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Thé tubereulin reaction is thought to-be a specific immme

op suagonas by Sensliiden Tyuphooytes €6 the antigen. "It 15 chatacterised
histolpgically by infiltration with mononuclear leukucytes. .

In experim:nts'described in this thesis, mononuclear laukocyceu
froipaEipharal blood of tubarculincseisitive guinsasplis, and cone
Sisting of greater than 907 smvallllb‘lymphecytes‘,‘ were stimulated in vifro

in serum-free mediup with the- tuberculin.antigen, PPD, 25 days. The

.concentrated cell-free supernatants’ fron these cultures produced an
"ihflummatory reacticm when injectnd 1ntradema1!.y into unigménized
guinea-pigs. Supernatants from cultures without antlgen did not

s, syl 68 produce an inflamatory’ xesponse. The reaction was :harscv.etised by .o,
erythéma a\d induratiom reaching a pea.k at 46 hours with perivas— e

cular, infilttation of pnlymurphanuclear and monanuclear leukou‘ytes.

The ants infl activity contained a factor

tnhibu;:lng the migtstiﬂn of peritoneal macrophages fron wnduantsed
" guinea-pigs. . T :
In experiments iy man, it was demonstrated that penph_ei—ai blood
Leukocytes, .constating of '10% Lysphocytes and 0% polynorphs Froms

s tubesculin-sensitive donors, were inhibited in their movements by the

 presency oEWBD. Fihis {ohibition, whld $5d sor ocde 4n cells £ron

3 tuberculin—négative donors,  was blocked by 1 uM .actinomycin D. Inl

| supernatants from PPD-stimulated serun-concatning cul:ures of mmanuclear,
# . cells Erom individyals sensitive to" tiberculin; thiets oceurved @ factor
capable of inhibiting the movement of polymorphs. This factor was not
produced by cells from tuberculin-negative donors and was not demoristrable

in the absénice of serus, However, serur-free cultites of peripheral
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- blood munn"nuclen!'celils. from tubercultn-positive donors vhen stimlated B

‘with PPD released a soluble factor ptoducing ery:helha and Induration

uhen Infeited intradernally dnto wiimmunized guinea-pigs. This m:mm, i 3
maracm‘ized by én infiltration of monpnuclear’ cells'and dalymoyphs,

* was maximal at 4-6 hours. Thete appeared to i:e a correlation between
antigen-specific releaép of. this inflammatory factor and the ability

“6f supernatants-to enhance migration ‘of polymorphs, F .




EbwARD JENNER (1749-1823)
From a portrait by J. R. Smith, 1801

FIGURE 1. Edward Jenner



e . CASE IV, - . - -+ Lot
MARY BARGE, of Woodlord, in this p:

culated with variolous matter in the year 1791, Asgefllos

h, was ino-

. refeence [“‘a palifh red' colour foon appeared bout ‘the
S ¥ pants where the wiatter was infertad, and fpread R rather A+
varn | 5% i cextenfively, but dicd away ina fow days \vithout producing Ry S i X
g~ "7 any variolous.fymptoms *. " She has fince been repeatcdly -
- ‘employed as a nurfe to Small-pox patients, without espe- '
<+ rigncing anyil conlequerices.” Thiswoman bad (e Cow

Pox'when Ihc llvcd in the fervicé of a Farmer in this panl‘h

Llurl)-onc ycﬂrs bcfom. ) . P P :
‘ o i,\,cm.k.me that variolous matter, when the flem is difpofed to rjeet P
3t, Mould excite infammaton on the partto which itis applied more. foeeily .

han en i prodsces the Smill Pox.  Indeed

ccomes almofl a critcrionby  »

, * whidhwe can determiné wheiherthe infeflion will bereceived ornot. Ttfeems
as if a change, ‘Which enduies through life, had been produced in the aion, or . - -
&ifpofion to- aftion, in the veflels of the fkin; anditis remarkeble too, that *

" whalhr i clnge s bemefeQci by dhe Small Pox, o thé Cove P e
he difpolition:to fudden cuticular i

nh;famt h¢ application of
‘variolous matters T

= /’

FIGURE, 2. A-page from Jenner's "An enquxry into the Causes and *
.
Effects of the Var].olae 'Vaccinae" (1798) describing a delayed hypersen=

- aitivity reaction.to the Shalipox with Jemer's. coments upon the

reaction.



. when the anugen -ruhexcuun is 1n]ected into the skin of an
animal or man sensitised to. that antigen by previous ‘Sntact with the-
tubercle baculus, a delayed hypersensxtlvxty reaction to che tuber-
culin may -occur. . Thxs is chaxac:ensea ®y the ‘gradual develupment of .

adull rea :‘aised area that is fmn andfibaurated’s ppanriig afiter a

" few hours but not reaching its mxmum slze un:u 24 or 48 hours.

- Subsequently the reactxon Eades over the next few days and compl,etely

cblr@rises the scope of this thesis.

ZINTRODUCTION

Probably’ the first: on of a delayed. itivity .

reaction appeared in 1798 in Edvard Jemher's "An enquiry ingo the - -

Causes and ‘Effects of the Variolae Vaccinae". Alone, it is wcrthy of :

mention, but in addition, Jenner's i fon of the

must -be considered remarkable ‘(Figures 1 & 2).

Here the suggestion is made of an enduring change that occurs’
4 3

in the'body after exposuré to infection, enabling it th reject in an’
accelerated manner, matter “to which it has becond sensitised. Here

Biss shot shigste LEAKED ¥o the inflannatoty fesponse of the vessels
within the skin and attention is dradn to the usefulndss of the reaction |

as a diagnostic test for immunity. i : o

5 Jenner thus demonstrated insights into the nature uf the immune

e process anticipating even some modern-ideas concerning its nature.
In}ieed, n:‘was not until 1890 that a similar phenomenon was

. ./ . .

described by Robert Koch (Figure 3) in his-investigations into tuber-

culosis.




FIGURE 3. Robert Koch



systemc ' or even'i 1 routes

§ .

...If a healthy guifiea-pig be inoculated with a pure, ,
cultivation of tubercléypacilli, the inoculation wound
generally becomes sealed, and seems to heal up during
the next few days. It is only in the course of from -
.ten to fourteen days that a hard nodule is formed, "
which soon opens, forming an ulcerating spot which per- .
sists until the death of the animal; but -the case is
very Aifferent if'an already tuberculous animal be
‘ihoculated. The most suitable animals for this experi-
ment are those that have already been successfully . . .
inoculated four to six we@ks previously. In the.‘case
of such an animal also the small inoculation wound
becomes sealed at first, but no nodule is -formed, a
peculiar change taking place at the point of inoculation.
Already, on the first or secord day, the spot becomes
hard and dark-colourdd; and this is not confined to.the
point of inoculation, but spreads around to a diameter
of 0.5 to 1 centimetre. During the next few days it
becomes more and more clear that the epidermis thus
changed is necrotic. Finally it is thrown off, and a
flat ulcerated surface remains, which generally heals
quickly and completely, without carrying infection to,
the neighbouring lynphatic glands. Thus the inoculated
tubercle bacilli act quite differently on the skin of
a healthy guinea-pig and on that of a tuberculous one.
But this remarkable action does not belong exclusively
to living tubercle bacilli, but also in the same degree
to dead ones, whether killed by low temperatufes of long
duration, which I £irst tried, or by boiling heat, or
by certain chemicals." "

1 Subsequently, this reaction became known as the Koch phenomenon.
Koch, hinself folloved this work up with tha development of a bacterial
extract with the same activity, which he called 0ld Tuberculin (Koch,
1591) This consisted of a glycerin broth culture of human- type,”
'Mycobacv.lena tubercilosis, grown fc§ 6-8 weeks and then concentrated by
boiling, finally being freed from bacilli by filtration. .

=% Koch also described the systemic tubertulin reaction, which may

fouuw the administration of tmberculin to.sensitive individuals by

_Tts features depend

upon the dcse aamxmstered and the degree of sensitivity, in its mldest

fo'nn heing“characte:ised by fever, f_lushing and general malaise and when.

.
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nmst severe producing hypotension, hypothermia and weakness which may
result in death.

= The cutaneous tuberculin teaction was further investigated, by . L
Epstein (1591) aid von Pirquet (1907) using the .contact. techiias wileh o
Béars his name, and by Mantour (1910) wh_ovlntrdduced the now-standard. *
tachnigueros intraciiuisous thating, e conjanceival resctlon fesh -

was also infroduced at' this time (Calmette, 1907). These reactions*

Jyere all employed in the dxaanosxs of tuberculosis.

It was von Pirquet and Schick (1903) who first xecgg;;“zad‘ the

tibercutln reactisn as an allergic phenomenon analogous to u\%haz recent-

1y described immunological reactions such as anaphylaxis m;‘:the Arthus -
A K 3

Skin Reaction. ®

, + However, in 1921, zinsser showed that tuberctlin sensitivity

differed from other recognized forms of allergy in that it could not.

be readily t:ansfen;ed passively using serun. . Furthermore, in 1925

Zinsser and Mueller ted that “these nces upon' which (bacteri-
val) allergy depends may possess protective functions different’ from and
based on a different mechanism from those possessed by antibodies".'

) Indeed, as was later pointed but both ‘in anim@l experiments and
chnlcal experxence, there appears to be a close paxallel between host
resxstance and the Prevallan level of tuberculin sensitivity (Wilson
ét al., 1940; Heimbeck, 1936, 1949; Daniels e; al., 1948;.5101:}\, 1955) .

Certain 1y a to a dissoci-

ation between tuberculin sensitivity and immunity (Wilson et al., 1940;
Raffel, 1950; Rich, 1951; Crowle, 1958).' However, as Mackaness (1967)
. has pointed out, in a critique of this evidence, one cannot imply, from

the -abserice of skin reactivity, that immunological reactivity at the



BNtz Tevel 8 BbeY:. THE LNteCERIAEIGENI AT Ehe Lo Fhe
ponse and 'antj‘_gen sensitivity, which may determine ;ct\zal resistance
to disease, makes the analysis of immune mechanisms extremely difficult.
The histological chatacterl.stxcs of. tuberculin and anaphylactic
type oF il zeacPions yere clearlyrdistinguished by Dienes and l"jallory
(1932, 1936).  Whereas in those reactions mediated by antibody, there
was a rapidly 3eveloping oedema of the skin quickly followed by an
‘intex‘ese polymo;:phn{xuclear leukccyte (PML) infiltration re;chinq its
height in 1-6 hr; in the earliest and mildest .tuberculin reactions, the
cellular infi];‘trat'ion was at all ti:;\a

Imost, purely mononuclear. In

their experiments, reactions began at 4 to 6 hr and were maximal at

.24-48 hr. Farly on lymphocytes were seen within small vessels, notably

¢ s
venules; later they were seen in perivenular cuffs often several cells
deep. Oedena was never striking, leading-to the conclusion that cellular

Yacomiidtionsmust berresponsiblanfor af Banirsoan part of the induration

‘palpable at the tubercqlm ;eactmn sites. Polymorphonuclear leukocyte

infiltration wgs seen only when there was necrosis.

In aqxeement, Laporte (1934) in’his studies of the tuberculin

' reaction was able to correlate the degree of polymorphonuclear response

with the severity of the response; in particular with the extent of the

‘"necrosis. The cellular exudate was found to consist of monocytes with

frequent lymphocytes and, in severe reactions, up to 20% eosinophils.

Gell and Hinde (1951) and Gell (1958) also essentially tonfirmed

the previous findings, in addition noting the initial infiltration to con-
- i ! .

/

sist of monocytes and histiocytes with a few lymphocytes and a small but
definite proportion of granulocytes. -

Wesslen (1952) also ipvestigated the histology of the reaction in . °

tuberculous rabbits. He found.that after 3 hr considerable infiltration



" peak at 8-12 hr, due to speclflc sensxtxsatxon

was spread over the dermis, polymorphs being interspersed with lympho-
'cy‘tes. only after 24 hr did l;vanonu:;‘egr cell types predominate.

Tl I86Y SHSBGNESR) AR BEaEEoE e eaninaY tie NLethloay OF Ehe
CHBAEEULn HeREELSI L e guinea-pig. They found that in the first
2-3 hr there occurred a small or moderate inflammatory infiltration of
predominantly polymorphonuclear leukocytes from.the vessels. By 5-6 hr,
_polymorphonuclears were no longer seen in the perivascular areas, where
mononuclears now predominated. They were, however, visible in the inter-
vascular spaces, into vhich they had apparently moved. At 8 hr the )
emigration of leukocytes, predominantly polymorphonuclears from the
VeSsals began agali. the/ATeaiBelRg HeaVIly IReiIEFaad it GEaRuics
cytes‘ e;s well as being oedematods. But by 24:hr emigration of cells was
LA, EetyRROREALaRe vt Tiouhe duy Sran vessets Tnrertie
tissues and perivascular, cell collections were dominated by mononuclear
cells that had left the circylation with the granulocytes but which had
become immobilized around the vessels. These atthors considered the
tuberculin reaction to have a biplfasic pattern, with a minor peak at
3-4 hr (probably a non-specific reaction to tuberculin) and a major

The passive tansfer of delayed hypersensitivity experlmer’ﬂ:alle?\j
by Landsteirer and Chase in 1941 contlimed the impertance of mononuclear
cells in the tuberculin réaction, and Chase (1945) was able to transfer
"tuberculin-sensitivity to normal guinea-pigs using peritoneal sxugate
cells from sensitised animals. Such cell suspensions consist primarily

of macchhages and lymphocytes In these experi.ments, skin ieactione

became positive following ‘intravenous admmscxacmn of the cells, with-

in 20-36.hr. . -



-Subsequently, passive transfer of twbereulin sensitivity with
pure lymphocytes was demonstrated by Kourilsky et al.. (1952) ;nd Wesslen

qaos2y. ’

But if the dependence of the tuberculin tea‘ci:ion upon specific-
ally sensitised pé_ua, probably lymphocytes, was thus demonstrated, the
means by which these cells produced the infiammatory response was still
wnsettled. ;,“\ oY ’

In 1932 Rich and‘Lewis had shovn that the cells that would

-normally migrate out from explanted fragments of spleen or bone marrow
in-the presence of tuberculin, were inhibited and killed when the ex-
plants were from tuherculin—sensitise;p&nimals. These cells were tenta-

tively identified as a mixture of momocytes or macrophages and poly-

‘morphonuclear leukocytes. Thus the tuberculin reaction could consist

of an 11y specific 4 of * cells with a

secondary inflammatory response. i
b A nurber of papes were published confirming Rich and Lewis'
original nndings (Heuman & Seibert, 1946; Favour, 1947; Fabrizio,
1952; Waksman, 1953; Gangarcsa et al., 1955) whilst others were not
able to confirn them (Baldridge & Klignan, 1951; Marks. & James, 1953).
Waksmap and Matoltsy (1958) in agreement with the' latter group
of authors were able to demonstrate a superior cell survival of macro-
phages from sensitised guines-pigs exposed to tuberculin, Even more

important was the apparent proliferation of intermédiate mononuclear

cells in these cultures. There appeared to the authors to be a morpho-

logical on from small tes to these cells,-which were
peroxidase negative, but tock up neutral red stain and had a scanty

basophilic cytoplasm filled with dark granules or vacuoles. Mitoses
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were not.seen in the cultures but the findings quite definitely argued

agafhst a purely®estructive’ role for tuberculin in tissue culture.

* There followed the demonstration by Carstairs (1961, 1962) that
the small lymphocyte from human peripheral blood can transform morpho-
logically under the influence of a phytohaemagglutinin extracted from <

The cells become large, strong-.

the rea kidney bean, Phaseolus vulgar
1y basophilic and blast-like with prominent nucleoli and Subsequently
divide. These findings were confirmed by Mar?hﬂll and'Roberts (1963),
Schfek and -Rabinowitz (1963) and Liindahl‘—]de;slling et al. (1963). .
. This led Pearmain et al. .(1955) éD e;:aﬁir;e the ef‘e‘ct of tuber-
culin upon lymphocytes from tubérculin-sensitive individuals in tissue
culture. They found a Similar morphological SRR LIS resulting
Aol cany Hiviaten, wheses eally TroltibsEd TN eI U G1A B0
divide. These observations suggested that an immunologically specific
recognition of antigen was made by lymphocytes of sensitised‘individuals

in vitro. This phenomefion was also reported by other workers (Cowling

et al., 196

Schteic, 1963; Marshall & Roberts, 1;63).
Thus lymphocytes of a sensitised individual or animal are stimu-
lated by the presence of specific antigen to bécome large active protein '
synthesizing blast .l:ells (Torreli et al.,. 1966; Asofsky & Oppenheim,.
1966) ahd.it’therefore becomes possiblé that the tuberculin Fessrion i
self might be linked to sorie product of the lymphocyte. These cells,
specifically sensitised to tuberculin and capable of movement through
mahy tissues of the body (Gowans, 1959; Matches‘i';i Gowans, 1964; Gowans,

1966) might respond to the presence of that antigen with the production

of substances eliciting an infl + of which the ¢

tuberculin reaction is but one manifestation. .
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© ‘others had copsidered this possibility at an earlier period.

* Zinsser and Tamiya (1926), Baltdanu et al. (1938), Carrerée and
.

Quatrefuges (1952) had attempted to show, by the incubation of sensi-
tised cells with antigen in vitro, the presence of substances which

would ciuse a reaction of the tuberculin type upon intradermal injection
¥ - :

. into normal animals. However, the results of these experiments were

never convincing.’

Similarly, Waksman and Matoltsy (1958) had incubated sensitised

peritoneal exudate cells and lymph node cells with.antigen for up to

24 hr and then injeéfed the resuspended cells in culture fluid into the

skin of normal animals without producing an inflammatory.response except

wpon one ion. They used cell suspensions in saline’

and plasma and suspected that most of the cells wers damaged or killed

by the end of the incibation period. i
- . - 1
However, in 1959 Johapovsky reported that, after incubating cells
from rabbits sensitised to BCG with dilute tuberculin, the cell-free

an infl ory when injected intrader--

mally into normal animals. The inflammation appeared within 24 hr and

control supernatants did not produce such a reaction, He ‘tested peri-

These results were repeated in 1960 by Johanovsky, using’sensi-

tisad guinea-pig peritoneal exudate cells cultured with tubercuhn or

diphtheria toxoid at a cell concentrauon of 1.25 - 7.5 x 107 cells/ml

for periods of from 2 to 20 hr., Again the supeznatant fluids were in-

jectea i i usly and the 1 at ‘24 and 48 hi. Lyme

phbcyte cultures from anlmals sensitive to tubérculin mox'é frequently

\ pzcduced supematzts cdpable of eliciting an.inflammatory response,

.pheral blood cells, ‘spleen cells and.cells from cisterna chyli. e




Mean area of the blue spots in mm?
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1smns s . B

o

72

hours
of vaspular ity at the sites of intra-

dermal mJectlons of-old tuberculin (200 ug.) or purified tuberculin
LP.48 (20 units) in BCG-vacginated guinea pxgs Variation in

relation to the delay of injection.
~.B. At time 0, 15 min., and 4 hours, the calculations were made
by subtractmg the correspnndmg ml'ens of the blue spots in normal
controls.
| R

B

‘ FIGURE 4.0 (From Voisin and Toulet, 1960} .
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whei (ricubated wieh. that satigen, then VheSRkubated with dphtherid
toxold as a control. However,the specificity of the response. was: not

. alvays.demonstrable. .The difference bet;een the control\and experi-

" menfal groups was said to have been most marked when those animals witlr’
the most intense and those with negative reactions were compared.

In 1960, Voisin and Toullet, fnvestigating the ,ﬁwéiﬂcamns of
capillar;:,permeab;iicy in fmmnelogical reactions using Evans blue dye,
had been able to demonstrate a delayed increase in ‘permeability begin-
ning at 4-8 hr after the intradermal injectix;n of tuberculin into
sensitised guinea-plgs. The chamge in-permeability reached its peak at
2 by (see Figure 4). } )

" A possible mediator of Vthe change ‘was the” lymph node permeability’ .
factor (LNPF) described by Willoughby et al. (1963) i extracts of lymph

“node cells from tuberculiniSemsitive guinca-pigs. This material, which = !

was disunguxs';.ed from histamine, serotonin, braéykinx:x, kallikrein and
globulin permeabiiity factor by pharmacological means, produced a signi- 2
ficant ;incteu:se- in vascular pérm.‘ab].l_ily after intradermal injection
into normal n}iu\a‘lg. There was an associated enigration of leocytes

beginning with an early {nfiltration &f polymoiphonuclear lewkocytes

and followed within 6 hr 9. YT résponse 'cnnsis:mg of almost’
; entirely sononuclear cells. These cells persisted for several days

(Boughton & Spector, 1963). § h

" Extracts of the skin-bearing tuberculin reactions demonstrated a’

rise in concentration of LNPF in parallel with:.the development.of the
lesion, waning as the reaction subsided. However, normal as well as sensi-

tised-lymph node. cells were found to contain the factor LNPF and both

releagsed it into the medium upon incubation with PPD. In addition, a |
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-preparu.tlon of mincéd rat liver incubated with rat serum had sinilar

‘properties upon intradermal injection to e (Spector & Willoughby,

; : :

1964). r ¢ '

SHA, (eH AP Ty Ot S AR SSE LA bR FLSTY be some
e tanion eRExabEabTe: Srca Tynols Hhde SA1%H W GLNARIILGING Fianie,
INPE4s matd nor o be destroyed by p}u:eaiyﬁc ensbien und eomEela

molecular weight >100,000 (Schild & Wiil_oughby, 1967) and thESvE authors

“have: raised the possibility that the active principle of LNPF may be

| ribonuclete actd (W) or gne of cLts degradaiion products. -RNA was
shown to have inflammatory properties similar to LNPF. The presence of
LNPF at the site of a tpbetcul;.n reaction may thus.be the result of

cell infiltration and mot of specific release of a mediaor of the res-
ponse, R . g W

' * ‘A number of- authnrs have ietently desciibad solibls cattors, de=
“#ived from lymphocyte CRT—— o e B TREaatton, THe
cssential featutes of these are Sumarized in Table A.

In the experiments of Bennett and Bloom (1968) the sireeniernil
injectién o‘f the concentrated supernatants from stimulated cultures
caused skin.reactions which appeared in 3-5 hr, were maximal at 8-12 hr,
and disappeared /by 30 hr. These reactions consisted of moderate indur-

ation and erythema with a diameter of 11.8 % 0.63 mm whilst control

d smaller er reactions of 6:9 £ 0.98 m
and no induration. Their experiments were ‘carried eut in inbred strata
XIII guinea-pigs to rule out’ possible reactions duée to foreign histo-
incompatibility antigens.’

Hiscolcgical exm;ination of‘the reactions sho‘wed( at_four hours,
an exudate r.onsisting nearly entirely. of mononuclear cells. Later,

nelitrophils appeared so that by 14-16 hr an exudate of ,-,ppmxma:sly



FIGURE 5. The time course.of ihcreased skin thickness following
intradernal injection of 0.1 ml volunes of peritoneal lymphocyte .
‘culture obtained. from guinea-pigs * (',
immunized with BGG.in Freund's complets adjuvant. Antigey in culture:

BGG (200 ug/ml}. 0-0, Pre-incubated supernatants, #~8 reconstituted
supernatants ‘(Dumonde et al., 1969]. -
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equal numbers of mononuclear cells and neutrophils was present in the

dermis and suhcutaneuus N ) , : x
Dumonde et al. (1969) used ‘2°I-labelled human serum albumin to
assess. early changes in permeability after injection of the cell-free

supernatants from guinea-pig lymphogyte cultures. They found that

-stimulated supernatants producell apploximately three times the accumu-

lation of radioactive label that control sypernatants did. . Much of this

accumulation occurred within the first hour. 'A more delayed component

~was shown by a measurement of the Indurdtfon produced (see Figire 5). i .

This revealed a differential increase in skin thicknéss between 6 and 10

- % - /
hr after intradermal injection, at which time there was a cellular infil-

tration of the skin’test sites with o and po.

cells. "It was noted that lymphdcyte sonicates did not produce such an

infl . ng thit acute cell death was not respon- |
sible for the effect.

The superhatants examined by Kl‘e]ci et al (1969) fot inflamma-

tory properties, were derived from rabbit lymph node cell cult_ures and

, were tested by intradermal injection in normal guinea-pigs. Changes in

vascular permeability were assessed by the ‘use of Evans blue dye! Con—'

“trol supernatants from cultires ‘incubated without antigen produced an

immediate erythema with an increase in' vascular permeability makimal at

30 minutes and subsequently fading. A slight inflammafory infiltration

of p sclear leukoeytes oct In from

stimulated cultures initially produced an area of considerable pallor, '

peaking at 30 min and subsequently fading. There was no’change in, vas-

" éular permeability at this time. A small area of central erythema then

. occurred; gradually enlarging; withan assoclated increase in permeability,’
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FIGURE 6. The histological picture of the inflammatory reaction
24 hours after the intradermal injection of the supernatants from a
culture of rabbit lymph node lymphocytes stimulated with PPD 100 ug/ml.
H & E stain, x 150 (Krejci et al., 1969).



. o o ) . .
(I . 'replacing the pallor in 4-5 hr. About 12 hr later the eryrthema was

g . founwed by induration and at 24 hr there was a considerable reaction e

uith thie iberoscopic appearance of & delayed hypersensitivity reaction.

,'me hlstological Eindinés at 12 and ‘za hr ‘showed an inflammatory infil-

L + . A

. “tration of Yedy &nd. gon lear cells' (see Figure 6).

The-results of the experiments of Heise 'and Wetser (1969) demon-

8 Y es:ra:ed that supeingtanits from- 'j' ated sensitised:lymphgeytes
¢ * 0 caveresa s!dQ reactions, whereas superna:an:s rom ‘cultures of normal
e lymphocytes tncubg;ed with or without antigen/were much less active, as

“ were supernatants from sensitised iymphocytes cultured without PPD. Of
iis some interest was thue non-specific inflammatory activity of supernatants
. " derived from sensitive br riormal paciophiges incub‘ated’uuh PED (see
° b - Figure 7). Reactlons in all cases appeared at about 4 hr and began to
T - fade gradually atter 16 hiy disappearing by 48-72 hr. The histology
" ” of ‘these Yeactions was not examined. ) LT R S

/, § Pick et al. (1969) investigated in considerable detatl the Skin

. Reactive Factor (SRF) released by antigen-stimulited.lymphocytes. In

their hands the injection of supernatants from the Sensitised lymph node

N . w s
cells and peritoneal exudatelymphocytes incubated with PPD produced an

s ) inflammatory reactfon with erythema and induration reaching its peak in

¥ ot 36 R heze was said to be no such activity in superna:am:s from non-

i - sensitive iymphocyte cultures fncubated with antigen. Hovever; these
LI results were noygiven. Although there sppears to Be a defiuite difference,
b - * between control and stinulated cultures, Here, as 1n previous pipers, the

‘Supposedly unstimulhted supernatants-also produced at times rather marked

< L e inflammatory responses. Material from unfragtionated peritoneal exudates

N and purified peritoneal macrophage cultures also produced inflammatory -

O . o . % "



Skin reactioh area (mm?) P

.. "CULTURE SUPERNATANTS
Macrophage . | Lymphocyte

4 Normal , " . Normal kM

§ensilive

401

FIGURE.7. The skin reactions (mz) in normal ‘gquinea-pigs elicited
ith supernatants from purified tuberculin-sensitive lymphocytes and
crophages cultured in the presence of PPD. Dotted histograms indic-
ate supernatants to which PPD was added after the culture. period.

hi indicate from culturas incubated

cr
with the antigen. (Heis® and Weiser, 1969). .




reactions but here the differences betwéen stimulated and contrql super-

natants were much less striking.

s

Microscopically at 6 hr there occurred a mixed polymorphonuclear-~

mononuclear leukocyte' infiltration in the deeper parts of the:dermis,

“the cells being mainly .perivascular. There were either equal numbe:
both cell types or a predominance’ of ‘Polynorphonuclear’ 1eukeéy:es.

2 hr the 1n£iltragion was reduced but similar in composition (see

Figure 8).

The production of inflammatory supernatants was prevented by

rs of

‘At

the

presence of actinomycin or puromycinm, the latter reducing protein syn-

thesis to' less than 5% of previous levels. .In addition, pepsin des—

troyed the inflammatory activity of the r whilst ribonuclease
or deoxribonuclease had no,effect. F on of the sup: N
on 6-200 a peak ry

most of the inflammato

" Y )
activity with a molecular weight’ approximately-that of serum albumi

n.

~ . A number of other substances are detectable in the supernatants

obtained from qtinulated sensitised lymphocytes. The folloying have' .

been identified with some precision by their ability to modify the

in

. vitro activity or behaviour,of susceptible indicator cells: Migration .

Inhibitory Factor (MIF) which inhibits the movementsof 'nom;l unsensi-

tised macruphages (David et al., 1964; Bhnnett & Bloum, l?ﬁﬁ), Chem

o~

tactic Factor which induces the directional movement of normal unsensi-

tised along a on grxdlent “of the material (W:

et al., 1969), Lymphotoxin (LT) which damages and kills susceptible

target cells in a non-specific manfier (Granger et al., 1969). The

of such in active sup has been conside:

ard

red
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FIGURE 8. The skin of a normal guinea-pig 6 hours after the
intradermal injection of 0.1 ml of supernatants of sensitised
peritoneal exudate lymphocytes cultures with PPD, 10 ug/107 cells.
Section shows the area between the dermis and panniculus carnosus.
H & E stain, x 200, (Pick et al., 1969).
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an’in vitro correlate of the delayed hypersensitivity reaction
(tavrence, 1968). , . ‘ .
Other factors have been described whose separath characteristics
have been less wel.l,w’c\;’:_'k‘ed out, e/g., blastogenic factors that stimilate
normal lymphocytes to’transform and divide (Kasakura & Lowenstein, 1965;
Bennett, & Bloom“,\ 1968; Dumonde et al., 1969; Valentine & Lawrence, 1969).,(
or a factor that may'inhii:i: the movement of normal peripheral blood
polymorphonuclear leukocytes (Sgborg, 1967, 1969).
' There is thus a: strong possibility that the skin reactive or
_inflmmatury factor is sin@l; a mixture of these factors. A complete

answer this must’ necessarily await the acquigition of more informa-

tion regarding the physicochemical istics of SRF, as
to MIF, chemotactic factor or LT. But it is most likel{ that these
other factors- are important in the development of the tuberculin reac-,

]

tion, since their i

vitro presence appears to correlate so well with
the ability to develop a delayed hypessensitivity skir reaction.

