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ABSTRACS

&

A system wes developed in uwhich fragments of gulnea-

P

2ined from imsunized animals, preduced detect-

P
M
o]

plg spleen ob
able quantities of antibody in viiro.

Using thisz method of culture, an altempt was made to
stimulate the production of antlibody in cultures of spleen
fragments, obtalned from normel animals, by exposure of tissue
fragments to various dilutions of a rabbit-produced sntiserum
sgeinst gulnea-pig spleon (oytolytie antibody). Control eul-

- af

{%\

tures were trested with s normal rabbit serum. In one

ot
o

seven experimenisz, s substance was produced which behaved like
antibody: it caused agglutination of sheep erythrocytes sen-
sitized with & rabbit-produced haemolysin. This activity
appeared in cultures trested with either anti-spleen serum,

or normal rabhit serum. Storage of suoeh culture fluids for

a peried of approximetely five months, resulted in almost com-
plete loss of activity. 4antibody production could not be dem-
ongtrated in any of six other experiments,

“ince repested attempts to reproduce the resgults of

&

&

the former experiment have failed, no significant conclusions

can yetl be drewn concerning the sbility of cytolytie sntibody

.

to stimulate antibody production in vit Yitro.
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he production of antibody by an animal following
setive immunization is a well-recognlzed phenomenon, and the
presence of antibody in the ecireulastion of the host may
readily be demonstrated by routine serological methods.
figourous physio-chemieal teehnigues have nov made it
possible to isolatle § -globulin from the serum i & rels-
tively pure state, and to ascertain many of its physiecal
and ehemical charscteristics. More regently, Porter (19¢3)
and Tdelman and Celly (19€4), as a result of exhaustive
analyses of ¥~ globulin, have suggested falrly detalled
structural models of the antibody moleculé.

However, in spite of all the facts whiech have been
conpiled concerning lhe nature and the production of the
antibody molecule, the exact mechanism whereby cells are
stipulated by exposure to a forelgn antigen, to produce
apecific antibody, is still unknown.

work on this subject has proceeded in several
different directions. In order io simplify the highly
complex environmment afforded by the body of a live host,

a number of research workers have alttempted to demonstrate
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the entire process of antibody production in witrp. Gince
the in vitro situstion provides a more precise means of
controlling the exverimental condltions, it seems logleal
that this procedure might revesl valueble information about
the mechanlss of antibody production.

Zeveral lavestigators have independently attempled

to stimulete normal, immunclogicelly competent cells to

produee sntibedy in tissuve eulture following an in vitro
egxposure to sntigen, In this instance, "normal™ cells refer
to those cells obtained from an enimal vhich has not pre-
viously been lmmunized in vive. The majority of such attempls

nave met with fallure, Fishpan (1961, 1963) he

WETED %&5 TEe-
ported suceess in §%$7§?@ﬁ§éﬁ§ﬁﬁ of & virus-neutralizing
entibody against Ts coli-phage by Tirst pretreating the viral

antigen with a suspension of macrophages, and subseguently

using an BNf-extract obtained from the macrophages, Lo stim-
ulate & culture of normal, homologous lveph node ¢ells to
nroduce virus-neutralizing substance, However, there still
existe some doubt az te whether the transfer of RHA from one
eell tyre to another, is s necessary feature of sntibody
production. Askonas snd Rhodes (19€65) have produced evidence
which suggests that REA might aect merely as & earrier of small
agounts of reszidusl antigenic msterisl inm this process, and

that the combination of REL plus antigen aets as & more potent



stimulant to cells than the antlgen alone,

It heg been sugpested in this laborstory however,
that in eddition to antigen, and possidbly & speclsllzed
type of HEh, & third factor nmay be necessary for the pro-
sfuction of antibody. The third fsector is a “eytolytic
antibody?, that is, an antibody which ls directed
specifically against & cell, and which will cause lysis of
that ecell, when complement is present,

The hyvothesiz states that antibody %g&im@ﬁ &
host's own cells is normslly present, and thet such cytolytic
antibody, when direeted specifically ageinst an immunologieally
ecompetent cell, stimulates the cell to produce an anti-sntlibody,
which is then detected in the serum as normal 8-globulim, or
"non-iopune” globulin (Fig. 1.). It has Turther been suggested
that the production of the so-called "lupune® plobulins 18 &
modifieation of this process., It is postulated that the cyto-
iytie antibody molscule acts as a carrier of foreign antigenie
meterial. The combination of cytolytic antibedy nrlus forelgn
antigen, stimulates immunologieally compelent cells to produce
g moéified anti-sntibody sgainst this complex, whieh will
then combine speeifiecslly with the foreign antigenle materisal

slone, as well as vwith the whole complex., The forelgn snti-

genins in effect, changed the sntigenie character of the

eyvtolviie sntibody melecule, hut has left the sntibvody
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receptor site free to act upon the cells sgeinst whieh it

ig directed (Flg. Tele

The primary sim of the present experisental work
was to stimulate normal, lmsmunologleslly competent cells
with a eviolytie antibody, te produce sn antibody in vitro.
freliminary exveriments were {irst conducted in order %o
establish & tissue culture systen of lmmunologlcslly
competent cells which would produce detectable quantities
of sntibody in vitrs when cells vere obtained from snimals
previously immunized in vivo. For this purpose, spleen,
lymoh node, and peritoneal exudate eells, taken Irom
immunized gulnes plge, were incubated under warlous econ-
ditions, and subsecguently, assays vere done on the tissue
gulture fluids for their conteult of antibady. The second
groun of experiments was designed to test the abllity of the
same tyre of cells, obialned in this case however, fron
norsal animals, to produce an antibedy when stimulated by

exposure to & heterologous eytolytie antibody in yvitro.

i

n the latter exveriments, fragrents of pulnes-plg spleen
were first incubated with s rabbiterroduced, snti-spleen
serum {which is itself composed of rabbit 8-globulin), then
washed anéd cultured in fresh medium. Following an iﬁ&ﬁ@&iiaﬁ
period, the culture fluids were removed and titrated for the

presence of antibody against rabbit 8- globulin,
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CHAPTER T

"References have heen gelected from the litersture
concerning the production of antibody in vitrs, and sre
reviewsd in the following chapter. Irief mention is also
wede of some of the in vitre effects of eytolytic antibady,
&5 they pertain to the experimental work. 7The literaturse

ig presented under the following hesdings:
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hovwever, tissues were incubated for only five to forty-

slght hours before eculture fluids were withdrawn and
titrated Tor sgglutinineg sgeingt the *i° and *0" antigens

of Sslmonells tyrhose. In order to determine whether

sntivody was actuslly produced in culture, or was umerely
releazed by the ee¢lls during the incubation peried, extracts
were made of tissue prior to the culiure period, snd these
were titrated for thelr content of antibody. The titres

of culture fluids were compared with those of extracts

made of the same amount of tissue, and & higher titre in

the culture flulds thaen in the exirscts was interpreted as
evidence that antibody oroduction had oceurred during the
ineubation neriod,

The methods of Parker snd Fagraseus have gince bean
modified to inelude a grest variety of tissues, antipens,
lmpunizetion yrocedures, culture media, methods of tiszsue
culiure, and sntibody ssssy techniogues. & number of these

modifications sre reviewed in the following sesiions,

2o Tissues and Cells

Invegtigations of the mechsniss invelved in the
production of antibody have necessarily been intimately
congerned with the sites of sntibody formstion. 4 variety

of tissuez have been tested for thelr sbiliity to produce




antibedy in vitro followlng ilmmunization in vive. Fagraeus

{1948 determined the relstive amounts of antibody formed by
fragments of red and white spleniec pulp, lymph nodes, bone
marrow, thymus and liver following iz vivo, sscondary,

intravenous immunigzation with killed Uslmonells Lyphosa.

These tissues were chosen because they all econtained large
numbers of retliculo-endothelial cells. The titres of culture
fluidse were compared with those of exirects made of The sane
amount of tissue. It was found thal wmaximel antibody pro-
dustion oceuwrred in cultures of the red pulp of spleen. ILyaph
node, bone marrow, and white splenlie puly produced lesser
apounts of antibody, but still in excess of that found in
tizsue extracis. Cultures of thymus snd liver apparently
failed to produce sntibody during the culture period, although
antibody could be detected in extracis of these same tissues,
Thorbecke and Zeuning (1953%) conducted a similsr
study in whiech snfibody production wss compared in frapeent
cultures of red and white spleniec pulp, popliteal lymoh nodes,
bone sarrow, thymus and liver. Tissues were obimined from
rabbits following primery losunigation wiith parstyphold B
vaceineg, given either intrsvencusly, or subcutaneously into
the right, hind footpad. The resulits corresponded roughly
with these of Fegraeus. Jrlenie red pulp was the sost active
tlesue following elther intravencus or suboutanecus losunl-

zation, Mone marrow, lyemph node and splenic white pulp were
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aetive, but to a legser extent, while thymus and liver
appeared to be completely insctive under these conditlions.

Following subesutaneous immunization, eultures of the in-

Tt

gcted lysph node produced moderate amounts of aunllbody,
while little or none was produced by the contralateral
lyuph nods,

Stavitsky (195%) has also demonstrated that
loeslization of antibedy production may be dependent upon
the route of lsmunization to s certain degree. After
intravenous immunization of rabbits, he found grestest pro-
duction of sntibody sgsinst diphtheris of tetaznus ifoxolds
pecurred in cultures of spleen, while smell amounts of anti-
body wers detected in eplture fiuids of liver. Lultures of
poplitesl 1ymph node appsrently failed to produce antibody
under these nonditions. However, after subeutaneocus lauue
nigation via the hind footpads, maximsl sntibody sroduction
seeurred in eultures of the homelatersl, poplitesl lymph
node, spleen, and bone warrow, while relstively small smounts
of antibedy could be detected in ecullure flulde of the con~
tralateral node, kidney and liver,

Lvkonss and Yhite (19%€) aszayed the ability of
various tissues to incorporaite radicsectively labelled amine
gelds inte specifie antibedy following a single, subcutaneous
injeetion of antligen into the footpads of gulnesepigs. Eoth

the homolstersl, and contralateral flank nodes, as well &as
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the eerviesl nodes and bene marrow, synthesized large amounts

of speeifie 8-globulin, whersss eultures of lung, spleen,
lumbar nodes and gramlomatous tissue produced lesser, but
81111 detectable mmounts of antibedy.

In & later study, Askonas and Humphrey (1958%) found
that after intrasusculsr or intraperitonsal immunization,
tultures of bronechial, eerviesl, axillary and ingulnal nodes,
as well as bone marrov snd granulomatous tissue, synthesized

antibody in amounts which were fwe fto six tines as great as

that produced by spleen under ithe same conditions. Bowever,
LY similar snimals were boosted with two lntravenous doges
of antigen, there was a marked inerease in the production of
antibody by cmltures of spleen. Following hyperimmunization
via the intravenous route, meximal synthesis of speeifie
antibedy cecurred in cultures of spleen and bronehlal lymph
andes,

Askonas and Humphrey distinguished betwesn the
smount of antibedy synthesized per unit veight of tissue, and
the amount of antibody synthesized by an entire orgen. Accord-

ing to the latter method of calibdration, the preatest pro-

duction of antibody, after intramuscular or intransritonesl

the lung and the szpleen,




Askonas snd Humphrey (1958P) have confirmed the

ability of lung to produce largs amounts of antibedy in
response to repeated intravenous injeetions of antigen,
They have revorted that in enltures of %%?f&§%§>?&%§it
lung, synthesis of antibody oseurred at a rate of 7.0 mg.
par hour,

It has been reported by Walker, Thomson and Gray
{1960) that fragments of omentum, when eultured in vitro
following intraperitonesl immunization, produce relstively
large quantities of antibody. This observation was
aorrelated with the accumulation of large nusbers of plasma
eells in the omentum following immunization, many of which
appeared to contaln antibody when stalned using a fluorescent
antivody technigue,

foberts, idams, and White (1949) have reported that
following repeated intruperitonesl injections of antigen,
preparations of minced mesenterie lymvh node produced detegt-
able guantitiesz of antibody when inecuhated for 2 twelve hour
periad in vitre. Froduction of antihtedy wes marksdly inhi-
bited by incubation of tissues in an anmerobie atwmosvhere,
Little or no production of antibody conld be detected in
preparations of megsenterie nodes follovwing intravenous immunie
zetion, slthouph srlenic tissue was active under these pon-
ditions,

MeRenne and Stevens (1960) have alse clalmed production
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of specific sntibody by cultures of peritoneal exudate cells
following intraperitoneal injections of antigen and mineral
olls

On the bagis of exverinentsl evidence reported in
the litersture, it svooers that:

{1} ¥Following intrevencus immunization, grealtest

antibedy synthesis in yitre, ver unit veight of tizsue, 1ig
usually sssoclated with the spleen, while various degress of
activity =ey be found in cultures of lyuph node, bone marrow,
ant lung., Vartieuvlarly sfter byperimmunizetion, the lung
agzumes & role of mejor importasnce in the tetsl guantity of
antibody formed by individusl ovrgans.

