissociation of intracellu1ar lipid-protein cOllp1ex, 

vere observed. Detailecl study of the possible modes of action of the 

antibodies v1l1 he presented in Part IV. 

'ftle recovery studies included in this work showed that thera 
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were cells which were more resistant to the harmf'ul effects of 

antisera than vas the oell population in general. The very large 

cells found ( diameter 30.92.-t1.8Ou ) in the surviving population 

probably represented polyp1oid ce11s. Immunose1ection of polyp1oid 

fonllS in ascites tumors bas been reported by Hauschka !t..!!. ( 1956 ). 

Further studies on the resist&nt subpopulation will be presented in 

Part II. 

An in vitro system employ'ing rabbit sertDll 

mediUJI-adapted sub1ine of L5178Y caUs and rabbit antisera vas used. 

Heat-inactivated antiaera inhibited both uptake and incorpo-

14 ration of C-2-g1ycine into cell protein and ld.lled the cells. These 

effects became demonstrable only dter 6 hr and reachad a max1muDl 

&tter 24 to 48 hr.' The decrease in total call counts was even slower 

and the initial cause of celi death did not seem to result fram ceU 

lysis. 

Sodium succinate part1ally protected the cella against 

ld.11ing or inhibition by antisera. Viable oell counts, and the uptake 

14 
and incorporation of C-2-glycine inoreased great1y. Malonate 

reversed comple,tely the action of succinate. Apparently, the energy 

derived fram the oxidation of succinate is surficient for many cells 

to grow and to incorporate the Ulino acid into cali proteine Glucose 

and nicot1nomide aIso sbowed s1lll1.1ar protective eftects. 

Antiserum vas observed to bave a transient st1muJ..atory effeot 

14 
on viable cali counts and the uptake and incorporation ot C-2-glycine 
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at about 2 hr after the addition of the antiaera. Whether this is 

due to stimulation of noncycling G2 cella ~ antiserum is currently 

under study. 

During the entire experimental period, i.e., up to 4 days, 

a small portion of the call population remained viable. Many of 

these cells looked much larger and their incorporation rate, but 

not uptake rate, of l4C-2-glycine par 106 viable cells vas much 

h~gher t~ that of the controls. Addition of succinate increased 

the rate still further. Cultures treated vith antiserum recovered 

if fresh medium. vithout antisera vas added at 24 to 48 hr. 
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Part n. Studies on the Resistant Subpopulation of Mouse 

Leukem1a L517BYR Cells Treated vith Antiserum: 

Inhibition of Colony Formation in Soft Agar by 

Antiserum and Camparison of the Responses of Parent 

Cells and Resistant Clones ta Ant1seram 

1. Introduction 

During studies vith the growth 1nhibitor,y effects 

of anticellular antisera ( in the absence of complement ) on mouse 

leukemia L517BYR cells in culture, there ns always a surv1ving suh­

population of cells even several day5 after the maximal inhibitor,y 

effects of antisera had been obtained. This suggested tbat the cell 

line i5 antigenically heterogeneous and containe a sma11 fraction of 

cells which are immnnologically resistant ta antibodies directed to 

the major1ty of the cells. However, the possibility still existed 

that the surv1v1ng cells merely represented those which could modulate 

their ant1genic expression in culture in the presence of' antibodies 

( Old et al •• 1968 ). 

The folIov1ng exper1ment vas done ta see if one of these 

hypotheses oould exp1a1n the resist&nt clones. Tbese clones vere 

grcnm in soft agar. The technique had heen mod1fied by the addition 

of antiserulll to SM if agglutination by antibod1es could he the 

priJur,y cause of the 1nhibi tion of cell grovth. 

It vas prev10usly notee! ( Yang &: Vas, 1970. ) that aggluti­

nation titers did not correlata vell vith those of grovth inhibition 

titars although Lindenmann( 1964 ) had reported a close relationsh1p 
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between them using tumor production in an1mals as her cri terion. 

2. Mater1&ls am Hethods 

L5178YR cells and the preparation ot an 

antisel"Ull againat them has been previoualy described ( Part l ). The 

L5178YR cells used tor these exper:iments had beell through 186 to 209 

passages. 

a. Gra1rth Inhibition in Sott Agar 

The method used vas a further modification 

of the technique reported by Macpherson and Montagnier ( 1964 ) and 

!agIe et al. ( 1970). Briefly, L5178!R cells at log phase of growth 

vere counted. and diluted vith double strength rabbit serma-medium ( 20 f:, 

heat-inactivated, nOllal. rabbit serum in double strength Fischer's 

medium) to conta in 2 x loS viable cells par ml. Sott Agar mediua vas 

preparec:l by mixing l f:, PIlrified agar ( 50 C ) ( Difco Laboratories, 

Detroit, Michigan) in equal portions of glass-dist1lled vater and 

double-strength Fischer' s medium ( 37 C ). A base layer ot 7 ml vas 

poured into 60 x 15 mm plastic tissue culture dishes ( Falcon Plastics, 

Oxnard, Cal1f'. ), allowed to harden and then overlaid vith 1.5 ml of 

the see medi1Dl but conta1n1ng 1.5 le loS viable ceUs. Alter the Agar 

was solid1tied, 0.5 JIÙ. of dilutions of ant1sera in Fischer's medium 

vas added evenly over the top of the Agar. Antisel"Ull dilutions vere 

added on the top ot the Agar surtace instead of being m1.x1ng vi th the 

cella in the sott agar ta avoid call agglutination at the higher serma 

concentrations. '!he plates vere incubated in a hUJa1d1tied atmosphere 

ot 5 ~ C02 in air at J7 C and exaJI1ned daU)" under the inverted 
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microscope. Colonies of a diameter greater than 0.5 D!III vere counted 

after 7 to 14 days. Around two weeks SODle colonies had reached dia­

maters of 0.8-2.0 JIJIIl. Occasionally colonies growing on the Agar 

surface dissolved from too vigorous hanclling. However. no difficulty 

was found when the plates vere carefully handled at the Ume of 

counting. An extra Agar layer between the cell layer and the sel"Ull 

dilutions was not necessary. Five replicate plates vere set up for 

each serum dilution unless othervise stated. The average number of 

colonies ns calculated.. 

b. studies on Antiserum Resistant Clones 

Resistant clones vere picked up wi th 

Pasteur pipettes. recloned once and subcultured in Fischer's medium 

( 10 ~ heated. normal rab bit serum ) for 4 passages bafore being tested 

for their abUity te fom colonies in soft agar and to grow in Fischer's 

mediua. 'lheir abUity to incorporate 3H-5-uridine ( Sp. Act. 

1.<&c/0.0Q97mg ) and 14C-2-g1ycine ( Sp. Act. 1.Qnc/15.3mg ) ( New 

Engl.and. Juclear Corp •• Boston, Hass. ) into RNA and protein. respectively, 

was &1150 tested.. Using the SUIe soft Agar technique. the ceUs had to 

serve as their own control bacause cloning efficiencies differed 

sl1ghtly among cell suspensions aven though they vere of the seme cell 

line. For the study of incorporation of 3B-5-uridine and 14C-2_glyc1ne, 

Bollu.'s aodU'ied filter paper lI8thod ns used. It 1a described in 

detail vith the Jl8tabolic studies in Part IV. 'l'hree sets of triplicata 

tubes eontaining the 5 ml volume vere inoculated to conta in 2.5 x loS 

viable cells per ml and then either 0.01 or 0.05 ml. antiserma vas added. 
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'the cultures vere comparee! &t'ter 24 br. 

3. Results 

Figure 6 shows the typica1 control Petri 

dish containing colonies of cells growing in soft, agar &t'ter 8 day' s 

incubation. Figure 7 shows the typica1 antiserum-treatedPetri dish 

conta1n1ng indiv1dual cells d'ter the same incubation periode Anti­

serum dilutions of 1 in 20, 40. 80 and 160 in 0.5 ml of F1scher's 

medium added on the top of the cell conta1n1ng agar layer inhibited 

co10ny formation by 98.2. 97.5. 91.4 and 39.1 ",. resp9ctive1y 

( Table 3). The test is very sensitive compared vith other methods, 

espec1a11y when the diluting effect of both the call containing agar 

layer ( 1.5 ml ) and the basal agar layer ( 7.0 ml ) are taken into 

consideration. B,y assuming an aven diffusion of antiserum in both 

the cell containing agar layer and in the basal layer the final anti­

serum dilutions vere 1/340. 1/680. 1/1360 and 1/2720. respective1y. 

Table 4 compares the 1nhib1 tory effects of various antisera 

( 1:.39/1. Al80/1 am ~82/1). Ail vere very inhib1tory. even at a 

concentration as lov as 1/80 ( 1/1360 final dilution ). 