Thus Dumonde et al. (1969) e E516 aTEHow thEL FaEE
experiments, the supeznatants‘i;om stimulated lymphocyte cultures, as

well as producing an inflammatory response upon injaction in vivo, also

had the ability to stimulate normal lymphocytes to synthesize DNA; i.e.,
nda mitogenic, activity, vere cytotoxic to mouse Eibroblasts and 1nhx);1ted
the movement of normal peritongal exudate macrophages:

Bennett and Bloom (1968) fractionated their lymphocyte culture

. after i by gel fxlttatlon, orr Sephadex G—IDO
columns. They found a peak co!‘laspcndan to an average molel:ular welght
‘of approxinately 67,000. Marked inhibition of macrophage migration vas

found in this fraction.derived from stimulated lymphocyte cultures. It -



" and also inhibited migrdtion ey skin

oonF wtt

3

was. this material that produced inflammatory reactions upon intradermal
injection. .These results would be against the SRF being an antibody or .

antigen/antibody complex. 3

Heise and Weiser (1969) similarly fractionated their culture

supernatants, using Sephadex G-200 and found that a fraction, corres-

ponding to the elution peak of bovine ‘y-globulin and part of a
broad peak retarded by ‘the column, ddntained most of the cytotoxic

activity, as indicated by the inhibition of growth of mouse L'cells

upon intradermal injection.

It is therefore pertinent to examine the active supernatants in-

jected tq test.for SRE, for the presence of MIF,or other of the:possible

" in witro correlates of delayed hypersensitivity.

" A further consideration is whether the cells actually producing
the mediators-are those lymphocytes that transform to blasts and sub-
sequ‘antlyu divide. Indeed, it r;\ay be that the process of transformation
is not inseparably linked to the production of mediators.

Bennett and Bloom (1967) ‘anﬂal(rejci (1969) were abie to show
that MIF and SRF ax‘e deteckahle“ within 6 hr of incubation of sensitive

lymphocytes with' antigen, but this .doed not argue against the cells b

producing the mediators going on to full blast transformation. Indeed,
‘it is unfortunate, considering the large cell ajd antigen concentrations

, used in the production of SRF that in none of the experiments so far

S

considered was lymphocyte ion actually This could

.. be considered particularly relevant in the light of the numerous reports

apparently demonstrating specific sensitised cell damage by tuberculin

(vide supra). Especially may this be important where cultures are caryied
. 1 z )




- out wder serun-free conditions. Heise and Weiset (1969) aid demonstrate

only a minor fall in cell viability as assessed by trypan blue exclusion,

in serum-free cultures with PPD after 24-hi. Howevet, those authors used  , *

much lower: cell concentrations than did Pick et a}. (1969), or Krejci et

- ~al. (196.9). Indee;i, Svejcar et al. (1968) conlmén‘Eed, using the same cell®

culture.systém as Krejci et al. (1969) that most of the cells were non-

: ' /" viable by 18 hr'of culture. Thus one might #énsider the production of .
. SRF as a result of specific cell damage, which may be reversible, depen-

d‘ing upon the cultu;e conditions. .Pick et al. ‘(1965) used puromycin

and actinomycin to block the reléase of SKF which Siggests that active

protein or RNA synthesis is required for the production of that material.

& However, it cannot be ascertained as yet whether the production of SRF
I

can be linked to the prdportion of cells that are undergoing transfor-
. B .

mation. .
B g . @ 3§

There is certainly some recent evidence suggesting that the pro-

duction of MIF and the process of ly phocy on as

by ‘o synthesis may be dissociated. —— some pams_ms with chronic
mucocutaneous candidiasis, their -cells may respond in vitro to Candida
T Tp— ‘incox}:orati_cn into DNA, and yet be unable
to make MIF (Rocklin et al., 1970; Valdimanson et ’al., 1970) .
§ © " It has also been demonstrated that guinea-pigs asnathrgedre Gacs

' L igens of my a (Chaparas et al., 1970) or peptides

of tobacco mosaic vxrns (Syxtler et al., 1970) show pos).tive delayed

skin reactivity to Jnese tigens, prod MIF or demons inhibi-

on of maczoph@ge mgratxon in vitro, and yet were not sumulac&d in

ex.thez case to or'i

as indicating a

Although these results may be

. 3 ‘ E
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aissociation between the process of transformation and the production

of soluble factors, it is probably safer at present td suggest that
cells that begin mediator Production are not irrevocably committed to a
metabolic process resulting 'in eventual DNA synthesls, Thus, in disease
statfls, the nature of the antigenic stimulus or even spegific‘culture

conditions might halt the process at any stage up to and including actu-

. . al cell division, and of course, DNA synthesis is the parameter usually

e ’ assessed when measuring . i A further possibility to be
borne in nind s that the two processes might involve two aifferent

*' populations of cells. ’
However, thése considerations need not detract from the value

. of assessment of in vitrd ion during the ion of medi-

ators. Indeed, these measurements might give valuable information
regarding the possibility of a dissociation of these processes in the
response of Cells to tuberculin.

To turn n;w to the histologicgl features of the inflammatory res—
ponse induced by the injection of supernatants righ in SRF, it is tobe
KRN BEEE L 11 GSBEYIFELESS WO FaE.DETVROIbONMAIESE TRISOTERS

constitute an important part of the inflammatory exudate, in additio

to the mononuclear cells present (Bennett & Bloom, 1968; Dumorde et all
1969; Krejci et aL., 1969) Pick et al.,.1969).

If the features of the SRF-induced reactions are CQmp}!sd to the

" histological descxipticns OF the tuberculin reaction itself, it can be

seen that so‘mg polymorphonuclear leukocyte infiltration has been con-

mented upon in the latter; sl thaugh the degree of, this contribution by
qtanulocytes aiffors between authors (Dlenes & Mallory; 1932, 19365

‘Laporte, 1934;' Gell & Hinde, 1951, 1958; Wesslen, 1952; Boughton &
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Spector, 1963). However, most investigators consider that mononuclear

" cells are the/prime fnstigators of c!-;e tuberculin reaction and for this
ceasem wonsiiarabiia ektanbion s buan patd to MR man in vitro corre-
late of the delayed hypersensitivity reaction. This is not unreasonable

‘since the pmductmn Of MIF o at the Slte of the reaction would

be considered ukely ‘to innobilize macrophages that had been induced fo
infiltrate the area.” The importaite 6f immine macrophages in actual
resistance to facultative intracellular parasites such as mycobacteria
has been -comented upon frequently (see Mackaness, 1967).  The initial
movement of mononuclear cells into the region might be induced by the
production of specific mediators released by 'sensitiséd lymphocytes
such as Chemctactic Factor or by ménocytes or macmphages themselves
intexactinq with the antigen. Even so, the infiltration of polymorphs -
in the tuberculin reaction xeql:xixes some explanation and this is usually
Suggested as being due "to a non-specific response £o tissue dama'qe a%
the site of antigen administration (Boughton &.Spector, 1963). Another
possibllity to be bcns_idézed in the light of recent demonstrations of *
an effect of antigen-stimilated sensitive lymphocytes upon the move-

' e oEipa TR dH £ha Ieukocyte Migration Test (Sgborg & Bendiixen,
1968; Sgborg, 1968; Sgborg, 1969; Clausen, 1970) is that the polymorphs
are present because of the production’ of soluble factors by sensitised
lymphocytes, in “the i way that MIF and Chemotacti® Factor appear to
act upon monocytes and maCrophaqe‘s.

In addition, the: presence of;a significant proportion of poly-
3 - v u

“morphs in the skin reactions induced by SRF, although this could be due

to tissue damage; could also be'the result of lymphocyte-produced

soluble factors. Certainly the presence of substantial prcportions of

"4
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polymorphs in the reaction could contribute to the inflammatory response
itsplf, especially in view of the demonstration and isolation of pere-

& Cochrane, 1968) . 'ﬁnus, it

ability factors in i1

" would seem logical to examine the effects of SRF or the inflammatory

supernatants upon polymorphs in the same way. that their effect upon

.

has been ¢ in vious work (Bennett's Bloom, 1968; .
Dumonde et al., 1969; Heise & Weiser, 1969) . )

" If the tubercilin reaction would thus appear to be the result of
an inferaction' of cells of the immune system and of the products 9‘5
their metsbolism, gcting wpon the small yessels and tissues-of the skin,
there remains a possible role" for other inflammatory factors. .Thus,
although physicochemical' evidence would suggest that the skin reactive
factor produced by sensitised lymphocytes is different from the recog-
nised pharmacological mediators of inflamation such as histamine, sero-
tonin, kallikrsi.{:: globulin permeability factor, -it is still possible
that y act via one or more of these systems.. ~

Finally, it should be Stressed that all the work so far under-

taken upon SRF has been in a guinea-pig or rabbit system and it would,
therefore, be logical to attempt to demonstrate its production in man.
A further consideration concerns whether or mot it is, possible to
demonstrate a correlation between the degree of sensitivit the dorior,
8 SRR B EECEIVELY, B response,_of ‘the cells L &

by e of ion, and the production of SRF

and other proposed mediators of the delayed hypersensitivity rdaction.

Al
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SCOPE OF THE THESIS
The pripary ain of this thesis was to demonstrate in man the

production of skin-reactive (or inflammatory) factor:s (SRF) by sensi-

_tiged 1ymyhccytes stimulated by the antigen, tuberculin PPD. For

_practical reasons, this necessitated the develcpment of a culture tech-

,‘F nique using peupneral Blood lymphocytes as a pucanve source of the

SRF.

. ey A
Although experiments were.begun using both gu:r.nea-plq and human
domors as a cbll source, there were early difficulties in demonstrating

the presence of significant specific inflammatory activity in the superr

natants of of itive human 1 blood lymphocy
stimulated with PPD. This led to a concentration of effort upon the
development of a guinea-pig lymphocyte culture system that could later
be applied to experinents in man. This seemed reasonable since the
production of SRF by quinea-pig lymphocytes, albeit lymph node lympho-
cytes, was already fairly well established. In addition, since both
“'human ‘and guinea-pig supernatants were assayed by intradermal injection
.into normal guinea-pigs, there would not be the cemp;ic;:ion of possible
species differences which could have accounted for the.difﬁéulties with
the human system; However, considerable difflcn}t/es were expenenced
in the cultuxe of the guinea-pig 1ymphncytes and it WES some time be-
fore a system applicable for use in man was finally developed. Subse-

quently, aftention was redirected back to the search for evidence for

~ SRF by human lymphocytes, using tially the i

»
developed in the guinea-pig, with some modifications..’
- : -
In addition, certain other parameters of ‘the immune response
were measured. In vitro assays of other potential' mediators were
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carried out, the effects of inflammatory supernatants upon the normal

‘ni§ration of guinea-pig peritoneal exudate cells and human peripheral

blood polymorphonuclear leukocytes being examined.

xr:,_"wtsv

@ of raais 1y labelled

ically, by cell

division or by the i

molecules such ds leucine, uridine or thymidine into stimulated cells.
: -

This assessment seemed of some importance in’the determination of the

to the of these $oluble fac-

significance of

tors, the proposed mediators of the delayed hypersensitivity reaction.

Both the in vitro.assay of mediators and the assessment of

transformation acted in addition as an indicator of the functional

activity of the cells in culture.
Finally, it.was hopéd that, at the end, some correlation might

be found between the cutaneus reactivity of the ddtior to’PPD and the

in vitro response to antigen of the cells from that donor, as assessed

- by the methods disgussed above.

In this thesis, the experiments with guinea-pigs will.be dis
cussed_‘first, followed by the experiments using human cells. The stages
in the developme‘nl: of the experiments age‘indicated diagramatically m
Figure 5. Following each section, there will be a short discussion ,

and a general examination of the conclusions of the experiments will be

presented at the.erd of the thesis.




EXPERIMENTS

GUINEA-PIG

Examination of

EXPERIMENTS

Factors Affect-

Cell
- Selparation

\v

cell

ing LymphScyte

“ in vitro

Production

es

*

Techni

Techniques

e

2 .

A

&

A

SRF ASSAY
+

" Dextran
Sedimentation of
Peripheral Blood

1

i .
Peritoneal
Ccell,
Washings

o

)
s

w . €3
Media Effect.

(1)
Serum Effects

¥ Gaegy”

(1id)
_ Antigen Effects
2 v .

IIL :
Ficoll/Hypaque
Separation of

Peripheral Blood,

W

v

SRF ASSAY
&

1

Dextran
Sedimentatior of
Peripheral Blood

¥ [
Serum-free Cultures

for Mediator .

Production

=z
MIF
Assay

L
Ficoll/Hypaque
+ Separation of
Peripheral Blood

- formation Assessment

N t
‘Serum-Containing
Cultures for Trans-

+

Assessment of
Mitotic Response
v .

{ O . & L. Wt S

Wt e fiaa

- iy
Development of. %,

Polymorph Migration i,

+

(ii)

Inhibition Test

Serun-free Cultures

§

for Mediator Broduction

Assessment of ‘Transformation
by Isotope Inforporation

HUMAN

PLMT Assay

B

SRF Assay

- Assay of Mediator Production



“A. EXPERIMENTS USING GUINEA-PIGS

On the basis of the investigations of other workers in t}u.s

f£ield (Bennett & Bloom, 1968; Dumnde st al., 1969; Heise & Wexser,

1969; Pick et al., 1969) and thé prapcsed aims of these expex‘xments,
discussed Above,’ it was dcc.ldcd that certain requirements existed for
e

any quinea-plg cultux'e Systen ‘that was developed. These weré that when

using such a system, one could (a) reproducibly transform sensitised

B lymhocytes with specific antigen, (b) obtain sub&tang:ial numbers of:

1ympho'cy:es without gxcessive contamination by other ‘cell types, and
() apply it for use in man. s -
/

Over the series of experiménts, lymphocyces vere pbtained fron

q\u.nea-pe.qs using three aifferent methods. These were

1. pextran sediméntation of peripheral blood

Q’ & - Peritoneal cell wasxungs ; .

® L;r""’bencufugar.mnrof perxphera) Blood or a f;ccll—sadlum
}(i" atatrizoate mixture, mod:
- rer. )

ed from the method of Béyun,

1. “xperiments vsing guinea-pi iymphocyites obtained bypextran - .
R
sedimentation ‘of Eer)_ghetal bised. o o, s
These e:;nenmen:svlnvesngated: = -
l" '(a) the cell types found after’ Dextran seﬂimentaticn of guJ.ne

piq peripheral blood -

) che mean total number of. peripheral blood lyn'yhocytas

. ob:amahle by thls method

(c); the ah ity Of those lymphocytes to uridergo ttansfumaticn.
Fa

3 Phytohaemaggluumn (PN was used initially in preference

: "
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- ° g + P " !
¢ ' } Q to PPD because of the substantial number .Of small lympho-

s i i _cy';es that it stimiates.to aivide (w_usm;fs “Thomson, 195&).

- (@ ‘the inflamatory activities of' supernatant:s from ‘cultures

of sensitised Tymphocytes stinulated with m as compared

to those’ £rom ontrol cultures, by intradermal xn]ectxon

* + into normal tuherculln-negative gulnea—pxgs.

’ = . MATERIALS AND METHODS

nimaYs: ‘Male Hartley StEain GulEER DG v tgRiAg Sxe 500-1000 g

were used in these experiments. .

Immunization: Guinea-pigs weighing from 500-600 g were, immunized

i Dﬁce with cither complete Freund's adjuvant (CFA, Mycobacterium butyr'% ’

s ci . cum, 0.5 mg/ml, OBBL) Becton, Dickenson & Co. Canada) 0.1 ml\éﬁfn each

" 'footpad, or with a sugpension bf 40 mg of freeze-dried BCG vaccine
(Connaught Laboratories, Toronto, “zanada) in 1 ml of saline'and 0.5 ml

. : CFA, 0.05 ml’ into each Eoot‘pad. * control normal guinca-pigs réceived 5

. " immnization. '

Skin Tests: -Skin reactivity was assessed, approximately. 4 weeks after

B il;nunizati’s\n, by intracutaneous injéction of tuberculin purified protein
gier‘ivative (PPD; 1 tul:e‘rcu].in \lni.t (TU), 5 TU or 25“0 TU in 0.1 ml; Con-

- %" "naught Laboratories) into the shaved abdoninal skin. The reaction, which

" .iivas maximal at 24 hr, was.assessed by measuring the diameter of erythema-

nd induration. Ammals not reactl.nq to the lowest dose of PED were

tested.a few days later with a hxgher dose. B A

of Lymphocytes: P al hlnod vas under

" ste:xle Condltl.ons by Lntracaxdxac puncture usan an k8 G needle and a

¢ %30 ml syringe. Animals weré anacsthetised with diethyl sther U.S.B.




The blood was anuceagmacgd with ‘Sodium heparin U.S.P. (Connaught

uf '10 units per ml of blood.. An equal

y ata
volume of a 6% solution of Dextran' T 110 (Pharmacia, Uppsala, Sweden)

in saline was then added to the blood and the two were mixed thoroughly
in the syrings. The dextran/blcod mixture was then ECNREACEATES,
sterile glass culture tubes and was allowed to.sediment at a 45° angle.
at 37° C.for DaEiGas BeDYEs P aetl  BlasEA TEveE,, SEIACIveLy
clear of erythrocytes, was visible. The conditions -for red cell sediz
mentation were arrived at in preliminary experiments using various

T proportions of dextran to whole b’.luod, seqi:nent'ed upright or at a 45°,
angle, at 4% C, room temperature or 37° C. Even so, red ctell sedimen—
tation was rarely complete at the time that the’ leukocyte-rich plasma
layer was pipetted off. However, longer periods of sedimentation re-
“duced the yleld of lymphocytes. . e ) .

‘The ce‘lls‘wcre then washed twice in cold Hanks' balanced sa‘lt

solution (HBSS, BBL; Becton). Dickenson & Company, Canada, Ltd.) con-
;a_in:,ng‘ 10 units of sodium heparin/ml. The cells were spun’down at
400 g for 5 min at 4° C. Finally, the cells were resuspended in a
knownr volume of HBSS ‘and a cel‘.l count by haemgcytometer and cell viabil-
ity by r:rypan blue exclusion was‘carried out (Holmberg, 1961; Black &
Berenbaum, 1964; Ling, 1968). visbility was grester than 90%. 'Also st
this time a Qifferential count was made, éither by smears of the cells
on serum-coated slides stained with Giemsa (Fishéx Scientific Co., Ltd.,
Montreal, Canada) after fixation with methanol, or by phase cun&tast"

_ microscopy using a®ild Inverted M40 microscope.

cilture Conditionss (Mo:lifxed from Zweiman, 1967)

PHA stimulation: Cel15 were cultured at a concentration of




- - 5 g
rd . @ .
0.5 % 1.0 x 10° leukocytes/ml in 5 ml of either Eagle's Minimal Essen-
tial Medium (MEM, GIBCO, Grand Island Biolcgical ‘Co., New York) or

RPMI 1640 (GIBCO) taining 2m heat i i fogtal calf serum

(BBL) with penicillin (100 units/ml) 4nd streptonycin (100 ug/m1) (GIBCO).

In some experiments, other culture media such as Medium 199 or’L-15

(GIBCO) were tried. Either o stimulant or Pia, 0.1'ml stock solution
(Phytohaemagglutinin reagent grade, Wellcome Reagents Ltd., Beckenhan,
England), was added to_the cultures. The cultures were incubated in
sterile glass fubes, 100 x 13 mm (Corning Pyrex brand, Fisher Sc1ent1£10
Co., Ltd.) with loose-fxttlnq caps at 37-37. 5° C in a hunidified atmos-
phére of 5 0, in air. Triplicate cultures were incubated either for
'48 hr or, more usually, for 72 hr. )

PPD stimulation: Cells were cultured at a concentration of from

- 10 x 10® leukocytes/ml in 2 ml of RPMI 1640 containing 20% heat
inactivated foetal calf serum with penicillin and streptomycin. Stimu-
lated cultures had PPP (Connaught Laboratories) 1 ug or 10 ug/ml of
‘medium added to them. Control cultures either received an equal volume
_of diluent, or the cells were killed by heating at 60° C for 30 min
(viability vas assessed by trypan blue exclusion) and the appropriate”

- amount of antigen was added. ‘A further control consisted of culture
medium alone containing antigen. Cultuzes in glass culture tubes were
incubated for periods of from 24-96 hr at 37° ¢ in a humidified atmos—i
phere of 54 o, and air. . o

Assessment of Stimulatio; At the end of the incubation period, PHA-' o

stimulated cultures were harvested. Colchicine }Calbiachem) 0.25 m1/5 ml
culture was,added, giving a £inal concentration of .5 x 1077 M. Five

“hours later, the cultures were centrifuged at 400 g for 5 min dt room /



. added drop by drop. After centrifuging, the supernatant fluid was
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temperature. The supernafant fluid was t?mnved and the cells were re-

\

suspended by gentle tapping in 4-6 ml of warm 1.0% sodium citrate and

then incubated at 37° ¢ for 20 min. The cells were centrifuged once
)nore and the supernatant fluid was removed. The cell deposit was then
resuspended by tapping and 4-6 ml of freshly preparad cold acetlc

alcohol’ (1 part glacial acetic acid, 3 parts ﬁhsuluhe methanol) was

removed and a further 5 ml of acetic alcohol was added as before. Af-

ter leaving a few iinutes, the cells were centrifuged once more, most

.of the supernatant removed and ¢he cells were resuspended in the drop

or iwo of acetic alcohol that remained. A drop of this cell suspension

was then placed upon a clean glass slide 4nd the fixative was allowed

. to evaporate.. The slides, when dry, were placed in buffered water

(b 6.8) for 20 min and then stained with Giemsa and subsequently
mounted.. The number'of cells entering metaphase .in the last 5 hours of '+
culture (since dolchicife was added) was assessed by countlng the. num:
ber .of mitoses see‘n per 1000 mononuclear cells. Slides were scanned
from end to end. Onfy well“spread metaphase plates were counted, where
there could be no doubt about the presence of chromdsomes. Either one
or two slides were prepared from eachyculture. " s

Preparation and Assay of SRF: PPD-stimulated tultures and control
cultures were centrifuged at 1000 xg for 10 min and. the supernatants
were removed. Smears of the deposited cells were stained with Giemsa
after fixing and were mc':unted Aliquots.of the supernatants, 0.1 ml,
were xn]ected 1ntrademally into :md abdominal skin of c\;herculin—

FEGAELTS GUBERPIGE. TR inflammatory adeivity of the supernatants

was by i of the skin over the *
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TABLE 1 < v
. Mitotic Response of Guinea-pig Lymphocytes to PHA e
Ty No. of * - .
& : Expts. + iy
Total ~ L% - : Mean Total _  with . Mean: " Max. Range of
No..of Mean Differential No. of Mitotic Mitotic Mitotic . Mitotic
Expts. Cell Count * S.D. Y
Polymorphs 31.5 + 23.5
10 . “Iymphocytes 70 21.2 53 + 36 x 10 2 1.6 + 1.5 ©4.2

Morocytes 5a& 3 # <

. N " » s .
Mitotic Response, as number of Mitoses/1000 mononuclear cells, expressed as %
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next 24-48 hr. Reactiofs were assessed in terms of the diameter of fhe

y or pallor the i degree of erythema and the.

degree of induration. s

RESULTS

Stimulation of lymphocytes from dextran-sediméfited guinea-pig blood.

Tn only 208 of the experiments in. this series was it possible to
"find evidence of stimplation of the lymphocytes in culture, to the point
of agtually produclnq cell division (Table 1).. This variability from
o —— expenment I such factors as foetal calf
e curtwesnsate; ree st aeenberor eme s e

throughout. It was also unlikely to be related to’polymorphonuclear

leukocyte i ion, since some i had less than 10% granur

locytes in the final cell suﬁ‘pe}.sian and still cells were not found to
. divide. Experiments set up to test the effect of various doses of PHA
from 1 ul>20 ul/ml of culture,fluid were among those experiments that ¥

were unsuccessful.

Morphologically, some isted pnly of ferating.

lear leukocytes and small lymphocytes, whilst others, not
_showing dividing cells, still had e Lkt tons ue possible lympho-
cyte stimulation in the presence ofs large, palely staining pink nuclei,
gengxa.lly round or slightly indented (Figure 10). Cytoplasm was usually

. not visible in these slides, because of the technique used for prepara-

tion of . the -chromosome ‘spreads.

o .
Wheré-stimulation had occurred, the mitotic response was general-

1y low, the mean being only 0.3% per hr and the maximum being 0.8% per ..

. hr.
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FIGURE 10. Upper: Small lymphocytes and larger pinkly stained
nuclei in smears of cells from cultures of guinea-pig peripheral blood
lymphocytes stimulated with PPD 1 ug/ml. Giemsa. x 160.

Lower: Smear of a cell culture in which blast trans-
formation and cell division was occurring. Giemsa. x 160.
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With regard to other pax i in these

ﬂtheze was a i e on of the lymphScytes with poly-
morphonuclear leukocytes -at times (31.5 + 23.5%). -zhe total numbers

of célls (53;&‘ 36 x 10°) available by this method woulfl probably ensre

the use of cell concentrations approx«i'm:ely' the same as that used by

Heise and Weiser (1969), Bennmett,and Bloom (1969) and Pigf, et al.

(1969), at least in somé instances.

Assay of infl activity in

.from ultured lymphiocytes.
The adameters of the skin reactions indicat;d in Table 2 are of
the maximum size attained during the period of observation. In general,
reactions reached a peak at from 6-12 hr an faded;éubséquently. Induz-
ation and erythema, in these relatively small responses, were approxi-
mately equal in area. In some 25% of cases, pallor rather than erythema :
was seen, but these tessEt navera always only 3 mn in diameter or less
and were foiina tn 11 GEoupE:
i inflanmatory propert_i,es‘of these supernatants were thus.in
most instances only slight, but in the final group of experiments,

using 10 x 106 cells/ml of culture, there was some difference between

from purportedly stimulated lymphocyte cultures and those
from controls, where uansfonratian or activation of the lymphocytes
should not have occusred. These differences weke most marked when the
controls consisted of culture medium or killed cells with antigen.. The
differences were also more significaht when'l ug’PPD/ml was used to
stimilate rather than10 ug PPD/ml. Thess vere supernatants from cul-
tures incubated for 48 hr but longer periods of incubation, up to 96 hr,

did not increase the size of the infl

by in-

jection of supernatant, nor did it increase the’differences between
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stimulated and control supernatants.
Stained smears from 48¢hr cultures rarely shweg‘ evidence for
_ blast transformation (Figure 10) and there appeared to be a considerable
amount of cell death, as evidenced‘b’y cells with irregular small pyk-
_potic mucled with poorly sta).ned cytoplasm or even gross karyolysis.
“cultuires at 96.hr appeared to contain mostly deadscells. -
_Dx‘scussmn ;
Thée preliminary experiments into -;uinea—piq SRF were initially

disappointing from several aspects. Thus' the inflammatory activity of

the here by guinea-pig lymphocyte culturs was
- in most instances only minimal and it had beeh @ifficult to demonstrate
unequivocably a specific release of the inflammatory activity in res-
Ponse to antigen. However, it had been shown that the iinflagunacion was
not produced simply by materials released after acute cell death’. LI
one looks at results of previous workérs using unconcentrated super-

.1969; Krejci et al., 1969)

-natants (Dumonde et al., 1969; Pick ot al
then some assessment of the present results may be made. The size of

P 2 o

the reactions and the significance of the difference between inflamma-

v

tory. activity in stimulated and unstimulated control supernatants cannot
be ascertainéd from the experiments of Dumonde et al, (1969). But in
the results of Pick et al. (1969) the size of reactions produced by
supernatants from Stimulated cultures weve about twice those fiom un~
‘stimulated ‘control sypernatants and, overall, the zeactic’:ns were about

twice the size of the reactions produced in the present experiments.

Howevér, there was, in Pick's experiments, also a considerable overlap

between the size of the inflammatory reactions in thé stimulated.and ~
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control groups and. the significance of the difference was ok senEeS
uponb In the experiments of Kreici et al. (1969), the reactions caused
by stiﬂsgted culture supernatants were, at their peak at 24 hr, about
o4 aiEstaE (mean area for the experiments was 68.2 sq mm), where-
as the reaction Yo unstimulated culture supernatants had faded by then.
The peak of the inflamnatory reactions produced in the present
experinents occurred In the same period of time as that described by
Bennett and Bloom (1969), Dumo;:ge et al. (1969) and Heise and weisIer

(1969), i.e., from 6-12 hr, but was later than the peak for Pick et al.

(1969) and earlier than that for Krejci et al. (1969) — see Table A.

The’small size of the reactions produced by the supernatants in
this series of experiments could be due to too few cells being ;xsed in
the initial cell inoculum, of by a failure of transformation of the
stimulated lymphocytes, if transformation is necessary for the produc-
tion of SRF. Cerfainly the concentration b lynpr;ccytcs used in these
experiments was lower than that used by Dumonde et al. (1969), Pick et
al. (1969) and by Krejei et al, (1969). But against this, ome has to
balance the effect of high cell concentration ;jpcn the lymphocyte res-
ponse o ankigeny For-dithondh coil Aeatiuils mot a/Tikely couseifor the
produstion of ‘inETamatdiy Fackors; itvould praventsackive eystheaislet ;
inflammatory factors, obscuring the specificity of SRF release. In
addition, the presence of large numbers of polymorphonuclear leukocytes
could also abscira antigen specific release of inflammatory factors by
non-specific release of materials inciting A inE R toY Fasponis
- (Ranadive & Cochrarie, 1968). -

If non-specific inflammatory activity can be reduced by using

lymphocyte populations with less contamination from other-cell types,
1 ; & e
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* and specific release'of SRF can be increased by the use of culture

conditions optimal fcu: cell stimulation and survival, then the problems

cf low total amounts of the inflammatory /ctors could be overcome by
the use of physicuchen\ical techniques of con&entration. However, this

Teaves the difficulties that were e in xn&ucxng
transformation with PHA in this series of axpartusnits,  iging 6all

concentrations much lower than those used for the production of SRF..

itised

Indeed, it is probable that failure of ion of the

lymphocytes by antigen was itself responsible fuL the somewhat equivocal
: 7 Y

y )
results obtained in the Sufem%n\en;s.

