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reeen untuk isterd Zanek

1,

2.

Hel ansklu, dirikenleh dan suruhleh {menusia) me=
ngerjakan yeng balk dan cegalah (mereka) darl per
buaten yang mungker dan berssbarlsh terhadap apa
yang menimpa kemu, Sssungguhnys yang demikian itu
termasuk hal-hal yeng diwajfibkan (oleh Allsh).

Den Janganleh kamu memalingken mukemu darl manu -
ele (kerens sombong)dan Jenganleh kamu berielan

dimoka bumi dengan angkuh. Sesungguhnye Alleh ti-
dak menyukel orang-oreng yang sombong lagl memba-

~ nggeken dird,

3,

Dan bersebarlah delem menunggu ketetepan Tuhenmum,
meke, sesungguhnya kamu beradas daelem penglihatan
Fami, dan bertssbihlah dengan memujil Tuhanmu ke -

tike kemu bangun berdiri. .

4.

Dan bertasbihlah kapnﬁa-ﬂfl pede beberapa seat di
melem harl dan diwaktu terbenam bintang-bintang

(a1 wektu fajar).

S

Te

Barangeiapa yang menger jaken kebalken seberst dza
rrahpun, niscayas dis skan melihat (belasannya).

Dan barsengslapa Yang mengerjekan ke jshetan seberat

dzerrahpun, nisceya dia skan melihat (balasan)nya

pula,

Eepungguhnya OTENE=-OTANE YENE bariman dan mengars=
jakan amal saleh mereka 1tu adalah sebeik-balk

makhluk.-

o T o

In
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Ayat kltab suel Al Quraan

1.

=
2
4.
e

Bacalah dengan (menyebut) nama Tuhanma Yang men-
clptakan,

Dla talgh Menclptakan manusia dari segumpal dareh.
Bacalah, dan Tuhanmuleh Yang Paling Pemursh,
Yang mengajar (manusia) dengan perantaraesn kalem.

Dia mengajarkan kepada manusla ape yang tidak di-
katahuinya.

(Surat Al "Alag, ayat 1 sA. 5).

Apa yang Allsh enugershken kepada manusla berupa
rehmat, maka tidak ada secrangpun yang dapat me-
nahannya; dan apa saja yang ditehan cleh Allsh
meka tidak seorangpun yang sanggup untuk melepas-
kannya sesudah itu, Dan Tialah Yang Mahe Parkasa
lagl Msha Bijsksana.

{surat Fasthir, ﬁrut 2).

Sepungguhnya ape yang dijanjikan kepadamu itun
pasti terjadl.- .
(Suret Mursalaat, ayat Tha=
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ABSTRACT

The influoence of {1 1
gone sodium phosphat {DaﬂzgggggunprEHaivu Srugs \Sximethe. - |

and eyeloph -
an)upon ;?'1m“rin“ immune aystem was ::uggagafgagig:riﬁzgg:-
of Cell Blology,Immunclogy and Genetice, Eressmus Universit

Rotterdam The Netherlends, i

phamiﬂa upon the Ig production at four dirrgran;niagzglﬁphﬂa

3 3 ::a E;rﬂE Ig concentration,

. & ackground' Ig secreting cells thet cceur 1 irtaoal
1y 811 lymphold tissue without 4 b it ian

B M Bl o gy ut deliberated immunizaetion. ]

4, the B cells thet give rime to clone of Ig mecreting cells

:1:;1'- in vitro stimuletion with bacterial lipopolysacchari d

We studied the effects of dexamethesone '

i

We investipeted the effect of single intraperitoneal it
injection s well se short-term deily intraperitoneal admini
gtretion of dexamethasone end cyclephosphamide upen the abo-
va four perameters,

-LETL

The dose of dexemethasone employed ranged from 16 up

to 144 mg kg body welght(BW) for e eingle injection and from i
1 up to 50 mg g BW for deily injections. For treatment with

cyclophosphamide the mice recelved elther o single injectieon g

of 300 mg %g BEW or daily injections of 1 or 100 mg g EW. |

A egingle injection of dexamethasone (16 to 144 mg g EW appe }

i

ared to ceuse & substantial decresese of the number of IgM, -
Igt end Igh secreting celle in spleen and messnterie lymph=
nedes within one day, but hardly affected thelr number in =
bone marrow. A single injection of dexamathesons, even a mag il
sive dome es 144 mg kg BW, affected the serum IgM, IgG and