(?) Following intremusculsr or subcutaneous inmun-
izetion, grestest synthetic setivity is ususlly sssocisted
with the reglional lyuph nodes, while varying smounts of anti-
body are formed in the spleen, bone sarrow, granuvlome, end
other grouns of lymph nodes. However, when the total amount
of antibody produced by sn entire organ ls caleulated, 1t

asppears thatl grenulometous tissue and Lone merrow are the

B

ng jor contributors of antibody.

(3) Folleving intraperitonsal lzmunization, large

quentities of antibody wmay be produced in cultures of mesen=

terie lymph nodes, omentum, or peritonesl exudate cells in-

Wil

o

S

o

duced by the injection of verious sdjuvent miztures,

Althoush many tissues are thoueht to produce anti-

g
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hody both in viiro snd in vive, a great deal of confusion
3t111 exists concerning the morohological identification

uf the individusl cellsz comecerned in antibody production.
Couprehensive reviews of this subject have been published

by Fagraeus (1948), Coons, Ledue, and Connolly (199%), and
Gtavitsky {(19€1)., ‘Yosssl's experiments (Yossal, C.J.V.,
19593, in whieh he assayed the ability of single cells obhe
tained from the lyuch nodes of fmusunized donors, to preduce
sntibody during an ineubation period, have suprlied over-
vwhelning evidence in surport of the plasse cell belng the
eell most Iintimetely concerned with the produetion of anti-
body. £ closely related problem has been that of the genesis
of plesms cellg, Specplatien concerning the nature of the
precursors of rlesoe e¢ells, has revolved zround o nunber of
eells, ineluding macrophsges, retleular or histiooytic cells,
and varlous eells of the lymvhoeyie series. Thoerough reviews
of the interrelationshire of these, and other cells of the
reticulo~endothelial system, have been made by Rebuck and

LoGrirpe (19€1), and hy Nosssl (19623,

3o Immunizetion

The type of lppunizstion employed in the nroduetion
of antibody in vitro hes been & signiflicsnt feature of ine-
veetipation in this field. Fxpsrimentsz may he nlaced into

ong of three categories on the following hasiag




(1) Primsry, secondary or hyperimsunization in
%

vivo, followed by antibody prodoction Iin viirs.
{2} Primery ifmmunizetion In vive, secondary lasun-
ization in vitre, followed by antibedy production inp vitro.

W

{3) Primery iomunization in vitro, followed by

sntibedy production in wvitrs.

. A

The production of antibody in vitro by tissues ob-

talned from animels following primsry {(Askonas, P.h. and

White, B.0., 19%56), (Jerne, W.%. and Hordin, f.les 19€3),
é ﬁ%}uﬁ%ﬁ%ﬁwk .‘fw é&@y sz}g“%}? {«)%ﬁ%@%gg f:'ﬂ?,g@ ﬂi%ﬁ@}; {zﬁﬂ{?i&g %vagg

st 8l, 19€0), secondary (Steiner, D.F. and Anker, J.85., 19563,

§¥&%§ Gede snd Hedzon,; Tele, 19€k), {?&gfﬁﬁﬁﬁg hesy iﬁ%ﬁ}ﬁ and

gwg,ﬁ and Pumphrey, Jeiies 1@%% }s is now & well recognized
phenomenon.

lising such methods, it has been shown that maximal

antibody wroduction ip vitre occurs when tissues are removed
from the live host thres days after the last injection of anti-
gen (Stavitsky, A.B.y and ¥Wolf, B., z§§§%@ 1t has alzo been
established that actual production of sntibody oceeurs, as
opposed to the seeretion of exeretion of preformed, intra-
eellular materiasl, through the incorporation of radicactively
labelled amine acids into tissue culture media (Stavitsky, f.0ey

1958), (Askonas, &.B. and Humphrey, J.H., 1956%). The
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appearance of lazbelled antibody in the medium of such sule
tures has been detected after an initisl "lag® seried of

thirty minutes of incubation, in scultures of spleen frageents
(iskonas, A.T., and Humphrey, J.i., 199568%), or lymph node cells

#

(Helmrelch, Toy gl 81, 19£0). Askonas and Humphrey have shown
that during the "lag" phase, intracellular Incorporstion of
radivactive materlal into sntibody oeceurs,; which is later
followed by the secretion of radicsetively lehelled anti-
body into medium. They have sstimated that secretion of the
total amount of intraecellular antibody occeurs epproximately
every two hours in e¢ultures of rabbit spleen slices.

It has also been demonstrated that produetion of

antibody ip wlire i3 & process reguiring intact cells. 1lighd

damage to cells, as by teasing celle vut from & lysph node,
aey elmostl completely iohiblt the response, while more severe
treatment of cells, as by homogenligatlion (iskonas, A.F., snd
Humphirey, J.He., 1998%), heating to €3°C. for twenty-five
minutes (Stavitsky, L.B., 1955), or repeated freezing and
thawlng {(Liskones, A.P., and Pumphrey, J.H., 19588}, results
in totel inkidition of sntibody production.

It slso appears that oxygen is an essentlial require-
went in the iz vitrs production of antibody, snd incubstion

of tiszsues in an enseroble atmosphere such as nitrogen op

riial or totsl sbollsheen

&
body response (Utavitsky, £.B.y 195%). iimilarly, respiratory




nolsons, sueh as 0.006 ¥ eyanide, and 0,001 ¥ dinitrophenol,

-

when added to eulbture media, completely inhibit the ip vitro

*iﬁ

n
formation of antibody (Stavitshy, 2.8, 1955).
Llthough there gre few mitotle figures observed in
cultures of antibodyenrodueing cells (Vossal, 0.5.%., 1959),
(Bauer, D.0C.y anéd Stevitsky, A.P., 1900}, it aprears that
turnover of RHA and DHA is inveolved in the process of entl-
body production since verious inhibitors of nueclele scld
setsboliss may cause partial or complete inhibition of the

immune response in vitre (Tutton, H.¥., gt 21, 1960).

(b} fecondary Immunizebion In Vitro

WA

in more recent years, the initiation of & secondary
immone é@a@%ﬁg$ in viire has been reporied, #ichaelldes and
Coons {196%) have suceesded in stimulating & secondary snti-
body vesponse sgainst diphtheris toxeid or bovine serum albu-
min in eultures of popiiteal lymph node. Tissues were obe
tained from rabbits inmunized one or more months previously
with a single injection of sntizen into the footpads. Irag-
ments of lymph node were incubated in medium containing snti-
gen Por two hours, then washed free of residual antigen and

eultured in homologous plasma elots in medium without antigen.

intibedy could be detected in culture flulds approximately two
days after expogure to sntigen. JFeak production of sntibody
pasurred on the sizth or seventh day sfter stimuletion, and

gontinued for & period of four weeks or wuore.




20

nd simpltanecusly, but inde-

pendently, to two different antligens was also demonsirated
in this system. The presence of pesk antibody titres in

culture flulds coineided roughly with the appesrance of large

numbers of sntibody-contalniag cells within tissue Iragments,

body techniques.

5«»&&

demonstrated by fluorescent antl
fives et al (1963%) have demonstrasted the develop~
ment of a5 many &8 307 blast cells in cultures of human

lyuphoeytes obtained frowm previously ilumunized blood donors,

23

when ecells were exposed to antigen in vilre. 7he presence of

s

sntivedy within many of these cells was deponsitrated using &

fluoregcent staining technigue. Aintibody wes specilic Tor

the antigen which elicited the response. 1¥y using

the

& fluorescein-conjugated anti~human $-globuli
presence of hupmen xmwlﬁfkwiﬁ wag depongirated within these

o5 €L 81, §§%3%§@

same cells (Flves,
Tan {196k) has alszo succeseded in the stimulstion of
& secondary resvonge in eultures of lymph node fraguents obe
tained from animals three to six months following primery
lmpunization ip vive with bovine serun albumin or humen
chorionie gonadotropin. He found that the anamnestle re-

sponge could be initiated by incubation of cells with phyto-

hemagglutinin, as well as with specifie antigen. Thyte-

hemsgplutinin i3 a substance known to have a sitogeniec elfect

awell, PeC., 1960%, 1960P),
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This would seem o st that the magnitude of the secondary

response is partislly due to lne rapid multipliestion of pre-
viously "sensitized" cells, and that the presence of 8% pecifie

&

gntigen 13 not & negsssary prereoguisite for Lhis pnencmencn to

[EleLod vy g

(e) Primary Issunizetion In Vitre

intibody production in yitro has been reported in
sultures of lysphoid tissue following primery, or segondary
{mmunization in vive, or following & second exposure of eul-
tures to antigen in witre. Attempis to initiste the primary
impune response in vitrg, io eultures of normal tissue, have
met with lsus sucoess.

In 1912, Csrrel and Ingebrigsten reported the pro-

duation of hemolysin, sgainast goat red blood cells; in cultures

5

of neramsl guines-pig hone warrow and lymph glands (Carrel,i.
and Ingebrigeten, R.J., 1912). since that time, other investi-
gators heve tried unsuceessfully to inltlste a primavy luwune
vespense in viitre. Selle and MeOmle (1937) attempled to pro-
duce antibedy in cultures of chick embryonie tissue ln Tyrode's
solution. Their fsilure may be attributed to the lack of a
mature inoune meehanism in the snimels from whieh tissues were
obtained,

wicheelides and Coons {(19€3) atiempted to stimulste
8 uvrisery imsune respense in cultures of normal lywph node

fragments by the inoubatinn of tilssue in antigen-containing
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The antigen, To eoll-vhage, was pretrest ted by lncubation with

& suzpenaisn of rat mascrovhages. Subsegusntly, an

of macrovhages wese filtered

tated and conecentrated ten times by sumonium sulfsate preelpl-

tetisn, Tests dene on the S-globulin eoncentrate revesled

3

A

the presence »f neutralizing sctivity for Tp, coli-phage. This

E

sotivity wss specific for Tp coli-phage,; and &id not ecross-

sctive prineliple wag identi-

reset with Ty, or %§ nhige,

feud
ot
(=
5]
e
E
fa
3
&
i
ol
fels.

lng to note ian this regard, that

behoenberg et al (19

et

L) have sroduced electronmicrographs

showling what appes

betwsen

In some sectlions, they renort heving seen ! grapules shout



by
%

the size of ribosomes, withir

he corridor of eytoplasm.

Hannlek (1962) has reported that the transfer of LREA exiracts

nized donors, to normal

an lzmune regpronse in

However, Askonss snd Khodes (19€%) have shown the ine
Jection of antigen, complexed with RHA, inte rnormal animals
results in 8 srester antiboedy response to anilpen than the

€, Thin would se

e
el
ity
Lo
0
[
uda
)
e
i
by

£
o
W?i‘
bl
9
o
%
&
fout
{2
fo
&m}

% to suggest that
& second vossitle exvlanstion of Fishean's exverisents nlght
nefer of ssall amounts of antipgenie substance; con-

gtimulated

in effect,

seted Ilke an adjuvent, in the initiation of antibvedy pro-

duetion,

Yo fulture Ysehpiques

It hes been demonsirated thet smine soids are essenw

%
e

tial components of medle in the oroduetion of antibody in vitre

%

(Gtavitsky, f.F., and VWolf, Bey 1 ﬁ; Vo Cultures of immunigzed
spleen and lymoh nodes fragments produced detectable guentlities
of antibody when egltured in media containlng amino scids in

S Py | ST WU L T I oo b @59 EETIT YN e b LY
buffered saline, bhut felled to do so when cultured In saline

slone, It has alse been shown that increasing the concentra-
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tion of smino seids within culture medis resulils in proportional
inecresses in the amounte of antibody formed by tissues up Lo s
ecertain polint, beyond which, further increases lu the coneentra-

tion of swino seids fall to stimulate grester antibody produc-

tlon {Stavitsky, h. Py and Volf, Ny Je Hay
gt al, 19€0). oStavitsky snd Woll also reported that cultures

of gplesn and lysoh node fragments falled to incorporats pre-
formed polypeptides, obtained from a yeast protelin hydrolyssate,
into specific antibody.

=

ferum is freguently added to culture medla in an

#

% to promote eantibody production ip vilro. Otaviisky

and YWolf {(19% i68) have reported thel undlelyzed howmologous

serum caused only sl mroduciion

by cultures of spleen and lyoph node frageents, while dlalyzed
serum nad no effect, or caused slight inhibition of the imsune
regponse, Heterologous serum generally had no observable effect

apon the antibody-forming capacity of sueh culltures.