, The aifficulties inherert in t_he guinea-pig culture system have
been commented on before (Marshall & Rabexts, 1953, Knight et al., 1965,

e
However, it was decided at this time to

Phillips & 2Zweiman, 1970).

examine another source for guinea-pig lymphocytes, i.e., fxom the peri-

. toneal cavity, and to investigate the of inducing
tion by PHA and PPD using these cells. ‘
’ ’ ' . "
o
v -
’
) #
> ‘\V .




ture as in Section I. S et
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IT. Experiments using guinea-pig lynphocytes obtained by washing cells
from the peritoneal cavity. - oL
These experiments investigated:
(a) the cell types found in peritoneal cavity dell washings’
(PCWs) £rom normal healthy guinea-pigs

(b) " the mean total number of Such cells obtainablé by this

method.
(c) - the abxlu:y of 1ymph&:ytes obtained by this means to under- .-
g0 ,transfoma&iom PHA vas used to 1nvest1§ate this res<

' ponse in the majority. of expenments.

B v

(@) the effects of some variations in culture conditions, e.g.,
serum effects, antibiotic effegts, were also investigated.
MATERTALS AND METHODS i
Animals: ' Male Hartley-strain guinea-pigs weighing from 500-700 g

were used in these experiments.

Immunizatio

Most of the animals used had received no immunizations.

Those used in experiments with PPD were immunized with a BCG/FCA mix-

. g L .
. Skin Tests: Skin reactivity was assessed as described in Section I.

Preparation of Lymphocytes: The animal was exsanguinated by intra-

cardiac * uhder ether ia and the blood obtained was
allowed to clot in a sterile glass 15 x 125 mm culture tube (Cornind).
The heat-inactivated serun from this was used later in thie Lynghocyte

cultures. Immedlately after ex.sanquinatum, Hanks solution (Hass),

50.ml at 4° c, was injected intraperitoneally under sterile® conditions,

and the abdomen of the animal was massaged for 10 minutes.’ Thé cell "
; 3 % & ;




.

N o ‘o

suspension was then drained off through a sterile.14 G plastic catheter

(c.,a. Bard, Inc., Murray Hill, N.J.) intio 2 stefile glass hottle kept

‘cold in ice. The cell,s ‘were washed tvuce in cold HBSS with 0% foetal

S calf serum (FCS) .af 400 g ‘for 5 mm 2 viere finally resuspended in a

known vélume of HBSS.. A cell count was using a y

and cell viability was measured by trypan blue exclusion. The cell
differential coyht was asséssed by a smear of ?ne cells on a serun-
coated slide, later to‘ be fixed in methanol ‘and stained with Giemsa,

1 of the cells for 30

and hy phase- s ‘after i t
min with a mixture of FCS and-latex particles in saline (Bacto Iatex

| .
,0-81, 1:25 dilution of the stock suspension, Difco Laboratories, Detzoit,
U.S.A.).

e . .
* Cells were cultured at a concentration of 0.5 *

Culture Conditions

1.0 x 10 leukucyces/ml in 1 6 ml of RPMI 1640/ (GIBCO). and 0 4 ml of
heat—xnacuvated autolognus serum (l.ncu.bab:d iclr 30 min at’ 56 C)4 In
oneexperiment, ammamgnus and heterologous '(huma cord) sera were aléo’

sea. . In early expezments the culture medium cbntained pemcunn

100 u/ml and scxepmmycm lOD ug/mi but. 1aber these were supplemented

) |
B m:xamycln 100 ug/ml (GIBCO) after experinents investigating the

influence of this antxbxot:.c un the culture conditigns. PHA (Welicome)

. at a eoncentration of, 2 5 u1 stock solutmn per |L1 of ,culture.in 0.1, 'ml

N
‘was used.in mns: B aftet duse ponse experiments i

|
this to be upmmal £or stimlation’of the ly)tphecyces Control.cultures

received instead 0.1 ml siline per cultire. ~In one experiment, PPD “(Con-

cell divisiors fultures were' incubated in fterile glass culture tubes,

100 x 13‘mn with loose-fitting caps- at -37-37.5° C in a humidified
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. atmosphexe of 5% €O, in air‘ cultures were incubated in triplicate for
72 Hr after PHA stimulatlon and for 120 hr after PPD. '
Assegsnent of Stimulation: This was carried out using 5 hr colchivine

block (0.4 ug per culture) as described in Section I.

RESULTS

Stinulation of lymphocytes from peritoneal cell washings with PHA or PPD.

In this series of experiments, the majority of the cells cbtained

from ’— 1 washes were leukocytes; lear
leukocytes made up only about 9% of the cells, most of these being

edsinophils (see Table 3).

Overall, the technique resulted,in a mean yield of cells per '
animal approximately half that obtainable by dextran-sedimentation

of the peripheral blood.

Initial i (Figure 11) sugge: that the optxmal con-

cent‘racicn of PHA for use to stimulate lymphocyte division in this
syStem wap 2.5 ul stock PHA/ml culture, which was approximately that
indicated by the results of Phillips and zwieman (1970) who also used

guinea-pig lymphocytes, but obtained from peripheral blood. This coh-

cenbration of zi;x was’ used in

In addi

on, ‘it was ted that, of sensi-

‘tised gyinea-pig’lymphocytes could be induced by PBD at”4 concentration
OFf 2.5 ug PPD/ml. The degree of \transformition as, asséssed by, the

mitotic response was quite variable, from culture to,culture, and the -

méan response from triplicate ‘cultures was only 0.9% after colchicine -

N

; block for 5 hr." 4

‘l'he effect of kanamcin on- :ran‘ﬂomazm : - Early in this series of
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Mitotic. Responseh

o T RO - 1 9
"0 25" - B0 75~ 100 -
Concentratlor)_ of PHA -ul./ml. -

A

FIGURE 11. The effect'of PUA concenration on the'mitotic response
of guinca-pig lymphocytes from peritoneal washings. The.rande of results

n triplicate cultures is shown.




FIGURE 12. Cells from smears of cultures in which blast transforma—-
tion did not occur, demonstrating chromatin clumping and nuclei with
large or small holes. Giemsa. =x 1000.
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experiments, when slides were being examined for.the presence of
mitotic figures, it was noticed that some of the stained nuclei had
large or small holes in them, whilst others exhibited masses of clumped

chromatin (Figure 12). The majority of the nuclei, however, which,

were from cultures with a low or absent mitotic response, consisted

of either large, pink, faintly stained nuclei (Figure 10) or small,

darkly staining nuclei. Hayflick (1969) in a description of Mycoplasma

pulmonis infection in tisﬁsjlture, had described the cytological

changes that occur in the prestnce of this organism, namely "leopar

nuclei in which masses of clumped chromatin occur intramuclearly, and
fragmented nuclel and nucleolar, haloes. Hecause Mycoplasma has been,
found in guined-pigs (Burdon-williams, 1968) in the respiratory and
1ntestinal tracts, the possibility that an "infection with these organg
tsms nightiba intertering with the process of transformation was
considered. This was suggested, in part, by the morphological changes
and also by the fact that cultures in this serics and in Series I were

seen where transformation appeared to have been halted before cell

division , and of the stimulated cells then followed.

Por these reasons, a trial of kanamycin 100 ug/ml of culture was under-

-

When €he Mitotic Response in cultures containing kanamycm was
compared with that in cultures containing a combination of penicillin
and streptomycin, it was seen. that ¥he response was approximately
Qoubled (Table 4). This difference was highly significant. In an
experiment where kanamygin alone was compared with a mixture of all.

-
three antibiotics, the mitotic responses were similar. as a xesult of

these £indings, ke in at a ion ‘of 100 ug/ml was used in




Transfomatx.on after Stimulation w),th PHA ‘2.5 ul/ml in
' Cultures with Variations in Antibiotic and Serum Content’

Mitotic Response % # S.D.

: ; : 5 Penicillin Kanamycin
4 % . . and wPenicillin
E . and . -
i Streptomycin Streptomycin
Content © . Kanamycin S . sptomyc.
Autologous’ 2.02 + 0.33 1.03 + 0.24 © 1l.e3%
d . p <0.00L
Homologous v .16
Heterologous 0.96, - :
" \
R * Mean of triplicate cultures
’ ¥ -
- &
i ¢ 2
’ I B : *




all subsequent experiments using guinea-pig lymphocytes.

Autologous serim was used in these experiments since it was
hoped eventually to use the culture system in a series of experiments -
correlating an in vi_vomaniiestacion of immmity, i.e., skin reactivity
to \.:y.bex;culin with the in vitro production of inflammatory factors

% .znd serum might contain factors modifying the in vivo inflammatory.
raspénse. But it ‘is also interesting to note the lower mitotic res-
ponse seen in cultur;s containing homologous or heterologous séra”

* compared with that attained with autologous serum (Table 4).
The mean mitotic response obtained in the experiments using
lymphocytes from peritoneal cell washings was 1.3% whilst the maximum

s - mitotic résponse was 3.6%, as indicated in Table 3. Following the

introduction of kanamycin, in a series of seven successful éxperiments,

the mean mitotic response was 1.9%. However, after this the lymphocyte

cultures persistently failed to Tnder the influence of PHA®
and no definite cause could be found for this. Indeed, alterations

made in culture conditions, materials or technigie did not persistently

- improve the response. Harvested cultures after ¢olchicine block con-'

tained degenefating shall lymphocytes and. there was little eviderice of

B transformation. & & »

DISCUSSION

This system, using guinea-pig lymphocytes obtained by washing

the peritoneal cavity, was introduced because of ‘thegproblems prevailing

: s cars o
in the guinea-pig peripheral blood lymphocyte cultures. Initially

it appeared that the serious drawbacks of this method,.i.e., lack of
application £5-min and the relatively loi numbers.of cells obtainable,
o " N
v .

4 -
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would be om:v;eiqhed by the reliabildty of the PHA-induced transforma-

tion and the low po lear leukocyte ion. However,

with the subsequent persistent failure to find transformed and dividing
Gells in the lymphocyte cultures it became clear that this technique

would not be satisfactory in its.present ‘fnm. LIt m‘ay be that the main
disadvantage to this method of obtaining guinea-pig lymphocytes:is the
inherent risk of contamination by bacteria or Mycoplasma, although this
was, not apparent in numerous experiments that have since been conducted

-using guinea-pig peritoneal exudate cells. However, it would appear

that contamination is the most ‘likely explanation for the kandmycin

effect seen above and possibly also for the persistent failure of cul--

tures at the end of the experiments.- Thus, even if the sterile

technique used in the harvésting of the cells was not at fault, it is
still possible that after exsanguination of the animal organisms might

enter the peritoneal cayity from the gastro-intestinal tract. But ex-

periments undertaken to 2 the of this

failed to do so, i.e.,.sterile (as assessed by agar plate or broth
culture) peritoneal cell washings were obtained for up_t; 20 min fnilow-
ing:the death of. the animal. Of courée, oné would not expect to dofon-
strate the presence of micro-organisms such as Mycoplasma by this tech-

nique. However, the use of fresh kanamycin in thée cultures did not im-

prove the outcome of the experiments in terms of ,the successful mitotic

response of the lymphocytes to PHA. »

So, after carrying out a series of twenty-one experiments, the

" final ten of which had ended in failure, it was decided that a return

to-peripheral blood as a source of lymphocytes would be made, using a

technique for preparatior of the cells different from that used in I.
i .
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III. i using guinea-pig lymplocytes obtained by centrifuga-

tion of peripheral blood on a ficol. Hypaque mixture.
The sedimenw;_iun zat; of uniform spherical particles suspended
in a liquid medium depends upon:
(a) particle size and density -

“

(b) density and viscesi"ty of the suspending medium
The sedimentatfon of non-spherical particles, such as blood cells, is
determined by these same factors and by the degree of deviation of the
shape of the cells from the spherical. Red cells are small, but have

a higher density than white cells (Reznikoff, 1923, Valleé et al., 1947)

" and may be aggregated by high polymer cellulose derivatives such as

dextran (Skoog & Beck, 1956) Or ficoll (Richter, 1963); erythrocytes
thus sediment faster than leukocytes in the presence of such agents.

The fact ‘that ‘the densities of some red cells show rather great devia-

" tions from the average value (Danon & Marikovsky, 1964) may explain

the difficulties encountered using a simple dextran sedimentation
method for -guinea-pig peripheral blood in Section I. ‘

Cell size and hehce density depend upon the composition of the
Suspendin‘g medium: -granulocytes are more sensitive to osfotic changes
than are 'lym_.phty:cytt’.S, in the sense that the density of granulocytes
increases more than the demsity of lymphocytes in hyperosmot’ic sur-
roundings (Byum, 1968). Further, if the density of the suSpending
medium is close to the density of the cells, the sedimentation rates’
of the cells, relative to each other, are more influenced by their..
densities.. :

In 198 BSyun introduced a tichnique for the isolation of

2
‘mononuclear cells and’ grapulocytes from human peripheral blood, based




updn the principles discussed above. Diluted anticoagulated peripheral
blood was floated upon a cushion of ficoll (a‘sucrose polymer) and
Isopaque (an X-ray. contrast medium, sodium diatrizoate) which was

R sliqh:ly hyperosmolar with respect to plasma (1.12 plasma equivalents).
Red cell aggregation and increasing granulocyte density at the inter-
face produced, on centrifuwgation at 400 ¢, the deposition of erythro-

. cytes and granulocytes as a fraction in the ficoll~Isopaque and a layer .
of mononuclear cells at the interface. Subsequently, after removal of
the mononuclear cells, granulocytes could be recovered'by’ sedimentation
of the erythrocyte fraction with dextran under the force of gravity

 alone. v i

This techniq‘ue was mdified in the experiments described in
| this section for use with guinea-pig Fenpheral blood. The-following
were investigated: Lo R
(a) .the degree of separation of the cell types found in guinea-
pig blood '

(b]

the total yield of mononuclear cells obtained by this method -
(c) the ability of the lymphocytes obtained to divide on stimi-’
lation by PHA and PPD. . : .

'

MATERIALS AND METHODS v
Animals, Immunization and Skin Testing: These were as described in ™
“Sections I and II.

Pregaration of Lymphocytes:  The animal was exsanguinated by intra-

cardiac puncture under ether anaesthesia using sterlle techmque. If -

serum was for the lymphocy cultures, the blood
" was withdrawn into a 30 ml plastic disposable syringe (Jelco Laboratories,
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FIGURE 13. The separation of guinea-pig peripheral blood using the
ficoll-Hypaque technique of BOyum (1968). The bottom fraction contains
erythrocytes and polymorphs. This is followed by the clear separating
£luid and at the interface between this and the diluted plasma can be
seen the mononuclear cell layer.
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carefully balanced and centrifuged at’ room temperature (18-20°.C) at -
400 g at the interface, for 35-40 min. At the end of that’ cime,.eryth-
‘rocytes were deposited as a compact red bottom fraction, whilst an upper
fraction was visible as a whitish layer at the interface (Pigure 13).

The clear plasma/saline was pipetted off down to within a few m of £fd : -

‘upper fraction and was @iscarded. Next the fraction at the’ interfice
was removed with a_Pasteur pi'p;z:te, which usually ScAERTEEA taking
off some of the ficoll/Hypaque mixture also. To remove completely this %~
iver br-vauaneuaney ol SHATHIBECER GUAEENE WHOTAIELGHS, S5Ma™

* Of the tube.: This fzacskian was diluted with HBSS containing, heparin

sodiun 10 units/ml to give a final volume of about 40 ml, i.e., diluted

approximately 1 to 4. The cell suspension was then centrifuged at
PR . 500 g for 16 min at 4° C in a conical or round-bottom, ‘sterile, plastic-

capped centrifuge tube with a capacity of 50 ml. ‘The supernatant was

discarded at the end of this time and the cell button was xasuspended '
using a paste\}: pipette in a known volune of HBSS. ofén the cells

i were quite difficult to resispend at this stage. A cell count was

- using. a v and viability was ass by trypan

blue exclusion’(see above). A differential count was made using
G 5

stained smears:of .the cell ion and later by P N

. mic:cscopx\j,ﬂ:er incubation of some of the cell suspensmn wm\ latex
“
‘ particles and heat-inactivated foetal calf serum.
Culture Conditions: “In studies of transformation, mononuclear cells

were cultured at a concentration of 0.4 x 10° cells/ml for PHA stimu- 2

6t ' g : o

3 ‘
+ lation and at 1 - 10 x 10  cells/ml for PPD stimulation, in 2 ml.of

RPMI 1640 (GIBCO) containing 20% heat-inactivated guinea-pig serum, . '°

ch was pooled serum in dose/response experiment and autologous




" " - RESULTS

serun okherwife. The cultire medium itself contained penicillin 100

units/iil, strsrptumycin 100 ug/ml and kanamycin® 10| ug/mf. Phytohaen-

pm\/m of cult medium. PD (Connaught). was_ ‘added as 0.1 ml per

cultu e to give condentrati £ 25 - 25'ug/m} culture medium.

'rupl cate cultures were incubgted in ‘sterile glass culture t\l.hes, 100

x 13 fin, with loose fitting caps in.5% €0, in air at.37-37. 5° cin an

4
hunidified. athosphere for 72 hr'for PHA stimulation and for 120 hx for

PPD stimulation. .

of Stimulation: The

of a 5'hr block of cell

division at n‘»etaphase using colchicine (0.4 ug per culture) and subse- |

" quent harvestan was describead: in.Sections I and 1.

timulation of lymphocytes from, ficoll/Hypaque

blood.

-/

In this series’ Of experiments, it can be seen fzo‘m Table 5 that. '

cell gopulatmn obtal.ned consxsted almost entirely o wmonanuchax

ells, the’ majority bexng classxﬂed as small and u\edx.um—sxzed lympho—

cytes.on the basis of their staining characterlstlcs jand their appeai-

ance.on phas ast mi it isti slze~and sbape,

r.ytoplasm free of vacuoles and small in amonnt,m)able to phagocytose

latex particles and with a typical form of movement.

overall, in r.ms small initial senes, the technxque resulted

“in Emtiyicitio calls per’animal of 36 + 35 x 10° cells, zather -

more . than the y).eld from pentonezl ce11 washmgs (Table 3).

“hp yield,
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‘o1 ¢ ior 100 0 - 400
: DOSE; PHA * ulmi.

FIGURE 14. The effcct of PIA Lom.oan:ale)n on the mwt;c response -
/t flcull/llypaqae separated peripheral blosa 1ympl|ocytes from gulnea—

gp;gs »The range.of results in triplicate cultures is shown

. : .
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also compared well with the yield of, monpnuclear cells from dextran-
% < 3

" ‘sedimented blood (Table 1) which was around 40 x 10° cells, since there

was only an insignificant contamination with' uclear leuko-
‘eytes. 1In addition, the mononuclear layer on ficoll/Hypaque contained
the majority of the platelets found in the blood sample. At times

these platelets completely cells, predominantly monocy

so they became enmeshed in a mass of platelets. The degree to which
this occurred appeared to depend upon the ease with which the original ~ -

&

. sample of blood was obtained.
. Initial experiments to find the optima’l concentration of PHA

for stimulation of these cells indicated a value of 's ul stock PHA/mL

of culturg (Figure 14) which i %oée to that found in the experiments

in Section II (Figure 11). .

The dose of PPD found to be optimal for transformation wa§ 2.5
“ug PPD/ml (Figure 15) and this amount of antigen was used subsequently
in the experiments.” It was noted that the mitotic response with 25 ug

3 S~
PPD/ml was approximately the.same as that obtained with 2.5-ug PPD/ml.

However, as assessed by the staining characteristics of the smeared gells,

there to be.more ing cells’n the former (60%) than
 the lattet (30%). This leads to difficulties in the inéerprecation
of the mitotic response or rate since only nuclei with a healthy“stained ,
appearance, i.e., a regular smooth outer membrare.with evenly well
stained nuclear contents, are, inclu‘ded in the 1000 mononuclear cells
/ counted. If responding cells tend to ?/rvive in cultures where some i
toxic ‘process is occurring, e.g., in-the presence of excess antigen
containing preservative, this will artificially increase the $ mitotic
response in these cult\‘lres in comparison with cﬁ}tures with a great\gr
. -

-
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FIGURE'15. The effect of tuberculin concentyation on the mitotic,
response Of lymphoeyles from ficoll/Hypaque separated peripheral bléod
. from sensitised guinca-pigs. The -range of results, from triplicate
"

cultures is shown. =
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non-responding cell survival. g ! ' S

Related to this, experiments using the optimal dose of PPD, 2.5
ug/ml of culfure, with mononuclear cell concentrations of 1, 5 and
10 x 10° cells/ml, indicated that the lowest cell co‘nce_ntratxen. appeared
optimal with regard to both mitotic response and cell survifal in cul-
Fure asn asses‘secLby the staining characteristics of th¥ cells.

In addition, it was found that cells transformed only in autolo=
gous or homologous sera and there were no hitoses seen in cultures con-
‘taining 20% foetal calf or 20% human cord serum. A

; . !

TABLE 6

Effect of Cell Concentration.and Serum
'+ upon Transformation with PPD 2.5 ug/ml .

Mitotic Response % (% Degenerating Cells

cell Homologous Foetal | Human
Concentration. Serum Calf n Cord
/m1 - q erun ,Serum
6 v ) B
1x10a 2.1 % (30%) 0 (>90%) o © 0 (>90%)
5 x 10° 0.473 (78%) LI -
10'x 10° 0.7 %(74%)
0 -
o - i
DISCUSSION

on the basis of the results obtained in r_hesé prelivinary experi-

ments with ficoll/Hypague, it was decided ‘to use this technique for the
. further investigation of SRE. <

One minor problem that arose duxing" the initial‘g\a‘nipu‘lations

with Ficoll/Hypaque was caused by the autoclavind of the separation -




£1644. * With a Sreshly prepared solutioh, thie mononucisar coll band aia
not cross the interface dunng centnfugatmn, but with autoclaved
‘matérial the cell layer aia enter the sparation £luid althoush initially.
only partlally. But. w1§hin a su\qle batch of ficoll/Hypaque, autcclavedn
dnd stored frozen, the final position of the band was-closer to the red
cell mass the  longer the period of time that the separation fluid used

had been stored, It was cénsidered likely that-autoclaving the ficoll

‘modified the polymer in some way, possibly by hydralysis; ‘and this change

appeared to incréase with time,. As the white cell layer appxo‘acﬁed
closer ‘(’:o the red cells, it became increasingly difficult to re.mcve all
the band without pn;d'ucing significant red cell and polymorphonuciear
deukocyte contamination. This problem was overcome by subsequently
sterilising the ficnll/ﬂypaq\{e by filtration as .will be indicated in
the following section. '

For the moment, the significant proportion of monocytes in the

cell preparations obtained using ficoll/Hypaque was not considered a

serious disadvantage, even though-the 'work of Heise and Weiser (1969)

that es.may produce pecific infl "
Rhe Z

stances themsejves. .In fart, this decisior was related to recent

ions of the requi t of phagocytic cells (macrophages)

for i

ro transformation of sensitised lymphocytes by.specific
: ) 7 _
antigen (Oppenheim et”al., 1968; Hersh & Harris, 1968; See?é} & Oppen-
hein, 1970). "% » - A p

‘The problem of the excessive numbers of platelets present in =

these preparations has already been commented upon. . These particles

* at times completely encased monocytes in a platelet Hass but the -

presence Of these aggregations could not be directly linked to an
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- inhibitory effect upon the process of transformation. Potentially more

serious could be of pecific infl tory factors from

the breakdown of platelets.

\

technique 'of cell separation concerried the cell concentrations to be .

A further difficulty unresolved and not relatéd to”the present .

used in culture for the investigation of SRF. It appeared that actual

lemphocyte . ion occurs,in r to PPD more readily and
with 1e§s _cell death at low, cell concentrafions (¥l x 10%/m1) whilst
raihér hish cohcentrations of cells (1% 107/al oz mork) are required
to produce mediators ix; Sufficient concentrations for assay in vidg )
using unmodified supernatants. Tvo possible answers to this problem
nay by examtined. One involves the co;lcentratign of cell-free super-
natants 'from stimilated cultures containing low numbers of cells
= !

(1- 2.5 x 10%ml). The simplest means by which this §ay be achieved
is to culture the cells 55 shpaerras naAtum B coneaitears e ©

*  supernatants by lyophilization after dialysis, as was carried out by
Bennett and Bloom (1153) and_Heise ahd Weiser (1969).  This introduces
immediately the question of the relationship o’f the immune response

in

oceurring in vivo, itro in the presence of serum and itro in

serun-free medium. Are the responses of lymphocytes in each of these
situations directly comparable? If one's sole interest is in the lym-
phocyte and its reactidn to antigen, this'problem may be only of minor
consideration. But if it is desired, as here, to correlate an in vitro
event with in vivo reaction, then it is of considerable importance,
since gther factors such as serun may modify the response of the lynphor
cyte to specific antigen: Of course, it is possible to c¥lture the

lymphocytes in autologous serum and spubsequently sepaiate active fractions

»

o o
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from contaminating proteins by the useé of techniques such as gel £il-
tration (Dumonde et al., 1909) but it was hoped to avoid t}us at least .-
.initially. A further means by which cell»f;ee supernatants mqht be
obtained with a sufficiently high concentration’of in‘flammator‘y factors,
is to utilise a culture system similar to that intzeduced by Marbrook
(1967) . Hexe cells at a relatively high concentxatxon in a small

volume of Yultues Eluid within'a dialysis membrane are surrounded by

a large reservoir‘ of medium for bthe exchange of nutrient materials and
the ércducts of metabolism. - Since MIF and SRF appear to be non-dialys-
able (Bennett & Bloom, 1968; Heis‘e & Nei_.sex, 1963; Pick et'al., '1969)

it was cofisidered that this system might result in the production of
relatively hic;h concentrations of SRF within the cn;:fines of the
dialysis menbrane, It was rgsolved that an examinason of the ‘ase of
the Marbrook s;stem for the production of SRF would be tindertaken
initially and. the limited number of experunen} where this was used

are’discussed in the section inmediately following [ITI(i)].
— . y




MATERIALS AND METHODS

Animals, I i ion and Skin Testing: The animals used were male

Hartley guinea-pigs that were immunized and subsequently skin tested as

described in Sections I and II.
Pregara‘tion of Iymphocytes: The technique used wgs, the same as
t’hat discussed in the previous section, except with regard. to ‘the .
preparation of the separation fluid, This consisted of a mixtire of <
24 parts ficoll (Pharmacia, 9% in distilled water) and 10 parts sodium
diatrizoate (Hypaque sodium, Wxnchrd.p Laborjatories, 37.5% w/v in dis-
tilled water). Thls mixture had a £inal 4 nsity of 1.08 g/ml ‘and was v
sterilized by filtration through a cellulose filter of pore size 0.22 u
(Willipore Ltd., Montreal, Canada). The ease of filtration was con-
siderably increased by the use of a glass fibre prefilter (Millipore
Ltd.) superimposed directly on the bacterial filter in a single filter
hollax, Separation fluid was prepared in 300 ml' lots and stored at
—2o° c in 10 ml aliquots for subseqt;ent use. Prior to use it was im-
portant to wam®the ficoll/Hypagué to room tempezature‘ and ix it %
thorouthy. Apart from thls modification the pxeparatlon Df Nmpho—
cytes p?‘ceeded along the lines descr,ihed in section III. , * ;‘
“culture Conditions: Cells for the assessment of transformation were
cultured at a concentration of 1 x 10° mononuclear cells/ml in 2 mi

reMI 16407 with 20% heat-inactivated autologous guinea-pig serum. The

- culture medium contained penicillin 100 unu:s/ml, stzeptomycx.n 100 ug/ml{

and Kanamycin 100 ug/ml. PPD (C ) to give a ion of

2.5 ug PPD/ml of culture was added as 0.1 ml per culture or 0.1 ml
P A
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salihe was added to controls. Sterile 13 x 100 mm culture tubes were
used, being incubated in triplicate in 5% CO, and air at 37° C for 120

hr. For SRF production, the apparatus used is depicted in Figure 16.

b o
FIG. 16. Culture system used for SRF production.

It consisted of a sterile glass fubs 75 mm long and 6 mm internal
diameter, grooved at each end. At one end 4 diaiysis membrane vas
‘stretched over and held in pla;:e by a nylon thread and a polythene
cuff. This part of the apparatus was sterilised by autoclavixj:q“at
10 1b in~2 for 15 min. Such treatment Qid not modify the l_nembx_ra‘ne such
ik L A AT Lov e pas;aqe ot Ehjtiotevpataogen (i 25,000) from
o inner to outax con‘partment dver a period cf 24 hr incubation at 37 s
and thus it was unlikely  that soluble medxatars llke MIF or SRF (M. W.
>35,000) would be lost (Bennett & Bloom, 1968; Heise & Weiser, 1969;
Pick et al., 1969). - R

Cells’ vére placed within' the inner tube to rest upon the mem- ¢ ow

brane at concentrations equivalent to-7.5,- 25 x 10° célls/ml in a . .




n

‘{nlume of 0.2 ml RPMI 1640 with 20% heat-inactivated Butol?éo.us serum.
Thé médium also contained the equivalent of 2.5 ug PFD}nﬂ, whilst in .
the controls no PPD was added. After the addition of the cell suspen-
'sion, the tube was introduced, by means of a piece of nylon thread
tied areund its upper end, into a sterile plastic 15 x 125 mm screw
‘c.apged oultur:é tube (Falcon Plastics) containing 4 ml of RPMI 1640.
The tube was lowered until the dialysis membrane was beneath the sur-
face of the surrounding medium dnd the levels inside and outside fhe
tube were the same. The tube was fixed-in that position by a'nchozing X
the nylon thread with adhesive tape, and the top was replaced or the
Gultice Eibe. (CALGoes wHTe LAGHAAY in 5% €O, and air in a hunidified
atmosphere at 37° C for 48 hr. At the end of the incubation period,
the supernatants were withdrawn f;um the inner tube with a-Pasteur
. pipette and whre centrifuged at 400 g for 'S min-in sterile 6 x 50 m
culture tubes (Kimax, Fisher Scientific Co. Ltd., Canada). Cell-free
supernatants were then ready for injectionfor assay of SRF.
‘Assessment of Stimulation: This was ca}ried out using 5.hr colchicine

block (0.4 ug/culture) as previously described.