Table 5 shows that. contrary to expectation. the cells clonee! 

tram the plates vith O.s ml ot a 1/20 dilution of antisel"UJll ( t.180/1 ) 

and subpassaged in Fischer's medium did net show increased resistance 

over those ot the original cu1ture vhen tested vith 0.5 ml ot 115. 1/20 

and 1/80 dilutions of the SUle antiserum. Table 6 further substantia'tes 

the abave t1.nd1ngs. Cells tram the clones Fb and Fc atter 4 turther 

subpassages in Fischer' s medium d1d not show an increue in resist&nce 



Figure 6 : 

-41-

.( , ... ~ . 
• 

'. ~ .. . ~ .. J 

,,;, .. ~ • 
. '. 

~ • • .. '., . . • • ' r-• . ~ • • _ . .. .. .. ' .. 
.jff ~ • 

~ ... . , 
1 • • . " 

• " ·e 
,! •• . .. • ·t • • • • • :, .., 

~ • ,1. .. • . • ,1. .-

Control Petri Dish Cont&in1ng Colonies of Cells 
Growing in Soft Agar for 8 Days. 1 00 X , 



Figure 6 

-41-

• --Ji. ~ 
" • ~ .. 

J .. 

• • ,,-

.. 
.-- 1ft " ~ • . -. . • • - r 

• -.; ... " ~ .' .jff ~ 1-
;.r 

04 • 

• .. 
'.-

• 
" 

-e • .. . • l-

•• -_r . ... • of, • • • • • 'i-<:' -, .' -t\ .-. 
., 't .. ": . 

Control Petri D1sh Conta1n1ng Colonies of Ce1ls 
Grov1ng in Soft Agar for 8 Daye. 1 OOX. 



-42-

Figure 7 s Ind1vidual Cella in Sort Agar .rter 8 Days Incubation 
vi th AntiS8rUl1. 1 0 0 X . 
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Table 3 Co10ny Inhibition Test in Soft Agar vith Serial Dilutions 
of Antiserma ( ll.180/1 )a 

Serma d1lutionsb Mean co10ny count .:!: SOC 

1 : 20 3.45.:!: 2.40 98.2 

1 : 40 5.00 .:!: 2.18 97.5 

1 : 80 17.30 .:!: 4.47 91.4 

1 : 160 123.1 .! 21.21 39.1 

Control 202.4.! 13.30 0.0 

a: Total mœber or cells plate<! per diah: 1.5 x loS viable cella. 
Colon,. connu made after 7 - 14 daya. 

b: 0.5 ml of 1:20, 1:40, 1:80 and 1:160 dilutions or antiserua. 

0: Average of 4 - 5 plates.! Standard Dniation. 

d : ~ 1nh1bi tion = co1ony count ( control ) - co10& count ( antisel"UJl ) 
oolony count ( control ) 

x 100. 



Table 4 Comparison of Inhibitory Etfects of Indiv1dual Antisera 
on Colony Formation of LS118YR Cells in Soft AgarA 

Seram dllutionsb 

SertDl No. 1:20 1:40 1:80 1:160 

~39/1 100.0d 96.0 63.0 me 

~180/1 98.2 91.5 91.4 39.1 

~182/1 100.0 91.0 86.0 NT 

a,b,d: SalIle as Table 3. 

c: Not tested. 
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Table 5 : Comparison ot the Suscept1b1l1ty ot Parent L5178YR 
Cells and the Cells troll Ant1serum-res1s'tant Clones· 

Ant1seram (&180/1 ) dllut10nsb 

Cells 1:5 1:20 1:80 Control 

L5178YRc 100. cf 96.0 63.0 0.0 

A _ 4e 90.0 80.0 63.0 0.0 

a t b,d: Saae '"s Table 3. 

c: Parent call population. 

e: Cells trœ antiserœa-res1s'tant clones. 
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RNA and Protein Syntheses ot Parent L.5178IR Cells 
and the Cells tram Antisertllll-resistant Clones· 

Rates of 3a-5-uridine Rates of 14C-2_glycine 
incorporation incorporation 

Sel"ODl 
dllutionsb L5178YR- Fb-4 Fc-4 L5178YR- Fb-4 

201c 201 

0 7492.2d 6549.7 .5881.0 2120.6 1799.4 

1:500 5.529.3 4703.0 4727.5 1860.2 1614.9 

1:100 3888.9 3310.4 33~.3 1373.4 1259.6 

a: ~b1e labelling vith 1 uc/ml each of 3H-5-uridine and 
C-2-g11'cine for 60 1I1n; 24 br cultures; initial cell 

inocu11Dl, 2.5 x 10' viable cells/ml. 

b: Final antisertllll (â"180 /1 ) dilutions in 5 ml. culture. 

cs LSl78IR-20l.: parent cells .t 20l.st passage. Fb-4 and 
Fc-4: cells fro. antiae1"lDl (A'180/1 )-resistant clones 
lb and Fc, at 4th passage in 1iquid mediUJll. 

d: Average cJa of duplicata eul.tures x 1/25. 

Fc-4 

1543.9 

1617.2 

1206.6 
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cver that ot the original cell population vhen testecl in that mediUl1 

in the presence ot 0.01 and 0.05 ml ot the antiseram (AlBO/l ) i.e •• 

at tfna1 concentrations ot 1/500 and 1/100. RNA and protein syntheses 

vere both 1nhib1ted. to about the !lame magnititude in the antiserum 

doses tested (Table 6 ). Generall.y lover RNA. and protein syntheses 

rates vere found in both Fb and Fe cultures in e1ther the presence or 

absence of the antiserma. This could be attributed. to the lower growt.h 

potent1al ot these cella in Fischer's medi1Dll ( liquid ). 

4. Discussion 

Anticellular antibodies, in the absence ot 

COIlplement. vare tound 1nhib1tory to the co1ony tormation ot mouse 

leukem1.a L5178YR cells in sott Agar. Application of antisera dilutions 

over the cell-cont&1n1ng Agar layer, prevented agglutination ot the 

cells by higher concentrations ot antisera. substant1ating a prev10us 

observation ( Yang &: Vas. 1970. ) that agglutination titers dut not 

parallel eytotoxic titers. It is still possible that membrane altera­

tions could be the main cause ot cell growth 1nh1b1 tion. The invagina­

tions ot cell membrane sean ( Goldberg &: Green, 1959: Easton. Goldberg 

and Green. 1962 ) at the ultrastruetural level may refiect suoh changes; 

these exper1mentB. however. eovered only 30 to 60 min. 

The present vork tavours the viev tbat one ot the major causes 

ot 0811 inhibition 1s( see Part IV. also ) seme indirect aechan1.sa 

triggered by the ant1gen-antibody reaction on the call sur:ra08. 

It vas unexpected to tind tba t the res1stant clones did not 

show an;y Appreciable inerease in 1'8s1stance to the sue ant1se~ vhen 
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they vare tested arter 4subpassages. Appearance or resistant clones 

in sort Agar i8 rem1n1scent of the antigenic modulation phenomenon in 

mouse 1ymphoma ce11 reported by Old~. ( 1968 ) and also recalls 

the cyclic variations in the antigenic expression or" mouse 1ymphoma 

cells reported by Bjaring, nein and Popp ( 1969). The possib1lity 

that sensitive revertants are selected during the subpassages cannot, 

however, be complete1y exc1uded. 

In general, cell res1stance may deve'lop r~ either genotypic 

changes or phenotypic adaptation ( in which the genotype of the ce1ls 

does not change). In most cases, it is not easy to discover which 

or these mechanisms i8 responsible.ror the production or resist&nce. 

Popalation or ceU suspensions which have survived antiserma 

treatment contain incre&sed numbers of very large cells which May he 

polyploid. Attempts to clone these cells May prove successf'u1 vhen 

more cells have been examined. It vas interesting to note that very 

large cells develop again spontaneously vi thin 4 further passages ot 

the ordinary clones in Fischer's mec1i1Dll. '!'his suggests tbat the 

increase in the mDIlber of these cells ftS due to the selection 

pressure afrorded b;y antiserua. 

5. Swlaary 

Heat-inactivated antiserua, in the absence or 

compleaent, 1nhibits cclony tOl'llation of mouse 1eukem1a t5178n cells 

in sort agar. Cells derived rJ'Olll resistant clones in these plates 

shoved the s ... sens1tiv1ty to antiserum u the parent popalation. 