However, MeKepna and Stevens (19G0) have reported lpe-
eregsed production of antiboedy by cultures of perliionesl exu~-
» homologous serum wes added to synthetie
medls. It was glso noted thal sutologeous serum produced still

greater enhancement of the lmmune response in vilro, while both

nf the asbove were more effecilive than heterologousn S&rulie

Similerly, imbrosge (19¢h) has found that the sddition

homologous serum to cultures of lyrph node fragments



resulted in & very merked rise in the smount of antibody pro-

duced, The active sppeared to be in the dlslysable

& i, o 3 Ty E o 2% R Ay A e
fracvion of gerum. sl Anker (1956) have alse re-

ported : to culture medis

lgolated 2ple

three investigators with thesge of

taviteky, it must be noled

that stavitsky'sz cultures were only meintained for periods of
tter three were in-

Tt would therefore

GYEY %L

ines and

5

ichaslides and Coons (1943} and

1
et gl (19¢0) have uniformly reported faillure of these

%

substances to enhence antibody production,
Fubryo extract hasg likewlse been found Lo have no en-
hancing effect upon the sbility of sultures to produce antibody

1955 .

snie acld, and thisemin, feiled to ine R

2 7 o 6 T e
duction of sntibody In cultures
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4%t the present time, & zreal variety of culiure
technligues have been employed in the production of antibedy
by ecells cultured in vitro.

The earliest zethots consisted of cultivating frag-
ments of tissue in glass vessels, in fluid medis (Vapreeus, .,
1948}, (Yarker, H.C.; 1937}, (stavitsky, 4.B., 195%)

Since that tine, the fragment culture technigque has
suffered zeny innovations. Hichselides and Coone (19673) have
cultured fragments of lywph node by exbedding the tissue in
homologous plassms clots in Noller tubes, and incubsting the
epltures in & roller drus,.

Other investigelors have prown fragments of tissue on
the surfsce of wire gauze (lLaVie, H.F., 2t 8l, 1960) supported
Just at the surface of fluid medium,

Bgdahl 2t 81 (1962) have developed a techulque in
whieh fregments of immunized lyuph node were lavered over the
surface of & layer of neutral ager in & spall velune of medium.
Peneath the neutral ager was & second layer of sgar eontaining
speelific sntigen. Antibody which was produced in culture, and
sntigen already vresent, diffuged inte the neuiral laver of

ggar, where a specific ilmmune precipitate was formed,
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ey t?zg‘}

4 technigue has recently been developed by Jerne and
9 211a, taken from nice lumunized
with sheer ervihroevies, were suspended in nediuep sontaining

and sheep red cells. The mediunm vas sllowved to

and after an incubation perlod, complement was lay-
ered over the surface of the sulture. After further incubse-
tien, the production of hemeolysin could be demonsirated &

"plagues of lyasis® swrounding single or multiple spleen

i
b 2

et
i3
i)
oo
L
&
o
i
i
[
ﬁgg
8§

s o o 2 1 o »«% & 5
cells, Ouch a technigque wag of use in the det

meration of antibody-produeling cells within & culture, asod Tor
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o]
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£
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4
]

further modifled thi
deteotion of sntibody agsinst gzoluble protein antirens,.
Riehardszon and Tutten (1964 have suecseded in con-
ining the use of Jernets technigue for detsction of antibody-
vroducing cells, with a methed of culturing eells in suspension.
fvlesn cells, obtained from animals previously immunized Iin

5

yivo with sheey serythroeytes, were cultursd in sus gion in

the presence of shesp srythroeyies., ISubssquently, entibody-
producing cells were delected by Ynlabing ocut” of the esll

gimilar to that of Jerne and BEordin
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£lthough s varieby of culture technlgues have bheen

utilized in the desonsiration of antibody production in witre,
methods of tissue euliture still require improvement. A satise-
factory asthod for the long-term culiture of isclated lymphoid
eells has yet to be developed,

of particular interest in this regerd are the revorits
af Auerbaeh {19€1). He hag closimed that & tyve of synerglism
exists betwoen embryonic spleen and thymwus tissue., Yhen
rudiments of both tissues sre eultured together, development
of lymphold cells within the Iragsents was observed. However,

when elther tissue was eultured alene, tissues falled to de-

o

velop bevond the fibroblast stage. t would be of interest to
kannw whether such eultures would he sapable of producling entle
body when expossd to sntigen for the first time in vitre. The

authopr has revorted that sueh exvperiments sre currently in

UTOEYE DS,

There are an sver-inereasing nusber of technigues
aveilable for the detection of sntibody produced in vitro.
A few of the nore comsonly used methods, together with sowe
recently developed methods whieh are particularly sulted to
this purpose, are smentioned in the following section. One of
the most freguently vsed techniques is the passive hemagglutine
stion test, as developed by Royden (1951). This method entaills

the sbsorption of uprotein satigens onto the surfaece of erythro-



eytes which have been pre~trested with tannle asld. Buch

cells will undergo sgglutinetion when mixed with sers cone
taining specific antibody. Stavitsky (1961) hae reportsd the
rroduction of non-speecific substances in culture, which may
cause agglvotination of cells, giving rise to falsely positive
resulis. He stresses the need for sdeguate controls using
this sgystem of detection, The method may be used to detect
ag 1ittle as ﬂgﬁﬁﬁ/ug@fmi. of antitody nitrogen (Marrack,
Jeo Rey 19€3).

Neutralizaetion tests have been used successfully in
the detection of anti-viral antibedies (Pishman, M., 1961},
and snti-toxin antibodles (Vas; 5. L.; and Hedzon, e Lo,

19€h) such as the lecithinase toxin produced by (lostridium

The exireme sensitiviiy of these tests, combined
with the highly antigenie neture of such antipgsns, make this
a highly effective system for the study of in vitre antibody
rroduetion.

Small amounts of precipitating antibedy produced in
¥itro may be detected using gel dAiffusion techniques d%vﬁiapéﬁ
by Ouchterlony (10L8), with the advantapge that only small
amounts of fluld are reguired for the test. However, this
system is less sensitive than pessive hemsgglutination methods
(Marrack, J. H., 19€3). Bgdahl et a8l (1962) have utiliged
this technigque In the detection of antlibody rroduced in cul-

tures of lymph node fragments by zrowing the tissues direetly
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on the surface of sger, below which was & second layer of
ggar conbalning antigen, so that s precipitstion resciion
ocourred within the enlture medium itself. Jerne and NHopdin's
{1963%) method of detecting sntibody-producing cells hss uade
slzailar use of the ability of antibody to diffuse through
spar-containing mediunm,

Coons &t &l (1955) have developed fluoreseent anti-
body technlgues which may be utilized in the detection of
antibody within cells. Such s method may be sanipulated to
€atablish the specificity of antibody conteined within ¢ells,
2s well s to demonstrate the g@ﬁi@%ﬁ&iﬁ nsture of the anti-
body present (Clves, M. Wey £t 21, }}@3%}§ {Hicheelldes, M. Coy
and Coons, 4. Hes Mﬁg}&

fne of the most sensitive, and usefuyl, teechnlgques in
current use for the detection of very smell smounts of anti-
body, was originally developed by Hanney and london (19%51),
and Feston and Zatchen (19%6). Padiogsetively labelled aning
acide were incorporated into tissue culture media, Subse-
guently, culture flulds were harvested, and sgeeifiec antibody
precipitated by the addition of homologous antigen, or antigen-
antibody aggregates. Such en-precipitetion was shown to be a
more gensitive teehnigue than direect precipitation. The
gamounts of radiosctively labelled antibody were nensured using
& radioeelive eounter, and the velues obteined were considered

te reprezent antibody, newly formed in vitre. 4an estimate of




the smount of nonespeciflie reactivity was obitszined by the

sddition of heterclogous antigen-sntibedy couplexnes Lo &
second alicuet of the ssme culture fluld. Iny radiosetivity
deteected in the precipltate foruwed, vas considered to be non-
gpecifiec in nesture,
Fach of the teehniques desaribed, offer dlsadvantages,

as well a2e advantages, in the detection of antibody produced

in vitrp. & cowbinstion of seversl tests have often supplied

the most gesefyl Informeilon.

. N
Fe 4

e interest in the effects of oytolytie antibody

uron cells eultured in vitre, have centred rrinelpally around

those oytotoxie, and mitogenle e¢ffects whieh have heen reported.
Comprehensive reviewys of the eytotoxle effects of ayiolytic

antibedyr in viitro sre slready svallable (Bighy, C., 1963),

(Gitensky, T., 1963).

sore recently, it has been renorted that treatment of iy
ret fibroblasts with specifie eytolytie antiserum, resulied In o
less of lysosomal enzymes coudled with sutelysis of eells,
This was correlated with swelling of eells, and laszs of thelr

abllity to exclude vital dyes. OSuch obzervations wmay offer

& possible explansilon of the cytotonxie sffects of eytoliviie

L gecoond notable effect of cytolytie antisers upon
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cells, has been the abiliiy of such sers to stimulate mito-

gis of human lsukoevtes, Orausbeck and Hordsan (19€3%) cohserved
the presence of 107 or more miftotie figures in culiures of
human perirheral blood leukoeybes incubsted for three or four

days

2

in mwedia containing ratbit-produeced cytolytie antibody,

T

‘hie wes in contrast with lsszg than 0.59¢ nmitoses ohserved in

fuits
i

control eultures which had been inoubated with media contain-
ing seline in plece of antiserum. Pearimsin et al (19€63)
have observed similar effects in cultures of humen leukooyies
when mreviously “sensitized® eells, obtalned from tuberouline
positive donors, were incubated with speclfiec antipgeniec sub-
stence {Purified Trotein Derivative),

The similsrity in the sitepenic setlivity of eviolytie
antibody upon normel eells, a&nd soecifle antigen vron sengi-
tized eells, wlght sugpest a funcilion of eyiolytie antibody
In immunologiesl phenowmens such &s wasg deseribed in the Intro-

duetion,

R S SRR e







1. lplzsls

i1t guinea-pigs of both zezes were saintsined on
& diet of Furina slfalfa pellels, nats, lettuce snd cebbage

lesves, and water,

#dult, mele albino rebbiis wers fed 2 diel consisiting

sf Purine alfalfs pellets, lettuce snd esbbege leaves, and

eep’sy Blood

Sheep's blood was originally obtained by bleeding
from the jugslsr veln into a vessel containing an equsl
volume of ilsever's solution.® Blood was routinely stored
in thie form at O to 40 for a period of three weeks, ab
winleh time 1t wes discarded and a fresh lot obtained in its
plece. Hewly obisined blosd was allowed Yo stand at O to
k¢ for et least two days before it wes used. In later ex-
periments, blood was collected ard stored in s Yaoto

Transiuso~-vae botile gontaining dextrose-sodius cltraie

o

e
“:

k :
+see appendixz see sypendlx



3. Antigens

Guinea-plgs were lmmunized with four different
antigens throughout the experimentsl work: (1) sheep
erythrocytes, (2) human erythrocytes, (3) rabbit gwgzﬁbﬁiiﬂ%
and (&) guines-pig erythrocytes sensltized with rebbitepro-
duced haemolysin. Immunization procedures varied from one

experiment to another, and will therefore be described under

the section, Procedures and Results.

(a) gheep erythroevtes. Sheep's blood, suspended in

Alsever's solution, was centrifuged In a sterile graduvated
centrifuge tube at 1500 r.p.m. for five minutes., The super-
natant fluid was discarded, and the cells washed three times
with 0.85% sodium chloride, centrifuging at 1900 repe.m. for
five minuteg and discarding the supernate each time. The
final packed cell volume was recorded, and cells resuspended
in & volume of saline equal %o nine times the volume of
packed cells., The final suspension obtained by this method
congisted of 107 sheep cells (by volume) in saline. This
suspension was used to lmmunigze guinea-pigs against sheep
erythroecytes,

(b) Humen Frythrocytes. Human type "O" blood,

stored in Alsever's solution, was treated in an anslagous
fashion to sheep's blood, to yield a suspension of 10% human

erythrocytes (by volume) in saline,



(¢) Rebbit ¥$-Clobulin. Rabbit ¥-globulin (RGS)

obhtained Trom Vaneor Hesesveh Laborstoriss in an anor-

‘pji
o
2

phous state. It was dissclved in sterile saline so as to
vield & final concentration of 1.07 RGG., This solution
was stored at -18°C, and thawed at room temperature before
it was injected into gzuinea-pigs.

(d) Cuinea-plg Fryvthrocytes Sengitized with Rabbit-

produced Haemolvsin. Washed, racked erythrocytes were pre-

pared in the manner described previously, and the cells

- y N 3
resuspended in Dulbeceot's Palanced fHalt Solution {(DRES).D

4

The cells were sensitized by incubatlon for ocne to two hours,

7

ds of & hemsgglutinating dose of
rabbit=produced ﬁﬁ%@@%pﬁ@?e% Sensitized cells were centri-

fuged, the supernats discarded; and the cell pellet

M
-
:«i‘?’:
o
w
g
£
D
S

once and resuspended in DBSS to zive g final concentration of

50% sensitized guinea-pig ervthroecyvies in DRAS.