Assay of SRF: This was performed by injecting 0.05 ml of the cell<
free supernatants of PPD-stimulated cultures.and controls intradermakly
into the shaved abdomen of normaf guinea-pigs. Reactions were assessed

with regard to erythema (E) or induration (I) or pallor where that
Y

occurréd.
- ¥ RESULTS"
SRF Assay using . from dialysis tube cultures

-As indicated in Table 7, only in experiment 2 was there a signi-

N
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“ fiant mitotic response in the PPD-stimulated lymphocyte cultures. ' In

the remaining” expenmsnts the majority of lymghocytes were smdll, with
e a £ew blasts and one or two mtoses visible on scanning the entire sude.
Tt wis only 3 from the stimulated fultures in experiment 2

that, in addition, produced an inflammatory reaction upon intradermal )

injection. Other supernatants induced only areas of pallor when

assayed. J"

A further nine consecutive experiments carried out to attempt

to defipe the cause for the failure-of the lymphocyte cultures were

‘similarly 1. 1In most i , lymphocytes in these

experiments remained small with nuclei often 1:regu1§r and pyxnouc
or faint and poorly-étained. Some larger faintly ‘stained founded °
. ® " nuclei might have been cells that had begun to transform and then had
been affected by some toxic process. There was no evidence for infec-
tion in these dultures. g d
] we & DISCUSSION i . VA

* < " .The fesults of this section, few in niimber, reinforce the

¥ ontentioh that, in this systeh, transformation is a concomitant of 1
the production of the inflammatory substances. However, it may not R
necessarily be the cells fhat eventually divide that producé the SRF
e and circumstances have already R
are produced in the absence of cell divisi::;n (spitler et al., 1970;
Chaparas et al., 1970). Rather, cultures in which cells are actively ~
vdividing are presumably healthy ones where a lymphacyte.respoﬂse“g N

antigen had occurred and where the soluble factors might be produced

by a cell population. that does not froceed to cell division. - Similarly,




o § % COGELGESSE I WS eYAnser LG ALt does not occur and:in -
which t}‘iere is .‘nu evidence for SRF production, the cells may be intapable

. rof résponding to antigen. This failure T T— intrinsic e s
defect in the cells themselves ‘but more likely it is the stfect of an

sxc;aneeus influénce upcn the cells. Possiblé causes include infection

5 with atypical organisms siuch as Mycoplasma, inhibitory sera or culture .

. ‘dntigen or toxic chenucals such as preservatlves

Ther9 ‘was no definite explanation found for the lack of sig{u- ¥R

ficant n in the iments’ discussed above, although'a k-

number of variables such as cultyre media and sera were examined.-’ .
.

However, it did not appear profitable to continue with the-rather in-

tricate technique involved in setting up the Marbrook cultures for

SRF production in these circumstances where one could rot be sure that

the culture bcondition_s were adequate for cell ;urvivgl ‘and’a specific

antigen response. Rather, attention was concentrated ugon the aéfini-
¥ tion and elimination of these currant problems of quxnea spig lymphocyte'
culture. This was carried out by examining the effects of such Factors '
as culture media, sera and antigens upon the in vitro transfcxdmatlcn
dFithestymionytss and Vil bésdlscuasel 15 Zaiioing §ect_1.0n4“,

In addition, in the Marbrook system, apart from technical dif-
. 'ficultile‘s involved in manipulating small volumes of cell, suspension, s
antigen and serum, it was noted that :hanges.occu‘i»zéa in the volume of wil

oo ebleses et T e s chafiber. Thesé were probably due to

- differené%s\ in the osmotic and hydrostatic pressures between inner and .

outer cha%be:s. But: sich changes, coupled with any movement of PPD -

l:hat occurred, would modify -the’ concent:at).on orancxgen to which the




*.If this.was so, ‘then the question arosé as tohow

of PPD was necessary to en—

s ¥4
to optimal
of maximal on. ‘This problem was also:

.and-will be discugsed in the hext section.,
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IV. FPactors affecting Fymphocyteatransformation in'wvitrd!
The primary aim o‘f sthese expériments, carried out over a _period
of approximately one year, was to Nrodude a guinea:pig lymphccyLe cul- - -

ture system in whxch sistent ion in to specifi -

stimulation could be attained. The i were not designed’ pri-

marily to investigate INe effects of such variables as dlfferent batches

of cplture, medium or serum upon the lyn\phocyte response but nevertheless

. . a cénsmerable anount of lnfurmatl.an ;egaxdxng these factor‘s was obtained.
- £ In the casé of culture media, exper).ments were conducted using dxffe:ent
*  batches of‘media untfl a batch that wonld support growth of the lymphs-
S—— found. At tiries cells fatled to trandform even in- cms medium
. and in these cases thie cause was ftequently £ound to be a partlcular

sample of the serum-used in the cultures. ,<Tre' initial experiments were

carried out with PHA as the stimulant but, in adaizion, when the specific

antigen PED was used and dxffn:ultles were expenenced G obtaxmng Nl

successful growth and cell dlvlslon,the effects of various antlgen it

preparatmns were examined, for Ln some of the cultures éxposed. ta PED

He appeazed that transformation had bequn and then some toxic process

had affected the cells. It was considered posslble that a toxic effect;

dus o the continued presence of the antigen or of preserva\:).ves, in ghe

"form of phenql, in’the Elluent nmight have been the cause. If this were

so,"then a shdtrter durauon of exposure to.antigen might eliminate this \°

“effect. Thus the Essent).al pqxnt to be detemmed was the length of time

" that' the cells’ neéc 2d to Be exposed to antaqen in ordér to ensure ‘the in- e

‘ ductitn of saxinal cxansfomacmn Tms vas the same potential problem
T- that had odcitrea in' the use of the Marbroak cultuze system,’ whére rchanges
Th the Jinner elidibas vclume mlght - modlfzed the dbse of PPD to which

4 : J
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" the cells in the chamber vere exposed. © , v - - )
. MATERIALS AN METIHODS *
e " pimals: ‘The animals used were male Hargley guinea-pigs weighing
. - . - 500-1000 g. g & . w rg
Inmunization:  Where sensitised animals vere usgd, — weighed from ' L
5004700 ¢ and were immunized with a suspénsm!i of 40 mg of freeze- drxed 5
-7 BC§ vaccine (Connaught) in 1 Wl of saline and 0.5 ml CEA (BBL), 0. 05 ml
into each footpad. : i o b i I g
Skin Tests: . Skin reactivity vas assesséd as indicated in prévious
. sections. E . v 57 o 2

fon'of Iynphocytes and Serum: -Blood was ¥ thdraun: for ihe
prepéza;ion e Ty ficoll

and 37.5% Hypaque as vséribed in Section III.
" footed guinea-piy serun wad pn;g;zed in batches from healthy male

” o g . 7 .
- . guinea-pigs frbm the colory. All sera wete heat-inactivated at 56° O

Z. g .
“for 30.min before use. . N . : : N %

L Culture cOndiciéns : : : 2

Assessment of media effects: Mononuclear cells vere cultured in, &
2 ml of culture “medium with 208 pAe& oz -autologous heat-inactivatéd v N
(guxnea-pxq serum, pemcxum 100 umts/m‘ln stzeptomyuln 100 \xg/ml and
kanamyein 100 ug/ml. The culture ‘media used included RPMI 1640 (GIBCO),

Medlum 199 Earles Base (GIBCO), Medium 199 Hanks Base (GIWCO), or
s Eagle s Minimal Essential Medium (ggeco) - Diffarent batehes Of the
same medxum frnm the" same source were also tested. PHA‘ZAS ul/ml of : ——

cultyre or salme was added in 0.1 ml al).quots to ‘cultures’ in :npucate. '

Cultures were incubated at 37° C in 100 %' 13,mm sterile glass cultuze
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. . i
tubes, loosely Bapped in 5% CO_ and air in an humidified atmosphere for

b i 2 v )
72 hr. .

¥ . Assessment of sera effects: Mononuclear cells were cultured at .

a concentration.of 1 x 10° cells/ml in 2 ml of Medium‘jlfQQA containing

L 208 serum and antibiotics. In the initial group of experiments cells

wWere grown in autolcqous or pooled heat—xnact:.vated guinea-pig serum
and on ons cccaslon xn homologcus serum stored from a previous experi-
ment. . PHA at a dose of 2.5 ul/ml of culture, or 0. l\ml saline was

adﬂed to the, tubes: ! T 2 5

In the two final experiments, pairs of tuberculin-sensitive

‘- animals were examined, cells from €ach animal being chltured in Medium
199A in 20% serum, either autologous, in-serum frdk the other member of
B the pair and in pooled guinea-pig serum. These cells were stimulafed

¢ with PHA 2.5 ul/ml or PED 2.5 ug/ml.

ALl cultures were 1ncubated in triplicate in 100, x 13 mm sterile

qlass culture tubes, lonsely oapped, in 58 €0, and ait in a Himidified
atmosphere at 37° c. 'PHA stimulated cultures werk inctbated for 72 hr |

and then harvested whilst PPD stimulated cultures were incubated for

L >1zohr" « : oo .

Assessment of annqen effects: In the first exper:\.ment, mono=

nuclear cells-at a’ concentratlon of 1'x 10 cellg/ml were exposed in B

2 ml o.t‘ RPMI 1540 to ‘PPD, 2 5 uq/n\l (Connaught) for a perxcd of time from_ . I
10-120 min at 137 C. The cells were washed once in cold medlum and ‘were
restspsnded %100 13 “‘?“ culture tubas in 2 ml qf m’}ﬂ 1640 containing

" 208 pooled guinea-pig Ser ane sntlpiotios. ASALELGHRL, cu'la.-nres"j were? * |

algo set up containing cells not previously exposed to FPD, P Y

[was added: to tube Giltures (4€ 2.5 ug/ml) and Toft in contact with thg '



P " \c;lls fhroughout ‘thetinéubation period.. The cultures, in triplicate, -
wgre incubated for 120 hr in 5% CO, and air at 37°°C in an Humidified
atmosphere. ' ' e K :
In subsequent expezm\.ents, e 1n1t1311y axposed}{:
2.5 ug PPD/ml in culture medium contaxnan ZD% pDDlEﬂ or autologous
4 ) Buinea-pig serum for periods from 40-120 min’and then were sihshed In
cold mediumi RPMI 1640 before being resuspended once more in. 2 ml of
RPMI 1640 ‘containing: 208 pooled oriautbiogons guinsa=pid Serum and

a_ntihio:i:s. These cultures vere incubated in triplicate, along with'

identical cultures set up contaxninq 2.5 ug PPD/ml, for 120 hr at 37° ¢
n( 5% €O, and air. ' . LI .

In two experlme“ts, ceus to be. exposed’ canunuously t6 antigen

were incubated 1n1t1a11y with the other cultures but without Ppn and were

/ then also jwashed before the addition of PPD to ensure that it'was not
the extra washes that affected the cell transformation. In addxt:\cn, i
in two fuxther experlments, cells to be sxpcsed continuously to antxqen

weré incubated with PPD for 40 min, washed, resuspended and a further
9,

addition of PPD was made. Neither of t;hese :wa"”pmceauxgs modified

the final résults in any way. ) - fe 7 g .

g &1 : Subsequently, i¥ was possible’to set-up dcse/tesponse ‘experiments .
comparing exmpienc~fzee “peD (Parke—Davxs & co:, Muntreal, B. 9.+ (Canada)
with PPD com:al.ninq preg: ives (C L : ies) . C,ells« were

6/

= 7 cultured at 1 x 1’ cells/ml in meadum 109 wu;h 208" puoled guinea-pig

t
serun and doses of PD -from 0.2-2.5 ug/ml. ecu;mres were harvested after, .
O L ) " & ,
120 hr - incubation. ' y 9 £ u ou K 2
v E ;@ a. e YRR

Assessment, of Stimulat. This was by 5 hr colchicine, block using

: ¢ i - 5
-+ '0.2'ug/ml of culture and the assessment ‘Gf.the mitotic response was as .

i ) *. deseribéifpreviousty. . Ve a5 o
3 > sSEriboinre y[ . . . . .




- i . . - " resuuts

The' influence cf different batches “of culture medium on the

) of Lymy ho:ytes stimulated with BHA.
~7 N ‘
% B ;
TABLE 8 .
. . g 3
¢ I Inf],uence of Culture Medium on the Transformation ;
ot Guinea—piq Lymphocytes Stimulated by:PHA
) e . . £ & Mitotic
Expt. . ¥ Culture . . Response
" No. Serum Medium: 3 - Batch . R )]
1 “peps .. RPMI 1640. o a <L 6.2
“2 7 - eeps . REMI 1640 - N T T | e
. 199 EBSS - P 3.3 ’
/ . B oan MEM A - ©q
. } ., . L . o
L 3 PGPS, . 199 Emss. + B : a.s
. @ x » i . u
F i . 199 BBSS . A ' . 3.03
4 PGPS 199 EBSS 2 A ° S B ovg
. . B @ .
% 199 HBSS ‘e ¥ 0.35
oy, S S . g e,
s, v+ aGPs 199 EBSS i A N T
5 . ‘199’ EBSS 5 D = 0
; . IR -
6 .7 © AGPS | 199" HBss . c o
. - B, ' g 19§ HBSS . B, o "
199 EBSS. x L

_ﬁf‘A . : . .

In general, .1ymphccytes ‘in culture- cither. :espondeﬂ WL | to PHA

‘with :xansfomauon and ceu division or. the cultures consxsted alimost’
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s, ; TABLE 9

Influenc of Guinea-pig Serim on tHe Transformation of
}g Lymphocytes in Responsé to PHA 2.5 ul/ml

) - Expti No. T . . Semm . - Mitoti’ Refbonse (%)
% % 1 . AGPS N 0.13 ¥ .
: 3 TE Codeswr oL oot .
o ) ' o, g
' PGPS (a) * s FRIRA
F 3. acps S o N )
. - SN - . .
: PGES (a) . . S L
. g 4 . T .AFPS e 21 .
f (- . . PGPS (b) N [ &F’ S 5, o
. . - ~ aeps .0.43 ' i
‘ Y Cl paBS (B) . 0 e S

AGPS = autologous guinea-pig -serum
HGPS = homologous guinea-pig serum
;PGPS = pooled guinea-pig Serum

Such inhibitory sera might modlfy % in vivos response to agtigen, .

Causing a 10ss of cutanedus reactidity and this was exam).ned in the
©, . - experiment depxcted in Figure '17. 1In tms experiment, two quinéa-pl.gs

were taken, one, guinea-pig A, was about fcnz‘monchs old, had been .

i sensitised to tuberculin and responded to.l TU with-a pubaneous rgaceim; Aok

8 x 10 mm erythema and ‘induration. The other, B/ was. about 18:months

cld, had’ been sensltlsed bver one year befor_e, raspondmg to 5 TU with a
readtlon 5ix.5 mm,in-Bisveter; bt just prior-to the ekperiment was: judged

tuberculin-negative on téstirg up to 250'TU. The gells and the sera:of « .
. z 3 : ) .




° .
2 .
A B10T PHA 25 ul/mi ;
- . &% 8
O- . h
¢ 5 .67 ;
L
y & 4
: Q » y ‘
5 =2 .
O
£ O %
= ) Serum
N L D A Cehs :
C s 5%5“ » . T E LB
? .27} PRD 25 ug/ml. » ¢ o e, =
D4 B ‘
L.x3 A
v 5 3
¥ t1 3
o >
. ,,\".O
, . ol .
kS ’, d - .
i ., o
. . FIgoRs 17, T\v- nitbtic response of p(_r1phen\l blood lyﬂ\]VIxacchﬁ‘ from
s , e two gum. \Sigs, A and B, stimulated with PR (u) ok Ph () and Gilturod- y
s )
Cf in sera Trom either nmmal}md in poo]m'l g\unca-plg Serum. Thc Tange n(
results from triplicate: culfures is vhmm. Plain® lu..l.oqxdms ropresé
L il + A cells and cross-hatched rc’pr‘csont B ocells., © . T F
4 Cutanicous.Reactivities:) A° 1 TU +.8 x 1Q mi E. & I. .
B T R . noas0dus o - o 3, .
LI - L = A S ’
" ‘ I o
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“AFTGURE 18, The mitotie r:ﬂ‘pon Gr pnr)phordl blood lymphocytes from

< : . two guinca-j X and v, sLnnu)nLea with PHA, an ar ppo’ () ‘and cultm.m" «
. in sora fren oitiier apimal and in rodlea gummqnn sermy.  The wange qf
. - resulfs from triplicate cylfurbs 1s Ghdwm; plam msccqxam prcscnt'()
. .. " X cells ama A reprosept ¥ -cells. K %
5 S : B : ! " ;
o o Cutancous. Reactivities: X 1TU >3 x4 mn B & L, » * 7 L
i | ; = e . g S
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Figure 17 on stimulation with BHA and PPD. These results indicate that
Serum B“ is definitely inhibvi’ting the response of B célls to PHA and PPD
and ‘that these célls are quite capabie of responding tor these s;imulan;s’
in the pther seray both A an® Bydled. In addition, the inhibition is
specific since cells from A are capable of respbnding to stimuiat‘ion in
B sdrum.  Slides prepared from B cells incubated in B serum show scancy

cclLulazity oy small pyknotlc lymphocytes present, in ecmplete

contrast to the appearance of the cells in the stimulated cultuzes.

P
% In a second expenment of thxs tyge, twogul.nea-pl.gs, both about

18 months 014, werdvused, guinea-pig X reacting to 1,70 with cutaneous
résponse 3 x 4 mn in diameter and ¥ reacting to 5 T with a reaction

5 x5 mmin dxan\eter. The results from this cxperxment are deplcted 1:1

Figure 18. " In this experxment a different pattern of inhibition 3% °

seen, when Y cells orm'in autologous serum to PHA and
PPD but do’ not grow in serum from X not’in podled serum. However,n X
.¢ells grow in all shree types of séra, but less'well in ¥ serun ‘than in

aucoloqous serun. The pooled setqm is :he sane batch'as that used in’

the previoug expezlmgnt and ,théstacc thit ¥ cells will not grow in this

serum, wherf®, B and’ X celds wiil, once moré emphasi

-of thé serum effects i, this culture system. - )

os the complexities .

¢ Ny e _/\

The effects upu'n ensitised-guinea-pig lymphocytes of varyinj the durati

of antxqen exposum, usmq two dxffezlznt iohs of PPD.

‘The Yesults of th fxrst experwlental 1nve5tigat10n into the

effects of a variable antlgen exposure time (Figure 19) demonstrated a
Jdefinite, fall in i onse with i ing. ure time. The
‘ N : N & %! ’ k . “
55 : . 2

g
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lymphocytes to PPD at 5 days, with duration of an

free medium.. The range of results in.triplicate cultures is shown.
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fGURE 19, The' fallsin the mitotic x
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gen exposwre in serum-




: star‘dmd error of the rcsults obtafned 4 shown
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Mitotic Response %:

-
f

Dum’uon of Exposure to PPD
. 25 ug / mI ’

W % . B

“FIGURE 20.. The fall m the mitotic respopise: of gumea—pxg lymphocyles

to vb vithi duration of imt)gcn exposire in’ serum-comammq mcb
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& _ levels of mitotic résponse .we;e, Thowever, rather lcw, belng mostly less
.7 than 1.08.. If the results obtaxned vere dud to-antigen toxicity, then

this toxicity would be more profoum'l in seruln—fxee médium, bécause of >

- mem of antigen-binding. by Plaswa pmtems and posslbly - of

more rapid cell gsatiiFin sezum-:res medmm at 37° c For this reason,
- . . the experiment was repeated in two, further e?gperlments wigh thé antilgpn”

exposure ‘being-carried out in 20% serum (Figure 20). Here'the same fall . . ' ~ '

in ‘mitotic’ 3 with feed dyration of expt fE annqen was

. : ‘seen, except, that ifs‘nean valuds for the mitotdk zesponse weze riow.

consfderably higher and differed ignificantly Ercm each ofher™ss indi~

. . X . . ¥
w ° .'cateq in Table 10, . - 5 5 5w
" S < N 2
: TABLE 10 - 5 s
» o @ . i wi N = it )
. Differences” 1n Mitotic Fesponse at s Days after’ - © * e
P il . i ong v iable Expogure ‘Time to- PPS 2.5 ug/m, Rasul,;s J
. are for 9 cultures in each group. T NG S
. \ Duration-of  * * Mean Mitotic e MR g
iy Antigen | ) Response . ) .t statigtit b
Expos\lre 3.4 . e - ,
" 4o min . T, Tas £ 16 . ,p<0.0L i 2
L . v P g v « L . s
,'120 min . . L0 .13 % 0.4 : — P = 0.001
" saays |0 datos [, B<0.05:| T Y p

Thus the mitotic rsspuns‘e after 40 min expc'sure to PPD is signis

4 af!:er continudus /-

ficantl'y‘diffexa'nt (p=0. 001) £ ‘the xei;onse obta:

exposure to the antiqen, and is also 51911 1cant1y dxfferent fr?‘:l the
il .

N respnnse follwxng J.zo jmin, exposuxa (;5 <u 01). 'I'he dlffetence betvee E 5
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FIGURE 21. THEé relationship between the cutanedus reactivity of
sensitised guinca-pigs to tuberculin and the in

tro response of their

Aymplhocytes to PPD, after 40 min and continuous exposure to-the antigen.

The range of results in triplifate cultures is shown.,
g T - ' . : .2




i’ foni axpeciuienits ueing guinea“pigs ot VIR CutaISoNs BN X
rhasiivae: wrbasersa wielise esmnisses Bioany s meesien
in lymphocyte cultures exposed to épn 2.5 ug/ml cultuke for 40 min and .
continuously. ‘Whén skin reactivity was-plotted graphically against the
mitotic zesp;mse it was fourd that a straight line relaticr;‘ship existed

o :
between the response after 40 min exposure to antigen and cutaneous
sensitivity (Figure 21). ‘However, such a correlation-did not apply for
e oraton Atk chHiivabE anbiyan exposure. X g
©) The possibility was e as mue‘xesulcs_ ‘Gight b dud to
preservatives contained in the PPD preparation used in these experiments,

i.e., phenol 0.3%, rather than a direct toxic effect from the antigen. i

itself. To test this, excipi PED ( is) was

with preservat).ve containing-PPD (Connaught) in the form of dose—response

preservative-free preparation, it was found that a 40 min exposure to

expériments (Figure 22). .
Whereas a Atsear :elanansmp existed betweer the mitotic response

and S8 BE Wi

PPD, the dose/response curve for
preserv}uve containing a'ntiqen' appeared flattened at the highex doses,’,

which could be the result of increasing .amounts of preservative in the '

,cultures. This flattening was seen in dose/xespense expenments uslnq

three different batches of PPD (Connaught), whereas excx),uent—free PPD k .
gave an appxox_\.mately linear curve. N . .

, However, in variable antigen exposure time experiments using the

angigen still resulted in an ‘increased mitotic .response in comparison
with continuous exposure, but thé @ifference was now only significant at

the 10% level (Table 11).



9 T 1

N
i

e—cExcpient -Freé_ PPD

Sk
1

0—0 Preservative -
Containing. PPD-.

. MITOYIC RESPONSE /o

T T

T 1 - 1
: 0 .05 1 15 2 . 25
- Concentration of PPD ug./ml. Culture

FIGURE 22.. The effect of increasing concentrations of presérvativey *

‘containi

¢ and pro:

rvative-free PPD on the Mitofic response of sensitised

guined-pig lymphocytes. The standard error 'of the results, is shown.
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TABLE 11 & H

i in Mitotic at 5 Days after a Variable o
Exposure Time to- PPD 2.5 ug/ml Free from Preservatives
Results are for 9 cultures in each group.

Duration of . Mean Mitotic
Antigen Exposure - Response % * S.D. _ t Statistic
40 min ; © 15+ 0.83 p=0.1
Sdaysr < - " 0.59 £.0.48
DISCUSSION g BO° £

- "It may not be unexpected to find that ¥ certain type of culture
medi_.;.:m suppor‘ts the growth of a pa::_;g‘ulaz cgll type better ‘r.'nan other
media. 'But it does seem- t({ be unusual when qne’ batch of médim is. sig-
nificantly better than other apparently identical hatch;; of ‘the same
medium. This is assuming that the batches of chemically'defined media,
commercially produced, contain, identical constituents. If 8o, then, in
Yo Gawe BE.MEATG 199N (TABLAIAY WHISH, pPravicusly uiicpenedund EpRRoK
mately one year old, sustained‘\the grcvi:h of guineapig lymphocytes on

most occasions; the possibility arisesthat some advantageous change

otcurred in the medium during storage at 4% C. Since there are 62 con-

stituents that could, l'.l:l theoz"y, have changed, ar‘x attempt to definé the
precise difference is unlikely to succeed and is certainly beyond the
scope of et Obviously, .some facfors are more prone to alter-
Aation than others, e.g., L-Glutamineascorbic acid, L-cysteine, L-methi-
‘onine, d-Biotin, but it is difficult to ses what advantage any such
alterations would be. Since human lymphocyges were grown“in some of the
neflia’that guinea-pig lymphocytes could not be grown in, ‘these ia_\

were obviously capable of supporting normal growth and divisicn but'
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“could not supply an additional requit%:nent of the guinea-pig ceué. -
Both 'human and ‘Guinea-pig cells require ascorbic acid for normal grovth
and develnpment and’ it has been shown “that scorbutic tuherculm—sensxtive

jJ‘;qmnea—plqs fail +o react on skm test (meller & Kies, 1962). But

Lymphocytes from these.ammals transform normally in vitro in response

in BPD (Zweiman et al., 1966),. although these e:(betiments were carried

out in TC-199 which contains ascorbic. acid. Nevertheless it is unlike-

ly that vitamin C deficiency i} the cause for differences in growth im
various batches of Medium 199, since supplements of asco:bié aci‘d to
these medfa did not affect the outcome of the cultures. Whatever, the
L Fequirement for growth of guinea-piy lysphoGytes, it iw
obviously not supplied by the sera used in theso experiments. The
I must be .
exquisitely sensitive if ‘it gespodle s N changes in ! the ‘con
sucuencs of the fulture médium. The fact that Medium 139A may be.
diluted ten times andrstlll maintain grow\:h would- appear to support £

this sugqestxon.

©

2 Perhﬂps the§shential defect ‘lies in the ‘sera, deficient in some

N . o
-essential mate‘l—iu supplied by Medium 1993, possibly i.n the form of
small melecules Such’ a: tv;:amns or’ coenzymes, or essential aminoacids.
L€ 80, ‘thah net Qf the sera examined were so deficient.

Ling (1968) has Fuggested that there are five, P may

be considered in the anslys).s of the effects of a particular serum.

{a) Madronoleonles:snching arglobuling or acid micopolysaccharides
| whick Aze protective or_promote growf.h in some ill-deSined manner

(Morrison et al., 1965; ‘Wicnl & Svobodova, 1966; Tozer & Pirt, 1964),.

(b) " small molecules, e.g., nucleosides, vitami ofmones, co-

-
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y enzymes which supply essential trace mutrients not prosent in the medium

- (Ambrose . Coons, '1963; Coulson & Challners, ‘1967

) ctors, possibly amubcdxes, which neutralize or combine

with'the stimulant (Héilman & ¥cFarland, 1966) . . . LA
2 0 (d) ‘Natuxal‘ antlbadles +o antlgenxc s1tes on the surface of ¢

the lymphocyte,s, which may -be stxmulatory or cytotoxic.. ° ‘ R

(é) Foréign antigens,. especially ap;ueametwhéxe hetaroleqous
serum. is'used. . : i
In the presem: wotk, many of the guinea-pig sera tested were

+ | incapable’of supporting” growth. ‘Such defective sera have been des-

cribed previously by-Phillips and Zweiman (1970).who noted that sera
from some anifialé was associated with little or fioproliferative res- ..
fonse O the cells to PPD and that considerable variatibn was noted
between lots of poo¥ed normal guinea-pig serum. It vas qenerany o
-served that if the serun from an individual animal vas associated with

v 3 a good ify vitro proliferative response, then this good ‘response was

seeri both in autalogous and homologous cell populations. A similar

~ relationship was seen in some sera tested here, where cells grew well

in one bBatch of .pooled serun (Table 9 or in sera from a partlcular
. anmal. A possible cause for these variations could be non—specl.ix.c

macromolecules such as @-globulins or acid mucopolysaccharxdes des—

cribed by such workers as Morrison et al. (1965), and Hichl and

Svobodova: (1956]. A second possibl lanati m).qht be the %

of factors neutrallzlnq or Comblnqu with the.PPD as desoribed. by

He&lman and McFarland (1966). Certainly antibodies to PPD" can be
detected in guinea-pigs sensitised with BCG and CFA (Wasserman et al.,

1969) and such antibodies could, in-a detrimental way, interfere with
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the interaction of sensitised sells with the antigen, either dire:tly
or’in the processing ‘of antigen'by mnucytes or macrophaqes But, in

addltion, one could also visualize an advan_taqeous effect of sach anti-

bodies in the situation where the presence of large amounts of free

antigen was itsélf damaging to the cells. . PhilliPs and Zweiman (1970)

lated

rorla % asprerkion, of destoperinnsrobeation LutcroNn. 15 el
cultures of guines-pig. iymphocytes at Lovels of antiggn equivaient o
& uq PPD/ml of culture and this depression fell below control levels
at}u ug./ml. Intexestxngly,,,schrek (193) has deseribed an xnhxb:\.txon .

in the aevel t of from monocy in cultures of hmnan

peripheral blood cells ab levels of FED £rom, 5-20 vg/nl. Monocytes
pe;sxscea as rounded-up cells, with peripherally placed muclei, cres-

centic in shape and without nucleoli: Certainly, the importahce of

monocytes and ’ in the e of sensitised lymphocytes to

antigen has been amply demonstrated (Oppehhein et al., 1966; Heilman

. & McFarland, 1967; Hersh s Harris, 1967; Levanthal s'Oppenheim, 1967;

McFarland, 1967; Seiger & Oppenheim, 1970). However, whether the

depressing effect of high dosds of PED is exerted upon monocytes or

iymphocytes, the presence of a tertain amount of nentralizinq antibody
could - conceivably enhance the degree, of transforiation found in the cut-

tures by reducing the cnncencrar.ion of free antigen available. This

polnt will've toin the eration of the effects of vary-
¢

. 1ngq the auration of antigen exposure.