Agglutination or the cells i8 prev8uted by placing the antiserma 
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dilutions over the cell-cont&1ning Agar layer. 'l'h1s clearly indicates 

that cell . agglutination by antisel"tDll 1s not neeessarUy the essent1al 

cause ot growth inhibition. 
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Part m. Erfect of Cyclic 3' ,S'-Adenosine Monophosphate 

on Houae Leukem1.a LSl78IR Cella in Calture (3) 

1. Introduction 

!he importance of Adenosine 3' ,S'-IIODOphOSphate 

( cyc1ic AMP ) to the normal cell function and metabo1i81ll ot many 

tissues and organa is becoming increasinglyapparent ( Rob1son, Bntcher 

&: Sutherland, 1968; Sutherland, 1970 ). Cyc1ic AMP has been recently 

reported to inhib1t the growth of transplanted NKL-lymphosarooma in 

mice and the lIlUlt1p1ication, as measured by viable counts, ot tUlllOri­

gemc cell l1nes in vitro ( R.yan &: Heidrick, 1968; Gericke &: Chandra, 

1969; He1dr1ck &: R,yan, 1970). However, the mechani_ by which cycl1c 

AMP inhib1ts the cancer cells 18, at present, unlmown. 

Results ot the study of the 1nhibitory action ot heat-

inactivated antisera, in the absence of cOIIplement, on IIOUse 1eukemia 

LSl78IR cell au1tures caused speau1at1on that sOlle indirect mechan1811l8 

triggered by ant1body-ant1gen reactione on the cell JD8JIIbrane might he 

1nvo1ved ( Yang &: Vas, 197Ob). Tbe grovth inhibitory ettects ot the 

ant1sera on the cells occur rather slovly. as do the ho1'llO!\&l. ettects. 

80th start atter 4 to 6 br and have ma.'dm,1 etfects at 24 to 48 hr. 

Systems" around the pyravic acid cycle" 2188111 to be invo1ved ( Ide, 

1969). As has been mentioned prev1ously, glucose, succinate and 

nicot1nam1de, but not JUlate, vere able to alleviate, at least part1ally 

the hanatul errects of the ant1sera. Tb1s phen01lenon 1a remin1scent 

(3) Tbe result bas been in the press in Rltperientia, lm. 
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of the second messenger effect found in hormonal systems. Basides, 

the activation of adeny1 cyclase in the sea urchin egg meabranes at 

fertilisation has reeently been reported ( Castaneda &: Tyler, 1968 ). 

The following investigation was undert&ken to find if' cycl1e !HP 

could m1m1c the effects of antisera on L5178YR cells. 

2. Materia1s and Methods 

The experimenta1 method vas a cOlllbin.tion of 

that prev1ous1y described ( Part l ) and moditied Bo11um's JIl8thod 

( Bollum, 1959; Byt'ield &: Scharbaum, 1966). Two sets of series of 

triplicata Belleo tissue culture tubes received an inoculum of 1 x loS 
or 2.5 x 105 viable cells par ml in 5 ml amounts of medium. The 

smal1er inocu1\D1l vas used for viable eell counts on1y, vhUe the 

larger vas used for both viable counts and radioisotopa .labe1ing 

studies. Adenosine 3' ,5'-monopbosphate ( cyelle AMP, Ca1b1ochea, Los 

Angels, Calit. ) and. tf-2·-0-cl1bu.tyr:r1-adenostne 3' ,5'-monophosphate 

( dibntyr:r1 cycl1e »!P, Boehringer-Mannheim, Bev York) vere dissolved 

in varm, distUled vater to make stock solutions or 10 mg par III and 

sterUised by passage through a vashed Mlllipore fUter. S1Jail.ar 

volUMS ot t11tered distUled vater vere used as controls. For the 

dose-response study, 0.2 ml of tvo-rold dUutions or the stock solutions 

vere added to the cultures at the start or the exper1aents to .. ka tinal 

concentntions or 400 ug, 200 ug, 100 ug, 50 ug, 25 ug and 12.5 ug par 

III or culture. A.t 24 and Ils hr, viable counUs vere JUde. For the 

tillle-course study, a tinal concentration ot 200 ug/111 ( 0.40 1IIM for 

dibutyryl cycllc AMP and 0.53 1IIM ror cycllc AMP ) vas used. 
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At 0, l, 2, 4, 6, 8, 24 and 48 hr alter the start of the 

exper1ment, each set of triplicata cultures vas pooled, mixed, re­

distributed equally into 3 tubes and 3a-thym1dine ( Sp. Act. 

3 lOmc/O.Q36mg), H-ur1d1ne ( Sp. Act. 1.o.c/0.Q3Sm8 ), and 

l4C-2_glYC1ne ( Sp. Act. O.OSmc/O.9mg ) ( New England Nuclear Corp., 

Boston, Hase .. ) vere added to maka final concentrations of 1 uc, 4 uc 

and 1 uc per ml, respectively. '!hese were then palse labeled for 60 

min in 37 C vater bath. Further incorporation vas stopped by chUling. 

Viable cell counts were made and the cells were processed by conven­

tional 'fCA extraction methods ( see Part l ) and modified BollUll' s 

filter paper method ( Byfield & ScharbaUll, 1966 ), and finally assayed 

in the l1quid ecint1l1ation epectl'Ollleter. '!'he expérimenta were 

repeated 2 to 4 times. 

3. Results and Discussion 

Table 7 shows the results of the dose-response 

study. Dibutyr;yl cycllc !HP inhibited cell grovth, nen at the lowest 

concentration used, i.e., 12.5 ug per ml ( 0.025 mM ), 1Ih11e cycl1c .AMP 

VAS much less effective and 1nhibited the cells only at the concen­

tration of 200 ug par ml ( 0.53 mM ) or higher. At the concentntiona 

of 50-25 ug par ml ( 0.1)3-0.066 IIM ), cyclic .AMP showed SOlll8 stimula-

tory effects. 'l'bese are in accord with the knovn tACts that dibl1tyryl 

cycl1c .AMP penetntes the cells better and is more resistant to the 

action of specific phosphodie8terase ( Postemak, SUtherland & Renion, 

1962: Bntcher ~., 1965). Furthermore, it shows that the incre&sed 

susceptibUity tg cyclle AMP, in contraet to dibutyr;yl cycllc AMP, 1s 
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Table 7: Comparison or Inhibition or L5178lR Cells by 
Dibutyry1 Cycl1c .AHP and Cyclic AMP 

Compound 

Dibutyryl 
cycl1c 
AMP 

Cycl1c 
AMP 

Concentration Inhibition ( ~ )a 

( ug/ml ) ( mM ) 24 br 48 br 

400 0.800 59 

200 0.400 60 85 

100 0.200 67 71 

400 1.060 73 

200 -10 22 

100 0.265 8 1 

viable 0811 count ( control )-viab1e 0811 count ( cAMP ) 
a: ", inhibition=- x 100 

viable cell count ( control) 



-54-

not necessarill" the propertl" of tumorigenic cell lines as bas been 

reported by others ( Heidrick & ~an, 1970). Figure 8 shows that 

the rate of RNA synthesis decreased significantll" after 4 to 6 hr, 

while the decrease in protein synthesis vas not demonstrable until 

after 8 hr ( Figure 9 ). Marked dif.ferences in the rate of DNA 

synthesis also occurred onl.y after 8 hr. In repeated trials there 

vas a consistent slight decrease in the rate of DNA. synthesis from 

the initiation of the experiments onard. Snch results suggest tbat 

the cells ente ring into the DNA synthe8i~ing S phase of the call cl"cle 

are preferentiall:y inhibited. and the rates of DNA synthesis expressed 

in terme of 106 viable ceUs clearll" confirm that this is the case. 

Under the experimental conditions used, the cella showed a semi­

synchronous wave at 8 br. Selective inhibition at the site or stage 

of the initiation of DNA replicat10n and RNA transcription Seem8 to 

be the earliest biosynthetic mechani_ affected by cycl1c !HP, 

substantiating the findings of LAngan ( 1969 ) and Perlman, 

De Crombrugghe....and Pastan ( 1969). L&ngan shows that in :!!!2 

histones serve as a substrate tor the cycl1c AHP-depenclent protein 

kinase. He postulates tbat increased histone phosphorylation brought 

about by hormone administration mal" provide a mechanism tor the 

induction of RH! and protein synthesis in target tissues. Perlman 

et al. ( 1969 ) have shawn that stbmlAtion ot (3-galactosidase synthesis 

by c:yclic AMP oceurs at the lavel ot transcription of RNA and that the 

lac operon promotor ia the si te of action ot the c:ycl1c AIIP. Whether 

the reaponse of a cell st1Jmlus 1s st1llln1atory or inhibitory .. ,. 
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Erfeets or dibutyryl cyclle AMP on the rates 
of DRA. and BNA ayntheaea in cul turea of 
L51?8YR cella. cau inoculum at 0 br, 2.5 x loS 
viable cells/ml: dibatyryl eyelle AMP eone., 
200 ug/ml. ( 0.4 mM). Labeling Mme, 60 min. 
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Erfects of diba.tyryl cycl1c .AMP on the 
rate of protein synthesis in cultures of 
L5118YR celle Experimental conditions are 
the same as in Fig. 8. 
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depend on the physio1ogica1 and d1fferential state of the cells. 