IgA-level less severely than T deily injections of e.q. 1 mg/f f
kg BW. A eingle injection of 144 mg Acg BW dexamethasone, the :
pereentage of B cells among the remaining epleen and bone - :
merrow celle was not affected. Also the height of the poly - '
slonel response after atimulation of the remaining B cellns [
with LPS in vitro end the capeclty to switeh from IgM™ to IgG i
and IgA gecretion were not affected. i

niection of cgcluphﬂsphsmiﬂﬂ an the other hand, not i
only griaglg decresse the number of spleen and bone mMATTOW = !
cells, but sleo the proportion of B cells anong the remal - {
ning spleen and bone marrow celleg. Marthermors, these B ceil |
eould no longer be polyelonally activeted by LPS in witre, %
dleating that they were inhitited in their functional ecapacl

W that 1ﬂ'3H dexamethasona in vitro redu =

It wes found 2 g
ced t ange of eplenic B eells to LFS by more P =
Eent,ziizgsﬁ gimiler Eaﬁuctian of the response by bone mer -

4 s 1000-fold higher goncentretion.
o 8 cetle riarired o 1000;TENS D100 ne crciopmormiantde”
ey BEW. the minimum values of background Ig-secreting “*1i'
in the various lymphold orgens weme lower than after & sing-
1o injeotion of 300 mg cyclophosphamide &g BW.=

__F
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SARI BACAAW

Penulie teleh melakukan penelitian ai G
logi,Inunclog! dan Genetika Universit Leboratorium Cell BElo

daerland mengenel pengeruh obat 1 88 Erasmus,Rotterdam Nas

manogupresit (fopfat ¥etrlum
dekeametason (Decadron) den siklurnuruaid [Engu::n? ta:haﬂap

sistim pembentuken Imunoglobulin tikum, Hal-hal veng teleh -
daitelitil ieleh pengaruh kedus {enis obet ini tariudﬁp pemban
tukan imunoglobulin pade empet level yang b B

arbeda yaltu t
1. konsentrasl Imunoglobolin delam serum, '

?. sel-gel yang menghasilken imunoglobulin yang sesungguhnya
t:rjagi dalem semua jeringan l1imfoid tenpa pemberien imu-
nieasi,

%, limfosit B yang memiliki imunoglobulin permukean.

4, 1imforlt B yang depat menimbulken sel-sel yang menghasil-
kan imunoglobulin dealem bentuk "clone in vitro® yang di =
rangeang dengen lipopolisekharidas bakteri.

Penyuntiken deksemetason, selklofosfamid kedelam rongga peri-

toneum tikus dilekukan dengan dus cars yaitu penyuntlkan do-

gls tunggel den doeis multipel selama 7T harl, Dosle dekesme-
tason untuk kedus cara tersebut berkisar antara 16 sampei -

144 mg %g berat bedan (BB) dan 1 eampel 50 mg kg EB. Dosis

giklofoefemid 300 mg kg BE pada dosls tungpal den 1 eten -

100 mg kg BB untuk dosis multipel. .

gaty harl sesudeh penyuntikan tunggal ﬂakaame%nagn
16 sampai 144 mg kg BB) terdepat penuranan yang nyats jum =

{nh aelpgang mem%untuk IgM,IgG dan IgA delam limpa den kelen

jar 1imfa mesenterium, tetepl hal ini hampir tidak di jompel

um tulang.

Alan ngﬁgaruh ﬂe%namatunan pada nilal Ig¥,TgG den Tgh da -

1em serum eangat kureng dengan penyuntiken tunggel dosls ° -

tinggi (144 mg g ER dnri{pﬂd& p;mh;;%an tiap harl eelsma
i doeis rendah (1 mg/ Kg .