The specific inhibition of : 1ymphocy

séen in the experiment comparingpld and young guinea-pigs (Figure 17)

' cannot be explained on the basis of general inhibitory or stimulatory

factors being present in the sera, unlgss cells from the old animal
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“had & spetial reguirément for such factors. The_simplést explanaeian‘

would be the presence in the serym ;3 antibo&ies teactxng agaxnst self-

antigens. upon ‘the lymphocytes of the old guinea-pig. - This wmx).d explain*

the specificity of, the serum effect but not its nature nor its cause.
' .

Certainly, such antibodies would have to prevent interaction of ‘the

mononuclear cells with the antigep without causing destruction of the

cells, since reactive cel].s were present and capable of respdnding in

a sujtable env;zonmﬁnt, the serun’ from the yaur#: ani.mal. Since the

PHA ) is lost, ymu ived cells are affected, and
a furthex: possibility 15 of a relative deficienq of some, sumance
necessary for thymic—dependant cells tc react to PHAor PPD, perhaps a

thynic factor. Cells from the young: aninal were able to react in the

inhibitory serum, but they could have conceivably carried sufficient

of the material'with them to maintain the in vitro response, whereas
cells from the old guinea-pig may have been, chronically deficient in
the' substance It was to exclude s\xch a serum deficiency thﬂt the
second experiment in this group was carried out,’ comparing two aged
guméa-pigs (Figure 18). These animals had not completely lost their
SRR IERREY, ERR e, h Tt B0 GE UKty GERTE
stié colony had, but were of comparable age to the first aial Vastad.
Boweves; it vas found that cells from the most reactile guinea-pig, as

regards tuberculin testing, were able to react in all the sera tested,

whereas the less reactive animal responded only in its own serum. These
results are not compatible with either dne of the two, hypotheses sug-
gested to explain the first experiment and indicate the complexity of

»

serum effects in tissue culture. It should be noted, however, that the

inhibition in thib siperiment was consistent both for PHA and PPD res-
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ponces; ‘as’ it was in the first experifint. More perploxingias the -

failure of ¥ ¢ells ‘to gtew 1n the pocled Serum in which cells from tl’)e

other anxmals tested were capable of frowth.

ehe inddeaisiny

mthough only a single

" between young and old ‘guinea-pigs is worthy of comment, since. it indi-

cgtes a field of study that shb\lld, pezhaps, be pursued later in more .
etail.’ The inhibitory RS O T SR n from the old anipals to its
own cells’ may have relevance to the ageing process in genefal. ’I“he @
depgas’simf\ of Aymphoeyte reactivity €o 2PD or PHA with inc:egsi’ng age

has been asscriie in the past (Pisciotta et al., 1967;- Dequeker et al.,

1968, Nillson, 1971) and it is possible.that this deprgssion could be

" ascribed to changes occurring in the thynus gldnd (Walford, 1969; Burnet,

1970). certainly, the importance of the thyms gland in the adult
antial has'beeh well documented (Metcalfi. 1965 Millery 1965). such an
ageing process could result in the depression:of thymic production of :
some essential factor, in.the modification of antlgens on 1ymphacytes

causing” then to be recogiized as not-self, or in the developrent of

* mutated clanes of immunoconpeterit cells reacting against self-antigens.

The relevance of these considerations to the ourrent sxperiments con-

- cerns the réxatmnsmp of the negative or weakly positive .tdberculin

reaction in aged animals (and in weakly feactive animalé or man ih
\

general) to the in vitro activity of immunoccmpetent cells. Is the

failure of these cells to qrow satlsfactnrily in cult\xre in auwloqﬂus

serun an explanation for the failure of the it B wonE significant
skin reaction to tuberculin?

'l‘he‘fact that sensitlsed 1lymphocytes x'eq'uire only a shartr Pxposure

" tive in ‘order o responﬂ to PP has been - by caxon
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(1967) using human 1 blood lymphocytes.: In his ’

- the'degree of transformation'and the hitotic response 1nduced after

=t exposure périod of from 10 Bec to 5 min was greater than aftér continu-
ous exposure (M.R.'1.4% as compared tn D.4%) but the significance Of

*this difference- cannot be ascel‘tari:req from the results. Indeed, the

difference was not commented on.' The' ype of PPD used by Caron was not’

mentioned, so the possible role of- presezva'tives in this effect cannot
* s

be getemir;ed. Even so, f{§f¥ould appear, from the-results of ‘Caron
\and the'results of experiments reported here (Tab]:e 10) that the degree
of transtormation following a short exposure of sensitised mononuclear
cells to PED ;s equally as gosd as that occurring withecontinuous - P
exposure to the antd.qen. Indeed, ‘the evldence would indxcate that it
/:s actually better and it is suggested that, in fact, this advantage
of short antigen exposure time is the result of preservativ'es i;c‘mtained

_+in_the PPD. "Thus the dose/response curve using preservative-containing

ntigen ‘s flattened at the higher doses (Figure 21) and the enhance-

ent'of the mitotic response with short duration of exposure is greater
‘when PPD ;onmininq preservative is used (Tables 10 ahd 11). However,
thvex'erstill remains the possibility that there is, in addition, a detri-
- mental effect of the continuous presencé of thé antigen itself:that
réduced the mitotic response below the opti’mum, since even when using

excipient~free PPD there vas a greater mitotic fesponse with a short

duration of exposiFe to the antigen (rable W7 e sinqle experiment

(Figure 19) where' pre—expesure of the cells to PPD ‘in serum-free medium

was carried éut‘mxght be considered to sipport this suggestion, ,for here
mitotic responses were low and fell to zero after-only 120 min ekposure *

to the antigen. However, this might have been 'an'effect solely of the

~ ;o iy




preservative. 'Thus a shortened exposure time might act by reducing |

the duzation Of cell exposure to the mxn: effects .of PPD whilst ensur-

ing that ¥ x or ytes. are sufficiently well primed
with antigen. In the presence of serun containing a"numdxes to pED, |
it might be that sufilcxent ‘unbound antigen is i}‘,&sent to stimulate

transfarmatgn wlule excess antigén is bound to Spécific antibody’ -

present. in the serum. C "T te inhibition ef i ynuqh:

occur when no free antigen is avaxlable to stimilate the cells, How“
ever, the toxic effect itsglf ceuld be exerted upon sensx’.tise& Lympho-
l:y(:es, monocytes or’ macrophages and a distinction with régard to this
cann§t be made from the data presented. In expermanl:s by Seeger and;

Oppahhenn (1970), it was found that pre-incubation of macrophages “with

}tn ug PPO/mk for: peridds f;rarm 1/2 6 hr Before washmq and addmg the

cells Df sensitised g\linea—pxq lymphocytes r.esulted in a re_adul:t).on in .

: as y 4 to lymphocytes and’ incubated:
corttinuously with the antigen. In addition,’the optimal period ‘of
exposure of short duration was 4 hr. Tiese were macrophages £rom perit-
oneal exudates and not pe:ipheral blood mcnoqytes and so these results
vl\'\ay not'be directly comparable wlth the results of Sch.rek. (1963) .
However, it does siggest that: protecting the 1eymphocytes £rom 113.\:131
exposure to the antigen dnes not enhance their. transfomacion. In
addition, the résults might indicate that macrophages are adversely
‘affected by the antigen exposure. However, 3 whne paee’ At WOXEBA

- expected that the optimal response would be cbtained fullcwing the

shortest period ‘of exppsufe,

'30'min, provided that that was
sufficient time for the macrophages to take up or react with the

antigen. The fact that in the present experifents (Table 10) only 40




‘the antigen.’

would appear to support this. & 7 S

The results of ,seegez and oppenheun (1970) presented above

.
Mditional in, vlvo evidence that with contlnumzs antigen exposllke

xn'the system used here one is seeing Qmphocyces respondl.ng in a sub—‘

optinal vay to,antigen cones “from the deng of an

1sitivity of the donor

Jihear relati betueen the cy

aninal and the mitotlc response aﬁter a short, exposure: il (quuze 21) é

Althouqh time- ing-and even 3 ng, expgri;nental;_

ana1y51s of tissue culture (,nnditions, especmuy serun and antigen

effec:s, would appear tn be necessa:y in o:dex to attain the faﬁu.liaru:y

‘fequired.for compering quantitatively the in vitio' responses nf immuno:

cnmpatent 2aiinz mhecw i obviously seope for contmuea work'lere,
particularly with regard to the dlssociatxcn of lymphocyte. and momcyte

«:ontxﬂ:uticﬂs to “the  total in vm:o response and the effects of serum .

and antigen upon these cell’ cypes. s .

. & o £ ) ¥




ion of. inflammatory factnts ‘ed by guinea-pig 7

|

N & o~ * peripheral bxood lymphocytes”stimulatéd with PED. . @ © . ai

V. The i

** " .. A‘number of investigators of thé putative soluble mediatars 5f°

! delayed hypersensiéivity have produced the active’sﬁpernatanbs by the

"+ intubation of sensit’ Ve»q\_unez—plq mnphacytes, derlved from lymph

nodes, in medium, 1y fing these’ super— #

natarts by vacuum dialysis or lyophilization,(Benmett & Bloom, l'asu;,

Heise's Weisér, 1969; Remold.et al., 1970; Bernstein et'al., 1971). w5

However, in ‘the developnént of a pxaposed an!.mal quel for‘subseque:lt s

human experiments, it wuuld abvlu\fsly be more senslble to,use mdno-

I nuclear cells derived ‘Erom peuphera} lglood. The use of human periph*

R i
eral blbo ymphocytes for the production of MIF was \descrxbeﬂ by -

® - RocRlin et al. (1970), again utilising a serum—free culture system. In

N 7 this case, “the active, supernatants were snbsequently assayed usix\q i
s = ’

guinearpig peritoneal exudate ceus as oxiqinauy descn.bea by Dayid ‘et

(964) .o . < 7w
In this final series of experimehtm'qumea-piq peripheral ' oy

blaod 1ymphecy:es,‘ sepa:a:‘éﬂ on ficoll/Hypague, inﬂammaco'ry supernatdnts
were produced by uulture in serum-f:ee medmm with PPD for 3 days, suh-

¢ c . coné ing the superr afedr dialydis, by lyophiliza- g

tion. ih to antigen was assessed; y

ing20% autologous serim, at 5 days by colchicire i«hlock, sincé cell .
Z divlsmn was found 0t%to Goclir in aultures 1ac}c fig Serum :

-rhxs effect

of thé !smoval ‘of Ferun £rom lymphncyte cult\zres tas been noted previ-,

e T ously (Ling, 1968 Walker & Lucas, 1969).

Asa further “assessment. of

plere the in vitro response to antigen, serum-free supernatants were also

assayed for the presence of MIF, by a modification of the techniiie
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aescnbed originally by Da‘#d et al. (1964) .

It was originally hoped that it mqht be poSsible to correlite
SRF production in vitro with cutancous hypersensitivity to PPD in vivo
in'a quantitative as well as qualitativé manner. .Ofle problem that might
arise uslnq the/‘present system is that the immune response in serum-

“free mediuwm may not be found to correlate quantitatively with the cuta=

neous reactivity of the donor in the way that transformation in the .

presence of serum, for example, has been shown to correlate (Mills,

1966; Oppenheim, 1968). Thus,.the occurrence of inhibitory factors in

b
autologous serum might modify the immune response as discussed in
Section IV. In addition, the dependéncé‘of lymphocyte reactivity on

-serum factors important in the maintefiance of-cell viability and

. general cell functions such as protein or RNA synthesis might seriously

‘affect quantitatively the production of mediators: Thus, in experiments
in guinea-pigs or in man, the failure to demonstrate SRF by intradermal
injection of serum-free culture supermatants could be’the result of a

low level of production of the mediator. However, such negative’find-

. inqs might be interpreted as indicatinq that SRF does nbt exis: or, in

the case of hynan experinents, ehat specles “Fitterences preciude its
demonstration in the gumeg—p}g.
HIF nas beey shown to be ﬁ;ods\ce_ﬂ tnserus eibacuttuees: (Remmestre
‘Bloom, 1968; Remold et al, 1970; chklin et al., 1970) is one re‘ascn for
including in the experimental design this additional in vitro assessment
of ‘mediator production which is alse an indicator of a lymphooyte res-.

_ponse in the cultures.

Indeed in this context, the fact that .
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3 A\ .
’ MATERI}_\LS AND METHODS - T .

Animals: Male Hartley strain guinea-pigs weighing 500-1000.g were

used in these experiments. ' . .

Immunization: Guinea-pigs weighing 500-700.y were immunized once

with a ion of 40 mg of ied BCG vaccine (Connaught Labora-

tories) in 1'ml of saline and 0.5 ml CFA (BBL), 0:05 ml-of the suspensitn

being injected into each/footpad. 'Control normal guinea-pigs received

no immunization. o : /

Skin Tests: -Skin reactivity wag asgessed, approximately 4 weeks

injection of PPD, 1 TU, 5 TU or

25070 ‘in 0.1 ml (Connaught Laboratories) intd the shaved abdominal _

“skin. . Reactions were assessed at 24 hr by measurement of the diameter

of erythema and induration.

‘Preparation of Lymphocytes: The animal was exsanguinated by intra-
cardiac p\_.m;:ture with Jan 18 G 14 in disposable needle, whilst under
ether anaesthesid, using sterile technigue. The blood was withdrawn
into a plain 30 ml plastic éisposable syringe (Jelco Laboratories) and
after exsanguination was complete, 8-10 ml of the blood was transferred
to a sterile glass culture tube and left fo clot. Innediately following

"the transfer, 2.7 EDTA, PH 7.4 vas added to the syringe (1 ml of

anticcagnlant to 20 ml of blood) and was mixed thoreughly with the

blood. sSerum for heat activation at 56 C fgr 30 min was prepared “from
the clotted blood as described previously. Anticoagulated blood was
diluted 1¢1 with isotonic saline and was layered carefully onto 10 ml
of a mixture of 9% ficoll and 37.5% Hypaque, in 50 ml sterile glass
round bottomed centrifuge tubes. The tubes were then centrifuged at

'
400 g at’ the interface for 40 min at room ‘temperature. At the end of
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of Medium 199 (GIBCO) containing penicillin 100 u/ml, streptomycin

100 ug/ml ‘and kanamycin 100 ug/ml (GIB&0). Excipient-free PPD- (Parke-
; : i )

Davis) in Medium 199 (GIBCO) buffered with Hepes (25 mM N'-2+Hydroxy-

ethylpiperazine-N'-Ethanesulfonic Acid) was 'added to stimilated cultures

¥
9 o
to give .a final concentration of 2.5 ug/ml whilst an equal volume

(0.1 ml) of the medium was added to control cultures. The flasks were
Sncubated £ox '3 daye at 3% © 1h an hilaLfise atnosphere of 5% CO,
and air. )

. For the asséssment of transformation, mononuclear cells were
incubated, at.a concentration of 1 x 10° cells/ml in 2 ml of Hedium -

199 containing .20% heat-inactivated autologous serum and antibiotics:

Excipient-free PPD 5 ug in 0.1 ml was added to stimulated cultures

ar.ni 0.1 ml of medi\‘m\ was added to controls. -Cultures were iAncuhated:
in €riplicate, in 100 x 13 mm sterile glass culture tubes for 5 days
at 37° ¢ in an hunidified atmosphere of 5% CO, and air.

A .
P. ion of SRF: were carefully from the

flasks at 3 days and were centrifuged at 16,000 g for 20 min. The

cells from the flasks,resuspended in a few drops of medium, were
smeared on serum-coated slides, fixed and subsequently stained with -
Giemsa. ’Supernah»al’nt’:s _were pipetted off from the deposit after cen_gi‘f{@
ugation and the appropriate amount of P8 vas added to,the control
supernatants to give an equivalent concentration to the st.arging con-

M :

centration of PPD in the stimulated cultures. The supernatants were

then dialysed, using 1 23/64" dialyger tubing double-knotted at éach

«end, against 0.15 M sodium chloride for 24 hr and aqaxnst distilled

. water for 24 hr. Dialysis was carried out, at 4° C in an Oxford Multiple

Dialyser (Fisher Scientific Co. m:a ).. At the end of ‘the.dialysi
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period, the dialysed supezna;anté ‘vaere filtered through a cellulose
filter of pore size 0.22 u-(Millipore Ltd.). A glass fibre prefilter
(M11ipore Lt.) superinposed dirsctly on the bacterial filter in'a
single filter holder increased the ease of filtration. Supernatants
were lyophilized, in 8-10 ml aliquots, and the lyophilized matérial was
stored at ~20° ¢ until used: )

of ion: « in the tube cultures

was assessed at 5 days by the use of colchicine 0.2 ug/ml of culture
to block mitosis for 5 hr. .At the end of that period,.the cells were '

pxepated by the technique already described in detail in Section I.-

J The Mitotic Response (MR) was then detemined by counting the number

of miy:csas present in 1000 mononuclear cells. .This was expressed as

a percenca;e in the final results.

| SRE Assay: - The lyophilized supernatants vere taken gna dissolved .
carefully in 0.2 ml of Medium 199 Gtepes buffered) containing antil
biotics.. The supernatants_(concentrated 40-50"%) were drawn carefully
iAto 1 ml tuberculin syrin%s s 367 nesavs] eieaatay:
;xéhanged for a 30 G H".disposahle needle. A vol\;me of :0.05 ml of -

each supernatant tested was injected intradermally into the shaved

abdominal skin of normal gui pigs. i were for up

to 24 hr but: were measured at their peak at 4-6 hr by the diameter of

, erythema and induration present, the degree of erythema and the increase

in double skin thickness, measured using’ the Schnélltaster (System

© Kri p in, Type A.02T, H,C. KXOPIJJ\. schluchtern. Hessen, Germany) .  The

zemain).ng com:enr_raced supernatanc was dlluted up to a total volume:of

0.7 ml (concentrated now 5 -6 X} with Medium 199 supplemented with 20%

-foetal calf sexum fux use in the MIF Assay.
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Histology: Biopsies were taken from the skin reactions at 6 hr,
vere fixed in formaldehyde fixative'and stained with hematoxylin and

eosin.

MIF Assay: .Peritoneal.gxudate cells from normal, guinea-pigs were

induced by the intraperitoneal (i.p.) injection of 10 ml of 2.5% starch

L ies). After.3 days,

the ani_n\al was anaesthetised with ether and 30-40 ml of HBSS containing
sgdnm_: heparin 1q u/ml was lnjected‘ i.p. THe abdomen was kneaded gently
“for 10 min_and then a sterile gxastié catheter (Bardic Around Needle ©
Catheter, 14 Ga, 0.058 I.D.; 2k" lohg; C.R. Bard, Inc., Mun"ay 1-:111,.
N.3., UIS.A.) was inserted intd the peritbneal cavity and the £luid
vas drained from'the abdomen into’a cold plastic 25ml culture flask
/(Falcon Plastics). The peritoneal ‘exudate .cells were washed twice in

cold HBSS containing 10 units of sodium heparin per ml, spinning each

time at 250 g for 5 min at 4° C. AFtér resuspending the cells in a
" known volume of HESS (usually 10 ml) a cell count was perfomed usmg
a haemocytometer and v;abxlu:y vas ‘assessed by trypan blue SHELEELRS

‘This was found to be greater than 90% on,most ocdasions (mean 93% £ 7).

o N o % L
A differential count was carried out using phase-contrast microscopy .
after incubation of the exudate cells with latex and heat-inactivated
foetal calf serum. Macrophages were usually found to be well spread,
i T . - i

having phagocytosed large numbers of the latex particles. In the series

, of experinents carried out, the mean differential.counts were: granu-

locytes 31% * 16, lymphocy 15.5% + 7,'n 548 # 170 The h
. cells were finally at a fon of 40 x 10° cells/ml
in Hep 3 Medium 199 containing. 20% heat-inactivated foetal calf

serum and penicillin 100 units/nl, streptomycin 100 Gg/ml and kanamycin
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156 ofi Gapiiiary bibiea 0 inized mi it, 1.D.
1.1-1.2 mm, Fisherbrand, Fisher Scientiéic Co. Ltd.) were filled with |
.
“ the cell suspension and sealed at one end with either paraffin wax

o . Gristévax, M2, 54-56° c, Matheson, Coleman & Bell, East Rutherford,
N.J., U.S.A.) or with vinyl plastic putty '[Crit;s;_al, Sherwood Medical
Tndustries Ine., St. louis, iissouri, U.S.A.) and vere centrifuged at
130 g for 2 min in a clinical centrifuge. ?né tui’e's VEEEEHE at the
interface and the portion containing Lharoslanie placed in a Mackaness—

type, chamber -(Disposable 'Lexy' Culture Chamber, Mini-Lab, Durvernay,

Laval, Quebec, Canada), two capillaries in each chamber, held in place
with.silicone vacuun grease (Dow Corning Corporation, Midland, Michigan,
U.S.A.). A sterile coverslip was sealed onto the top of each chamber

with paraffin wax and the chambers were filled with the concentrated -

supernatants to be assayed. They vere Sncubated at 37° G for 24 hr and

the area of migration-was projected, using a Zeiss Projecting Microscope °
(Carl zeiss, Germany). onto a sheet of stiff paper, 0.4 mm thick, and was
‘then outlined. The outline of the area’ of iigration was subsequently

cut out @nd weighed. The results were expressed gp:

% Migration = % %100
. where X = the weight of the area of migration in supernatants from
' stimulated cultures B !

Y = the weight of the area of migration in supernatants from

unstimulated cultures.

S, . * The reproducibility of tfe prepp¥ative technique vas by

measurement ‘of the migration’from twelve capillary tubes contained im
five different Mackaness thambers filled with the same test medium. The
standard deviation of ‘the results obtained was & 16% and the standard {
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error of the mean for 12 capillary tubes was+GH? s :

RESULTS

' The production of SEF and MIF by sensitised ‘guinea-pig lymphocytes

‘stimulated v‘with PPD.

* In the results shown in Table 12, it can be seen that supernatants

from stimulated lympl Y cultures had infl properties (mean
reaction 95 & 5.D. 63 =g m) whereas those from wistinulated cultures’
in most instances did not (mean reaction § & 16 sqmm). This difference

was significant,(t test) at p <0.005. On the two occasions (experiments
i

4 and 8) where reactions d with £rom unsti

cultures, these reactions lacked either erythema or induration. Con-

sidering that tbe supernatants injected had been concentzated 20-50

times, the lack of non-specific reactivity was quite surprising. Active

sup ! reactions rised by ‘erythema and induration,

although the skin thickening did not have the firmness of -the typical

- tuberculin, \Fesponse and must have had a significant ‘element of oedema.

The erythﬂna was never very pl‘ominent (Figure 23) hut could still be

lneasuzeﬂ. ’lhese zeact:\ens reached a peak at from 4-8 hr and.were

_usually measured at 6 hr. By 24 hr little remained of thé responses

except’ for a small pale nodule at the site of the injection. .The

- presence of xnhimu'xon of the migratign of peritoneal exudate cells

in the MIF assay coincided with the presence of SRF in the supernatants

in all but one experiment. -

With regard to the correlation of the production of soluble
factors with transformation, it can be seen that only where transforma- -
tion‘and cell division occurred in the serum gontaining cultures, was

e
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FIGURE 23. The inflammatory response produced by the injection of
supernatants from stimulated guinea-pig lymphocyte cultures is shown
at X and Y and the lack of inflammation at the site of injection of
the control (unstimulated culture) supernatant is visible at the
bottom of the photograph. This reaction was at 6 hours after intra-
dermal injection into a normal unimmunized guinea-pig.
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FIGURE 24 (a). The perivascular infiltration of inflammatory célls
seen in the reactions induced by supernatants from stimulated tuberculin-
sensitive lymphocyte cultures. H & E. x 200.

(b). The same reaction at a higher magnification. H & E.
x 800.



FIGURE 25. The histology of the reaction induced upon intradermal
injection into a normal guinea-pig of supernatant from stimulated (a)
and unstimulated (b) cultures as it appeared at 6 hours. H & E. x 32.



114 . . i

SRF and MIF detectable in the serum-free supernatdnts. In addition, it

appeared that larger: skin reactions were induced by the supbrnatants .

from experiments with the higher mitotic responses, although a definite

relationship between cutangous reactivity to fuberculin and the mitotic
. response was not apparent., However, mitoses and transformed cells were
not vxsible in smears prepared from serum—-free cultures, even when
. soluble factors had been produced. , Lymphocytes were small, with pyk-
notic and irregular nuclei, whilst larger cells had degenerated beyond
recognition and by trypan blue exclusion most of the eeu; (98 *1.3%)
were dead. ‘.

. . . . ’
Microscopically, the six hour skin'reaction induced by super-

. b < -
natants'from stimulated cultures was characterised by a mixed polymors

phonucleaz-mononuclear infiltrate:in the deeper dermis, mostly around
v\essels between the dernis and adipose tissue (Figure 24 a & b). There - . - v
was some infiltration of cells also into more superficial areas to j\lst
below the epidernis.- Supernatants fzom_un‘s:imulated cultures produced
a slight infiltration with a fow mononiclear cells and polymorphs,

spread evenly throughout tie dernis without the predomindntly penvas—

cular lnflltratxon in the deep demis- (Figure 25 a & b): !

DISCUSSION
x .
Using lymphocy by centri, on £icoll-Hypaq
\ from the peripheral blood of tuberculin-sensitive guinea-pigs, it is c'_

ible to in from cyltures of these cells

. stimulated.yith specific antigen, a substance or substances,that produce

..an infl y ised by erythema and induration, upon

injection into’ the skin of normal guihea-pigs. These findings are in .




T1s
agreement with those of other workers #ho, using.lympH node or péritoneal’ {

. . )
sxudate lymphooytes fron sensitised guinda-pigs wers-sble to.similarly
dunonscrace 1nflammatory actxvxty in the supernntants from anhgen— ~ /

stnhula:ed cultures of these cells, (Bennett: & Bloom, 1968; Dumonde’ et

1., 1969; Heise ‘s Weiser, 1969; Krejel ‘et, Al Qea, Pick et al-. Ises),
The inflammatury responses « obl:amed in the presené ‘experiments reactied

a maximm at-4-6 br and were characterised nucx'oscopically by an. infxl—

tration with pc ar and mononucl cells in predom-

inantly in the deeper portions of the dermis, mostly azou’na blood

vessels. These findings are essentially sifilar tff those of pmk et | . B
‘al. (1969). and possibly of Dumonde et al. (195@) Ee Hexsé‘ N i
,(1969) . Bennett and Bloom (1968) fo\md only ,mnd’nMe r cells present > .

at 4 hr with neutrophil appearing latet, as-the react1on peaked at

822 he. A mixtire of pol sclear and mohonuclear cells was also
noted by, Krejci et al. (1969) but here the reaction was at its maximm -, s
at 24 hr. . £ P

1]
/
The presence of a material uxhxbxtxng the migtatiun of normal

pezimnea.lsexuda:a célls in the MIF Assay in those supe!:nata‘nts with

Jnflamnatqry properties could mdicate, as the resalts ‘f Bennett and'n

.Bloom (1968) suggest, Qhat MIF is the suhstance pmducmg the mflam—
matory rea_cncm 1_n vivo. Probably, hawever:. there 'is in thess supet- %
.natants; 1ar§e nimber of substances that have been synthesized by the

stimulated lymphocytes and other factors ,basides MIP could be involved _
"in the production of the red Spot. Ifan actual subscance SRF exists, . 4

dqstindt>from MIF, 1 in or ! factor,, such a sepa‘ﬂm—//

' must await more detailed knowledgevoﬁ the physicochmi.cal prepé!(’:—_—_/

of these factors. at °

= o 1 E B . 5w
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\ Célls in serum-free medium produce the factors, byt do not Show
evidence of morphological transformation when exam{ned at the end of
the culture period. This should not be 1nterpzeted S xndxcatlnq that

the cells :hat :ransform\aze not those that produce the soluble factnrs.

o Prm‘luc't:).on of the lnflamma(ésxy substances assayed cculd occur early
in ché culture peried, 'as krejci et al. (1969) showed for SRF and Bennett
and Bloom (1967) showed for MII‘, and the cells subsequently degénerate
befur@detectable changes occurred in thexr moérphology. Eu‘t equally. -
there could exist two populations of cells, one of small lymphocytes
producmq the soluble Mediators and the cher transforming and under- ‘.

going division when in suitable cultute conditions. T‘ﬁg relationship
>

between the transfemaéion that occur:ed in 208 sbrum gna the presence
of soluhle factors 11:1 the supernatants mlght 1Y3dicﬁte that in those
‘experiments where transformatioh did not occur, cells were incapable
of survival of response to antigen, evenin the piesence of W

~Certainly, no dissociation occurred’ between the responses in serum and

those il serum-free cultures, as might occur in the ‘Presence of serun

inhibitory substances. =
@
The number of anhimals fully 1hvestiga(ted in ‘this series is too |
spall to draw any’ :or.t'clusxons concerning the relative production of
mediators in animals with.different sensitivities to the antigen, i.e.,
.to answer the question as to whether in animals strungly’ sensitive to

tuberculin ‘more ceé}s respond with the production of mediators than

in less sens)tlve animals, However, there dces appear to be Some cor-

t‘ex,ation between itivity, m}mcie s and amediion:

production.

. The main problem in this system as a model fdr tfie study of SRF

ay
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in man concerns the in vitro \t of tre ion of
lymphocytes. The method used here, the of mitotic

necessitates the presence of serum in the cultures initially, since in
serum-free medium the cells do not divide. Thus, it is not a direct
assessment off the response of cells producing. the mediators actually

., assayed. In addition, as pointed out previously, cells Ynay respond to

+ antigen and begin to £ morphologically,’ ‘soluble factors,

but fail to reach thestage of cell division, perhaps because of chanqés

occurring in the cultures. Fur the t of
by the mitotic response as carried out here is not an absolute but
rather a £e1au¥re feasure of _responding cells. 'The £inal puqenc«age_

* figure is dependent upon thé.number of surviving lymphocytes and not

just on the number of responding cells.

Thus, in the application of t}u.s :echmque 67 st igation

of SKF in man, 2t wsans advxsable to consider a more direct 'means of -

assessment of the degree ot L fon of the 1lymphocy
in culture .in response to anthen. One obvious posgibility is the

study of protein and ribonucleic acid (RNA} \jnthesls in the’sérum-

free cultures by the use of radio-active isotopes.