(a) Pasic Media. Medium 199, without %ﬁﬁﬁﬁﬁg obtained

from Microbiological Assoclates, Bethesda, Maryland, and Fagle's
Minimum Essential Medium (bagle's M”ﬁ)j were utilized through=

out all experiments. To these media, supplements were added,

3see appendix

b

Amboceptor was obtained from Markham Leboratories; Chicago 20,I11.
5

See appendix
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ineluding: (1) pormal gulnea-vig seruws, (2) antibletisa,
and (3} eortisone derivetives., The initlel pH of the
zedium was adjusted to 7.2 to 7.4 with h.hi HaiCny. There~

after, the pd of the medium in each ouniture wae malntalaed

gt this level by adding 1.b¢ RHCOq whenever it vas resuirsd,

(b) Susplements

(1) gerum. In & number of experiments, guinea-
pleg serum was edded to basic mediz at concentrations of 20
to 25%., Cerum was obtained by cardise puncturs of normal
gulnea-nigs, The blood wes sllowed to elol, snd the serus
emoved, Io some ensesn, the serum was gtored in & frosen

state st -1820, while in other instances serum was storsd at

oy

2 be W for no longer than forty-sight hours before it waz

incorporated into medium and sdded to cultures. Thege will be

referred te ss frozen HOPE, and fresh H0PL, respeetively. In
one experiment,; lyopnilized guines-ply serum, obtaeined from
the Departpent of Hatisonal Health and Welfsre, Dttaws, Ontaric,
was reconstituted with glazs distilled water mnd used for

this purnose,

(11) fntibiotics. 4 combination of three sati-
biotics was added to 21l medis in the following coneent trations,
to prevent contsmination by baecterias or fungii,

1. Penlelilin, 200 units/ul.
?» Etreptemyein, 100 ug./nl.

3. Hyecostatin, 200 units/ml.
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(111} cortisope berivatives. In several ex-

periments, sodium hydrocortisene hemisucelnate,® and corti-
sone acetate,’ were added to media in the place of serum,
&t coneentrations of 0.1, and 1.0 ug./ml. of medium,

(e} Iransport Hedla. Tissues were collected,

transported, and srepaved for eulture in a veriety of flulds
wiich have been labelled collsetively as "transport medis”,

They iacluded,

24 159 gelatin in 1
3. Hauk's balpneed salt solutlon

53, P70 40

1
Yo vedium 199

fuilneg-plg plesws was requived for the

embedding of fragments of guines-plg spleen. For this nure
poge, guinea-ples were bled by cardise puncture, snd 9.5 uml.
of blood tracsferred immedistely to a tube eontaining 0.5
of 0.02% heparin in saline, snd inverted to mix. The final
eoncéntration of heparin, 0.0010 mg/nl. of blood was suffisient
to prevent lmmediate clotting of whole blood, while not to

prevent elotfing of the plaswa when it was later mixed with

Z _— oy . ) vk " |
“Obtained from The Upjohn Co. of Cau., Don Mills, Ont,
7obtained from Verek, tharp snd Dohme of Can, Lid., Monts

& .
“see appendix
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tissue fragments. The heparinized blood was @%mi@ifa el at
15C0 Topem. for fifteen ainutes, and the supcrnetant plasme
withdrewn snd stored in e sterile contalner st O o koo fop

not longer than twenty-four hours before belog used,

5. Cell fusrensions

Luspenslons of gulnea-pilyg aplesn, lymph node, snd

peritoneal erxudate cells were veguired for three DU DOBES:
| l. Immunization of rabbits in the production of
anti-apleen sers,
Ze Titration of rebbit-produced anti-guines-nig
Bnleen SeTE,
3. Tulture of isclated spleen cells in monclavers.

The ssme teehnicues were used to obiain cell suse

peusions for ell three purposes.

(&} Perltoneal fzudste Cells. Cninsa-pizs were ine

dected intraperitonsally with 10.0 ml. of 0,001% glycogen

in saline one to three days prior to sserifiece, to induce s

g
i

peritoneal exudate. On the day of saorifice, anisals were

3d

s

first injected with 20 - 2§ ml, De1% heparin in DRLS by

LA

s

njection of

gerved fto

"&Jm

the intraveritoneal route., The

ineresse the fluld content of the exudate making the cells

more easlly obteinable, while the hevarin was necessary to
Prevent the formation of & elot,

snimals were ansesthetized with ohloroform, snd



#illed hy ecardiasec exgmnguinstion. The abdomen was opened

using aseptic technigues, and the peritones] exudate withe
drawn using a sterile Tasteur pipette. If the exudate was
bloody, it wee discarded and a fresh one ohbtalned in its
place.

{b) Gpleen and Tymph Npde Cell Suspensions. Guinea-

plgs were anaesthetized and killed by eardiac exsanguination,
The sbdominal cavity wes opened using sterile precautions,

the spleen, and/or mesenterie and flank lyeph nodes removed
and placed 1in s vessel containing chilled transport mediunm,
The remainder of the procedure was carried out in an vlitra-
violet cabinet. Tissues and Tluld were transferred te &

Petri dish where ss much ag possible of the fat and sur-
rounding connective tissue were removed, The tigsues were

cut into fragments vsing sterile sealpel blades, and the
frapments placed on a2 brass &Q0-mesh wire grid., The fregments
of tlssue were combed aseross the grid using a piece of €0-mesh
coprer screen, and the cells isolated by this rrocedure vere
washed through the grid with trensport fluid. The cell sus-
peénsion was eollected in & dish below, Further trestment

of the suspension wes carried out according to the reguirenents

of & particulsr experiment,

€. Tissue Fragments

Pragements of gulnes-pip gpleen were eultivated in

plases elots, Ipleens were obiained for this purpose in the




b 5

fame manner as deseridbed ln the preceding naragraph. After
removel of fat and conneecllve tissue, the spleen was first
gut into thin slices using sterile seissnre, and then into
smeller freguents, about 1,0 pms in size uging sterile
sealpel blades. 4 great desl of care was exevreised during
the culting procedure to e¢nsure & elean-cut sdpe on eseh
fregment of tissue, snd to avold tearlug of the spleen whers

£

ever possible. 4 new scalvel blade was used for each BULE6N,

e Zissue Culture

Twe different techuigues were applied to the culture
of cell suspensions and tissue Fragments. Isoleted cells
were suspended in mediuve, seeded in tubes, aud incudated
borisontally. Under these eonditions, eells settled to the
lower gide of the tube, adhered to the glass, and forued a

wts of splenie tiszsue

type of monolayer. In contrast, frags
were embedded within tubes in & layer of homologous vlasma,

covered with medium; end ineubsted in a roller drus. During
the ineubation perind, cells mizrated outward from the frag=

ment, Into the surrounding layer of vlasmz. The detalls of

i

theze technigques are as follows:
(2) ¥onolayers., lymph node and peritoneal exudste
fell suspensions were cenirifuged st 1000 TsDeiile for five

winutes. The supernstes were discarded, and eell pellets



"

many red cells as possible from the orizinel su goension. In

this vrocess, & suspension vas centrifuged, the surernate
& ¥

doosnted, fresh transnort mediun add dued, and egells resuspende
by vipetting., The vprocess was reneated three or four times,
centrifuging at 1000 repems, 800 r.pen., and 200 - 300 Telialley
repeating the last centrifugstion proscedurs when it was
deemed necessary., The eell pellet, which consistesd wainly of
white ecells, was vesuspended in a swell voluue of medium,
mized with

iran nf each

The nunber of viazble

lls; and the total nusber of cells weré estimsted, assuming
that stained cells were desd or dying sells, and unstsined
cells were visble eells, TProm thess figores, the total nusber
of wiable cells in the original suspengion was ~aleulated and
the suspension was adjusted accordingly by dilutien in medium,
to the desired cell eoncentretion. Cells wesre disvensed to
tuves 1n 1.0 nl, volumes, an?d incubated hovizontally at 390,
Zoth Lelghton tubes eontaining fliying eoversiips, and roller
tabes, were used for this purrose, Gome euliures were inou-

bated in 2ir, while others were stoprered with eotten plugs

o
“see arpendix
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and incubated in a mixture of 95% O 5 5% CO0s,

A% various intervals, old medium was removed and
stored at -189C, and fresh medium added to cultures in its
place,

{b) Fragment Cultures. Fragments of spleen were

obtained by the method deseribed nreviously. Parkerts
technigue (Parker, R.C., 1961) was adopted for the embedding
of fragments of tissue in plasma clots. 4 few drops of
homologous plasma vere placed in a roller tube and spread

over the bottom half of one wall of the tube. Ten fragments
of tissue, bathed In HBOS, were placed just inside the mouth
of the tube, and the excess fluld removed with a pipette., The

fragments were srranged in & lineasr fashion in the laver of

plasma at the lover end of the tube, The excess nlasma wes
allowed to drain to the bottom, and mixed with five or six
drops of medium. The mixtuore of plusma end mediun was then
apread over the fragmentg, and the tubes placed horizontally
until the clet adhered to the side of the tube. Cultures each
received 1.C ml. of medium, and were inoubated at 37°C in &
roller drum revolving at 1/9 r.p.m. Periodiecally, wmedium wes

replaced, and old medium stored in sterile eontainers at -18ec,

2o @i%?ﬁiiﬁﬁ\ﬁf ﬁu}tur@ §l§i§$ and jera
| ”%?%hrﬁ flkiﬁ% &ﬁé %%?& %@r@ @iﬁr&t@é for *h@ ﬁfﬁﬁﬁﬁﬁ%
ﬁf agﬁi%aéy ﬁ%iﬁg @i%ﬁwr a ﬁif&ﬁt hemsgg Eatiﬂat on test fﬁ?

m%ﬁ%@tﬁsﬁ of sntivedy %g&%ﬁﬁ? eryvthroeytes, or an indirect
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supernates were decanted and cell nellets resuspended and

washed with 25.0 m1l. of DBsS. The suspensions were
centrifuged apain gt 2000 ro.p.m. for five minutes, and super-
nates discarded. The remaining cell rellets vere resusnended

abtain a sugpengion of

by plpetting, in 24.9 ml., of 7
0.,1125 sensitized cells, or 0.117% normsl cells,

ne Titrations were performed in

Perspex plates, in 0.% ml, volumes. 4 Perspex nlate consists

of 8 elear vlastic plate, with rows of shallew wells indented

over the surfsce, which will hold 1.0 %o 2.0 wl. of fluid.
Culture flulds, or sers, vere dilu

1
in 0.75 ml. volumes, veglnning with a 1/%, 1/10,

oy 1/20 dilution in the first cup.

(1) Direet Hemagplutinotion Test. In the direet

&

5ty 0.P% ml. of normsl 0.117% cells was added to each cup in

e
L&
T

a serles. £ control cup wes vrepared by mixing 0.2% wl. of

0.117% pells.

(11) Indirect Hemegglutinstion Tegt. In the

£

indirect test, 0.25 ml. of sensitized 0.112% colls was added
te ench cup in a seriss, while 0.2% ml. of normsl cells was
added to a control cup containing 0.29 ml, of the most eone

contrated dilotion of fluid. 2 second contrel eonsisted of

0.25 ml. of sensitized cells mixed with 0.2% ml. of DInos,

in both teste, & known positive serum, snd & Dnown

aegative serum, were titrated with each group of cells prepared,




Plates were covered with aluminum foll, and placed

on a rotary shaker at 190 r.p.m., at 17°C for twenty minutes.
AL the end of this time, the plates were removed and allowed
to stand overniyht at room temperature bvefors reeding. The

titre of & culture fluild, or serum, was sxpressed as the ree-
ciproegl of the highest dilutlon of fluld at whieh szslutine

ation oould be obuorved.

3. Frepsration of Cytolytie sntibod

sntisers against pulnes~-pip spleen was prepared in
rabbits. Zuspensions of gulnes-plg spleen cells were centyi-
fuged at 1500 re.p.m. for five minutes, the supernstes dlse
earded, eand the cell npellets resuspended in & seall voluoe
of saline or DPil, te obtain & turbid suspension cells,
Cells prepered in this panner, were either injected immediately
into rabbits, or were stored st -18°C and then thaved snd ine
Jected inte rabbits at & later time,

immunization of rabbits was accomplished by injecting
05 mle of cell suspension into the marginel ear vein of sach
of three rakbits. Yach animal was given two eourszes of in-
jeetions., Hebbits were then hled from the marginal ear veln,

and the blood collected in sterile containers snd allewed to

elot at L4°C, The sera were removed, pooled, sterilized by

#illivore filtration, and then stored st -182C,

s

Yo Titration of Cytolytie intibody Sera
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The pooled eytolytic antibody-conteining sers wers
titrated for their lytie activity using a svstewm conslsting
of e (1) gulnea-zig spleen cellsy (2) rabblteproduced gntie
spleen serusm, (3) gulnea-plg complement, snd (&) Reif evtol-
yels stalu ss au ipdicator of imsune cyitolysis,

{a)

iros normsl gulnea-plgs, and s suspension of cells obtained

cpleen Cell susvensions, drlesns vere removed

by seraping fragments of tissue seross @ wire megh grid as

deseribed previously. Cells were eolleeted in 1.99 gelatin

Js and were subjected to g differentisl centrifupation
procedure Lo remove as many of the red sells as possidle,

The cell pellet obtained, consisting mainly of white gells,

congentration of 1.0 2 Zﬁé gella/uwl, of medium.