This has been shown for severa! other systems, e.g., in the responses 

of lymphocytes and 1ymphoblasts towards anticellu1ar antibodies 

( Gr:sbeck ~., 1964; Yang &: Vas, 1970& ), phytoh_gg1utinin 

( Nowell, 1960; Yang !!...!!., 1967 ), and cyclic AMP ( MacManus &: 

Whitfield, 1969; Yang &: Vas, 197Ob). F1nal1y, the decrease in the 

rate or 'a-thymidine incorporation found in the eyc1ic AMP treated 

cella ia unlike1y to be caused b,y the activation of thymidine 

phosphorylase vhich breaks down thymidine to thymine. Rabinovits 

and Wilhite ( 1969 ) have shown recent1y that cycllc AMP did not 

alter the enzymes in the thymidine aalvage pathway in either nol'lll&1 
• 1 

or 1eukemia 1eukocytes. 

Cyc1ic AMP inhibits the growth of mous. 

1eukemi& L5178IR cells in culture. The rates of RNA and protein 

synthesis decrease· sign1ficantly alter 4 to 6 hr, and 8 hr respec­

tive1y. The rate or DRA synthesis decreaaes slight1y within l to 

6 hr, and markedly afier 8 hr .. 
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Part IV. Possible Mediation of the Inhibitor,y Effects of 

Antiserum on Kouse Leukem1a L5178YR Cells by 

Cycl1c 3' ,5'-Adenosine KonOphosphate(4) 

1. Introduction 

During the course of studies on the growtb 

1nhib1tor,y effects of anticellular antibodies on mause leukem1a 

L5178YR cells in culture ( see Part l ), it vas speculated that 

major causes might be soma indirect mechanisms triggered as a resul t 

of antigen-antibody reactions on the cell membrane. Inhibitor,y 

effects of the antisera on growth are a rather slow process ( see 

Part l ) as are hormonal effects on the cells ( Trovell, 1965 ). 

As stated prev1ously, they, start 6 hr alter the addition of antisera 

to the ceUs. and have their JII8X1 ma1 effects after 24 to 48 hr. 

Systems" around the pyru;v1c acid cycle Il ses to be invo1ved ( Ide, 

1969). For instance, glucose ( Makman & Sutherland, 1965 ), 

succinate and nicotinamide ( lrislma!i..!l., 1966 ) but Dot malate 

( Sanval & SDando, 1968 ), vere able to aUev1ate, at least pertly, the 

harmtul effects of antisera ( Yang & Vas, 1970&). '!bis phenClllenon 

18 s1m11ar to the second JIl8ssenger mechan1sa found in hormonal systems 

( Rob1son~., 1968; Sutherland, 1970~. Since tben, activation 

of adenyl cyclase in the sea urchin e~g membranes vas also reported 

to occur at the tue of tertUiEation ( Castaneda &: Tyler, 1968 ), 

(4) Part of the results has been pablished in Proc. Canadian Fed. 

Biol. Soc. 13:509, 1970. 
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and therefora the effects of cycl1c AMP on the cells in culture 

wera tested ( see Part III ). 

In the present 51St of experiments, the t1me-course errects 

of cycl1c AKP and antibodies on the biosynthetic mechanisms of 

L5178YR ceUs in roture were investigated. Moreover, studies vere 

made to see whether theophy111ne, which is a specifie inhibitor of 

phosphod1esterase, can potentiate the efrects of antibodies, and if 

antibodies can stimulate an increase in cycl1c AMP levels. 

2. Materials and Methods 

~. L5178IR Cells 

These have been prev10usly described in 

Part 1. 

b. Antisera 

The sera vere prepare<! as bafore, 

collected asepticallyand stored at -70 C. They vere heat-inactivated 

( 56 c, )0 min ) just bafore use. Heat-inactivated pre-1Daune liera 

and other nomal sera vere used ail controls. 

c. Metabol1c studiell 

For the tlme-courae study of the effecta 

of antiserma and cyclic AMP, tvo sets or triplicata cultures received 

an inocul:aa of 1 x loS viable cells per ml ( for viable counts ) or 

2.5 x loS par 1111 ( for both the viable counts and the radio-isotope 

label1ng exper1lllents). The cultures wera again set up in 5 ml 

amounts. AnUsera ( 0.2 1111 ) or dibutyry1 cyclic AMP ( 0.2 ml of 

o. 5 ~ solution; Boehringer--MannhelJl, New York ) vas added to the 
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cultures at the start of the exper1ments. Eltper1menta ot 8 hr 

duration or less were done in a 37 C water bath vith the tubes in 

an upr1ght position. For exper1ments longer than 8 br the tubes 

were placeci into an incubator in a slanted position, again to obtain 

maxim.' air space in the tube. At 0, l, 2, 4, 6, 8, 24 and 48 hr 

after the start of' the experiments, triplicate cultures from each set 

were pooled, mixed, redistributed equally into 3 tubes and 3H~thymidirte 

( Sp. Act. 1.Omc/O.Q36mg ), 3H-uridine ( Sp. Act. 1 •. Omc/O.035mg-O.082mg ) 

( or ~1-5-uridine, Sp. Act. 1.Omc/O.0Q97mg ) and l4c-2_glycine ( Sp. 

Act. 1.Omc/15.3mg ) ( .Bev &1gland Nuclear Corp., Boston, Mass. ) 

W8l'8 added to make final concentrations of 1 uc, 4 uc, and 1 ue par ml, 

respectively. 'lhey were then pulse-labeled for 60 JIlin in a 37 C water 

bath. Incorporation 118.21 stopped by ch11l1ng, viable call counts vere 

made and the cells processed by both the conventiona1 TCA extraction 

method for DUcleic acid, and protein ( see Part l ) and the moditied 

BollUZll's fUter paper method ( BollUZll, 1959:· Bytield & Scharbaun, 1966 ). 

For modif'ied BollUlll's method, 4 seples of 0.1 ml of each ot the cell 

suspensions vere removed by an automatic Eppendor! pipette ( Eppendor! 

Geratebau, Netheler and B1nz GMBH, Baaburg ) and placed onto a 1 ineh 

Whatman 3 MI! tUter paper dise. 'lbe wet saturated tUter paper dise 

vas transterred into iee-cold TCA. in Brblemaeyer f'lasks ( 5 ,. TCA. vas 

used tor DUcleic acid and 10 ,., tor protein). At the end ot the 

exper1JDent, the accumal.ated dises vere vashed by gently svirllng the 

nasks. M'ter three vashes of' 15 min each vith 5 ml of' 5 ,. TCA par 

disc they vere then vashed tvice each bath in 95 ,. ethanol-ether ( 3:1 ) 



and in ether in order to rem0V8 water and Tel. The dis cs vere spread 

out on fUter papar and allowed to air dry. Bray's scintillation 

fiuid vas used forthe;8Xtracted material but toluene scintillation 

fiuid ( 0.6 ~ 2,~iphenylaxazole and 0.01 ~ of p-bis-2-(5-phenylaxazole) 

benzene in toluene ) ns used. for the discs. Finally both vere assayed 

in the spectrometer. For the other exper1ments, sucb a8 those on the 

effects of theopbyll1ne and on the heat stab1l1ty of antisera, a 

double labeling method was employed. It used. 3B-5-uridine and 

14 C-2-glycine in amounts to give a final concentration of 1 uc each 

par ml. Sets of dup11cate series of cultures conta1n1ng 2.5 x loS 

viable cella per ml vere set up &nd atter 24 hr of incubation, pulse 

labeled. vith the precursors for 60 min in the water bath. The cultures 

vere then processed by Bollua's method. 

d. Nature of the Antibody 

i. Relative Heat Stab1lity of Antibodies 

'!'he 1nhib1tory activity of the 

antisera vas tested atter heating it at 65 C for 60 and fO"r 90 min 

and camparing these samples vith one that vas inactivated at 56 C 

for 30 min. Dnplicate ( 5 ml ) cultures conta1n1ng 2.5 x loS viable 

cells per ml vere set up and O. 0.05. 0.2 and 0.4 ml of the antiserœa 

preparations added. 'lb. 1nh1bitory effects vere cœapared after 24 hr 

using the metabollc method described in the prev1oa.a section. 