B: EXPERTMENTS IN MAN

1. Early on infl y factors by human periph-
2 7
eral blood iymphocytes stimulated with PPD. .

- These experihents vere performed at ‘approximately the same time
. as the .initial experiments in guinea-pigs using lymphocytes from dex-
tran-sedimented perip!:\eral blood (Section A.I.) and before the d‘evelop‘
ment of the final protocol for the investigation of guinea-pig SKF.
Essentially, leukocytes obtained by the sedimentation of human
peripheral blood from tuberculin Fensitive donors were éulg:ured with -
or without antigen, and supernatants from these culturés were assayed
*by: . ' . 7
(a) ‘intradermal injection into.the abdominal skin of normal

3 . v e . -

guinéa-pigs K

(b) intraperitoneal injection into normal C57 black mice.

MATERIALS AND METHODS

Blood Donors: Peripheral venous blood was obtained,from healthy
adulfs of either sex exhibiting delayed hypersensitivity skin reactions
to tul;ezculin- v J & ¥

Animals: Normal, unimmunized Haxtley‘ strain guinea-pigs weighing
5oo-7oo g (A. & E, Farms, Altamoun:, New York, U.S.A.) and hérmal’ young
adule €57 black mice (ackson Laboratories, Bar Harbour, Maine, 0.5.3%).
* Skin Tests: Donors were skin tested with BPD (Connaught Laboratories)
17y by intradernal injection into the forearm. Reactions vere )
by measurenent of thé diameter of erythena and {nfuration Present at the



injbction site at 48 hr. Individuals not reacting to 1 TU were tested

with increasxng doses from 5 TU up to a maximum of 250' TU before' being::

as tuberculin-negative.

Preparation of Cells: Peripheral blood .was obtained by venepuncture,

the blood ‘being drawn into a syringe containing sodium heparin (Con-

naught L ies) at 'a of 10 units/nl of blood. A 6%

solution of Dextran T110 (Pharmacia) in saline was added to the blood,
1 ml of dextran to 104(1 of blood, and the two were thorouthy mixed.
The m:.xture was transferred to sterile plastxc 15 x 125%m culture

tubes (Falcon Plastics) and the Plood was allowed to sedimént at 37° ¢

for 1 hour.: The leukocyte-rich plasma layer was then pipetted qfi, a ' -

drop was smeared upon’a slide, fixed and stained for a differential
count. A cell count was performed using a haemocytometer. The leuko<
cytes obtained by this technique consisted of polymorphs 50 + 12% §.D., |

’ly@phocytes 45.5 + 14% and monocytes 4 % 3%.
“Peripheral blood leukocytes were cultured at

Culture Condition:

concentrations. £rom 0.6 - 25 x 10° 1ymphacytes/m1 in ReMI 1640_ (GIBCO)

com:ainan penxcxllln 100 units/ml and streptomycxn 100 ug/ml (GIBCO)

with 20% aui:oloqaus plasma. Culturés were stimulated with PPD (Connaught

‘1aboratories) 0.5 ug/ml and control tubes either had an equal volume of
saline'added to the cells in culture instead of antigen, or PPD was added
after the cefls had been'killed by heat at 60% C for 30 min. Viability

was checked by trypan'blue exclusion. A further control ‘onsisted of
.

. culture mediiin with antigen added’ but without cells. 'supemazants were

. temcved after 3 days incubation at 37° € in sterile glass 100 x 13 mn

:lllt\lref tubes in ttxph_cate in an )\m’nxdifl?d atmosphere of 5% CO

air. The supe:natam—.s were cleared of cells by centnfugacion at 1000 g

x - ., 5 .
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" for 10 min and weré either stored at. -20° C'until used, or were dialysed

at 40 C' for, 24 hr against 0.15 M sodium chloride and for 24 hr against
distilled water. At the/Snd of that timé, a colloidal precipitate of

protein had formed in the diaxysis tube.. The dialysed supernatants

were divided into clear supernatant and Golloid by centrtfugatioh at
4
10,000 g for 20 min and were subsequently J.yop“huued separately ana

then stozed at'-20° ¢ for _future use. On two occasions after dialysis '

‘‘against distilled water alone, the dialysates were also collected,

sterilised by Millipore filtration and then 1yophilized and stored:
SRF Assay: i
" Ghinea-pig exl;ezimen'tsx u;concénexacea supernatants from stimu-
lated and control leukocyte cultures were assayed by the intradernal
in:ecnon o 0.1 m1 of the fluid into the shaved abdominal akin of
nornal g‘@inea—pigs.. Lyophilized supernatants dissolvgd in 0.2 ml of

RRMI 1640 and concentrated 5 to 40 times were also injected in volumes

Tof 0.1l i 11y into the final skin'of normal guinea-pigs.

Reactions were assessed for up to 24 hr and the diameter of induration '

and erythema or pallor prodiced was measured.

* Mouse i H Jfrom t;he leuko- '
cyte cultures vere injected intraperitorieally in 1 nl aliguots into
nomal C57BL mice anaesthetized with ether. The aninals were gacrificed
at 8, 24 and 48 hr .after the iﬁiwjection, each animal being
injected mtr;peritnnegllx with 1 ml of warm RPMI 1640 l‘haut prior to
sacrifice. Subséquently, reactions were assessed at 24 hr only. ‘After

5 . ; e
sacrifice, any £luid contained within the peritoneal cavity was With-

. ’ [
drawn using a blood diluting pipette, a drop of the fluid was smeared

upon a slife for later Fixation and staining and the remaining fluid |
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was used to.carry out a white cell count using a haemocytometer.

: This wa$ undertaken in the form of

Assessment of Transformatio;

a dose/: using ions of PPD from 0.001 ug/ml
to 10 ug/ml. , Response of stimulated cultures was measured by the
percentage of morphologically transformed lymphocytes in,the cultures,

500 ‘mononuclear cells being counted in methanol-fixed, Giemsa-stained

smears from each culture.

RESULTS. ¥

The effect of increasing concentrations of PPD on the percentage
of transformed cells in the cultures is depicted in Figure 6. Although -,
the optimal dose of antigen on that basissis 10 ng/ml, there was con-

siderable evidence for cell death in these cultures as compared to

ultures with lower ons of PPD. Apart from blasts, small

. lymyhocytes with pyknotic and irregular nuclei were seen as yell as

¢ larger, pocrly stained and .appaxencly disintegrating cells with rounded
or kidn%y—shaped nuclei and cytoplasm that’ failed to take up stain. In
many of these, stain appeared to have leaked from the nucleus into the

unstained cytoplasm. . At lower concentrations of PPD, small lymphotytes

more often ‘healthy and , -and Qiyiding cells were
visible, Since only healthy, recognisable mononuclear cells were
counted in the assaasnsit OF Ens snears, the considerable degree of
bt Henth uk a0 uq’ PPD/mL ‘would artificidlly raise the percentage of

transformed cells.
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FIGURE 36. The.effect of tuberculin concentration on the transforma=
.=+ tibn of dextran-scdimented buman peripheral blood lymphocytes Erom A
sensitised human donors. The ‘range of results from triplicate cultures

shown:
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TABLE 13

Infl tory Activity in £rom Sensitised Human’
Lymphtx:yte Cultures Stimulated by PPD and from Control Cultures

SRE ASSAY .

Mean Surface Area.of ‘Skin Reactions in sq mm % S.D.

No. of stimulated ° Unstimulated ' Killed Cells
EXpts. - .+ Cells Cells, © - .+ Antigen
10 . ° L 17.7 '8 10,2+ 11 . 10.6 + 20

Paired t test p <0.2 pa<o.4

-

Human SRF assayed in guinea-pigs.

As shown in Table 13, the injection Jf supernatants from sensi-

‘tised human lymphocyte ‘cultures i 11y into the shaved abdominal

skin of normal guinea-pigs, failed to produce a significant inflammatory
" )

response. 'There was no significant aifrezex‘\cf" between the effects of

the supernatants from living cells incubated with PPD, from li¥ing cells

incubated in the absence of EPD, or ‘from Killéd cells incubated with
antigen. .In all cases, thé reactions were small and pallor as often‘as
erythema uccuxx‘ed with some slight inguration. ¥

The size of the reactions produced by the’ lyophilized sppeznamnts

are’ indicated in Table 14. In all categories, they wers larger than

those by Howeyér, the major part
of”"the ‘inflammatory activity appaared‘ to reside in the post-dialysis
solublv\fractions and not 'in the colloid nor in the dialysates.‘ Al-
though the, largest reactions produced by his fraction vere indioed

by supernatants from the stimalated cultures, considerable reactions

. + -were alo found to occur with control supernatants. Thus, the differ-
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.ence between supernatants from cultures of viable cells incubated with
and vithout apfigen vas significant only at the 5-10% level (p <0.1)-

by from killed cells and the medium

" control. incubated with antigen were sig‘niﬂcanely less than those
elicited by sipernatants Erg{n arl,tigen—:stimulat:.ed cultures (p <0.01 and .
<0005 respectively) . . )

Reactions produced by the lyophilized coflotdal matersal an
intradermal injection were smaller than those produced by the soluble

. .
fractions and there was no significant difference between stimulated

" and control material. .

The dialysates from the supernatants produced only a small
"reaction in the two experinents in whith this was examined. Althn;lgh
this material had been conceéntrated 20 times, control supernatants

" failed to produce a reaction at all. .

TABLE 14 4

Inflammatory Activity of Lyophilized Supernatants from Sensitised Human
Lymphocyte Culturgs Stimulated with PPD and from Control Cultures

'SRE ASSAY
7 i m %
Origin of ) Mean suzgace Axearnf Skin Reactions in sq ik §.D.
Lyophilized ‘ No. of (Stimulated Unstimulated Killed Medium -
Material . Expts.  Cells Sells Cells Control -
Fluid 11 . 129 % 105 95 + 64 49 % 40 15 % 27

<7 |'phase * e .
Dialysed p.<0.1. P <0.01 p <0.003
Supernatant 39 & 62 21 227 2626 1%2°

' | colloid P <0.3 p<0.5 p<0.l
Dialysates -2 16 T - -




Human SRE assaxcd in mige.

hg intraperitoneal injection in mice of supexmtants from the
cultures indicated in Pigure 27 demonstrated a pesk-in the inflamhtory
exudate produged, occurring at 24 hr, with sipernatants fros lynphocyte
cultures stinulated with PPD.; At other €ines and with control super-

E % ;
natants, the cell(la:ity of the exudate remained approximately the same.

2 . TABIE 15 . ¢ 3 3

Inflammatory Exudate Produced 24 hr after Iitraperitoneal ,
Injection in Normal Mice by Supernatants from Sensitised

Hunan, Lymphocyte Cultures and by Control 'Supernatants .
culture ’ . Killed  Medium

Stimilated Unstimulated Cells Control

cell Count x 103/>m3 7.12% 2.3 2.3%0.9. 2.3 £0.6 3.4%2

7.t S.D. for six animals . ; .
t test P <0.0l‘ P <0:01 p <0.05
pifferential Polymorphs 4 0 ) 0
5 . .
Count Lymphocytes 1 74 88 91 95

Ty Monocytes 22 12 9 5 ;

‘ When this exudate, occurring 24 hr after inuapefit;neal injec-
tion of the cultare supernatants, was examined in further experiments,
1t'was found that supernatants ffom sensitive human lymphocyte cultures
sthﬁulfted with PPD &gain produced exudates with significantly greater
cellularity than did those from control supernatants (see Table 15).
 The dxfferential counts carried out using a fixed and stained gnear-of

the exudate aid” not, appear to differ much between groups. There were

more ytes and feyer lymphocytes, and some T e
N oy
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cytes were present in the ‘exudate developing in response to supernatants

from stimulated cultures, as ‘compared with the exudates produced using

the control supernatants.. However, the significance of these differences

could not be deternined because of the restricted number of satisfactory

smears obtaihed for aifferential’ counting.

DISCUSSION

‘In the initial experiments intc human SRF, carried out using

from lymphocyte cultures stimulated with
- PPD or from the appropriate coptrol cultures already described, signif-

icant 1nflamatcry activity could not be in the

7
on intradermdl injecnon snm the abdominal skin of normal qumea—piqs.

‘There was no dxfference bemeen the supernatants from dither “stimulated
cultued dhicontrols: “There wezeithres:zossibis wmslamtionsitor thiy
faslure. Tt could be that stimulation of the lymphocyte$ was mot occur-
ring and thug no SRF was being produced. A furtker possibilit was
that the amounts:of SRF produced were insufficiejt to be demonstrated |
by the assay system used, being dispersed too rapidly -following injec-
tion. Finally, Species differences Between human and guinea-pig SRF
s A

might prevent the former from being active in the assay animal. Such
ditrerences might zeuire concentration of the S befors its presence
could pe domenstrated, a5 appears to be the situation with human MIF

. assayed on quinga—iﬁq ‘macrophages (mck!.in et al., 1970).

.In experiments where morphologica’ evidence foxr transé:ﬁation

_ was sought in smears from the lymphocyte cultures, s from

apparently actively stimulated cultyres till failed to produce an

inflamatory response upon test injection. -
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. The ion ‘of * fmm the cell cul-

tures was complicated by the presence of serum. i the culture.medium to

Le Qialysed and lyophilized. Attempts to overcome this complicatipn

by the testing of the threé post-dialysis components of the supernatants,

i.e., the colloidal precipitate formed during dialysis, the £luid phase
left after. the deposition of the colloid, and finally, the dialysate,
E Sy

appeared to-indicate some extra inflammatory activity in the fluid phase

’ " ) &
of post-dialysis supefnatants from stimulated cultures, wken compared-

with those from control cultures. This difference was statistically R

me significant and indicated a specific inflammatory component in these

when to the." pecific" infl S produced

by injection of the 1yopru1ued control supenﬂban:s. It ala appear

that the SRF remained in solutmn during aialysis and was not aeposu:ed v v g
in the colloid and did not pass across the dxalysxs membrane. - )
mwe¥er, the cipar demons«:rar.mn of a specific-SRF produced in

5 N e

zesponse to antigen was by the inflamm ced by contral -

supernatants.’ This.appeared to be the result of the presence of cells
- in the cultutres rather £than being dm:i simply to the 20% plasma that was

L]
: a component of the culture medium, since the medium and Pplasma contral

. ©" aid not induce a si inflammatory

In this cespect, &

non-specific inflammation could.have been due to the consxdetable

numbers’of pelymorphonuclear leukncytes present in the original cell

suspension, since polymorphs have been shown to contain 1nflammatory

substances (Ranadive & Cochrane, 1969). Another podsibility was that
_ the assay animal was reacting to the foreign substances being injected

into it, mounting an inflamhatory response agdinst them.

where an inf. i 1 exudate had
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been raised by ‘the m;eccﬁn of unconcentrated soperiatants? Ercm\ 1ympho-

cyte cultures 1ntraper1tnneally into normal mice, there appearad ’ta be

for the of -infl; ory’ factors in the supeznatam:s

from $t1mulated cultures as 1ndxcated by the greater cellularity Of the'

exudates induced. -But once again the d&monstration was chplu:ated by

the presence of "non—sgeciil inflammation induced by the control i
Supernatants. In this case, exudates 'pxaducerl by the control super-~
natants from cell-free cultures exhibited considerable cellularity and

here it was probably the presence of culture fluid in the peritoneal

cavity that waihad out mainly mononuclear cells. One would have expect-

"“ed to £ind more polymcrp}mnucleax leukocytes xi the’ control supernatants

_had} excited an acute inflanmatory #eaponie. &

* Certainly, in these 31 _there té' be dome

fo:.’che - presence of 1nfl atoryjactivity -in ints 'from BPD-
stimulated lymyhucyte cultures. Howevc}r, a clear’and significant |
demonstramon of ant:\.gen-spec).flclty Was not madé because .of the

1nfla.mmatory reactions,induced by supeznatants fzom control 1ymphocyce

cultures incubated in-the absence of antigen.
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IT. Experiments carried out after the development of the ‘guinea-pig
systeh for the praduction and dssay of SRF using 1
blood lymphocytes. o ® -
o e .

These experiments were undertaken using a modification of the™

“final protocol developed in the guined-pig experiments (Section V). In
.

-that system, peripheral blood lymphocytes were obtained by centrifuga- .-,
‘tion of the blood on ficoll/Hypaque, when the nononuclear cells remained
‘at’ the interface betwéen diluted blood and separating _fluid:. Th\e red
-cells and polymorphonuclear ;eukgcyce; were found together deposited at

the bottonm of the tube in the ficoll/Hypaque. However, in the Zn’.gin'al

descrxpt).cn of theé method of BSyum "(1967) it was found that the poly-

morphs could be recovered from the red cell mdss by a furthcx 5cﬁx_mcnta—
_tion under g@avxty with dextran. It was consxdered,_ in the present ’
"wnq(, that these polymorphs might be used in an 'in vitro assay of media-
tor production similarto the Leukocyte Migration Test (sgborg &
Eenmxen, 1967, spborg,” 19 7. In that test, itself similar in technique
to the MIF assay (David et al,, 1964), peripheral blucdvleﬁkcbytes ob-
tained by the sedimentation under gravity of peripheral blood, were,
after washing, set up.in capillary tubes and the migration of ‘the leuko-

‘cytes from sensitive apd insensitive human domors was assessed in the %

presence and absence of spec).fxc anuqen In the original descripcionﬁ .
the hypersens).t).vxty tested was cgﬂrucellln and the antigen used was
Xillea- Erucella Abortus (Bang) - Snbsequem:ly, it was shown that this
system respcnded also to soluble antlgens such as PPD (clausen & Saiborq,
| 1969, Rosenbérg & David, 1970; Federlin et al.} i 1971; mitchell et'al.,
1972) ‘although thefe were initially dlffxcultxes vith that ‘demonstration

" (Kaltrefder et al., 1969; Lockshin, 1969’ 8 .
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inately equal parts of mohonuclear and polymorphonuclear leukocytes,
the predominant ;:onanuc}_ear cell being the lymphocyte. In the MIF
assay it wis shown that the. indicator cell in that system, the lg\ac:c—
phage, responded to the MIF produced by the antigen-stimulated Sensi--
tiséd lymphocyte with'an inhibitiod of movement (Bloom & Bennett, ‘19667
Bennett & Bloom, ]i967). Similarly, in thé Leukocyte Migration Test
(LMT) it might be assumed that the respording ;ensitive lymphocytes
wege producing a soluble sadeor inhibiting the ifcator cells that
were presumably the polymorphs. However, a clear demonstration of this )
phenomenon haé not been carried out. Sgborg (1969) @nd Clausen (1970)

”i“haa_ shown th;t a mixture of’ polymozphs énd lymphocytes Jvas required for
inhibition to occur in thls test and that either cell type.alone was
not ).nhibitsd by -antigen. 1In contrast, Rosenberg and Davxd (1970) in ¢

experuv\snts in which they analysed the migrating cell populations found

that mononuclear cells and not polymorphs were inhibited. In addition,
it had not been cln?ar.\‘y demonstrated that the inhibition was caused by
sons’ soluble product of tg\e~antigen—stmu‘l;ated lymphocyte. Rosenberg
and David (1970) mentioned that in four preliminary experiments Iympho-
cytes cultured with specific antigen (SK-SD) fof 24-72 hr produced
supernatants that inhibited the migzat.icn of leukocytes from other indiv-

iduals with £rom 3 i in the

absence of antigen to which antigen: was added later.
S
» It thus appeared that, in the cell separation tebppique being
utilifed for the an$cu;at)on of human sxr, there was a means by which
certhin questions related to, the LMT might be answered. Specifically,

(ir. might be determined which cell type was acting as the indicator iff
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this system and whether or not this inhibition was fhe result of a

soluble factor by the stimulated 1ymphocyte. If
these questiofis could be answered, ‘the modified LT could then be used.
as a convenient in vitro monitop of the activity of the stimulated
Iymphocytes in cultyre, in a manner analogous to the MIF absay used in

Section V. «
+.in practical terms, the i to be

in the following two sections were,.in ‘fact, integrated by virtue of

the cell separation technique employed, in that mononuclear cells were

used for the in vitro production of SRF-and polymorphs were used for
the investigation and modification of the IMT. However, the experiments

will be described separately as:

II° (i) The develppment of the modified Leukocyte Migration Test

0
—— the Po. 4 y i i Test (PLMT)

LII (ii) The production and assay of human SRF with parallel

assessment of in yitro mediator production by the-BLMT.
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TII (i) The of the modified“Leukocyte Migration Test.
<

“ The method of Biyun (1967) for the separation of polynorphs and
mononuclear cells. from peripheral blodd has been'used in an investiga-
tion of the IMT by Clausen (1970). He demonstrated that populat'mres of
polymorphs and of lymphocytes from nxnceu;n—pasitive donors separated
by Boyum's technique were not inhibited by the presence of the specific
antlgen, killed brucella bacteria, whereas mixtures of" the two were. In
the present experiments, the effect of the soluble antigen PED upon mix-
tures of such pre-separated cells was in:miauy examined, the tecmiq\‘:e
being standardised by the add).t:.un of a constant propartion of mononu-
clear chells o the poly!norphs. This test is referred to, as the Direct
e ’ -

The effect of a metabolic inh.xbibor, puromycin, upon the"antigen-
specific ifihibition of ‘leukocytes in the LMTwas investigated by Mitchell
et al. (1972)- ThS.PPD"lnﬂuCEd inhibition appeax;ed to be blolzkedrby

the puromycin, although the interpretation of the results was made more

| @ifficult by the general inhibition of migration produced by the puro-

mycin itself, These results suggest-that some product of protein metab-

olism is res ible for the g ific’ inhibitory A

second metabolic inhibitor, actinomycin-D, whiclisapecifically binds to
S %

DNA thereby inhibiting DNA-dependent RNA synthesis was investigated

here in its effect upon’ the LMT, since this was found not to inhibit
nornal migration to the same extent as puromycin. %
Flnally, mononuclear cells were obtained from tuberculin-positive
and negative dono?s and were stimuldted in culture with thé antigen PPD."
Cell-free supernatants from these and control cultures incubated ‘without

antigen were tested for their effects ypon the migration of pure poly-
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ot 1ian AALEECE TNT, &bt on'TGAIL yuitesspig peritonesl ekudate
cells in an MIF assay. ) i
MATERIALS AND METHODS . ¥
Don&? The blood samples were obtained from normal healthy human
donors of either sex, dged Erom 20-50 years, thhaut prior testing of
their tuben:\{ijn sensitivity.

Skin Tests:® These were carried out by the intradermal injection into

the forearm of 0.1 ml of .PPD (Connaught Laboratorie Initial testing
. was .carried out using 1 TU and xndxvx.duals not,reactxng were, tested

with 5 TU and subsequently retested up to’'a maximum of 250 TU before

. being idefed tuberculd ative. were ac 4 at 48
".. hr, measurements being taken ofsthe diameter.of erythema and induration

© preseént at that time,

Preparation of Cells: Th,{zcy ml of peripheral venous blood was with':
drawn intp a aisposable plastic syringe conta’ini)ng 1.5 ml of 2.7% EDTA _
u\dxstxlled water, pH 7.4. The blocd was mixed t‘hnx‘guthy and then

' rxansferred to a sterile 250 ll\l plastu: culture flask.(Falcon P‘las:xcs)
to which an eq’ual volume of sterile isotonic salin; was added. After
mixing, the diluted blood was carefully layered using a Pasteur pipette
onto. the surface of 10 ml of separating fluid contained in each of two
50 ml glass found bottom centrifuge tub The separating £1uid con-
sis‘tedv of 10 parts Hypaque,. 37.5% (Winthr! Laboratories). and 24 pa;:ts
ficoll, 9% (Pharmacia). The tubes were carefully balanced and then
cehtrifuged at 400 g at the.interface for 24 min at room temperature.
The diluted-plasma was then removed down to the cell fraction at the

interface and was retained. The mononuclear-cell fraction from each




tube wag drawvn of't using a Pasteur pipette and vas at once diluted with
30 ml of cold HBSS containing sodium heparln 10 units/ml, in a sterlle f:
plastlc conical bottom :enuxfuge tubﬁ The cells were then Sp\lr{ at
500 q‘ fcr 15 min at 4 C. The red cell/polymorph fraction was resus- .
pended in an equal volume of the diluted plasma (retained from the
Dziqinalv separation) and with 6% dextran 110 (;’hamagia) sl ml to 5ml
;)f the original ’Eraction-. This was left to sediment in 15 x 125 mm J wa
glass tubes at a 45° angle at 4° c.

The mononuclear &2lls, after dentrifugation were resyspended in
fresh HBSS with heparis and a cell cofint using a haendoytometer and an
assessment of viability by trypan blue exclusion was carrled out )
(lymphocyte viability was >99%). Two drcps of the cell suspension were '
i.n:uhgped with one dro‘p of heat-x‘l?a_ctivated FCS. (BBL) and one drop of
a suspens‘icn of latex particlés in saline (Bacto-tatex, Difco, 1:25
dllutlon] fnr 30 min at 37 C. After resuspendmg,the cells were exam-
1neﬂ in a shde chamber using a Wild M40 inverted microscope. Cells 'y
were assessed with respect to size, shape and intfacellular inclusions, o
eapacialiy the afi pactidien; Lymphocytes ‘which, did not vk up 3
late;( particles made up 92.64- % .05& Of the total whxlst manonuclear
phdgocytic cells contributed } 78 % 4.35%. A llttle of the original
mononuclear cell suspension was also smeared on a serum-coated slide, [
dried, fixed with methanol and later stained with Giemsa. The cells
were stored at 4° C until used, never for more than 1 hr.

After 1-2 hr of sedimentation of the red cell/polymorph Ezasticn;
the leukocyte-rich supernatant was removed and the cells were washed
R containing heparin 10 units/nl, at 250 g for 5-min

at 4°c. after pipettxng off the cell-free supernatants, the pnlymotphs,
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which vere usually contaminated with red ceus, vere resispended in

. 1 ml'of distilled water by gentle pipetting for 15 sec and"then 10 mil

of Eagles MEM (GIBCO) containing 20% heac—inacuva.ced FCS was added,
the capped. tube was inverted gently severalgtunes and lthe cells vere
spun down at 250 g for 5 iin at, 4%c. Finally, the léukocytes were
resugpended in 5 ml of MEM contaiining 20% FCS. A cell count and ‘assess>
ment of v:.abllity by trypan blie exclusion was carried out.® This was
1nvatxah1y greater than 908, AAdliferentiul count under phase after

, incubation with latex that pol lear 1

comprised 98.75 £ 1% of the cells with Lymphocytes making up- the remain-
der, ‘1.5 £ 18. The cells were' stored at 4° ' C until used.
Culture Conditions: Nonoruclear cells vere cultured at a:cell con-
A

centration of 2.5 x 10° cells per ml in'2 ml of REMI 1640 (GIBCO)

- containing 20% heat-inactivated FCS (BBL) and witk{Ap(eniciuinrloov units/

ml and streptomycin 100 ug/ml (GIBCO).. ‘Cultures were stimulated with
excipient-free PPD. (Parke-Davis & Co., Montregl, Canada) in Hepes-
buffered 199 (GIBCO), 0.025 ~ 2.5 ug/ml dn a dose/response experiment

“and with 2.5 ug/ml and 10 ug/ml in exp ‘s to produce’

for assay in the IMT! . Control cultures received an equal volume (0.1 ml)

. /
of bhe Medium 199. Cells were incubated in.duplicate cult\lres (1!1

. triplicate 1n the case of the dose/:esponse experiment) in 75 x 13 mm

sterile plastic culture tubes (Falcon Plastics) at 37°.C in 5% C0, and
air in an hunidified atmosphere. For the dose/response cultures, cells
were incubated for 120 hr, oOn all other occasions, at 24 hr 1 ml of the
supernatant was temoved from each culture and dupllcate samples were

pooled and stored at -20° C. Presh wvarm RPMT 1640 with the appropriate

. amount of antigen and 20% serum was.added back to the’ tubes which were -




returned to the incubator. At 72 hr, a further 1 ml of supem.?éan: was
- removed from each culture, duplicates pooled and stored at -20° C.
" hssessment ‘of Stimulation:  Uridine-6-'H (New England Nuclear-Canada
Ltd., Monltxe;l, Quebec, 25.3.c/mM) 1 uc/ml of culture was added to each
3 7 .
tube in a volume of 0.05 ml. For the'dose/response experiment, thymidine-
PRIN (New znq1a@uc1eaz, 60 mC/mM) 0.05 uc/ml of culture was added in
" a volume'of 0.1 ml. Cells were exposed to the isotope for 2 hr at 37° C
and'at the end of the labelling period, cultures were harvested immedi
ately by a technique similar to that of Dutton and Page (seay.. The
cells were transferred to glass 13 x 100 mm culture tubes by two washes
with 4 ml of ice-cold isotonic saline and after washing the cells once .
more in 5 ml of cold saline at 500 g for 5 min at 4° C, the nuclear '
protein was precipitated by 3 ml of cold 5% trichloracetic acid (1CA).
" The precipitate was washed twice in 5 ml of cold 95% methanol- and dried
at 37° c. The precipitate was solubilized in 0.5 ml of NCS Tissue '

Solubilizer (Amersham/Searle Corporation, Torol

» Canada) for 18 hr at,

) 537° C. The contents of each tube was transferred to scintillation
coulting vials by two washes with 6 nl aliquots of Spectrofluor 20
(Bmershan/searle) scintillation fluid, The vials were counted in a
Nuclear Chicago Mark I Liquid scintillation Counter. ‘The results were
corrected for background: activity and quenching using an external ‘standard .
and. expressed in disintegrations/min. ' )

The Leukocyte Migration Test: In the Direct LMT, after initially

‘détemlninq the optimal p 104 of “the p ear
cells were added to polymorphs previously stored at'4° C and the two
vere mixed by gentle pipetting in a 13 x 75 mm plastic culture tube

(Falcon ‘Plastics): In tl_|e Indirect IMF polymorphs alone were used. The:
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‘cell snspensxons were spun down at 250 g for 5 min and the supernatant