(b) Complement. Lyophilized pulnes-pip serum, ohe

tained from the Department of Hational Heslth and Velfsre,

Dttawe, Onteris, and reconstituted with glass distilled waler,

was used ss a source of complement. It was diluted 1/30 in

{0
B

By and then divided into two scuasl portions. One portion

ot
T

i

o
(A

was inacliveted in e water balh ot 5690 for thirty minutes,

63

while the zecond soriio

T Was kept in an ice weiter hath.

ey

Habbit-produced sntiserum

dgeinst gulnea-plg spleen cells were removed from the {reezer,
and insetivated &t 56°C Tor thirty sinutes, Dilutions of

gnd included dilutions of:

SEUn vere mrepared i
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1750, 17100, 1/500, 1/1000, 1/5000, and 1/10,000.

{4) The Titraiion. Two series, of six tubes eauch,
were grranged and labelled zerles *A" and geries "H®, Ta
ane tube in each series, was added 1.0 ml. of each d4ilution
of serum. Jubssquently, 0.25 »l. of cell susrension st s
eoncentration of 1.0 x 106 cella/ml., was sdded to sach tube,
and 8ll tubes were then shaken to obtain sn even suspension of
cells in serusm, Both series of tubes were glﬁ@gﬁ in an ice
water bath for one hour to allow the cells time to hecose
eosted with antibedy. 41 the end of this time, 1.0 8l, of

gment was added to eash tube

a 1/30 dilution of ametive com

in series 4, while 1.0 nl. of 1/30 insetivated complement was

added to sach fude in series B, Both sets of tuhes were incpe

bated ian & water bath a8t I7%C for one hour to &Ei%%‘%%&@%@%%ﬁ%

tery lysis to ocewr. At the end of the lneubation perind, tubes
d inte sn lee water bath to stop the rescition.

in ovder to zessure the amcunt of lvals which had

securred, asn aliguet of cell suspension was added to an equal

volume of Relf eytolysis staln, mixed by pipetting, and & drop

5«%
5

of suspension placed on & ¢lsan dry 31lide. 4 coverslip vas
lald over the drop, and the slide obhserved under the microseope,
At least ten flelds were ezsmined, snd the number af zteined

and unstained ¢ells recorded, The nuabsr of lysed (stalned)

&3
ol
x«M

& ¥was then expressed as a percentage of the totsl sumber

fm}
b

sells

of ecells counteds



nunber of stalned cells

total number of eells eounted

e

The resulits of 8 tlirstion are seen in Table Il

R S B S e

i lution Series A veries B
- of
Serum A

o insective ¢

Aversge 2235

Under econditions of the titration, serum dilutions of 17500
or greater, caused 1ittle if any detectable lysis of cells
in the presence of somplement {(seriss i3 when sompared with
eells whish had been frested with inmsciiveted complement
iseries B). The titrs of the eybolyile antibedy-containing

gtrum therefors apreared to lie between dllutions »f 1/100

55
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and 1/500, dince this method of titration was not eouszidered

8 very sensitive one, & more accurate determinstion of the

Je Gel nDiffusion

The method of gel diffusion sdopted for the detestion
of preeipitating antibody, was basieally that developed by
Cuehterlony (1948). 7o & solution of barbitalesodium barbital
%ﬁffﬁ?gzg it 8ef; Speeial ¥oble Lgar was added to 2 Tinal cone
sentration of 1.0f. The mixture was hested to dizsolve the
agar, and 3.0 ml. of solution pipetted onto the surfsece of 2
£lass slide. wWnen the egar had solidified, swsll eireular
wells were cut in the ager. Pight wells (about 1.0 mm., in
dismeter) were arranged symmetrically about the nperiphery of
& slngle central well (about 2.0 me. in dismeter), (ulture
fluids or sers to be tested, were placed undiluted in the
centre well, while 4ifferent antigens were sdded to the peri-
pheral wells. 5iides were allowed tn stand overnight at room
temperature, and for another day 8t 4%C in & moist atmosphere,
%o allow diffusion and preelpitation of antigen and antibody
in the agar. &lides were then observed for lines of oracipi-

tation.

10 .. S "
wg@ﬁﬁ%&ﬁ%@ from Tuchley Instruments, Fori Lee, Hew

Jey B2EY .







Introduetion te the ¥ererimentsl vork

&

nf this mwroleet was to trest

.

The pitimete sin

nolegically conpetent cells with a

eeltures of normel, immu
cytolytie entibedy, in sn sttempt to stimulate the production
of antibody in vitre. However, it was felt that & necessary
preliminery objective should be the development of s tissue
euliurs system in which cells obtained from snimals ko 0
viously lamunized in vive, would produce detectsble gquanti-
ties of entibody in vitro. The following chapter therefore
containsg & deserintion of preliminary experiments, utilizing
tissues or cells obtained from previeusly ilmsunized animals,
followed by an aceount of experiments in which normel ecells
were treated in vitro with eytolytiec antibody, in an attempt
to stimulste snti-antibody vroductisn,

wingce the exverimentel vork required freguent nmodie
fications of teshnlcue, the deseription of eseh experivent,
or group of exreriments, hes been arranged under the following

hesdingss (1) Theory, (2) Procedure, and (1) Results.

Eo Attempte to Troduee intibody in Honplayer Culturss of 1

hode, ipleen, snd Feritonesl Ixudete Cells




Initlal attewpts to produce entibedy in vilro vere

made using s modifleastion of the mroscedure of M and

Gtevens (19€0). These sulhors had reported the production
of antibedy in viitre, by cultures of guinea-plg peritonesl
exudate cells following either ig ¥ivg, or in vitro antigenie
stlmulation, The method was sdapted ts the eculiure of spleen
and lyumph node cells as well &3 peritonesl erudste eells, as

is deserlibed in Materisls snd ¥ethods.

The technligue, whish enteiled the oul of 458«
¥

]
%’%

rrsed cells in monolayers in tubes, wss shosen because it
#llowed rapld uniform access of medium to cells, as well as
Providing a relatively accurate means of emumeration of cells
within a sulture,

The first group of experiments were designed to test
the sbility of cellz ecultured by this method, to produce anti-
body sgainst sheer or husan erythrooytes, vhen obiained from

previously imwunized gulnea-pigs,

Gulnes-pigs were lusunized with five or siy intrae-
peritoneal Injeetions of C.5 al. of 107 srythrocytes, of elther

sheer or humen origin, Following a vest period of at lesst one

month, all animels received one or more hooster doses of the
sawe sntigen, by the intraperitoneal route, Twenty-four hours

pervicus o saerifice, 10.0 ml. of 0.0M7 gzlysogen was sdminise
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h enloroforn,

tered by the same route. Two days Tollowing the last in-
Jeetion of antigen, gulnes-plzs vere sscrificed with

or by cardise exsanguination. The spleen, mesenterie lymph
nodes, and peritonesl sxudste cells were resoved and prepared
for culture secording te the technlgue ocutliined in jHateriasls

‘ells were seeded Iin

@

and Methods for monolayer cultures.

Lelghton tubes in mediusm 199 with 2% HOPS (frozen), and

ineubated at 37°C. Lt varlous intervalsy old mediun vas
withdrawn, snd fresh medium sdded in 1ts plece. Culture
flulds were thern titrated for sntibody speinst gﬁ%@y or huwsan
erythroeytes using the divect pemegglulinstion test. in
sliguot of eseh lot of fresh culture mediup wes retalned and

glutisating aetivity

2

titrated sepurstely for sny natursl hena

whieh might regide in the serum frasction of the medium,

i

he resulis of three such exmverlments are putlined
in Table III. Eo antibody vwas debtected in any of the eulture
fluidse of sny of thesze exveriments., Thip fallure occurred in
spite of the fact that titres of 20uB, >2%56, and >£5,5%¢, were
obtained in titrations of the vost-lnmunization sere of the
same animals from vhich the cells were obtained, 718, 220, and

216 respectively. It therefore seswed mpperent that the failure

of eultures to produce detectable quuntities of sntibedy, could

not be attributed teo & fallure of the gulnea-plpgs to respond
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iy Froduetion by Ineressing

the Ssvypen Tenszion

Sinee the above described fallure e¢ould rot be ex-
plained a5 & fallure of the animals te respond to ivmunization,
it seemed likely that the defect uight lie in the eulture 8Y 5=
tem itself. 3Itelner and snker (195€) hed suggested that ine
dividual cells, suspended in medium, requirved g high oxygen
tenslon to support optimal cell metsholism and antibedy pro-
duetion. Accordingly, an experiment was designed to test the
effect of ineremsed oxygen content in the atuosphere upen the
ablility of our eultures to preduce antibedy. For this PUPDOSE6 4
& npumber of cultures were incubated in an mtoosphere of

95805 ¢ SECO

'2s while the resmainder were inoubated as ususl in
air,

%
iwé

m
77

Gulnes-pig 219 was lmmunized with zix injeetions of

Ceb ml. of 108

hupan erythroeytes. Four months lster, two
wore intreperitoneal injectlions of the ssme spount wvere glven
as bovster doses, spaced twp duys avart. Three days after the
last injection, the animal was killed, the spleen removed, and
prepersd for eulture in the ususl menner. Spleen cells were
seaded in Leighton or roller tubesg, in medius 199 with 259
RGPS (frozen) a2t a concentration of 3.0 x 1&% celle/mi,

Control cultures congisted of cells which were killed




by heating at

along with o

gubated in 9%

kated in air,

zixteen days,

against hupan

€3

369C for thirty minutes, and them ineubated

ther cultures at 17°C, Pilve cultures were ine

W

Do, A S s i 57 s o LS Tk s
wihile an equal Y WEre 1nsie

o

Hedliun vas repleesd after five, ten, and
and culture flulds titrated for antibody

erythroaytes using the method of direct

tion, &t comparable dilutions, vas alse shserved

In eulture flulds »f heatebilled selle, 4 mecond notsbie

feature of these titrations was the fact that the Lype of

agglutingtion

okserved differed from thet which was norsslily

seen in simllar titrations »f antibody containing sers:

sgglutinsted eells rapidly underwent couplete dispersal upon

pentle shaking
sufficient eultore

of the hemsgplutinating setivity detected, In view of the

it further investipatio

factors mentioned, it was eonelu fted that

gntibody in vitro haed not

cult to sssesg the effeet of incresged

o

e 3
seurTred,

*23'

&




Tubes

Atmosvhere

&l
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& = 11

11 =17

Leighton 9550s ¢ $EC0s < 2 <z > 25¢
2 <z <2 > 1600
<g <o > 800
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<2 <z > 25
Zoller 9580, 5 SECO < 2 < @ >-?§%
‘ <2 <e > 25
Holler Aty < 7 < 2 £k
<z < 2 128
Culture , ,
medis <2 < 2 <z
Heated 9540, ¢ 50O <2 < @ 2 1600
aontrolsd < 2 <2 > 25¢

Leighton

ather than %o conelude that this 2t lesst was not the only

factor needed to promote antibody rroduction in these cullures,

Hevertheless, the procedure of ineubating iﬁ,@ﬁd?g ¢ 55000,

wag adopted in future exverinments,
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D. ptlempte o Stimulate intibody Produetion I¥ TITHD

the sddition of Cortisone Derivatives to Media

Throughout the experimentsl work so far, noramsl
guinea~plg serus had been added st & concentration of 25%
Yo medium 199, fsueh serum, obtalned by cardisc puneture of
uorsal puines-plgs, had been steored in s freegzer st ~1890
for periods of time extending up to seversl months, Howevar,
Ambrose (196%) has reporited that eertain cortisone derivatives,
in "physielogleal amounts®, wers espable of replacing serum
&8 & supplesent to basie medis for the purvess of suvvorting
antibody production in vitrs. Olnee cortisone snd its
derivatives are relatively labile substences, 1t was thought
that these hormonss, neormally mresent in small ssounts in
freshly drawn serum, might be destroved by ithe procedure
adopted for the storage of serum, If these hormones were s
hecessary factor in the production of entibedy, their abserce
in servs might possibly sesount for the failure of oup eultures
te produce antibody. The following experiments were deglpgned
to test this nypothesis.

For this purpose, hydrocoriisone ﬁéﬁi%ﬁ henlsuceinate,
and cortisone scetate were incorporated into mwedium 199 at
concentrations of 0.1, snd l.0ug./ml. Hoth of these substarces

had been utilized suscessfully by imbrose, and the eouecentrations
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selected were within the range at which maximal enhancement
of antibody produetion had been reported. 4 third group of
cultures were incubated in medium eontaining 259 HOPE in
order that the effectz of eortisone and serum might be come
pared,

PROCEDURE

%]

Cuinea-pigs 211 and 712 vere given & series of six
injections of 0.9 ml, of 109 sheep erythrooytes suspended
in saline. Five months later, hooster doses of 0.1% erythro-
tytes were given sach animsl, 0.5 ml. by the intraperitonesl
route, and 0.2 ml, by the intravennus route. Twenty-fouy
acurs lster, spleen and mesenteric lymph nodes were removed
and prepared for eulture. ¢ell suspensions shtained from
both animels were pooled in media eontaining one of the
following:

(1) 2%% wNers (Qlyophilized)

{?) hydrocortisene sodium hemisuceinste, Ooluge/mle
{3} hydroeortisone sodium hemisuceinate, ToCug./mlo
(4} cortisone acetate, O.lug./wl.