11. Spec1ticity of Antibodies 

The method for antibody recove2"1' 

frca erythrocytes by heat vas orig1nally developed by Landsteiner and 



Miller bIlt 1ater modif'ied. by Rosenfie1d and Kochwa ( 1967 ). 

Further modi!ication vas made to e1ute antibodiea which had been 

abaorbed to the cella in the present experiment. One volume ( 0.6 

ml ) of 1fI.shed. and paclœd L5178YR cells 1fI.S app1ied to 3 volumes 

( 1.8 ml ) of antiserum ( A)6/l ) and incubated at 37 C for 1 hr. 

The antibody-sensitized cells vere then vashed at least three times, 

each time vith at least 10 volumes of saline, and then auspended in 

3 volumes ( 1.8 ml ) of Fischer's medium and heated at 56 C for 20 

min. Af'ter centrifugation at 56 C to sediment the ce1ls the super­

natant, contain1ng the eluate, 1fI.S removed 1mmed.1ately so that no 

antibodies would reabsorb. 'lbe supernatant vas tested as described 

above for its antiboc1y activity. 

e. Potentiation of the Inhibitory Effects of 

Antibody by 'lheophylline 

Since pre11m1nary atudies have shawn 

that theophy11ine at high concentrations 1fI.S taxic by itself', the 

box titration method vaa used vith the combinations of 0, 1/500, 

1/100 antiserua ( Al80/1 ) dilutions and 0, 0.1, 0.25, 0.5 and 

1.0 mM theophy1l1ne ( Calb1och81ll, Los Angels, Cali!. ). 'lbe effect 

of theophylllne on the cella treated vith the antise1"\Dl 1fI.S 1I8asured 

&tter 24 br using the metabol1c s'tudy aethod mentioned prev10118ly. 

f. Measurament of Cycl1c AMP lccmmlation 

'!he aS8&y method deve10ped by Hmles, 

Roundbehler and Iuehl ( 1969 ) for aeasur1ng adeny1 cyc1ase activity 

in intact cells and the rad1oilllmunoassay method for the _.~nt 



of cyclic.AMP developed by steiner ll..!!. ( 1969 ) W9N used. 

i. Menyl Cyclase Activit1' in Intact Cells 

L5178m cells ( 2-3 litera ) vere 

ceT1trifuged, resuspended in 20-30 m1 of Fischer's media at a 

concentration of 2.0 to 2.5 x 101 par ml. and incubated for 90 min 

at 31 C in a shaldng water bath with 14 c-8-adenine ( Sp. Act. 

50.0me/m mole ) or 14c-a_&denos1ne ( Sp. Act. 55 mc/m mole ) 

( Schwarz BioResearch, Inc., Orangebarg, N. Y. ) in a final con­

centration of 1 uc par ml. '!he cells vere then distributed in 1 ml 

aliquots in duplicata series of tubes, and 0.2 ml of antiserum or 

nonaal control sel'Wl, and 0.1 ml. of a 50 mM solution of theophyl11ne 

vere added to make a final concentration of 5 mM ( streeto le Reddy, 

1961). '!he cultures vere incubated and atter 0, 2, S, 10, 40 and 

60 min, the enz,..tic reactione vere terminated by the addition of 

0.2 ml of 0.6 M TCA. '!hen, 0.05 ml. of an aqueous solution containing 

0.01. K each of ATP, ADP, S' AMP, cyc1ic AMP, Adenosine and Adenine 

( Calbiochem, Los Angels, Calif. ) vas added to facllitate the recovery 

of the la'oeled nucleotides. In addition, 3B-8-adanosine_ 3' ,5'-o1'c11c 

phosphate ( 3H-cycl1c AMP, Sp. Act. ]f).3c/m mole; Schwarz BioResearch, 

Inc •• Orange'barg, N. Y. ) 0.2 uc was added for co-chromatograph1'. 

'l'be cella ruptured froa such treataent. The insoluble mater1a1 was 

reJloved by centrifugation tor 5 lIin at 1000 x g. 'l'be resulting pellet 

vas vashed with 0.2 ml of 2 et, Tel, centrifuged and the supernatant 

vas taon and added to the initial Tel extract. '!he cœbined super­

+ natants vere passed through an ion exchange resin ( AG5OW-I2(B ), 
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100-200 mesh ( 0.7 x 7 am ), B1.o-Rad Laboratories, Richmond, Calif. ), 

and then eluted vith vatel'. '!'he initial 4 ml eluant vas discarded 

and the cyclic AMP vas collected in the subsequent 10 ml fraction. 

M'ter treatment vith 0.5 ml 4i'&ch of aqueous 8 ~ zinc sulfate and 

0.3 N bari1Dl1 hydroxide, the slurry vas centrifuged for 5 min at 

1000 lt g. The resulting supernatant vas again subjected to this 

precipitation procedure and then lyophllized. The res1due (according 

14 
to Humes.!1.!!. t 1969 ) containing mostly C-cycl1c AMP) us 

disso1ved in 0.3 ml of vatel' and the radioactivity of a 0.1 ml 

allquot vas measured in to1uene scintillation fiuid arter being 

soalœd and dried on 1 inch2 \lJhatman 3 MM fllter paper. Another 

0.03 ml a11quot vas app1ied to Whatun 3 MM paper by three successive 

applications of O~Dl ml each and then deve10ped for 16 br in a 

solvent consisting of 1 H lJIIIIonium ac~tate ( pH 7.5 ) and. ethano1 

( 30:75). This paper chromatography system allowed good separation 

of ATP, ADP, S' AMP, adenine and Adenosine f!'Olll cycl1c AMP. For good 

reso1ution this step vas needed in addition to the abave described 

1GS<M-12(B+) and zinc sulfate-bariua hydroxide procedure ( Krishna, 

Weiss ci Brodie, 1968; Krishna ci B1rnbaumer, 1970). The strips vere 

axudned by ultraviolet l1ght and. spots on the cbromatograa corres­

pond1ng to co-chrœu.tograpbed, authentic cycl1c AMP vere eut out 

and placed in to1uene scintillation fiuid. Double isotope scintUlation 
14 

counting vas done directly on the P=lp8!' sections. ID C connts 

vere corrected to 100 if, on the basis of the trit1a reeovered. 
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ii. Radio-immunoassay ot Cycllc !Mf 

The radio-immunoassay system 

developed by stein:el"'~. ( 1969 ) is based upon the comPetition 

ot cyclic AMP vith a labe1ed cycl1c AMP -derivative. The derivative 

has a high specifie activ1ty tor binding sites on the antibody 

specific tor the cyclic necleotide. Rabbit anti-cycllc AMP antiserum 

( produced by 1mmun1zing rabbits with 2'O-succiny1 cyclic AMP-hUllWl 

serum album1n ) and 125I-succinyl cyclic AMP-tyrosine methyl ester 

antigen ( 125I_SCAMP_TME ) were purchased tram Collaborative Res., 

Inc., Waltham, Mass. Goat anti-rabb1t serum was purchased tJ"Olll Hyland 

Laboratories, Los Angels, Calif. 

1). Preparation ot Tissue Extracts 

L5178YR cells treated with 

antiserum as described above were addad to 0.3 ml ot 6 ~ TCA, and 

treece-thawed severa1 t1mes. !tter centrifugation at 4000 rpa tor 

15 min, the supernatant was removed and extracted three times vith 

5 ml or vater-saturated petroleum ether. The erlracted aqueous phase 

vas heated at 70-80 C tor 2 min, lyophllbed, and the dry residue 

disso1ved in O.) ml ot 0.05 M sodi1Dl Acetate butter ( pH 6.2). This 

extract vas used d1rectly in the immunoassay system. 

2). The Immunoassay Procedure 

Anti-succinyl cycl1c AMP 

rabb1t antibody ( globulin traction ) vas dl1uted 1:2000, a dilution 

at wbich )0-40 • or the 125I_SCAMP_DIE vas prec1p1tated in the presence 

ot excess goat anti-nbbit IgG. One-tenth ml ot the rabbit antibody 
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was added to 0.3 ml ot either tissue extra ct or sodium Acetate 

butter; the butter conta1ned non-radioaotive cyc1ic .AMP ( 0.38, 

0.75, 1.5, 3.0, 6.0, l2.0, 24.0, 47.0, 94.0, 188.0, 375.0, 750.0, 

1500.0 picomo1es per 0.3 ml). One-tenth ml"ot a solution ot 

125x-SCAMP-TME, dlluted to contain approximately 4000-8000 cpa 

( 0.05-0.1 picomo1es ), Vas then added to bring the reaction vOlume 

to" 0.5 ml and the tubes vere incubated tor 3 hr at 4 C. EEcess 

goat anti-rabbit IgG sel"Wll as added. and the tubes vere subsequently 

incubated overnight in the cold. 'lbe tubes vere then added. vith', 

2.0 ml ot the butter and centrifuged. at 4000 rpIl at 4 C tor )0 min, 

and the precip1tate dissolved in 0.5 ml ot B;yam1n before being 

counted in a gaIIIIU lIpectrometer. fil ~yses vere carried out in 

either duplicate or triplicate. 