%ﬂpletely removed. The cells were then carefully resuspended in Hepes-

buffered Eagles MEM (GIBCO) containing 20% heat-inacti¥ated FCS at'a

concentration of 30 x 10° cells/nl and were kept cold in ice. Capillary

I~

tubes 3 ised Mi it?1.D. 1.1-1.2 mm, Fisherbrand)
were filled wi;:h' the cell suspension and sealed at one end with vinyl
p1.;s:ic putty (Critoseal, Sherwood Medical Industries Inc., St. Louis,
Missourd) tiking care to remispend the cells with a Pastenr pipette
« after §111ing each pair of tubes: The capina:y':@ﬁ were stored.up-
- right in fee in a small plastic tube. Aftér filling and sealing all )
% the tubes required, they. were spun at iau g for 2.min in a clinical cen-

trifuge. The tubes were cut at the i}!erface and the portions containing

the cells werg placed in Mackaness~type chanbers (bisposable ‘Lexy’

Culture Cham.bets, Mini-Lab, Duvernay, laval, Quebec, Canada), two
s 4 capillaries in each chamber, held in place with silicone vacuuin grease
“(Dow Corning Corporation]. A sterile coverslip was sealed onto the top
ot each chambex with paraffin wax (Histowax). For the direct test,’ the
 -chambers vere filled with a L:l mixture of Hepes-buffered MEM and 199 -
R (618CO) with/penicillin 100 units/ml and streptomycin 100 ug/ml, 200
“heat-inactivated FCS andPexcipient-Erée BED (Farke-Davis), 10 ug/ml of
w ; .+ 1lo0 u:;/ml (Mitéhell et'al., 1972). Some initial experiments were also
carried out using PED (Connaught] but its use was discohtinued when it
i . was shown that a considerable proportion of the inhibition produced by

B this preparation was the result of preservatives present in it: Control

tubes were filled with medium and serum albne. Where the effects of a
metabolic inhibitor on the antigen-specific inhibition was assessed, the
medium c in addition, 1 uM in-D (Sigma Chemical Company, |




FIGURE 28. The leukocyte migration test showing inhibition of
migration of the polymorph/mononuclear cell mixtures in the presence
of PPD 100 ug/ml (the chambers contain from left to right, 100 ug
PPD/ml, 10 ug PPD/ml and no antigen) .
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. Touis, Missouri, U.S.A.). " In the Indirect test.supetnatants £rom
atimilated and control lymphocyte cultures _incubated with PPD for 24 hr
and 7} hr were added to the chambers. The chambers were _;hen sealed
with paraffin wax and incubated at 37°  for a total of 18 hr (Figure
28). The area of migration at 6 hr and 18 hr or at 18 hr only was

_ - projected using zzeiss Projecting Microscope onto a sheet ‘of SEAfE '
7~ paper, 0.4 mm thitk, and this.was outlined. The area of migration was

£ .
subsequently cut out and weighed. ‘'The results were expressed as:

% X .
% Migration = §x 100, 3

where X = the weight of the area of migration in the presence of antigen

Y . orin from antig lated cultw §

= the weight of the area. of migration inthe absence of antigen

or in supe £rom control lated) cultures,

MIF .Ass;z: The peritoneal exudate cells for this ‘asg‘ay were prepared
using the technique described in Section v, using a 2.5% hydrolysed
starch solution to inducé the exudate. The chambers were set up as
indicated previously and supernatants from tbe stigulated and control’

lymphclcyl:e cultures incubated for 72 hr with antigen were ‘tested. THe

area of migration was assessed usi‘ng tthe Zeiss’Projecting Microscope and

the results were ssed as a to control.
" - RESUL'iC
~  The Direct Y ion Test. B g ¥

obtain inhibitidn of :migzation»m tHe test in response to PED, it was
> i ) \Y ‘ s
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FIGURE 29. . The, ﬂren of migration in the ppesence of 100 ug PPD/ml
"+ is plotted as a percen&.aqc of r,ontu:l (in «.nanscnce of antigen) for
E{onsutu:ea mixtuzes of pre-s epara‘t:cdipoly(‘norphs and mononuclear cells ,

. L .
in various proportions from-a tubcrculin-sensitive donor. Results are

the mean of duplicatc
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then examined in the direct LM
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found that 10% of mononuclear cells produced the greatest inhibition.
. ¢

This proportion of mononuclear cells was used subsequently. -

The migration of the 10% mononuclear/polymorph cell mixtures

prepared from donors of unknown cutaneous tuberculin feactivity were

n the presence of PPD 10 ug/ml-and

100 ug/ml and in its -abéenCeaA Th¥ results we’re as indicated in Figure .
30 and are here expressed with regard to the subsequently determined
cutaneous sensitivity of the donors. When the Ce‘115 from tlubex‘culin—
positive individuals were exposed to 100 ug PPD/ml, the mean migration
Y4 parssifcuge et CORERST WaE G YA (BUDLY VHGESHS $65 BUbGORTIRE
negative :;cnnrs the mig;aticn was 98 + 4%. Thes; results are signifi-
cantly different (p <0.001). At the lower antigen dosage, 10 ug PPD/ml,
there was no differcnce between the migration of cells from tu:berculin;
positive and negative dor.mrs (94 + 14% and 98 !JB% rzspec/tively).

Subsequently in'the test an area of migration in the presence of 100 ug

PPD/ml less than B4% of control was considered to “indicate significant

inhibition (this being less than t = -3 standard deviations from the °

"]
mean for tuberculin-negative donors).

-When the effects of 1 uM actinomycin D upon the ppn—spe;ific'

" inhibition of the mononuclear/polymorph mixtures was examined (Figure

31) it was found that actinf)mycin D blgckeg.the inhibition whilst reduc- _
ing control migration only sliqhtlyi Thug, in the presence of 100 ug
PPD/ml, the mean area of migration was 56 + 15% and this was increased
by the addition of 1 uM actinomycin D }\:0 106 + 22%. These résults are

significantly ‘different (p <0.00l).  The area of migration of the control

' _cells was reduced slightly by the presence of actinomycin D, to 90 * 12%
~ . . :

(p <0.1). Thus, thé antigen-specific Ainhibition of migration was

v
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prevented by the blocking of m-RNA synthesis. That RNA synthesis was
halted by this concentration of actinomycin D was shown in experiments
where the iicorporation of uridine-6-"H in leukocyte cultures was

reduced from 15 x 10° dpm/10° cells/hr to 19 apn/10° ¢élis/nr.

The Indirect Leukocyte Test.

In this series of expi . Fiod antig
lated and control 1ymphocyte .cultures were tested. £0r ‘their e‘ffects ¢
\:lpén the migration of pure polymorphs prepared from peripheral blood.
Polymorphs were Qi)tainecl from donors irrespective of th;ir ‘tuberculin
Serisitivity after it was demonstrated that these cellg from tuberculin-
) posjtive donors were not inhibited in the direct’IMT by the presence of

100 ug PPD/ml (Table 16) .

TABLE 16~ <
The Migration of Pure Polymorphs and Mixtures Bf 10% Mononuclear
Cells and Polymorphs in the Direct LMT ‘in'the Presence of PPD 100 g/ml

i . . Migration of
Migration of Mononuclear,/

Polymorphs Polymorph Mixtures t statisti¢ "
62.6 6% 69.4'% 5.4 . p <0.005 - .

A dose/response experiment was carried out assessing the incox-
poration of thymidine-2-24C into mononuclear Tells at doses,of excipient-

“free PPD up to 2.5 ug/ml (Figure 321. A straigpt line relationship was

found to ‘geour. ! . in the prepa on of for -
assay if-the IMT, 2.5 ug PPD/ml and 10 ug PPD/ml were used, the latter

. because this was’one of the doses used in the direct LMT:



o
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dpm x10°/10°cels/hr.

dpm. 1108 cels/hr
n
o
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* INCORFORATION OF THYMDINE -2-C14
o .o
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Q0025 10025, . a25 £ 25
" “Concentratioh of PPD in ug/ mL\

FIGURE 32 (a) & (b). The effect of PPD concentration on the
incorporation of thymidine-2-14C.into mononuclear.cells from tuberculin-
- sensitive donors at 5 days in serun-tontaining (a) and serum~free (b)
.cultures. * Results are the mean of triplicate cultures. Two experiments
are shown in (b). . T Bt




The cell-free supernatants prepared from lymphocyte cultures
after 24 hr and 72 hr incubatipn with or without PPD were tested for'
their effects upon the migration of polymorphs in ‘the indirect IMT and ./

against normal guinea-pig peritoneal exudate cells in the MIF assay.

' These results, with data obtained from the study of uzidine-6~ H incor
a

poration in the munonuclear cell cultul‘es, are presented in Tahle 17.
The experiments were carried out before skin testing the donors with
PPD but the results are preserrteAVwith respect to the subsequently

determined cutaneous tuberculin semsitivity. In the direct LMT there

_ was significant inhibition of cells from tuberculin-positive donors in

the presencé of 100 ug PPD/ml whereas inhibition did not occur with
cells from tuberculin-negative il;diviﬂuals (p <0.001). At the lower
antigen dose vof 10 ‘uq PPD/ml, inh}.bi:ion was not ‘less than 84% of con—
tsol and vas not ‘considered significant, although there was a difference
in the migration of positive and Hegative ‘gotior’ Gells (B740.0T. 7 *
Uridiné-6->H incorporation in btimulated cultures was slightly increased
over control levels with cells from positive donors when compared with
cu;éuzes of tubefculin-negative cells, i.e., there was some increase in
RWA synthesis in those cultures. But the difference between the two
groups was only significant at the 108 level.

In the assay for a supernatant factor.inhibiting the migration

of polymorphs in the indirect IMT, it was found that inhibition occurred

-with supernatants from 24 hr cultures of cells from tuberc\llin—posltl.ve

individuals stimilated with 2,5 ug PED/Al.. When.the test was read at
& hr the difference’ between positive and negative groups was h.j.ghly,

significant (p <0.001). By 18'hr however, the significance of the
5 - . .
difference between positive and negative donors was less’ (p <0.02)%

-



' maBLE 17
Indirect LMT and MIF assays -carried out on supernatants from -24 hr and
72 hr mononuclear cell cultures from tuberculin-positive and tuberculin-
fagative donors incubated with 2.5 ug PPD/ml (A) and 10 ug PPD/ml (B.
Assays read at 6 hr and 18 hr or .at 18 hr only. Results expressed as
% area of migration as to in control (antigen-free)

Direct LMT with. 108 mononuclear/polymorph mix-
tures of donor cells. RNA synthesis in the monomuclear cell cultures
assayed as incorporation of uridine-6-3H in dpm/5.106 cells/hr im -
stimulated (A &B) compared to control (C) cultures. . Monmocytes made
up 3.9 % 1.4% of the mononuclear cells in.cultures from tuberculin-
bositive donors and 5.8 + 2.4% of these from tuberculin-negative donors.
These  dlfferences were not significant. Results are expressed as the

mean * S.D. for 12 samples in the tuberculin-positive group and for 8

samples in the tuberculin-negative group.
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When the ‘stimulus to the ‘lymphocytes in culture was PPD );) ug/ml, the
difference betweeri the two groups was still sighificant when the test
was read at 6 hr but by 18 hr, oncemore the difference vas less marked
(P <0,1). Supernatants £rom 72 hr tultures demonstrated little differ-
enfe between the tuberculin-posigive and negative donors, whether
assayed- in the TMT or as MIP, except in the case of supernatants from
Lymphocyte cultures stimulated with 10 ug PPD/ml and assayed by the
indirect LMT, These results are given as the migra‘t\an at.18 hr since

inhihition was not ‘greater .at the earlier time. In addition, the aim

nf this portion of the uperimant was a comparx.son of the results of”

the Lm' with the MIF assay, which is usuauy ‘yead at 18-24 hr. Experi-

ments using 24 hr culture ¥ where i # of migrati

occurred in the indirect LMT.similarly failed to produce inhibition

to brucellin using ‘as antigen-a suspension of the killed Brucella abortus

in the MIF aésay. . . ¥

ilen ‘the period of incubation in the LMT vas extended for periods
lofiger than 18 hr it cauid not be d&mstzqted conclusively that the
inhibition reversed itself and that migration of the polymorphs cccurréd
once more. - The edges of the migrating cells. became tore gli'ffuse and were
diEficu‘lt to assess. é

Cell viability at 16 W by brypan hive exclusion wis greater than
90% and there was no difference in the viabilities of inhibited and ,

control cells. T

DISCUSSION
W K ¥
The Leukocyte Migration Test was originally introduced by Sgborg

and_ Bendixen (1967) as an in vitro assessment of delayed hypersensitivity .

.
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bacteria. It was initially uncertain whether hypersensitivity to sol-
uble antigens'such as PPD could be -assessed by this technique. Thus,

Kaltreider et al. (1969) and Lockshin (1969) were unable to demonstrate

the specific inhibition of sensitised cells using soluble D ‘that
Clausen'and Sgborg (1969) reported. Subsequently, other groups
(Rosehberg & David, 1970; Federlin et al., 1971; Mitchell et al., 1972)
ddhonstrated significant inhibition of movement of semsitised leukocytes

| in-response to PPD using concentrations from 100-300 ug PPD/ml.,

In the present series of acper)ments, it has also been possible -
to demonstrate .n:h;en—spet;fxc inhibition of migration of yer).phara].

blood leukocytes £rom tuberoulin-positive donot’s in the presance of
100 ug PPD/ml (Figure 30). In addition, this inhibition was demonstrated

and i mononuclear and

using es of p
polymorphonucless leukocytes in the ratic -of 10v mononuclear cells to
908 pSlymorphs. The mononuclear cells'added consisted of 93.6 + 4%
small 1ymphocytes. T‘hese results, usiig pre—séparaceﬁ Gells and a
soluble antigen are in agreemend with the results-of clausen u;'lo) who'
used a sinilar cell A tech.niq:ue and a particulate antigen,

i1led ‘Brucella bacteria to dmonstrate the inhibition of cells from

brucel Lin-positive _individuals.

mitchell et al. (1972) used puromycin. to block the ant)gen—

specific inhibition Fréaucea by pEp in e INT, demonstrating that thts
Anhibition wan:the zdanibiof s agtiveprocess requising protain eyn-

thesis. Using Gifferent concentrations of puromyoin they ware able to

B
shew ‘that the abolition of the antigeispecific inhibition was.dose-
dependent. However, they did- not include data in their papsr’ to demun—
strate that

protein-synthesis, had been blot:ked by the levels of ;.nlubx.toz




_RNA synthesis, as’ assess

that they used. In addxtmn, the mgranon of control ceus, {ncubated,
“with pummycm bit in the absence of PPD was sxgn;,ficanuy inhibited,

snmeti.lnes by as muchas 508, The sbnbitivity of t.he assay and the

possnuncy of showing Significant anthen—speclfic inmbltmn in this
. situationnay be considerably reduced.

The p:eventmn of BPD- spel:).fxc inhibition’in the LMT by actino-
mycin D in the experm\ents descnbed above (quute 31) occurted in the

£.ind of control ‘cells in the -

absence of a si

presence of, the ‘inhibito}. The dose of actinomycin D used ere reaucéd

‘icant levels..' It might be surmised that m-RNA required for protein

* synthesis in normal cell movement fs still present.within the migfating

celld but new species of m-RNA possibly required for the synthesis of

. factors inhibiting polymorph 1 ent are not “in the presené

of me actuxxmycln. o W . e . 7
. . »

n fact, the means, by which inhibition &f migration in themMr

s % i .
- sented evidence that when sensitive and non«sensitive peripheral blood

leukncytes were cultured in the same cha.mber with‘:'the antlgen, killed

out dxzect contact between sensitive “and non«sensitxve cells. - In

the a of sitive lymphocytes, Hie dnhibited wheri

cuitured, alone with specific antxgen, was inhibited when' the 1ympnncy:es

were cultured in the any chamber .as Either :ensit(r(re or ncm—sensitive

' Yeukocytes. Clausen (1970)5 using peri 1 blood 1 v

by the method of BOyum (1967] demonstrated that isolated polymorphs and

isolated mofionuclear leukocytes from brucellin-positive persons did not’




show antigen-. nduced inhibltlon of mlgratxon . )\ lnuttute of 85-90% ° N .
sensitised lymphocytes and 10-15% polymorphs did not show.antigeq=induced

. - ‘inhibition ei¥har. However, a Wixture of equal proportions of phe-
; : ~ : : s

separated polymorphs and mononuclear cells or lymphocytes showed Bntigen-

induced inhibition of migration to the same degree as non-separated

A T ytes. In’col to ‘this, and David (1970) in an .

L "
andlysis of the migrating cells if the LMI- suggested that .it was the

B mononuclaar® cells and not ‘the polymorphs that, weré inhibited by. antigen.

On the basis of the MIF assay, where it has been demopstrated .

that sensitised lymphodifes respomi to the presence of antigen with

the ion of a ice or MIF, that inhibit the

B of rnormal unsensitised; “(pavid et al., 1964; David,’

1966; Bloom & Eénnett, 1966), it might.be assumed that a similar phe:

Q0
omenon occurs in the LMT. ‘:hus, one would expcn:t that sensltxsed

' v 1ymphucytes would respond to the presence of antigen with the production
P E of a factor mhmumg the movement of either themselves, monocytes or .

s, * . . polymorphs. Rnsenbstg ana pavia (1970) mentioned in theu work™on the

) , . IMT that iR four preliminary experinents Lymphocytes cultured with ..
- ! spe?ific antigen (sk-sD) for, 24-72 hi produced superr{ata.mts that inhib-

dted the migration of leukocytes from'other individuals compared with

upernatants from lymp in the absence of antigen to

ch antigen was added later.

o In the present experiments, it was shown that the migration of .

pulymorphs prepared by/ ficoll/Hypaque sepa’racien ef,perséheral blood

[ T was not, affected by the presence o PED a: concentzatlons whete mixtures
. \
. 5 “of mononuclear Gells and polymorphs were slgniflcantly inhibited m .

thg:u; mlgratxon. “In addltmn, cell-~free supernatants frog, cultures of ¢
S >
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sensitive and insensitiye monomiclear cells consisting of >90% lymp}.\o-
cytes, incupated.in the presence of the specific antigen, PPD, produced
signififant inhibition of migration of éuze polymorphs only when the
supernatants ﬁ;re ‘obtained from cultures of cells from tuberculin-
positive donors (Table 171: . V'rhese results sugdest that, W GHEHES xn
the MIF assay.. sensitised-lymphocytes respond to,the presence of antigen
“eith:the production of, a‘ffac(;or inhibiting the movéent of polymorphs,
But~an important question zé;nains unanswered as to the nature
of the factor ifvolved in this reaction. Is it the same as wEr .
Attempts to show a correlatio‘n-with MIF activity in this;system‘wete :
GsicaassToL, Bat potAIBly £6F Teatons WisTabed taitHacndtize oF the
factor itself. Thus, at 72 hr the sup/e;natants were only marginally
active in the LMT (Table 17) and since Rocklin et al. €1970) have shown
that.human MIF requires concentrating 4-5 :imes in order for it to be
assayed (in a guinea-pig si(st‘an, it is perhaps not surprising that. no
!_-1IF activi‘ty ccul_d be demonvstrat'eﬂ‘ here. The correlation of the MIF
assay ‘with the TMT will be considered’further in the £inil section of
this thesis. : e
A.more serious quesr_mn concerns_the possxmnty thit the factor
influenclnq polymorph mnvement *n the.LMT is noh of that group of gubv
stances, the putatwe_seluble ‘mediators q)f delayed hypersensitivity to
which MIF belongs. Thus, antibody may bind to and thus affect the
‘fniqraticn Df‘ polymczph's (Ishizaka et a}):‘ ~1970) and may be produced in
the 1M] in response to antigen (Wasserman & Pakalén, 1965). Sgborg
11;?71) found no .correlation between the presence of agqluiifkatixié -anti-
" Biies toward Brucella bacteria and inhibition in the-leukocyte migration
tésc:xy man following primary immuization with the bacteria. In experi-

. - . .
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’ i/
ments, carried aut in-our laboratory (Warrington & Sheikh, 1973,unpub-

lished observations) examnacio'n of polymorph dispensions from the-LMT 5.

expe!u!\ents, comparing PPD-inhibited and control Ay for the presence

of 196 on the cell hy mmoriof L using fluorescein-

labelled goat anti-hunan IqG were uniformly negative. However, further
clarification regarding the nature of the inhibitory factor is necessary.
‘ The presence of most of the inhibitory activity in supernatants

from 24 hr cultures, as compared to;72 hr cultures, would suggest that

“the inhibitory factor is produced early in the response of lymphocytes

to antigen. The fact that inhibition is post clearly demonstrated at - ¥

' 6 hr as opposed to 18 hr suggests that the inhibition is at least

partially reversible. An alternative suggestign that might explain

both phenomena fs that the inhibitory dAtal THOTaBiTa a6 SebEOKeR

down in Gulture at 37° C. Hovever, the inhibifory activity appeared to
be stable on storage at 4° C for several days and at.-20° C for some ’

. ¢
weeks. In addition, the inhibitory activity present in serum-containing

_ supernatants was not ‘affected by dialysis againsg 0.15 M’saline for 24

4 §
hr and distilled water for 24 hr with subsequent lyophilization... Such

ma}kéd inhibition of migration in ,

the. indirect LMT. D ’ b
The\ogc‘uuence of an early infiltration with polymorphs of vari-

able degree in the tuberculin reac?:ion (ell & Hinde, 195L; Wesslén,

1952; Boughton & Spector, 1963 and’ the ptesenca of a significant ‘bropor-

tion of polynorphs in the cutaneous reaction induced by SRE (Bennett &

Bloom, 1968; Dumonde et al., 1969; Kréjei etfal.,1969; Pick et al., 1969)
when considered in the light of the above demonstration of a soluble

lymphocyte product affecting the migration of poxyn,cz;(hs in yvitro, suggests
2 . . = R
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" . that this cutaneous infiltration might similarly be due to such a factor,
; produced by sensitised, lymphocytes reacting with antigen in the skif.

“his might be'considesld to be affecting polymorfile in'an analogous way .

- to that in which MIF modifies the migration of mononuclear phagocytic'

s \ .
cells, as was discussed previously in the introduction, immobilizing

cells in the area in which the specific immune response is occurring.
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II (ii) The production and assay of human SRE with parallel assess-

ment of in vitro,mediator production by a Pol: i

Laukoczca Migtation Test.

In this final series of experments the prodyction of human SRE

was carried out using a modified version' of the system develg?ed in the
i 3 5 A ;
inwestigations of guinea-pig SRF descrlbed in Section A.V, i.e., where

mncnuclear cells from Elcoll/l-lypaque-separatcd peripheral blood were

cultured in serum-free medium and the cell- free supernatants, afcer
atalysis, were concentrated by lyophilization and assayed by intrader-
mal inject;an into normal guinea-pigs. The modifications introduced
consisted of: C
_(a) “the parallel in vitro assay of mediator production in the

' supernatants was carried out using the modxfied indirect LMT already
descrlbec} in Section B.IT (i]. This was. usedsinstead of the MIF assay
that was used in the guinea-pig experiments. -This test will suh'sequent»'
1y be referred to as the "Polymorphohuclear Leukocyte Migration Test
(eLHm) . : )

v

* of the in cultures

{b)

was assessed directly by the ;neasu:cmené at’ 72 hr of the incorporation
of radiomactive precursors thymidine-2%c and uiidine-.into the cells® -
in the cgltufes from which supernatants to be tésted were derived,
instead of indirectly by the mitotic r’esponéc in ‘éars;_ﬁzl serum-contain-

< %

ing cultures. The latter method of assessment suE e fxém the obvious
disadvantages of being carried out under different culture conditions,
4%a., in the presance of serim that might 'modify the res;aonse oo

Segtion. IV (11)) and at a latés, time when deterioration of cell viability |

might have occurred. : . P -
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i . MATERIALS AND METHODS .

Donor:

Blood was obtained from normal healthy adults of either

sex, aged 20-50 years, without prior testing of their EtETEaES FeEh

tivity to tuberculin. : V
Anarse “These were'male Hartley guinea-pigs (A & E Farms) weigh‘inq

500-700 g for assaying SRE.

Skin Tests: Doriors were skin tested after blopd had beeh donated

fDK the experhnents. . The procedure was as outlined in the preceding
seetion b. 2 o L ) o

This was carried out using the technique

Preparation of Cells:
already described in Section B.II (i), separating peripheral blood

1 ytes into mononuclear and po lear cell fractions by

the method modified from BSyum (1967).
 Culture Conditions: After spinning down the mononuclear. cells at.
250 g for 5 min, the cells were resuspended in 2 ml of either REMI 1ﬁ'l40
GIBCO) containing: penicillin 100 units/ml and streptomycin 100 ug/ml
(6IBCO) or_ ir\chi; cultire nédium supplemented with 20% heat-inactivated
hunan cord serum (prepared in the laboratory of Dr. W.il. Marshall), at
a cell concentratis f of 1 10° ‘cells/m foy dose/response experinents
'or at 2.5 x 10° cs-lls/ml in cultures for ‘SRF production. The antigen
used, PPD (Parke-Davis) was added ‘to the cultures to give a fmal con-
centration of 0.025 ~ 2.5 ug/ml in the dnse/xesponsg\_;xperiments ana
0.25 and 2.5, ug/ml for ihe SR!"'experiments Control cultyres %Eceived
an.equal Volumé of . the culture medium in which the PPD was dissolyed:
SR, production vas casried sut tnvasrunsbres-medion:, celis wers
incubated, in stex‘fil‘evglass 100 x 13 mn culture tubes at 37° C ifn 5%

€0, and air in a humidified atmosphere for 3 days for SRF production
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and' for 5 days for dose/responsa experiments. 'Culturés were incubated
" in duplicate’ in the former experiments and in triplicate in the latter.

N " Preparation of SRF: One ml aliquots of the supernatdnts from stima- . *

Tated and control cultures were withdravn, daily’ using a sterile dis-
posable 1 ml pipette i serstia bed® . e equal volune of fresh
varm (37° ©) mediun containing the appropnate amount of antxqen was
added back to the c‘ultures. On the thirad day, cultures were :_:entrifuqed
R < at 200 g. o5 @t we oo ~temperature, the culture medium was drawn
off, 'avci:ding disturbing the cells and the cell bntto‘n was resuspenqed
in fresh warm RPMI 1546? canlly fow by sdibidon of Teorops for-ths
assessment of stimulation. Supernatants, pooled from duplicate cul-
tures over the 3 day incubation period, after centr‘ifuga‘tion at 16,000
g for 20 min, were pipetted off, PPD was addéd to give equal concen~ ’
‘ trations in all tubes and they were dialysed aqagkst D 15 ‘M saline at
4‘ C for 24 .hr and against distilled water for 24 hr. After sterilisu;g 2 {‘
*- by filtration using an .22 u ‘cellulose filter (Millipore Ltd.) the. -

©  supernatants were lyophilized and.stored at -20° C until used.

# = ° of stimulation: After resuspending the cells at the.end
of tbe.culture period in 2 ml of warm RPMI 1640, the duplicate cultures

were divided, 1 ml to each Of 4 tubes and 1 uC of uridine-6-"5 1 Ovew /'

Enqland Nuclear, 25.3 c/mM) or 0.05' uc oi thymidxne—z» 4c mé\fnqland

/005 ml.

Cells were exposed to the Lsotope for 2.hr. and harvestsd using éhe>

3 Nuclea:, 60 uc/m4} were added to each 1 ml culfure in a:volun

techmque described in sactwn B.IT (i), modified from that cf Dutton

© " and page (1964). Results, for bad and for

“by the use of an external dard, are exprebsed as dpm/10% cells/hr

- unless stated otherwise. T
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- some assays, . 20% serum was pot added. e
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| see nssay: The 1yophilized supernatants were'dissolved -carefully in
0.2 ml of RPMI 1640 (Hepes buffered, GIBCO) CDntaining antlhxotxcs
These ‘supernatants (concentrated 40 times) were drawn carefully into

1 mi tubsrculin syringes through a 20 G néedle, subsequehtly exchanged
for a 30 G 4" disposable needle. P.'\;Dlume of DADS n\l.of each super=

natant tested was injected mtrademally 1nto the shaved abdemmal skin

of normal guineas igs. Reactions were observed For up to 24 hr but were
measuxt,d at their peak, at 4-6 hr, by thk diameter of the erythema and
induration and the increase in double skin thickness, measured using

the Schnelltister (System Kroplin). The remaining concentrated super-

. natant was diluted up to a total volume of 0.7 ml (concentration now

5 times the original) in RPMI 1640 supplemented with 20% ECS for use in

the PLMT.. . -
Histology: Biopsies were taken from skin réactions at 6 hr, fixed

in fnrmaldehyde fixative and stained, with haematoxylin and & si

Polymor) lear Leukocyte Migration Test: This was' carned out

"
using the technique described in Section B.II' (i), using pure polymorp.hs
and asses!;ing the migration of-these cells in the concentrated super- _
natants remaining after the SRF assay.

Direct Leukocyte Migration Test: This was carried out using the-

téchnique described in Section B.II (i), with the modification that in (~

- " RESULTS -

The lyniphocyte response to PPD in yitro in serum-free and serum-containing

cultures.as 2 by the i fon of Tabdlled precursors.:

The, incorporation®of thynidine-2-1%c into lymphocytescultured for:




“RNA is was d by the i

\

5 days in the presence and absencf 20% heat-inactivated human cord

‘serum wasassessed in the form of dose/response experiments, stimulating

the cells with excipient-free PPD at concentratiofis from 0.0025 - 2.5

,ug/ml. It can be seen (Figure 32 a & b) that in thé presence of serum,

incorporation of isotope increases linearly to a maximum at 2.5 ug

. PPD/ml. Howeber, in the absence of serum, incorporation of isotope is

reduced by a. factor of about a thousand, At this level, coumts are
barely ‘above background and the difference in i'ncorpar;\tion at the
warions sonentrationsiof PPD are probably not significant. P
there does appear to.be a peak in twp different experiments at 0.25
ug PPD/ml, i.e., at one-tenth the-oftimal concentration of antigen in
serum-containing cultures. :
In similar experiments using the culture system utilised for-
the'production of SRF, i.e., with a g concentration of 2.5 x 10°

cells/ml stimulated for 3 days with 0: 25 or 2.5 ug PFD/ml, a similar

discrepancy between the i ion of i 146 in

and serum-containing cultures was seen. v Yo

Thg results of the two experiments presented in Table 18 indicate

" that DNA \ synthesis vas nich reduced in the serum—free ciltures. When,

of urldxns—ﬁ— H J.ntn
the cells, it was found that in the presence of serum, both stimulated

groups A & B showed an increase over control levels, the highest incor-

pozatien occurring with 2.5 ug PPD/ml. However, in serum-free mediun,

uridine incorporation in stunula"ed cultures was in one prexu\ent just

_marginally increased over contrcl levels and in the other was léss than

control. In additfon, the i ion of 1satope

with 0.25 ug PED/ml% S

<
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FIGURE 33. Transformed lymphocytes (lymphoblasts) present in
serum-free cultures stimulated with PPD. Giemsa. x 320.