(%) cortisone acetate, 1.0ug./ml.

Colls were sesded in Leighton tubes, at concentrations
of 4,0 x 10%, and €.0 x 10° cells/mi. for spleen, and lymph
node cells respectively, Tubes were ineubsted at 17°C in
95705 ¢ 5UC0p. Hedlum was removed sfter four, nine, and

#

nineteen days of incubation, and titrated for antibody egainst



sheep erythrooytes using the direct hemagglutination test.
Contrel eulturss, which consisted of cultures
heated to £39¢ for thirty sinutes, were incubsated st the

4 5w

seme time, and the media of these culitures titrated by the

The results of titrastions may be seen in Table V.
o antibody was detected in any of the eculture flulds of
either the experimentsl group, or of the control group
{not shown in Tshle V). However,; sers obteined Irom the
seme sniwals just prior te secrifice showed antlbedy titres
of BO and 120, Anparently, the feilure of enltures was not

due to lack of sn lsmune response by the animals,

In two other simller experiments, cultures slso
had failed to produce antibody, bul in these instances,
gntibody was not detscted in sera cobitained from the donor
snimals, Sinece it appesred that the anlzels had nol re-
sponded to imsunizatien, the detalls of these experiments

have not been renorted,

E. Visbility Ctudies of celle in Culture

The resson for the fallure of ecultures to produce
antibndy was not apparent., However; it began to %@%ﬁﬁf that
the diffisuities encountered stenmmed from & more basie defect
in the eulture technigue, than s slmple deflcleney in the

eulture medium, or an insuffielent supply of oxygenm. Attention
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wag therefore drawn to the cultures themselves, for & possible
gsolution to the problem.

It had begn observed that Jduring ‘he eulture peried,

sells began stleking To the glass sfter itwo or thres hours S

of ineubstion, snd continued doing so, to form & type of
monolayer on the inside of the gless tuhe. Hany of the cells
gontinuved to adhere to glass throughout the entire ocultuore
period, Observetions of cells under the light mieroseope
revesled what appeared to be nermal,; healthy cells with
clesrly defined marpgins. After forty-eight hours, spleen
cells bheeame less sharnly &@fiﬁ%ﬁ% and many of the cells
aupesred to underge 2 process of frozmentation mnd disin-
tegretion. Lymph node cells however, sppsered te remaln in

sod eondition for seversl days, snd continued %o do sn for
a8 long es twenly davs.

It was alszo observed thei when cellis were cultured
lu medls suvnplemented by cortlsone derivatives, they adhered
to the glass in prester mumbers, and appeared to remsin
beslthier than those oells cultured in serum-containing medis.

The folloving esperizents were therefore desipgned in

&n sitenmpt te gain further informstion concerning the heslth

and viability of cells during the culture peried. Snleen and
lymph node cells, cbtained from normal animals, were cultured
in the ususl fashion, and after verious time intervals, cells

vere rvemoved and exsmined using PBelf cyitolysis stain sz an



indleator of cell visbility.

The use of peritoneal sxudstes was discontinued

i

bl

ecatse of the frequent oceurrence sf hloody exudates, and
the

limited number of cells which could be ohitained from this

Hormal gulnea-pigs were sserificed, and the spleans

and/or mesenterie lymph nodes removed and cultured in the

usual manner. Medis, elither 199, or Faglels HEy gontainsd
-] - & 3

hydroeortisone sodium hewmisuceinate or cortisone seetate at

& econeentration of l.Qug./ml. or 25¢ (inactivated at
S°C for thirty minutes), After varisus intervals of in-
cubation, sliguots of cell suspension were removed from sach
culture, mixed with an equal volume of Pelf Cytolysis stein,
ant exswined under the wicroscops. The number of stained
and unstained cells was recorded, and from these figures,

the nercentage of vislle {snstained) eells was caleulated,

The results of three sueh exveriments sre seen in
Teble VI, Io all cases, the pargentage of viasble cells had
dropped eonsidersbly after forty-eight hours of ineubstion
to low, and in many instances, negligible numbers. In
spite of the feet that lymph node cells stuck to the glasgs
in grester numbers, and in 2ll csses apveared to be in &

heslthlier state than similar cultures of s 3@@% eells, the
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latter cells continued to remsin viable for longer perlods
of time in all wmedia tested,
Slwilarly, although media containing cortisone
derivatives spreared to promote greater stioking of eells
to glass than simller serumecontaining medis, the latter

appeared to maintain z grester numher of cells in 8 viable

state then the former. In two eultures containing serume

supplemented media, sas many ag 20f of the spleen cells
remained viable after Torty-eight hours of incubstion, in
eontrsst to the consislently lower values obtalned in ecul-
tures Iln which cortisone derivatives were preseat, |

However,y; 2inee in most cases the numbsr of heslthy

¢ells in s culture after forty-elpht hours of incubation
had fallen below 797, 1t appeared thet the technigue wes
inadequate for the saintensncs of cells in & funciional
gtate over entended perinds of time. Conseguently, this
method of eell eculiure was discarded and future efforis
direeted tovards the establishment of z more suitable methoed
of cell eulture in which antidbedy production might be demon-

gty &i%‘%ﬁﬁ

Fo LAlttempts to Urow Spleen Cells on Cellophspe Hembrane

Steiner and Anker (195€) had developed s culture

method wvhich they reported was ecgrable of maintaining spleen
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gells in & viable state for st least six days, snd which

would support detectable production of antibody by cells

obtained from snimals previously immunized in vive. dpleen

cells were cultivated in a thin layer of medium, about 1.0 000
mm. deep, on the surface of & cellophane menbrane which was

stretehed tightly over the surface of 2 reservolr of medium,

The medium in the reservolr was kept in & state of constant

motlion by & roteting megnel placed in the bottom of the
vessel, Fluild eould readily be withdrawn from either the

lower compartment containing medium alone, or from the upper

3

gomparitment containing cells on the surface of the zmembrane,
The upper chamber was aerated by a continucus flow of

g o ol
§5% Cp & 5% @@QQ
Tk

golecular welght compounds such as anline acids, from one
compartment io the other, while larger wmolscules such as
-globulin were excluded.

The success of this method was attributed by these

suthors, to the large supplies of nutrient substances and
oxygen whieh were svallable Lo cells, the rapld removal
{by dilution) of waste products, and the protection of eells
Irom sgitation vhich might lead to cell damsge.

It therefore seemed desgirable to culture spleen cells

in & manner anelogous to the one Just described. In ith

o

following experiments, an attempt was made to incorporste



7he

& simpler tyoe of sulture

4 meke-shift spparatus was devised as pistured in
Fige 3. It consisted of & cellophane membrane held taughtly
between two concentric, stainless steel water bath rings,
which was placed over the surface of & small Petyi digh

£illed

%ﬂ
Gl
e
e
e
@
£
M~
?’3
-
"
yéé

The medlum contalned 1.0 ugz. ml.

of wortisone scetate, and 0.7¢ Difco Bacto-agar. The adfitien
of agar was necessary to impart s degree of solidity to the
medlium, zuch that it could supnort the mewbrane in o eompletely
horizontal position Just touching the medium at the surface of

the dish,

q"l

Epleen eells were suspended in mediunm 199 with op

without 259 2.0 wl. of suspension pipetted
onto the suwrface of the wmesmbrane., The eulture was placed
within a larger Petrl dish which contained a molstened bhall
of ecotton wool, and the entire anparstus incubsted in 25% 0s ¢
5% G0s at 37%0,

in one culture, the cellophsns membrane was omitted
and cells lsyered directly onto the surfsee of the sgar-gediug

Zixture, while in snother culture the %gk?mﬁﬁgiﬁﬁ.?iﬁﬁﬁ?ﬁ sud

the membrane were both omitted, and 0¢lls pipetted inte the
bottos of & glass Petri dish,

After various intsrva glsy cells were withdrawn snd the
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ells estisated using the heif dye-

2 & meEasure of cell wisbility,

The results of these gxperizents sre seen ipn Table

Y

vile The nusber of viable cells fell %o 10¥ or less in &l

‘"%

cultures sfter fortyeelght hours of ineubation., The inelusion
of fresh serum in the medium appesred to have very 1ittle, 1if

he 1ife svan of eellz ecultured in

he results of these experiments, 1t

e

paratus wag not sn sdequste zubstliiute for

the one used by Hteiner and inker,

method aflorded no obvisus advantages, 1is use was disecontinued,

Ge  fliempts o Produge intibody Against . sheep Irvthroeytes

é@m@éwwwgﬁﬁéwﬁ Fragments Obtained from Immunigzed

Animals

Foth the monolayer, and cellophane mesbrane technigues

had proved to be af little value in the eculture of grleen and

oy

lysph node g of short duration. The

gred to test & third sethod
of eulture in which fragments of tissue were embedded d in nomolo-

goud vlasma clots, covered with medium ¢ and incphated in z roller

hed used thisz zethod zuccesge
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econsisting of heat-killed cells (5€°C for thirity minutes),

was incubanted nlong with other cultures at I7°0,

The results of titretlions sre shown in Table VIlIe

in one experiment {(2731), enlture flulds showed agplutinating
activity sgainst sheep eryvthrocyies at dilutiens of 1/20 or

1/k0. This setivity was detected in five out of five cul-
tures, while 1t wae not found in titrstions of the culture
fluide of heat-killed cells, or of culture medium which had
not besn incubated with tissuve., Jetivity wes detectad in oule
ture fluids after the first siz davs of incubstion, but wes not

observed sfter thet time. It appesrsd therefore, thalt small

utinin had been produced in vitre by frag-

ments of lmsunized spleen, and thaet its production was de-

pendent upon the vresence of intaet ecells In the culture,

In two other experimentas (271 and 27%), cultures
failed to vroduce sprrscisble smounts of antibedy. This wns
correlated with antibody titres of %, anéd 10, in sera obtalned

from the ssme animals. Althouph serum obtained from gulnes-

b=

g 277 contained antibedy only to a titre of 80, 1t apreared

# w

.

that even this seemingly szmell amount of antibedy in the
elreuistion wag indieative of significantly grester ismune

response by this animal than by either of the other two, sinece,

8

in the cage of gulnss-nig 273, a zerum tiitrve of 30 wes assoc-

#

izted with mroductien of sntibody by frasuents of spleen

cultured in vitrs.




%

H

80

Days in Culture

¥xpt, Tube ‘
271 1 5 <5 <5
2 5 < 5 <5
E 5 <5 <5
<5 <5 <5
5 <5 <5 <5
Heated
control '] <5 <5
Post-immune.
serum titre:s Mediunm
alone £5 <5 <5
273 1 50 <10 | <10
2 Lo < 10 <10
3 Lo < 10 < 10
L 20 < 10 < 10
g 40 <10 <10
Heated
econtrol £ 10 <10 <10
Posteimmun,
serum tltre: Medium
80 alone < 10 <10 £ 10
1 =6 & - 12| 12 - 16
274 1 £ 10 < 10 10
2 < 10 < 10 < 10
3 <10 < 10 £ 10
L <10 < 10 < 10
5 <10 < 10 10
Heated
gontrol <10 < 10 £ 10
Post-immun,
serum titre; Medium
10 alone < 10 < 10 <10
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Attempts o Troduce Antibedy spainst RGO in Cultures of

fpleen Fragments Obtained from Jsmunigzed Animels

in the previous experiment, production of an snti-
body-like substance had been demonstrated in cultures of
spleen fraguents obtalned from aninsls iLmsunized by the
intraperitoneal route. The titres of antibody detected in
culture flulds were low. However, it is believed that mexe
imal preduction of sntibody by the spnleesn sovurs following
intrevenous immunigation, as has already heen diseussed in

the Reviev of the Litersture., Therefore, in the next groun

of experiments, snlsals were imsunized by the intravenous
route in an attempt to lnerease the awmounts of antibody

produced by fragments of syleen cultiveted in viitre.

%

Guinea-plgs 360, 361, and 365 were given five bie

weekly injections of 0.5 ml. of 1.07 RGO in the

rginal sear
veln, After a rest neried of approximately one month, esch
animal recelved three booster doses of the same amount of
antigen by the intravensus route. Three days after the last
injection, animals were killed, and the spleens resoved.
Fragments of tissue were esbedded in homologous plasua clots

in Faplets with 204

after verious intervals, were titrated for antibody against

8 (fresh). Culture fluids, removed

ratbit $-globulin uvsing the indirect hemsgglutination technigue
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deseribed in Haterisls snd Hethods.