3. Reaul.ts 

a. Coaparison of the Ef'teots of Antiserua and Cyclic 

AMP on DNl, RRJ. and Protein Syntheses 

As shovn in Figure 10, the rate ot 

RNA synthes1s deoreased signiticantly at 4 br in the cul turea 

treatec:l vi th antiserua, vhile the decrease in protein S)'Dthesis 

as not demonstrab1e untU 6 to 8 br ( Figure 11 ). Difterences 

in the rate ot DM synthesis occarred onl.7 atter 8 br ( Figure 12 ). 

The sequence ot metabolic events in the cmltures treatec:l nth 

antisel"Ull 1s remarkably sillilar to those treated vith cycl1c AMP. 

'!'he sequence ot JIl8tabolic events in the cultures treated vith cyclic 

AKP is essent1al.1y aillUar to that presented in Figures 8 and 9 in 
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Figure 10: T1me affects of antiserma (l::t.180/l ) on the 
rate of RNA synthesis in cultures of L.5178YR 
cells. Call inoculUJll at 0 br, 2.5 x lOS viable 
cells/~; antiseram cone. 0.2m1/5 ml ( i.e., 
4 x 10- ). Labeling tilDe, 60 min. 

Figure Il: T1me effects of antiserma (l::t.180/1 ) on the 
rate of protein synthesis in cultures of L5178YR 
cells. Exper1mental conditions are the SaJll8 as 
in Fig. 10. 

Figure 12 T1me effects of antiserum (l::t.180/l ) on the 
rate of DRA synthesis in cultures of L5178YR 
ce1ls. Experimental conditions are the s .. e as 
in Fig. 10 
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Part III. '!hua cyclic .AMP mimics many of the major ef'fects of' 

ant1serum on the cells. 

b. Natul'e of' Ant1body 

1. Relative Beat stabUity of' Antibodies 

Binee the antisera eouid inhib1t 

the growth of the cells at :rather high titers ( i.e •• 1/500 01" 

higher in the absence ot complement ), 1 t vas decided to f'ind out 

whether the IgG class of immnnog10bulins vas slone responsible 

or it the IgH vas &1so implicated. A heat inactivation .ethod vas 

used because it has beell sugg8sted that inactivation at 65 C for 1 

hl" 1s a more reliab1e measure of macrog10bol.in antibody than is 

2-mercaptoethanol treaœnt ( Locke & Segre, 1965; P1ke. 1967 ). 

Fu.rthemore. pre11m1nary studies have 1ndicatèd th.t 2-mercaptoethanol 

at concent:ratiOns 101181" than the conventionably uaed 0.1 H ( Schur &: 

atr1stian. 1964 ) vas still too taxie fol" the cells. 

As shawn in Table 8. heating the antise:ra at 65 C for either 

60 min 01" 90 min lowel"8 the titan onl.7 slightJ.y .ore than thon ot 

the ant1se:ra inactivated at 56 C tOI" 30 1Iin. '!he :rates of' both RRA. 

and protein synthe ses vere very sllghtly attected at the antisel"Ull 

concent:rat1ons st1Jdied ( 1/100, 1/25 and 1/12.5). Based on the reports 

ot othel"8 on the heat stabillty ot ~0bal1ns ( Locke & Segre, 1965: 

P1Jœ. 1967 ). it SMU IIOst likely tbat the predominant type ot antibody 

globolin is ot the IgG elass. 

ii. Spec1ticity of' Antibod1es 

Antibod1es present in the antisel"Ull 
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1:100 

1:25 
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Camparison of the Inhibitor,v Activ1ty of Antiserum 
(1:136/1 ). Beatect at 56 C for 30 min and at 65 C for 
60 and 90 min. on the Rates ot RNA and Protein Syntheses in 
Cultures of L517BIR Censa 

Rates of 3B-5-uridine 
14 

Rates of C-2-glycine 
incorporation incorporation 

S6C 30' 65C 60' 65C 90' S6c 30' 65C 60' 65C 90' 

5235 ! 532
c 2141 ! 66 

205C>.!69 2528.:!:2<6 2424+2<6 10 04.!3 0 1288195 12~1+102 ---
( 6~ )d ( 51~ ) ( 53~ ) ( 53~ ) ( 39~ ) ( 41~ ) 

16S6.:!:194 1B51.:!:192 188l..!150 664,:lB 793,!65 Bll,!75 

( 6B~ ) ( 64~ ) ( 64~ ) ( 6B~ ) ( 62~ ) ( 62~ ) 

1423.:!:146 1638.:!:lSB 1729,!150 531.:!:23 546,!50 635.:!,90 

( 72~ ) ( 6B~ ) ( 66~ ) ( 75" ) ( 7~ ) ( 7~ ) 

a. b: Salle as Table 6. 

c: ( Mean clB.:!: S.D. ) x 1/25. Anrage of 3 cultures. 

cp. ( control ) - cpm ( antiserum ) 
d: ~ inhibition = x 100. 

cp. ( control ) 
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pres1.DIIablyaceoant for its 1nhib1tory effect on cali grovth. 'lbe 

antiserma could be absorbed by the cells and later e1uted. 'lbe 

antibodies e1uted from the sensitized L5178IR cells retained their 

specifie activ1ties at quite high levels as is shawn by their 

inhibition of both RNA and prote in syntheses o( Table 9 ). 

c. Potentiation of the Inh1b1tory Erf'ects of Antiserum 

by Theophylline 

As shawn in Figure 13 theophyl1ine. at 

a concentration of 0.25 mM, potentiates the effect of' a 1/100 dilution 

of antiserum ( al79/1 ) when measured by the incorporation ot 

3H-5-uridine into RNA. This suggests that antibodies and theophyllin8 

have synergistie effects through the common mediator, cyc1ic AMP. 

d. Measurement of Cyclic AMP Accumulation 

Aa shawn in Figure 14, a definite 

inerease in the de novo synthesis of cyclic AMP oceurs 2 min af'ter 

st1mulation of the calls by the antibody. The 1eve1 persisted 

for the 40 to 60 min that the cultures were studied, substantiating 

th~· hypothesis that the increase in the level of' cyclic AMP was one 

of the major initial changes af'ter the antigen-antibody re.ctione 

on the oeli membrane. 

4. Discussion 

This experimsnt has shawn th.t antisera. 

affects the call metaboli8ll in a sequent1al order. The rate of IUlA 

synthesis decreased s1gn1!iuantly by 4 br vhUe the decrease in DRA 

and protein syn'theses vas not demonstrable untU after 6 to 8 br 
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Table 9 Inhibitory Activity of Antibodies Eluted f'rom 
Sensitized L5178YR rAllsa 

Rates of' 3H-5-uridine 
incorporation 

Serum b 
dilution . S6c 30' 

0 11016.8 

1:100 .5417. OC 7890.1 

( .5~ )d ( 28~ ) 

1:2.5 3241.6 6l22.3 

( 7~ ) (~ ) 

1:l2 • .5 2952.2 4n.5.9 

( 73~ ) ( !Il~ ) 

Atb: Salle as Table 6. 

Rates of 14C-2_g1yc1ne 
incorporation 

Eluate 

164.5 • .5 

1122.1 1034.7 

( 31~ ) ( 37~ ) 

4.5.5.2 726.7 

( 72~ ) ( .5.5~ ) 

324.0 602.0 

( 8~ ) ( 6~ ) 

cs Average cPD of duplicate cultures x 1/2.5. 

d: Same as Table 8. 

e: Eluate reconstituted to or1g1nal serma volume. 
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Figure 1:3: Ef'fects of theophylllne and antiaerum ( 179/1) 
on the rate of RNA synthesis in cultures of 
L517Bn cells. Cell inoculum at 0 hr, 2.5 x loS 
viable cells/ml; 24 hr cultures. Labe1ing tble. 
60 min. 
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CPM / CULTURE 

0---0 RNA, A179/1 + 0'25mM THEOPHYLLINE 
.---. RNA, A 179/1 

SERUM CONCENTRATION x 10-3 / ml 
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rime effects of antiserum on cycl1c AMP 
formation by L5178IR cells. 2.5 x 107 
viable ce1l.s/cu1ture( l ml ); s8parated by 
AG5OW-X2(H ) chromatography, bar11D11 sulfate 
adsorption and Whatman :3 MM chromatograpby. 
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, incubation. 