162

§ These results might be considered to be due to poor survival of
" .the cells'in the absence of serum.. But in contrast to the viability
of guinea-pig lymphocytes in serum-free medium (Section V) a consider-

able proportion of human lymphocytes were still vi.;ble.. as assessed
by trypan-blue.cxlusion, at the end of the 3 day incubation éeri.oc‘}
(50 £'2€s}. There was no evidence for an insrease’ in cell death at,
the higher anitigen \concentr%&lqon‘ (2.5 ug PPD/m1) and although the
viability of the cells in cul';ure varied from experiment to experiment,
it was relativevly consistont within a particular expez“iment.

Smears prepared from some of the serum*free cultures, fixed v;it'h
methanol and stained in Giemsa, showed that transformed lymphocytes

<

. ’ .
were present in the antigen-stimulated cultures and occasionally some

of these blasts were in the process of dividing (Figure 33).

1 . TABLE 18

Incorporatioh of Thymidine-2-'%C or Uridine-6->i into Perfphetal Blood
Mononucléar Cells Incubated for 3.days in Serum-Free Medium or Medium
Supplemented With'20% Human Cord Serum; Stimulated with 0.25 ug PPD/ml
(A), 2.5 ug PBD/ml (B} or intHe Absence of Antlgan (&3] Re'sults from
™o Experiments @ afd (ii). k4

Isotope Incorporation in dpm/106 cells/hour

- Serum-Free Cultures Serum-Containing Cultures
s
A. B .- c.t A B ¢
. Thynidine-2 (i) 17 21 12 223 551 22
—14C,Incurpn. (ii) ’2 7 . ' 2 :115 230 4
Uridine~6 (i) . 2.06  1.49  1.44 ; 11.6  26.3. 4.2°
2% tncorpn. (i1 7% 46 5.9 10.4 .718.1, 6.6

x 103




.. ment of transformation’by DNA and RNA synthesis andsof mediator

“'(a) and- (b). ‘The numbers are too ‘emali for the sxgmfxcance of the

- difference to be deternineTsi
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The production and assay of human SRF with a parallel in vitro assess-

production by the PLMT. v i L e 5 . s
T e g

A total of 18 individuals were testéd of whom 10 were male. .
The tuberculin- sensitivity of the donors, as hssessed by the cutancous
:uherculm react;on, is indicated in 'tame 19, a positive reaction
baxng cunsxdered to be one’with’ )5 x 5 “llﬂ erythema ami xnduratwn.

) There \:as no significant disrerense bemeen,t};e Sereentioy of

phagocytic mononuclear cells-in the initlal cell culturés in qmup‘s

groups oy ana @, .

either as thymldlne—z- Aogor

“The incorporation of
uridi.ne-h;all into the cells, sti.mulated with 0.25 ug PPD/mL (a) or 2.5

ug ‘PPD/ml (B} and in control cultures without antigen (C) is also

given in the table. The levels of DNA syntBgsis in these cultures, as®

‘assessed by thymidine-2-"C incorporation, are too low for any signifi-

‘. cance to.be attached' to differences betieen the groups. There is very ~

i
little DNA .synthesis occurring™in these cultures. RNA synthesis, as

34 incorpdration is greatest in groups () and

measured by, uridine=
®) in cultures st:unulate\i With a low dose of PED, 0.25 ug/nl. At the'
hithr cnncentratxon of antxgen a depressxon in the mean \Irlﬂlna mcez-

i ‘red. . This i was not correlated with ahy

: 1.
. differences in the cell viahility of the cultureg,: as assessed by

_trypan blue exclusion. This difference hatween cultures A :md g :m the

‘two_groups was just s: qmt‘icanc ‘(p <0.1) . However, uudme rncuzporacmn
in stimalated cultures as compared to that in control cultures was not

_ significantly different. : The Fesuls in groups (c) .and, (@ are few in
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FIGURE 34. The inflammatory response produced by the injection
of supernatants from stimulated human lymphocyte cultures from a
tuberculin-positive donor (upper right and middle sections). There
is a lack of inflammation both with the unstimulated (control) super-
natant (upper left section) and in the lower sections where the
supernatants injected were derived from cultures of cells from a
tuberculin-negative donor. Reactions were photographed at 6 hrs.



“and’

)\ul'\!JL,r but hcrc U;L :ncorpomuon of the labeIled |V1r‘c||rnc>1' was, reduced

in .d] culLuLcs to which antigen was added as compnzczl to, LDnLrol,

es.l‘é_lnlly with the highor d of BPR and to a'greater extent in

Gultariil SE7ER1LE Tich TUBGEGHITRS ipgative individuals.

When the cell-free concentrated supernatants from these cultures

" were tested for their ability to induce an inﬂamme-.coxy‘ ‘reaction in the

abdmﬂ‘um skin of normal unifumunized. gulnca’pxgs, it was found thdt, in

| .the tubcrcul\n ncqatlv,o group, (df, the supﬁrnaLantsIfmled to pro(lucc

an .mflanmatm;y response, once the STl SIS BEEHE xn]cc.tlon
site ‘had disappearcd. Thus, by 5~G hr the injected arcas showéd no
rcaction at all.

In comért'ta this, a marked inflammatory, rcsixoncc was induccd

¥ super namnte from cultures of colls from® Lubclrnhn»poslt)vc donors

(v‘muu 34) . Thae; result are ;n;hcm;ua‘m Tabld 20. - . .
i } .. ° w B
B . . / TARLE.20° - o #

The Inflama
by Supcernatants from Méncnu"lcar Cell Cu]turcs from 'ruhm;unﬁ-pn ive
culin-negative Donors inchbated.for 3 Days with PPD 0.25 Lg/nl’

), ug/ml’ (B) or in the Abscnce of fntigen (C). Results are exytessed
as_the mean * §:D. fof 16 samples in each grovp.
= 7 e mflamncory Reaction in'sq mm
Tuberculin . Tuberculin
) ¥ ve LT —ve
et % ' . :
. ~t
i 86 & 53 0
. B L 58 £ 64 - N -0 .
! v ¥ A 2 s 0
45:% 62 ) [} /
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FIGURE 34 a & b: The infiltration of cells in the inflammatory
response induced by supernatants from stimulated cultures of cells
from a tuberculin-positive domor. x 32

x 320



There was a greater inflammatory acciviéy in thksupeznatanté
from stimulated culturas than "there was jn =upernatan:s fzom :ontml
culturﬁg and’ thls dxfference was most marked w).th supernatants stimu-
lated wu:h 0.25 ug PPD/ml, fhira tevan statistxcally sxgnxflcant
(p <0.005) using 2 paired t test. For B supernitaits the dxfference'

was not slgnlfu:ant S In Fact, the control sugcz;natants on several ¢

occasions 3 q\ute marked. infl y. reacti 4 3.

. The inflammatory respon#a induced by’ the active supernatdnts *

. was characterised mstomgmauy by the presence of a. rather marked
infiltration of the'skin by redieEyEEs, prcdmn).naptly polymorphs but
thh about 25% mononur:lB{r cells (Figure 34 a & b). The mfucxaucm
was pzesent throughout the dermis and was oftén perlvascular in dis-
tribution. ' It vas. not predomnanuy located in the’ deeper regions of
the aémis. ¢ In control reactions there was a scanty mfucr_a:mn with
some, polymorphs and mononuclear c’clls’. ) “ )

The® results fr}m the PLMT assays were analyseﬁ in two groups,

‘for'A.and B supernatants: Tpese were subdivided into SRF +ve and SRF

“ve depénding upon whether or not the supernatants in ‘question had ¢ .

induced an i.nflamm,atory wespanse ln Y_hs SRF assay greacez than that

mduced by the control supernatant. Thaesul of this analysis are

prESented -4n Table 2L.. .. - FI ro

It was found that the!e‘ was no evidencé for inhibition of

migration: in the PLMT be).ng correlated with the presence of inflafmar -

ny in the supernatants. In fact, there appeared to be some’

slight enham:ement of’ mxgratxon in .the of SRE +ve suE

althnugh the dxfierences were bazely significant’ (p <0 1 for A super-

natants and p <0. 05 fur B supernatan‘:s)g. It might. be that the pulymzph

e




was rsduced non-speclflcally by the 132% serum,
- 9

+ @208 -foetal calt ‘serun. ‘The leukocytes in the test (10% mononuclear

- ' N e =, N

m'iqration in xto!y factor,

.n contrast tc MIE‘, ‘x'equires the presence
GF BACNIESE LS foxmatxun and tms apbeared to by the case in an. \

examxnatlon of the direct LMT undertaken in serum-free medlun\ and in

cells 4nd 90% pﬁqurphs) from tuberculin positive donors were exposed
to 1nu ug PPD/ml for 18 hr: The migration in 20% serum was inhibited
(mean % mlqtatlcn from' two ex[mrlmeﬁts was 62%) whereas in serum—-free

medluln thiae _was no 1nh1bit)icn (nean 101%) although migration overall

-a-; migration of

“ control cells was. Dnly about 50% of that of the- ccntrcl in’20% set\m\.
Huwpver, as can be seen .fr_cm\ Figure 35, in the assay of t}le supernatants’
in the SRF sefies of experiments, there was significant, infibition of
migration in the pi_m. induced by some of the supernatafits.tested,

whereas others induced a marked stiimlation of migration.

. . TA_BLE 21,

The 3 Migration in the PLMT in ‘the Presence of Superpatants. from Stimu-
lated and Control Cultures of Cells from Tuberculin-positite ana’
_Tuberculin-negative Donors,-Subdivided .on_the Basis of the Inflammatory
Activity of the Supernatants.  Results are expressed as the mean * S.D.”

for 22 samples dn_the SRF +ve group and £or 12 samples in the SRF -ve. group.

_ % Migration in the PLMT

Superhatants  # ' SRF 4ve D SR -ve 7 Tttest
g ™ i - \
By = 1 20 v 9p & 22 ¥ g 'p <0.1 R
B 112 + 23" o,

P <0.05

» ? .

\
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SUPERNATANT

¥ of HevrrDlE inthe 1)

of supernatants fromecplturds. of ¢

wg/nl () or 2.5 wg/ml’ (5. | Thd dinc

ks i t g
;the indircct LM (Scction. B

i) and tuberculin-negative domors (open circles) - sginnlated

“indicath to=

£rom the mean; for, tubgerculin-iegative. donors
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groups, as indicated in the Xbéve Figure,'depending upon whether
; - : R

migration of the cells in the stimulated c‘ultur}e sup Aors

was significantly different from that in control suernatants. .
When the inflammatory activity of the sipernatants in the srE’

assay: from stinulated and SSHEEAL cultures veNetion sowpsbeq snuese

of the three groups, the results were as given in Table 22.

v mBE 22, .
PR g L a
A Comparison of the Inflammatory Activity of Supernatants from Stimu-

lated'and Control Cultures of Lymphocytes from Tuberculin-positive
Donors, Subdivided on the Basis of Their Effects upon’ the Migration

- of Polynorphs in the Leukocyte Migration TesfZ - The number of sampiels
In each'group is seen in Figure 35. Resultg/are expressed as’mean * 5.D.-.,
; SRF ASSAY 8 o

i ' . : ‘

' Diameter of Erythema and “Indurafion in sq mm

. vSupernat;nts © . PIMT Groups: . . oy
& . e8] " e 3)

- Stimulated ) 8L 63 - o 63 x 5o( Y ' 63 + 92
& ) Control 17 &2 2:23 7 p ’ is9 +50 .
-ﬂk seatest ' P <6.095' . ‘ _p <0.0L ® fc_..z . '

L o . ® .

’x'here appears to be a coxrem:mn bé@wesn enhancement’ of migration
in the PLHT apd antigen‘speclfic mflammacmn in zn_asm‘ assay. g s ¥

foerence between the 1nflam||atory acunty of stimulatéd cult\n:e super—
natan:s and that_ oi unscimulated l:onr_xol. culture supeznatam-_s is highly

sanlflcant (p €0.005) in the group demonstranng stm\*‘latxonnoi nigra-

tion in the PLMI. The diffe:ence was still s:gmfmant, but at a lower -

was not meﬂh antly diffe_zent__ from -
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q&'ﬁicant inkibition 2

g s occurred in the PIMT (group 3) there was no significant difference

that in control-supérnatants. However, where s

. .  between the.inflammatory activity, in stimulated and control cultpre

supernatants. This was because the inflammation produced by the & g
Y : " .

e control was i ly i in this group. : « B

If one then compares the xnflammatuxy activity of supernatants

© . .M B&Cofromthe tubezculin-poslt e donors in groups (1) & (2) who

wire sonsitive to cither-l TU of 5 TU on cutaneous ‘testing, it is founa e

that A supernatants produced a mean reaction of 67 *,41 sq-mm grytnema

and ind ion, B ; ants gave a ion 69 + 75.5q mii and C ', .

supernatants prcduced & reactxon of 12 % 15 sq mi. * These differences Coa

" are stansncauy slgmfu:ant for the’ stimulated culture supelna\:ants

(A & B) compared to control (C) TEOF*APT<0.001 dnd oD § <0305

: / -, ) . _mscussmn . ' g, e B

ments in which fransformation, as _a\ssessed by b \and RNA synthe

were in ser e ana tontaining’ cultures (rable 18)
: i

“indicate thaL me lack of seztm in cultuxes ‘profcumily affdct/s the g e

.respunse of cells to am:igen. ; Thus; there is afl overall depréssion of
W Run and DNA synthesis in the serum-freo cultures and an aptigenzopecific ¢
S . stlm:;atlon of nucleotuie synthe‘sis is not apparent. Indeeﬁ, at. the,
Tt hJ.q&'er antigen dcse, 2.8 ug PPD/il, there is evidence for a depression’
in isotope 1ncorpcratxan, suppcrted by the shxft of the dose/respﬁnsa . -

curve in serum»frere medium to the 1eft; This would appear to suqqes:

. £hat, & toxicior- inhibitory effect of the antigen occirs in the absence

5. oFscourse; the mterpxetahun of the umime-mccrpomcml"{ e




'\//. . : " ) X " ’ - " . . ~

. > % I
dAta is complicated by the fact that ‘an unknown proportion of ‘this ¢
incorporation is being carried out by phagocytic mongnuclear cells in -

the cultures. Thus, it cannot be determined whether the ‘toxic or

 inkibitory effect\f the antigen 15 exerted upon the 1ymphacyyés or

1 " * nmonocytes or both in thesa cultute - . %y ,S

A similar phenomencn was foted 'in the incorporation data’in the -

" experiments ‘for SRF production (Table 18). Here there was no signific-.

. “ant difference between isotopé:incorporation.in stimilated and control

" cultures in the two groups (a) and (b) where—sufficient data was avail-

able f&‘caﬁpax%sun. fowever,, there was a depression in RNA synthesis
e i in the cultures exposed to the higher ddse of PPD (2.5 ug/ml) as

compared'to that in thé cultures ‘stimulated with a low doge of ‘antigen.

!There was no ev’i;gﬁce that the depression in uridine indorporation in'

these cultures vas the result of & decrease in'cell viability caused by

rthe toxic effects of: the antigen. Viabilities ag assessed by trypan- 5
blue excluslon were not Slqnlflcantly diffetent in either antxgen

stinulated, cultures oF :¢ontrol cultures. ?

. d, : i Despite the genezd depression of metabolism as assesséd by the '«
; / .

xncnrporatlon ot ‘isotope, in the serum-free cultures, theré was sc111~ ", .

evidence for the pzod)u:tian o[ scluble factors by the cells in®esponse

s ko antigen: Thus, cells from tuberculxn;‘posxtlve donors upon exposure’

:c PPD released inflammatory: iactgrs into the cuPtdve mediun, This was

. in, contrast to cells from tubercblln—r\egatlve donors, "where; there was 77
W8 . s
- Wi Sustenes EoE A ‘release of SRF. The 1nflammatory factox was not . ., 4
. dlalysable and upon Weccmn tnto the skin Qi normal g‘uxnea—nxgs . . ‘“‘
% ‘broduced & reaction d hy‘ 3y a [ and i n." This o
3 X Eeschod & peakigt aboit 426 hr ar;gl ‘then .faded. T ———y T
' 35 oo
o . 5 . ‘
L T ‘ k '




. 173 . e
histologically by a marked infiltration with polymorphonuclear .leuko=

cytes and a smaller proportion’of monomuclear cells. In this respect

the reaction differed somewhat from that induced by guinea-pig SRF,
- whore mononuclear, cells formed about 50% of the cellular infiltrate .

(Figure 24). In addition, the mfur_ratmn vas found thrcughcut the

. Gumnts, although’still more profound in the apepar regions and ‘was

mamly pexivasculat .

s The gntiqen—specificity of_ghe releaée of "the’SRF was more. *
‘apparent tieess dxffered mbre sxgnificantly fm,n control) -when cells ~ "
© V ’ wete st;unulated with the lower anthen dose, 0. 25 ug/ml (Table 20).

. P 4 This would’ suggest that the inhibitory effects of the Highat dose of

antigen, 2.5 ug/ml are reflected if) thé depression of incbrporation of

“uridine6->H, nd in a redugtion of mediator i
. 4 N 5 2 Y
s & ific inf: tivity -has been -
N .
N g produced by glass adherent. phaqocy'tic ca}ls in culgure (He)_se & Weiser, 3

<ol Qeabhlifn Iymphzx:yte cultures (aillard et ak.,’ 1972). But in the . -,
curtent experiments, no correlation was found bétween the nriqinal % e w

lof] phagccytxc nononuclear. cells/in the cul:u:es and the presence p( A

. inflammation in the SRF-assay. Suularly. ceu v1ah)h:y was .not .

decreased in t‘wse cultures from which active supernatants were ohtaxned

In addltxon, tie data. from the studdes of uridine 1nccxpprat10n suqqest

that SRF is anprcduct of active metabohsm and is nn& released’ secondary .

to cell aeath. (Thug,

5 cultires where RNA. synthesis ss reduced, there

is loss eyidence for W production. . - A e
P TR '.There was no ev)ﬂénce for a significanc dxffézenca in yridine~ -1




5 "(a).& (b}, i.e., those reactingpositively to 1 TU and 5 TU respectively

off cutaneous fbesting. In part this may be d result of the use of seryn- P

free media in' the nononuclear cell culmres, where seruni ‘factors or.
other cell’types possibly modifying the ' in vivo immune response’ are
.nét present. The numbers, iri. the remaining groups %c) & (d) were too 8 g .

smau' for any statistical analysis although it should be noted that | et

3 e s s 8 berculin-negative groups, uridine incorporation”in cultures .

concammq sntigen yas quite narkedly depressed and SRF was fot

i . -produced. - Y o E .
) ‘The ant igen-spécific release of SRF appeared to correlate with: -
- ' the'1ack of iphibition of, migration of polymorphs in the PLMT and vas .

most apparent in supernatants that actually enhanced migration (Table .

22). This might suggest that, in the absence of, serum,- a factor is .

produced by senbitive lymphocytes in response to'ahtigen that stimuldtes

&

- the migration’ of polymorphs. tokever, the sig’n'in‘can'ce of this-is

ng

Qjfficult to.asdess. Bt it was apparent that supernatdnts stinula

mgratmn were more ofeen produced bx lymphocyte culmres exposed m
the optimal dose cf antigen, 0.25 ug PPD/ml (Figure, 3!7) and this mgm =

& - suggesé that the stxmula:xcn of miqratxon ds.d result of the :mtxgen—

speclflc response, of the lymphm:yte. The rather profuse mfﬂtxamon

o . ' with polymoryh: / the' nflammatory reactions mducad \:y ‘hinan sar could

be explained by an enhancemem: of polymerph novenent, althoysh thxs g

evidence cantonly be. inatbect until ‘1 is ‘shown, that quifiea-pig poly~

o moxphs’ ajso respond in' a smuaz‘ m?;nner to, this factor der ived®Exon

“hyman Lymphocyte hituges. In arldxtxun, suc!»tuqulatwn of movement

could prasmbi ¥y only occur before the chanqes in vqgcular pcmeamh:y

:ulduced §y otRer factors; e.g.; < sRE either dxrectly or poss:.bly by
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. ‘activation of the kinin system (Maillard et al., 1972),caused an influx
of plasma factors alléwing inhibition to feplace stimulation,
. But it is clear ‘that serun is required fors the production of the

, polymtph m,mmcozy factor dnd is not just necessary for the demon-

stratiun of its presenc‘e, as the, ‘zesule's :nmparincj the direct T in
sermthce an serun-containin nedium might suggest, since 20 foetal
_calf serum.vas added to the sexunfree supErnatunts assayed in the PIMT.
Thus, it is possible that the necessaz:y serun-factors worc prnsent in
_the original mononuclear ceall.‘ cultures from which Fhe ‘,\nmmtory Stper=
, natants were »i;zainéa, ;erhaps"thidugh she ’errq; in the washing pro-
Lupbaus

Yin the control ted culture )

¥ in‘ghis group, ‘since
it was shown in sEccxon\é.l that the'dialysed and' lyophildzed:soluble ;
-phase-of serum—contanu.ng supernatants from unstu\ulated cultures

possessed considerable 1nflnmatory activity (rdble 14). Apaxt/f:cm

+this possible explanation, there were ﬁo o

obvious’ difEerences *

between cultpres p:odacmg fihibitory or ‘stimethting supernatants. The

s monocytes in r.he orl-;).nal cell cultures, viability of. those

cultures and the uridine incorporation data,

(Obviously £he role af ‘serum factors in- the e féeds to be more slearly

defmed since the req‘u]_rement for serun 1nd1cates an lmportant differ- -

“ence hetween this €est and the MIF assay, where. iahibitory supermatants
* can be'produced by stimulated “Lyfphocy tes  in ser\m~free cultures

(Rocklin et a1.,, 1973). = B g T my”

\,Howevex, it does appear clear. chat in the.group of culbires”of

thete 1s

Ifago, this mghc _explain the presence of sne1omatory acnvicy

B .
3 not d@iffer significantly.

‘@




facmxs, there is a slgm.fxcant relc;g of inflammatory activity in"

:esponse to, the specxfic amnqe . The Eactur or factors pmaucmg/ 4

the inflammatiﬂn are not dialysahle, may be lyophilized aly stored at .

—zo C and ‘produce an inflamatory response with erythema and 1ndurat10n,

"on intradermal xnjectxm" in normal u!umnunxsed guinea-pigs. The reac-

tion reaches a peak at 4-6 hr.and is chardcterised at ‘the cellulat -

o © fevel by an, anxltrat;nn, predominantly. pert h,, of pol h q

qnd »monomxclear dells. - In, this respectys the. hulnan SRF appears to bev T
B ; similar to° the ‘guinea-pig sm’ _described previously, in cultures of 4.
1 ¥

. \perlpheral blood 1ymphocytes (sécnon A.v) and- 1ymph node and pentuneal

.+ exudate Lyn\phacytes (Rick et al., 1969) S = &
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§ GENERAL SUMMARY™"AND CONCL|

n the -initial investiga ] ons’ in guine; »pxgs it was shown that
perlpheral blood mcnonuclear CGllS from tubercu 1n—pdslt1.ve animiﬂs

edium a factor or

stimul4ted in.vitro with PPD, released ‘into the

-factors that induced an infl / upon 1 injection

¥
® . 4 -
) " Unts normal ununmumsed gumea»pxqs. e characteultics of this

.

: £ T ik y appeareditd be similar to the skin reactive
é | factoE\(skF) described by Pick et al: (1969) in cell-free superna¥ants

Erom stxmulated cultures of guinea-pig 1ymph node and pcnceneal efudate

lymphccytes. It was not djalysable and induced a response chaxactezxsed

by erythena and 1nduratmn reaching ‘a peak At 4-6-hr, With a cellul

¢

infiltrate consisting of polymetphs and mononuclear cells: The presence
o “

G v \, of this factcr,v in the supernatants was found to correlate in vitro with.
the presence of inhibition of :nacrcphage migration in the MIF assay.

e  he, swr s Sroduced’ in el GOThEES AHERG BRSO BT
transfcrmatxon and s.lbsequsm: dlvisx»on of - the stunu]. ed lymth;cytesA &

'~Howeve:, 1% cannoc be conclu a Erom this that the 15, producing

these" factors are_ not tnose th¥t wou'ld pmce‘ to transfcm'auon under

5 appmpna:e Culture conditions, There aDpedred to be mome correlation

'bctween thc abilxty of the lymphm:ytes to : ansform anq divide in Ehs

. presence of serun'and the relbase of SR if berum-fres culkures of Jthe

" same cells “The proce’ss of tyansformation here may be an indX=fof of

“the ability of the Iymphocytes to form and release the, soluh‘le factors. |,
The - importa e of culture conamans in detsmxn;nq if tramsforc
_ matmn occurs yaf demonstrated by the qz:curxsm:e uf ‘factors 1nh1b1txng

<+ that pracgss injsera of cercam quxnea—p).qs. Tnavﬂmse mght be o
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P was indicated by the“results of experiments comparing the.growth and

division of lymphocytes in sera from different animals. The appearance e

' ¢ * of ‘these ractozs night be unked to the process of ageing in’the. anmal 5
- o7 and this is.a field in which there is scope for further u\vestn.gatxon

In addition, the toxic.or inhibitory effects of specific ant)gen upon

the transformation of sensitwe lymphocytes was demenstrated ana t}us
“

®, effec: appeared m be more prnmment in thE absence Of serum. Whnthcr % g
: 1ymphocytes or phagocytic mononucleax cells were ma.mly agfécted by
e the'inhibitory effects of serum ¢ of antigén could r\ot bé decided tn the

current expsz::.ments. However, the }.ntexac:;an of ther tugmecell types .

in ths immune response to antigen ls so.intimate that a clear rhstmc» vy B

'h.ren may fot be possible. But hére‘alsh further study fould peeruitful.

¢ The marked effects of the lack of serun on thé immune response
of sensitised lymphacytes te PPD bas further demonstrated in experhnents
in man, where transforz\natlon, as asg"essed by DNA and RN 'synthesis'vas . | y

&
ignificantly depres ed in the abscncc of _serum.* In addltz.cm there.

% was sugqestlve evxdence that a to;u.c or inhibitory effe’ct, even’, in®

f quite, low concencratmns, of .PED occurred -in serum-fres culmres‘ B

Of course; a 1ack of seruh may affe!:t “imune: zesponses to antigen-

quantxbatwely so that, for acample, an ah:iqen»speuncl:euase of 4,

soluble factozs can snu be demonstrated, in the serum-free cultures,

by mncentzanng thc facrozs anclved. But in. the mvesmgaums ef v o

! the leukocyte mgratmn test reported here,. it 2 ea:ed that a,,‘lack

& 2 of. serum quht possxbly alter an immune xasponquualxtatively as

el Whiey I the presence of
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measurable Qn_ synthosis for i Gesurrancs. IAAdLENOH) 4w Sell-Evee
Sérun-containing supernatants of sensitisea Iymphocyte cultures, stima-
lated with D, it was possible to demonstrate a factor that vas

probably responsible for -the “inhibition of migration. This factor was
vnot found in cultuze supernatants of cells from tuber;:ulin—negatlve
aont;Qs. However , in the absence of serun, inhibition of nigratiof vas N
not demonstxated, either when’ mxcuzes of ‘sensitised n\cncnuclear cells
werg mixed with polymczphs in the presence of 'anthe + or when cell-free
su[‘)axnatancs',fn}m serun-free cultures of antigen-ftimulated sensitive .
lymphocytes were examined. In fact, in “a number of .instances, these
Sﬂr\lmvfree‘supernatanﬁs appeared to cause actual e.nham:emem: of polymorph
migration:, But'until the signific;n;e.uf this apparent stimulation of
mlgratxon is determxneﬂ, the pcss!bllity still exlsts that the ‘difference

between the results in:serun-free and ser\.m-conta)‘.nan media is quanr.n:a—

t1ve nather 'than qualitative. Even if this is 5o, the LMT still _exhibits

a marked difference from the MIF assay in this respect, where serum

is not necessary for the productlon of the mediator. This”is especially .

because of the marked increase in the use'of the leukocyte

impogta 3
migzati‘on test in récent years as an 'i_nm correlate of the cell-
mediated imriune response. Evidently it is pecessary for a further '
c‘lariﬁc'auo}.‘of the nature of the inhibitory factor in this test.
Finally, the existence of an inflammatory factor in the cells |
free supernatants of stimulited periphetal blood m?n;)nuclgar—-cells
from tuberculin-pbsi;ive human danors was'émaxly Amilistsates,, mis
. factor is not dialysable and tranEes o mnammacory reaction ahar;c~
_terised by erythema and induration wpon injéction into the skin of

normal unit¥unised guinea-pigs. * The ce].lular infiltration consists .
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of polymorphg’ and s ssE e Ta whithare mainly. perivascular -in
dtstribution and the reaction itself reaches a peak- at from 4-p hr. In
‘most: respects, “the human inflammatory‘ factor appears ‘similar to the
quxnea—p).q SR already escribed. Ag was indicated in the introducncn i

to this thesis, "whether or not there is a discrete SRF molecile must s

"avait further charactensa:mn St its phys)co hemical properties.

the same as MIF (Remold et'al., 1971) and indeed they may be identical.
1t£ function in the tuherculin reaction may be restricted to inducing
changes in the small vessels, ‘especially by increasing permeab’incy :
~and even this action mdy be indirect, I:'h.rough an actlvatlon of the «
kinin system or Hageman factcz. as* suqqested zecently by Maxua{d et al.
(1972). “Other lymphocyte products, distinct from SRF are likely to bé
inyolved in the induction of a,cellular infiltrate of oTeLeRE cells
and possibly pov]jymctphs, e.g., chernl?t'aécic factor, MIF, factors. ‘affect;ng
'pélymcrph migration described here. In addition, materials contained '
within the infiltrating cells and other factors @erived fron the con- _

" stituents of plasma are likely to be involved in “thé induction of the

- delayed itivity inflammatory
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