=y

e
3«%

Antibody could not be deteeted in the culiure flulds
in any of these experiments. Hdimllarly, titration of pnst-
iwmunizetion sers obtained from these anlwsls falled to re-
veal the presenge of antibody. Failure of culiures to rro-

duce

antibody wag therefore sttributed te & lack of resronse

by the gnimals to imsunization.

Since the intravensus injection of rabbit Y-glsbulin
fiad failed to stinulste the production of detectsble antibody
either In vive or ip vitre, the next experiments utilized
anisels which hed slready been ilznunized with gulnes-plg red
gells sengitized with 2 rebbit-produced haemolyvsin. Since
the hsewolysin is iteslf composed of rabbit 8«% lobulin, such
sensitized cells will stimulete the production of antiboedy
againgt rabbit X*%E@%ﬁiia» By injecting the sntigen (REG) on
the sarface of particulsie matter (gulnes-pig red cells), it
wag hoped that & grester lzpune reésponse might he aohieved

than by the injection of rabbit xwglﬁ%aiiﬁ alone.




Guinen-plgs 3172 and 3171 haed vreviously been given
two coursez of intraperitoneal injections of guinea-pig
erythroeytes sensitized with rebbit-produced hasmolysine
tne week later, two Wooster doses of the sase sntigen were
given eacn animal intraperiioneally. Three days after the
lest injection of antigen, spleens were removed and eultured
in the uvsusl fashion. One tube containing heat-killed cells
(5¢°C, for thirty minutes), and one tube contalning plasms
and medium witheut tissue fragments, were included in both
experiwents. (ulture fluids remeved sfter five, eleven, and
fifteen daye, were titrsted for sntibody agsinst rabhit

Xwgiﬁ%wiiﬁ using the indirect hemegglutinatisn technigue.

The results of these twoe experizents are shows in
Table IX. A substance was detected in culture fluids in both
experiments which caused agglutinstion of eryihroeytes sensi-
tized with rabbit-produced haemolysin, This substance eould
be deteocted at dilutions as high as 1/80, in two cases, Its
resence was detected in oculture fluids obtained after the
first eleven days of incubatlion, snd after that tize was
absent, ‘Froducticn of an sgglutinating substance could not
be demonstrated in the oulture fiuids of either the heat-
killed cells, or plasma and medium incubeted without tissue
fragments. Similarly, titratlon of each lot of culture medium

falled to reveal the presence of antibody. It was therefore
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UG SYTYY MITDT T
AR CULTURE FIU

OBTATINED FROM

8L

Daye in Culture

Expt, Tube
ﬁﬁ?ﬁ%@f ﬁm%@r l - 5 5 - 11 13, - 15
373 i 10 10 < i{
o 20 10 <10
3 20 <10 < 10
i 10 <10 <10
5 10 10 <10
Plasma +
medium < 10 <1io <10
Medium
slone < 10 <10 <10
Pogt=1mmun.
serum titre: Heated
40,960 control <10 <190 <10
372 1 8¢ ely <10
2 80 10 < 10
3 20 10 < 19
L %@ 10 <10
5 40 10 <10
Plasma +
mediunm < 10 <10 <10
Medium ¢
glone < 1o 10 <10
Pogt-immun. ?'*
gserun titre: Hegted
81,920 control <10 10 <10
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eoneluded that the sppearance of an antibody-like substence

bad oceurred during the incubtation period, snd thet its
apvearance in culiure Tlulds Was dependent upon the presence
of visble cells in tﬁ% sulture,
in both experiments, examination of post-izsunization

sers revealed the presence of antibody in titres of 40,000 or

greater, The resson for the arpsrent inconsistency between

the titres of sers and euliure fluids wes not obvisus, It

may be partlelly exrlained by the faet thet the antigen had

been aduinistered by the intraperitoneal route in these ex-~
periments. Under these conditions, one wmlght expect the

sajor slites of anblibody forustion to be in the omentum or in

varisus groups of lymph nodes draining the peritonssl eavity.
in order to test the specifiecity of the subsians

whleh bad been detected, two culture fluids were selected from

sach experiment, and titrated using & hemsgplutination-

iohibition test.

Culture fluids from tubes 1% and "2% in experiment
372y and tubes *2" and “3% in experiment 373, were selected
for heuwsgglutination-inhibition tesiz since these eulture

fluids had shown grestest agglutinstion sctivity sgainst

sensitized cells in ssch »f these tun exverizents,
The titrations were performed in triplieste in

¢zsentislly the same manner s the indirect hemagglutination




teats, with the following modifications: rabbit B-globulin,

or humen §-globulin, were first dissolved in the standard

diluent ( yto & final concentration of 0.5 mg./ml.
Culture fluids were diluted serially in each of the above,
and lncubated at 17°0, for ten minutes on s rotary ghaker at
190 r.petie, then removed from the shaker ard incubated an

sdditional fifty minutes at 37°C¢, £ third group of titrations

were nerformed In the same manner using M alone as the
diluent. Theresfter, sensitized cells were added to each
dilution of culture fluild, and the test carried ouil in

exaetly the game fasghion ms the indirect hemagpiutination

4 in Materlsle snd Methods.

The results of inhibition tests may be seen iIn
able M. Apglutination of menzitized cells was inhibited
by the incorvoraiion »f the homologous antigen (rabbil
9%%2%%&2@%} in the dilnent, but pot by the presence of an
neterologous sntigen (humen S-giobulin), This suggested
that the substance pregsent in culture Tlulds was & specific
antivody against rabbit ¥-globulin.

In arder te gain further infeormation regarding the
nature of this substanes, an attesmpt was nade o deponstrate

its presence using & gel diffusion technigue.

%

The detallsz of the gel diffusion technigue are



¢ the following antigens

Joot

Placed in the centre well, whi
were asdded te the perivheral wells: (1) 1,08 rabbit
-globulin, (2) 1.0 human Y-globulin, (3) undiluted
horse ssrum, (4) undiluted, rabbit-produced, anti-guineas-

vig spleen serum, (%) undiluted guineas-plg serum,

e Sy Hte g

Tube Diluent

nlmber

9"*'*;

ket feFetar
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17e 1 Ly L1 ey
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*human Seglobulin

Culture fluids from tubes "1™ and "2" in experiment
372, and tubes "2% gnd 3" in experiment 373, were assayed
by this method, A known positive serum (373) was included in
the test. This serusm had a titre of 81,920, when tested by
the indirect hemagplutination test, In order to determine

¥hether the gel diffusion technicue was sensitive enough to
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detect antibody in amounts comparable to that present in

the culture flulids to be tested, the posgitive conitrol serunm
was alsp tested at g dlletion of 1/1000. At this dilution,
ihe serem contalned approzisately the sanme amount of agzlut-
inating sctivity as the wost sirongly positive of the culture

flulds to be assaved,

done of the four eulturs fluids tosted precinitated

with sny of the five antizems. The undiluted positive control
serus {2731) oroduced 2 single line of precipitetion with 1.02
rabbit ¥eog globulin, and twoe precipitaetion lines with normal
rabbit serur and rabbit-produced snti-gpuines-pig spleen serus.
However, when the ssme serum was Glluted /1006, no preeipl-
tation eould be detected with any of the gﬁ%ﬁg@mg tested,
Therefore, 1if the sgglutinating activity of & serum or culture

finid cen be considered an indicator of the prescipituting
setivity of the seme fluid, 1t msy be concluded that the gel
diffusion method wae not sensitive enough to deteet any pre-
sipitating entibeody which might have bheen mrezent In thosme
eulturs flulds tested,

Jo Aitempts to Initiste & Primery Ismune Hesponse IN YITHO

Lsing Cytolytle fntibody as & Stimulus

It nad been demonsirated in the previons erxperiments
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that the fragment culture technigue could support small
amounts of antibody rrodustion by fragments of gulnen-pig
spleen taken from isgunized aniwals. The next underisking
was to determine whether or not & rabbiteproduced anti-
gerum spalnst snleen eells, when sdded to fragments of
normal svleen, would stimulate wroduction »f antibody
against rabbit 8-globulin in vitro. For this purpose,

one groun of pultures was exvozed Lo different dilutions

of eytolytie antibody-contasining serusm, while & second group
of sultures wss ezxpoged to the ssse diluticns of & nornal

rabblt serum,.

£ AT L S,

HGormel pulnes-plgs were kllled by cerdiasc exsanguin-

stion, their spleens regoved, and fraguents of tissue vprepared

foar eulture in the usuel Tashlion. Frageents frog one or more

e

snleens weore pooled, and embedded in nhomologous plasus olots,
Habbli-produced, anti-spleen serum (eytolytle anti-

e final

body), and normal rabbli serum, were diluted in HBG:
coneentrations of ¢ 1/2%, 1/50, 1/10C, 1/500, and 1/1000.

Two tubes of splesn fragments embedded in plasma, vere
treated with esmeh dilution of the eytelytic antibedy-containing
gsrum, while eontrol eultures were treated with the same 4i-

lutions of normsl rabhit serum (¥85 Fgeh sulture was Llncu-

beated with 1.0 ml. of the spypropriate diluticn of serum at 3I7°

Co Tor two hours, to allov time for exposure of sll cells with-
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in & fragment, to serum. ¥Flulds were then withdrawn, and
cultures veshed once with fresgh

411 tubes then received 1.0 ml,

(fresh) and were incubsted in
37°¢C.

Culture fluids, removed after various intervals of
ineubation, were titrated for antibody egainst rabbit gwgiﬁk~
2lin using the indireet hesagglutination test,

REsuIYrs

The results of one of three such experiments are
shown in Table ZI. In this particular experisent, a substance
was detected in gulture flulds which caused apgglutination of
sensitized cells, st dilutionsz as high as 17320, or 1/640,
Tule substenee was vresent in cultures whieh nad been trested
with either the rabblt-produced anti-spleen serum, or with
normal rabbit serum. It alse appeared that & 1/100 dilution
of serum was the maximel concentration of serus which woauld
stimulste vroduetion of this substance, since treatuent of
sultures with more concentrated sers, feiled to elieit a re-
gronce. Pesk titres of sgglutinetion were sohserved in culture
fluiés after the first four days of ineubation, after whieh
time, setivity rapidly diminished to low op negilzikle levels.
Titrations of culture medis feiled to demonstrate the Preaenee
of naturel sgglutinaiing substunces within the serus fraction

of medin, which might aceount for the agezlutinetion titres
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observed in positlve culture fluids. However, when culture
fluids were agein tiirated folloving approximete ely five
months storage at ~1B°C, the smetivity previously observed
had alwost completely disavpeared. In the earlier titration,
eulture flulds had been stored for a peried of aprroximately
two weeks prior fto titration, |

In two similesr experiments {not shown in the table),
ne sntibody could be detected in eulture flulds of either the

eytolytic antibody, or the norzal rabbit serum group

« Durther Atteampts to Otimulete intibody Frodustion, with

wytolytle intibedy, inm Cultures of Worssl ipleen Fregments

e A

in one instanze out of three in the srevious grous o f
experiments, a substsnce haed been groduced in cultures of nor-
#al spleen fragments trested with either oviolvtie antibody op
normsl rabbit serus, which ecaused agglutinstion of gensitige
ze¢lls. The following exrperiments were therefore nerforsed in
en attempt to reproduce the resulis of ¢his last experizment,
It was also hoped that an optimal conceniration of serunm nEe s~
sary to elieit sueh a response, might be established, Aseopde
ingly the range of dilutions of eytolytie antibody-eontaining
ferum was extended beyond that of the nrevious eyseriments.
Control cultures, consisting of fragaenta of spleen treatsd

and hest-killed cells tresied with cach




dilution of serum, vere included in an sitempt %to establish

further, the nature of the stimulant vhich had been chserved

in the srevisus experisent, In the following waripent,

frapments »f spleen were inephated with serum wrior to the
eabedding of tissue in plessma. 1T was hoved that such .

rrogedure might &1low grester penetration of serum Into frage

Hormal gulnee-plge were sscrifliced by eardliac exsane

2

gulnstion, and their spleens removed and cut inte frageents.

t?”‘&
4
o
E
9
b
®

§
s

Fragments

{%

wore spleens were poocled, and incubsted

i’s}

in sither the evitolytie antibody serum, or the normal rebbit

serum, at dilutions of 1/2%, 1/100, 1/B0C0, 1/5600, in |

In twe experiments, frapgoents of tissue were plaged in roller

tubes containing 7.0 ml. of one of the above lulds, and in-
cubatad in & roller drus (179 r.u.me.) for two hours at 3790,
in two other experiments, Fragmenis were placed iIn sbout 10.0
#wls of fluid in & glass Petril dish, and incubsted st 379C for
twe nours. Followling the incubetlion peried, fraguents were

¥nshed snee with fresh

by and then cmbedded in homologous

4 with 207

plasza clots, covered with 1.0 ml. of Fagle's

HEFE (fresh), snd in ted in & roller drum at 317¢ €. (lon=
trol oultures, included in each group, were hested at H0°C

for thirty sinutes and then ineubsted along with other cul-
tures at ¥7° O, Culiure fluids were withdrawn after verisus

perinds of incubatlon and titrated in the sape manner &5 before.
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Table 2771 4 trates the results of one of Four such