'lbe slow rate of the 1nhibitor,y processes and the previous 

f1nding that energy sources such as glucose and succinate. although 

not malate. were able to part1ally alleviate the ha1"mf'ul. eff'ect of' 

antisera ( Yang & Vas. 1970& ) suggested that SODle indireot mechanisms. 

triggered. by the primery antigen-antibody reaotions at the cell 

surface. might be important. Dumonde!i..!!. ( 1961 ) were able to 

observe histochem1cal changes such as a marked activation of' lysosomal 

acid phosphatase and the dissociation of' intracellular lipid-

protein complexes even though the antibodies were shawn by the 

fluorescent antibody technique to be located exclusively on the cell 

surface. Timbury ( 1963 ). when studying the mechanism of' the 

inhibi tory ef'f'ects of' anti-human amn10n cell serum on the intracellular 

replication of' Coxsacld.e A9 virus in amnion cells. f'ound that the 

relationship between antiserum concentration and plaque inhibition 

is exponent1al except at very high doses of' antise1"1lll1. Be concluded 

that the 1nhib1tory reaction between ant1seram and the amn10n cells 

1& of' f'irst-order kinetics or a one-hit reaotion. Tbat i8 to say 

that one antibody Molecule is apparently,capable of' 1nhibiting one 

cell or perhaps a part of' a celle such as a faotory or entry site. 

Be f'urther speculated that ant1body may combine with cell surf'aC8 

ant1gens disturbing SOllle collular process vh1ch 1s essent1al ror the 

repli cation or the 1nh1b1ted virus. 

Met&bollc de rangement triggered as a resul t or the reaction 

betveen cell antigen and antibody seems to he one of the major ractors 
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in both the present system and that of Timbury. Timbury had first 

speculated ( 196' ) that antibody might st1mttlate the cells to produce 

interferon or some other 1nhibitory })roteins but this has not been 

substantiated by his ·recent study ( Timbury, 1969 ), in which he ·found 

that actinomycin D did not prevent the inhibitory action of antiserum 

on virus replication. This suggesta that antiseram to host cells 

does not ACt by stimulating the ceU to produce interferon or other 

inhibitory proteins. 

The argument which might he made, in view of the recent 

finding of Grant et al. ( 1970 ) on the possible production and 

release of antibodies and cOl!lplement-llke substance by iDmnme 

lymphocytes, is that the slow k11l1ng effect is due to the produc­

tion. of some heat labile components of complement by the celle lht 

this is most un1ikely because the cell is of DBA/2 mause origin 

which is lmown to he genet1cally def'icient in C' 5 ( Rosenberg cl 

Tach1bana, 1962: Berzenberg et al., 196,: Cinader, Dnbisld &: Wardlaw, 

" 1964; Nilsson &: Muller-Eberhard, 1967). In a OOIIlplement med1ated 

system, FeU~. ( 1968 ) have shown tbat cCliplaent cOliponents 

1 to 6 a t least vere 1Dvolved in producing the eff'ect of' ëOllplnent 

and antiboües on embryontc cartilage and bone. It wo bas been 

vell dOCUMnted that al1 Dine cOliponents of' cœplament are needed 

" f'or 1Bmne haaolys1s ( Muller-Eberhard, 1968 ) and tor 1aEne 

cytolys1s of hUJl&n um10n cells ( Ross &: Lepov, 1960 ). 

AB tor the nature of ant1body in the antisera, the injeot1on 

procedure has produced substances in the serua wh1ch f'ulf'1ll certain 
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basic criteria for antibodies. As a result of injection, reacting 

substances which are not present in pre-immune sera are produced. 

'!hese substances are effective against the cells in rairly high 

dilutions, especially in cytotoxic activity in the presence of com­

plement. '!he inhibitory activity of the antiserua could be absorbed 

by the cells' and e1uted fl'Olll th8lll. '!he abili ty of the antibody to 

absorb differentiates it from ablastin ( Taliaferro, 196) ); the two 

have many other cammon characteristics. 

'!'he activity of the antisen se8ll1s to reside mainly' in the 

IgG fraction. In this rasearch the immunization schedule of Levey 

and Medawar ( 1966 ) vas adapted. '!hese worlœrs have reported high 

activity in IgG fractions ( James and Hedavar, 1967). In order to 

give sOllle idea of the property of the antibodies, the heat resistance 

method vas used ( Locke &: Segre, 1965; P1ke, 1967). Even at lIlUoh 

lover concentrations tban the conventional 0.1 H, 2-mercaptoethan01 

vas found to be too toxic for the cells and theretore, could not he 

used tor dUferentiating IgG trom IgK ( Schur &: Olristian, 1964; 

Jakobsen, 1970). Purthermore, it has been reportee! that after 

2-mercaptoethano1 treatlllent, 7S rabbit antlbodles to organ extracts 

sutfered a complete 10ss of comp1ement-t1x1ng ab111 ty and a marked 

destruction of PCA activity ( Brinckerhort, Brown &: Rose, 1970 ). 

Acid treataent could not he used hecause Anderson, JIJI8S and 

Woodrutt ( 1968 ) found that this treaœnt of anti-l3JIphocytlc 

IgG results in a 10ss or its in vitro cytotoxic activ1ty and lu 

in vivo iDIImnosuppress.lve actlvity. 
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'!he present exper1ment f'ult1l1s Sutherland's three 

postulates and thus substantiates the bypothesis that cyclic .AMP 

is one ot the major second messengers in the system. F1rst of aU, 

cyclic AMP.18 able to m1m1c the effect ot the antiserum; secondly, 

theophy111ne, which is the specifie 1.nh1bitor of the phosphodiesteras8 

which degrades cyclie AMP, potentiates the action of the antiserum; 

and lastly. the antiserum stimulates an inerease in the level of 

intraeellular cyclie AMP. Cyelie AMP appears to he one of the major 

agents which ini tute the sequence of events observed in th1s study. 

A1l the metabolic changes- observed may he secondary effects whieh follow 

a primary injùry by ullY heurs. 

Al though a def1n1 te increase in cyclic AMP could be demon­

strated after the cells vere stimulated vith the antisel"Ull, the 

amount o~ eyelie !MF found i8 small. 'Ibis low levé1 may 'he of' 

regulatory sign1ficance for Bel.. ceU adenyl cyclase aetiv1ty has 

heen reported to he low WO .. ( Makman, 1970 ) and Bel.. eeU growtb 

bas been shawn to he inhibited by cyclie !MF ( Rran cl: He1.dr1ek, 1968; 

Heidrick &: R;yan. 1970). or course, the lev cycl1c AMP lavel could. 

also he due to the methods available tor its meuureMnt. Cyc1ic 

.AMP 18 present in me.,lien tissues in very low concentrations 

( 0.2-1.5 mu moles per gm ); the assay invo1ves a var1.ety ot ccap1ex 

ensymatic reaetions and 1n1tially requ.1res the seperat10n ot oyc1ic 

AMP trca other nucleotides by chrautographie techniques. Furthenaore. 

the rather high S8rua concentration in the test system migbt degrade 

cyc1ic AMr since Steiner et al. ( 1969 ) have round that th. rabbit 



f serma contains phosphodiesterase acti vi ty. The higbly specific 

ilmmmoassa7 method developed by steiner et al. ( 1969 ) eliminates 

the need for prior chromatographic separation of cyo1ic AMP fram 

other tissue nucleotides. However, the assay method involves the 

use of goat anti-rabbit immunog10bulin and this introduces another 

caœplioating factor in a system which contains rabbit serum. 

Further modification is needed for use in the present system. 

During the preparation of this manuscrlpt, articles by 

Colobert and Lagarde ( 1970 ) and Ishizuka t Garni and Braun ( 1970 ) 

appeared turther substantiating the hypothesis that c7c11c AMP is 

one cf the major m9d:i.atol"l1 of the caU growth inhibition. Colobert 

and Lagarde demonstrated an increase in cyc110 .AMP lavels in 

lymphocytes st1mulated with anti-lymphocytic serum and. Ishizuka 

!!...!l. gave indirect evidence for the possible mediation of cyclic 

• AMP in stimulating antibody formation by antigen. Mozsik ( 1969 ) 

offera a good explanation of how an increase in cyclio AMP levels 

and a decrease in energy production coald coexiste He clearly 

demonstrated tbat the products of adeny1 cyclase activity ( cyc11c 

AMP and Adenosine 5' -monophosphate ) d1rectly inhibi t a specifie 

+ + 
ATP-Ase in a Ha' -K -dependent active transport system. In addition. 

he vas able to sh"" tbat drug stbm1ation of adenyl cyclase is 

assoc1ated vith the blocking of the Na+-K+-dependent ATP-ase 

aotiv1 ty so the active transport ATP-ase system and the adenyl eyclase 

system must he separate. 

The probablli ty that antibody causes contormationa1 changes 



in the cell membrane or in 1 ta enzymes ( Yang & Vas, 1970& ), 

thereby activating membrane-bound adeny1 cyclase bas been also 

subst1n.nted. by the dramat1c resuIts of Ellory and 'lUcker ( 1969 ). 

They used. antibodyagainst a specific antigen, m, which 18 tound 

in LK cells ( low potassium type sheep RBC ) bIlt absent in BK cells 

( high potassium type sheep RBC ) te sensitize LK cells. The 

sensitization effective1y conferred on the LK cells the propert1es 

of the HI cells. Bec&use the antiserum does not remove the _ antigen 

f'rom the cell, Ellory and 'lUcker postul.ated. tbat its position or 

conformation must be changed. It seems 11kely that the m ant1~n 

blocks the potassium pump ei ther directly by allosteric 1nhib1 tion 

ot the potassium sites, or ind1rectly by conformational alterat10n 

of the enzyme-cOlllplex ri. thin the membrane. 

Invc1ve!18nt ot oycllc .AMP in divers1f'ied systems such as 

hormone-target cells ( Sutherland, 1970 ), sperm-egg membranes 

( Castama & Tyler, 1968 ), and antigen-ant1body interactions S88DIS 

to refiect vell the recent statement of' Weiss ( 1968). "The 

1mIIIuno10gical interactions ( would ) I18rely represent 

one special manifestation of' a universa1 principle ot 

steric IU.tching or template-anti-template operating 

( or seem to operate ) in diverse biological pbeno-

mena in areas sMlllingly as disparate as developaent, 

iJaunology. vound-he.l1ng, endocrine regulat1on, 

grovth control, and the tunction1ng ot the nenoua 

systa." 



Thus, the responses, stimulator,y or inhibitor,y, of ce11s 

towards the SAm8 agent refiect their physio10gical states and their 

degree ot differentiation or ft determination ft. This i8 exemp1ifiecl 

by the responses ot 13mphocytes and .lymphoblasts to anticellular 

antibod1es ( c;r:sbeck et al., 1963; Yang & Vas, 1970a ), phytohema­

gglutinin ( Nowell, 1960; Yang et al., 1967 ) and cycl1c AMP 

( HacManus & Whitrie1d, 1969; Yang & Vas, 197Ob; Birschhom, GroS8DI&D 

& Weissmann, 1970). Recent papers by Mansk1 and !llrlich ( 1970 ) 

further substantiate this interpretation. They have demonstrated 

that the normally resistant rabbit comeal epithel1um and endothe1iUlll 

become sensitive to cytotoxic antibodies after an ft activated state ft 

is induced in these tissues, that is, during cellular regeneration 

&tter injury. 

5. Summar,y 

'lbe tille-course study ot the inhibitor,y 

effects of antiserum on the met.!.bo1ic avents in mouse 1eulœmia 

L5178YR cells providecl ev1dence that the rate of RNA synthesis 

decreases signif'icantly at 4 hr, while the rates of protein and 

DNA syntheses showed. dEJllODstrab1e changes only atter 6 to 8 hr. 

and 8 hr, respectively. 

Cycl1c !HP m1m1.cs the action ot the antiserma and 

theophy111ne, which is a specific inhibitor of the phosphodiesterase, 

potentiates it. St.1ml11ation of de nove synthesis ot ayc1ic AHP 

by antiserua f'urther substantiates the hypothesis that antibodies, 

in the absence ot cOllpl_nt, inhibit the growtb of cells 1Dd1rectl.y 
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'~-', through second messengers such as cycl1c AMP. 



'f' .-' . 
CHAPTER III. GENERAL CONCLUSIONS 

An in vitro system consisting of rabbit 

serum-cont&1ning medium, a medium-adapted subline of L5178Y cells 

and rabbit antiserum vas used to study the effects of antibodies, 

:in the absence of complement, on cells in culture. 

Heat-inactivated antiserum can 1nhibit cell growth and 

colony formation in soft agar, and k111 the cells. These actions 

occur slowly and in a certain sequence of metabolic events. Studies 

us1Dg radioactive precursors showed that RNA synthesis ia inhibited 

af'ter 4 hr, but the ef'f'ects on the rates of protein and DNA synthe ses 

become demonstrable only dter 6 to 8, and 8 br, respectively. 

Maximal inhibition is obtained af'ter 24 to 48 hr. 

TVa hr aiter the addition of' certain antisera, there is a 

transient increase both in viable cell counts and in uptake and 

incorporation of' l4C-2-glycine. This is probably due to direct 

" stimulation" of noncycling G2 cells into mitosis by the antisera. 

Doring the entire exper1mental period, i.e., up to 4 clays, 

a small. portion of' the ceil popala tion rema1ned viable. Many of' 

theae cells looked much larger and their rate of incorporation, bat 
14 6 

not of upt&ke, of C-2-glyc1ne per 10 viable cells was much higher 

than that of the control. Cultures treated vith antise!'UJI recovered 

if f'resh medima vithout antise!'UJI vas added at 24 to 48 hr. 

The sof't Agar technique vas then used to clone antibody-

resistant cells and studies made on their ISUsceptibity to ant1seram. 

Unexpe ctedly , the cells derived f'raa res1stant clones showed • degree 
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of sensitivity to antiserum s1m1lar to tha.t of the parent popula­

tion in both the abill ty to fom colonies in soft agar and to grow 

and inoorporate radioaotive precursors into RNA and proteine 

AIl the antisera showed agglutination. However, aggluti-

nation vas shawn not to be the essent1a1 oause of ceil growth 

inhibition. Antiseram 1nhibited colony formation in sort agar even 

when i t vas placed over the cell-containing agar layer to prevent 

agglutination. 

Energy sources such as glucose and succina te vere all shawn 

to prote ct the cells, at least partially, against the hal"lllful effects 

of antiseram, suggesting that the substrate uptake and/or the energy 

generating mechanism of the cell became inefficient arter its contact 

vith the antiserum. Thua, in the absenoe of complement, there is no 

preferent1al inhibition of the glycolytic pathway, a~ Flax has 

proposed for his complement-mediated system. Moreover, malate vas 

found to he vithout effect. '!bese observations together vith the 

ev1dence tor the slow nature of the 1nhibitory procass of the antiserum 

on the cells suggests that SOllle indirect mechanism, triggered as a 

result ot the primary antigen-antibody reactions on the oell surtace, 

i. responsible. 

Reporta by others on the relationsh1p ot glucose, mallc 

enz,. and nicotinic acid to cycllc JMP, on the grovth 1nhib1tory 

ettects of various tissue culture caU Unes, and on the activation 

ot adenyl cyc1ase .t tertUization sugge.t that cyclic AMP is one ot 

the major mediators ot the system. 
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Cyclic AMP was f'ound to mimic the 1nhibitory ef'fects of' 

antiserum on the metabolic avants in the cells. Theophylline, a 

specifie 1nhibitor of' the phosphodiesterase, potentiated the action 

of' the antiserum. stimulation of' de novo synthesis of' cycl1c AMP 

b.Y antiserum f'urther substantiates the indirect mode of' action of' 

antibodies through second messengers snch as cycl1c AMP. 



CLAnIS TO ORIGINALITY 

This investigation has contribnted the following original 

know1edge to the action of antice11u1ar antibodies. in the absence 

of complement, on mamma1tan cells in cu1tUl'e. 

1. It has been estab1ished that heat-inactivated antiserwa can both 

1nhibit cell growth and co1ony formation in soft agar. and 1d.ll 

the cells. These actions occur slowly and the accompanying, 

metabo1ic events. in sequence; that is, RNA synthesis is 1nhibited 

first and protein and DRA. syntheses only 2 hr later. 

2. Energy sources such as succinate and glucose vere found to protect 

the ce11s, at 1east partially, against the inhibitory effects of 

antisel"lDll. 

3. Cycl1c!HP vas shawn to affect the growth of the cells and the 

metabo1ic avents in sequence. A JIl8chAD1m of cell growth inhibi­

tion b.Y cycl1c AMP tbrougb its preferential action on initiation 

of RNA transcription and DRA rep1ioation is proposed. Indirect 
1 

mode of action of antibodies aediated by second essengera. such 

as cycl1c AMP is proposed. 
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