%

gxperizments. intibody could not be detected in the oulture
fluids nf any of four exneriments. Hueh culture fluids were
stored st -1B9C for a period of one or two months before they

wore titrated. It is not known vhether this vrocedure might

result in the destruction of ass ptinating activity in such

culture fluids. However, storage of antibody-containing sera
for similar or longer verinds of tinme, did not result in

appreclable reduction of anti-antibedy titres (Helllmurray, H.,

‘regments Cultured in Homolopous Plssms

Observationg of sylesn fragments cultured in nlasng
elots, revealed the migration of cells sutwards frosm fragoents,
into the surrounding laver of vlasza. This wes eoupled with
the gradusl digestion of the fibrin elot surrounding & frageent,
After approzimately six days of incubation, meny cells apreared
to have develored into fibroblasts In some cultures, many
cells resembling glant-cells could be ohserved,

in order to gain more inforusstion shout the nature of
cells withio fregments, studies were made of sections of tissue

after varicus »eric sdp of inacubstion,
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Epleen fraguments, obteined from normal or imounized
guinea~-plps, vere eultured in houslogous plaswme elots in the
usual fashion. after gzero, three, six, snd fourteen dave of
ineubation, fragments of tissue vere removed fronm culture,
and fixsed in 10.07 formslin. Tiszsues were seetioned and
stalned with heenmotoxylin and eosin,

cectlions of spleen fragment cultures mey be seen in
Figs. b = 9. At zero time, fragments of tissue show the
érrearance typloal of norwsl spienic tissue, freas of white
pulyp, eontaining meny lymrvhoeytes, alternsted with sress of
red pulp, in which & meshwark of reticulo-endothelisl cells
interwingled with red oslls could be obgerved (Pigs, & and
G)e

By day three, orgenization of tissue was beginning
to disappesr, and the rresence of lvmphoid follicles could no
longer bve distinguished. Wany of ihe lyuphoeytes had beconse
pyenotie, while others were undergoing the proeess of hare
yorrhexis (Figs. & and 7),

n day six, the majorily of lvmrhooytesg had disapreared
leaving a network of reticular sells, many of whieh apresred to
have develonped into fidbroblasts (Fig. 8). Ry day fourtesn,
lymrvhoeytes had vanished from the seens antirely, and there

wis marked proliferation of fibroblasts throughout the whole




7

‘ige 9)e

fraguent (I

It may be resembersd thatl antibody was detected in
similar eultures ouly during the first few days of incubation,
after vhieh antibody ceased to be produced. The logs of anti-
body-forming capaelity coincided roughly with the disappearance

of cells of the lymphooylte seriss frow sultures,
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Fige 6o ESpleen fragments alter three days
&

Flge 7o Spleen fragments alter three days

Jue

of incubation (x L00).
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from guines-pigs previously immunized with sensitized cells
(guinea-pig erythroeytes sensitized with rabbit-produced
haemolysin), produced what appeared to be specifie antibody
against rabbit ﬁng@bmlia@ Sueh cultures continued to pro=
duce antibody for about five dave of incubation. loss of
antibody-forming capaeity occurred at approximately the

same time as the disappearance of lymphoid eells from culture
fragments, This would suggest that these cells are responsible
for the antibody production whieh was observed.

It was not demonstrated that the substence present
within culture fluids, which caused aggglutination of sensi-
tigaﬁ cells, was in fact, guinea-pig ¥-globulin, However,
the fact that its activity wss inhibited by the presence of
homologous &a%ig@ﬁs but not by hetercologous antigen, is sug=
gestive evidence that it wes indeed gpecific antibody.

Gimilarly, it was not shown conclusively, that snti=-
body waes actuslly produced during the incubation pericd. How-
ever, since this material was not detected in the culture fluids
of heat-killed cells, it seems likely that actual syntheglis of
antibody in vitro, did occur. Adequate proof could best be
achleved by the incorporation of radiocactively labelled amino
acids into culture media, followed by the demonstration of
gpecific radicsctively labelled zntibedy in the eulture
fluids,

In the last two groups of experiments, an atiempt
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was made to stimulate production of antibody in vitro in
cultures of normal spleen fragments, by exposure of fragments
to 2 rabbit-produced antiserum against guinea-pig spleen
cellzs (eytolytic antibody). F@llowiﬂg incubation of fragments
with cytolytie antibody, tissues were washed and cultured in
fresh medium without evtolytic antibody.

The results of these experliments are inconclusive.
A& substance was detected in the culture fluids of one experi-
ment, which was capable of agglutinating sensitized cells,
but itz setivity appeared to be destroved by storsge at -189¢(
for spproximately five months., However, when sers, conbtaining
antibody against rabbit gwgiaﬁmlimg were stored in a similar
fashion, their activity was not destroyed (Melllmurray, Me,
1965),

Repeated attempts to reproduce this material in
similar cultures of spleen fragments, have failed. It is
not possible to draw any definite conclusions from these
experluments untll these results have been confirmed, and
the active substance subjected to more detailed %K&miﬂaéiﬁn@

It is notable however, that ezpssﬁre to normal
rabblt serum, as well as to cytolytie antibody-containing
sera, resulted in produetion of this materiasl. This would
t%ﬁé to disprove, rather than support, the theory that
eytolytic antibody is an essential factor in the production

of antibody.
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It has been noted; thet sfter sixz days of ineubation,
the majority of ecells within eultures of zpleen fragments,
were of the fibrohlast tyre; lysphoeytic cells were almost
conpletely sbsent. Trowell (1959) has reported similay
findings. The explanation for the fallure of lynmphoid cells
to develop under these conditions, is unknown. Aperbach
(19€3) supgests the possibility that thymus may play an
important role in the development of lymphold elenments in
the spleen., However, Tosshim {(19€%) hss disputed the
negessity of a thymie faetor, snd has in fset renorted the
continued production of plassma eells in oultures of splsen

telle, Tor as long as seven months. Juch cells were obtained

by minelng of splenic tissue from various snecies, and were
cultured in Fuek's medium containing 197 fetal bovine serus,
in the bottom of glass Petri dishes,

seeordingly, it is suggested in future sttempnte to
demonstrate antibody rroduection by iseclsted spleen cellg, an
effort be made to utilize Ioschim's technigue for the culture
of sueh cells. Hinoce this method appesrs to offer & aysten
of replieating cells which continue to differentiste into
plasma cells, it would seem to be particulariy sulted to

studies of antibedy production in vitre.

n zlternstive method sugpested Tor such studies is

that of Michaelides and foons (1263) in which fragments of

Tabbit lymph node were cultured 1in howolopous plasme clots,
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Jush 8 systes zlso zpnears to sunply the negessary elements

for the development of mature plasma cslls.

&






Lttempts were made to stimulate sntiboedy predustion
in vitro in cultures or immunologically competent tissue obe
telned from noramel guilnsa-pigs. Freliminary experiments were
done in an effort to establish & culture system in which cells
obtained from imsunized animsls, would produce detectsble
%@a&%ﬁti@ﬁ of aatibedy in vitre.

It wap found that

1. Culnea-pig spleen, lyzph node, and peritoneal
exudate cells, obtained from guinea-pigs immunized against
sheep or human erythroeytes, felled Lo yroduce detegtable
quantities of antibody when eultured in monolayers, in medium

199 with 2%

{(frozen). The replacement of serum in wmedia,
by cortisone acetate, or sodium hydrocortisone hemisuceinate,

e

failed to prosote antidody production in these eultures.

2o After forty-elght hours incubation, the mejority

of cells cultivated in monolayers were no longer viable.

3o Cultivation of spleen cells on the surface of
cellophane membranes, falled to incresse the number of survi-

Tore in & culture.

L Fragments of spleen, obtained from guinea-pigs



inmmunized with guines~-pig red sells sensitized with & rabbite

rroduced haswolysin, produced detectable amounts of what
appeared to be specific antibody against rabbit ﬁmﬁl@%@li&@
This material caused agglutinstion of sensitized erythrocytes,
Ineorporation of snecific antigen (rabbit gwgz@%ﬁiiﬁ} in the
diluent inhibited this reaction, while the resence of heter-
ologous antigen (bumen {-globulin) d44d not. Thisz substance

was not rroduced in cultures of hestekilled celle.

5. Attempts to initiste antibody vreduetion in vitro
uging eytolytic antibody as the stimulus, are ianconclusive,
4 substence was detected in the culture fluids of one exnari-
ment, which caused agglutination of sensitized cells. Tt wes
roduced In those cultures treasted with normal raebhit serun
82 well as eytolytie &ﬁ%&%@ﬁy, The sativity of this materisl
disappeared after storaze at -18¢ for anproximately five
months. FEfforts to reproduce these resulis have met with

fallure in six similar sxnerimente.
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CHAPTER VIIL

APPENDIX

Alsever's Solution (mod. from Osler et al, 1952)

dextrose 10.25  gme
Ha ecitrate 4,00  gm.
HaCl 2010 pme
eitric acid 0.275 gme
distilled water 500,00 ml.

Adjust to pil €.l.

Sterilize by Millipore filtration.

Dextroge~-sodium Citrate Sclution (Dept. of Biochem., ¥MeGill
University)

23 gm. dextrose

1.7 gm. Ha eitrate

Dissolved in 100 ml. distilled water.

Comblne 70 ml. of solution with 180 ml. of blood.

Dulbecco's Balanced Selt Solution (DBSS) (mod. from Merchant

et 8l, 1961, p.162)
Unit #1 In each of two 2 liter flasks:
80,0 gm, NaCl
2e0 gme. K1
11.5 gm, Na., 2P0y,
2e0 gme KHoPOL
1400.0 ml. distilled water
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nit #2 In a 500 ml. flask:
10.0 gm. dextrose

L00.0 ml. distilled water

Unit #3 In a 500 ml. flask:
{}033‘? gi‘fge ﬁ&ﬁlg

4000 ml. distillied water

Tmit & In a 500 ml. flask:
2 E] {} gme i’%%ﬂl?: hd «JE&?}{}
L00.0 ml. digtilled water

Autoclave all units separately at 10 1bs. for thirty

minutes, To each of the 2 liter flasks (41) add:

b

Q{}% fﬁ}.o ?ﬁf?
2%& mla 53‘53

200 ml. #4

Reif Cytolysis Stain (mod. from Reif, 19€2)

Dissolve 50.0 mg. of trypan blue in hot DBSS. Cool,

and add 150 mg. of eosin with stirring. Store at Leg,

&
4B

Hanik!s Palanced ©zlt Solution (HRES) (med. from Merchant et
al, 1961)

A, 10 X Holution
Unit A 3.5 gme. NaHCOg

250.0 ml. distilled water



Unit #2

Unit #3

Add 100 ml.
#3 to make 1000 ml.

.6 gm.,
100 gm,
06 gm,

8{}{)@{} ml.

1ot gm,
1000 ml.

{}a%’ Hille
150.0 ml,
Adjust to pH 7.0

¥ake up to final

Be Working Solution

Bilute 10 X stock 1:10 with distilled water.

clave at 10 1bs. for 20 minutes.

with sterile b.4% NaHCOg.

€. Fagle's Minimum Fssential Medium (MEM) (mod. from Hagle's)

wals

KC1

Heniilh, o 7H
’”%&3{}% 7 ;‘EQ
Ve, HP iy
E:ﬁgﬁ g}%”?ﬁéq}
glucose

KH,PO)
,..é':ig & {'&k%

distilled water

distilled water

phenol red

distilled water

volume of 200 ml.

Store at he(,
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of Unit #t to Unit #2, and then add Unit

Auto=

Adjust pH to 7.2 - 7.4

Ae Btock Selutiom

Unit #1

Hank's balanced salt solution.




Unit #2 (R100)

Unit #3 (X100)
0e36

Diszolve in 100 ml. of 0.1¥

Unit 44 (X1000)

010

D24  gm.

ghie

#le
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arginine
histidine
isoleucine
leuveine
lysine
methionine
phenylalanine
threonine
tryptophane
valine

to HORC,

by heating

-

ot

- gyatine
L = tyrosine

HC1.

cholline chloride

I = inositol
nicotinamide

caleium pantothenate
nyridoxal

riboflavin

thiamine
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Unit #5 (X100) 0C.01 gms. folic acid
C.01 gm. biotin

Dissolve in 100 ml. of #1 by the addition of a few

Unit #6 (L100) 2.92 gm. glutamine

Dissolve in 100 ml. of #1. Store at =18°C,

B, Working Stock

Conbine:s 10.0 ml, 2
0

O
10.0 mle #€
20,0 ml. 10% glucose
4dd 10,0 wl. of a mixture of peniecillin (at 20,000
units/ml.) and streptomyein (at 10,000Mg./ml.), and 10,0 ml.
@f mycostatin (at 20,000 units/ml.). Store at bo(C for not
longer than one week,
For use, combine:
8.1 ml. Working Stock
20,0 mwml., HGP3 (fresh)

719 ml., HRsS

Adjust to DH 7.2 = 7. with .49 NaHCO4.