;igﬂ ;egsﬁitiksn tunggal deksemetason (144 mg Ag E?}Er?aantg

s 1imfosit B diantera kelompok n:idfaﬂﬁitggéigﬁgi T?ﬂ:E 7

1impn d‘gu:uzzgz ;ﬂi;ﬂggfﬁzn;§§§k1unﬁ1 Inﬁg terbentuk deri

PERBTIES n dengan lipo=-
tertinggal setelah peTanNgEANER

%inﬁziﬁugiginfn vitrngdun kemampuan perubahan Ig¥ menjadi

gh dan Igh.

tkan buken ssja =

kan seklofosfemid mengakliba

fumlah E:?nggimllimpn dan sumsum tulang YEng EEHEH:imEnu;un

melainkan pule 1imfosit B'diintgzg H;E;:;& g?:%ﬁﬁi: HPEE; t;
tulang. an 1

gniag 112p; giﬁ f:::uzanghauilkan poliklonal yeng diaktifkan

ugah g?;upniiaukhariﬂa i4pn vitro, hel ini menunjukkan bahwa -

t fungsinya. i

1infosit tersebut dihenisl (iRE kedeiam in vitro 10°°W menu-
gari 80 persen limfosit B 1impa ¥eog o SRGUans

??"k““ 1Eh%: rida, sedanghan penurunan yang uamni : g R

popol H? 2 mamérlﬂkﬂﬂ wangentra=zi 1000 keli 1,£a Eﬂuharu
:Emsum COLEDE avuntikan eiklofosfenid 100 mg kg %
ngel. Sesudeh pe ?i minimel sel-sel Yang mengheeilken imu-
e scam OrCgan 1imfold ternyeta leblh ren -
~ikan tunggel siklofosfamid 300 mg kg BE.
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1. INTRODUCTION

B General aspects of immand ty
Man and high i
y def:nce. Thegf?:sl:n;?tl‘:r:;: E;n:ictezhagainst infection by chree lines
h ; : : € 5kin and the various ot
o Ihe sacond ) fnm bortions of the body In closa contact with th emviron-
. z : @ variety of host mechanisms compromisin
the g;::t?nurn:u;v!v:] ?F microorganisms (e.q., sheezing, cnughing? the -l:F?i-
ary sweeping Pithelium 1ining in for instance the trach he pH of
secretions, etc.). rachea, the pH o

wWhen microorganisms pass the epithel
and in lungs and after an injury,
of defence comprising a nonspecifi

ium as may happen normally in gut
the body is able to react with a third line

. ¢ and a specific system. The nonspecific
system consists of a number of humeral factors such as C-reactive protein,

;nmp]emant ar'u:_| :||'11:E-F"FEI‘I:I-FI, and of manonuc |l ear phﬂgﬂ:ytic EE-]IE--,. gr.nu|n{?t=5
and na!_:ural killer cells, Phagocytic cells are able to move to the site of
infection and to engulf and destroy the infecting organisms by lysesomal
enzymes. The nonspecific response is operative within a few hours after the
intrusion. In addition to the nonspecific response, man and higher animals
can produce a slower emerging, but highly specific response: an immune res-
ponse. Two kinds of specific immune responses can be distinguished: one is
mediated by humoral factors, called antibodies ('humoral immunity'), the
other by lymphoid cells ('cellular immunity'), Chemically, the antibodies are
proteins. Such proteins with known or unknown antibody activity are called
immunoglobulins (lg). On the basis of their structure, revealed by their
physicochemical and antigenic properties, the Ig can be subdivided into
five different classes: IgM, 1gG, IgA, IgDh and IgE. The humoral immune res-
ponse 1s particularly effective in the defence against bacteria and viruses
occurring extracellularly. Also, a number of well-known immune phenomena
which are harmful to the individual, such as immediate hypersensitivity (e.g.,
hay fever, asthma), are based on this type of defence mechanism. In contrast,
the cell-mediated immune response is the major mechanism for destroying cells
infected with viruses (e.g., influenza virus, measles virus) and for enhan-
cing the capacity of phagocytic cells to destroy bacteria and parasites - Ll
ing intracellularly {e.g., Ligteria manmytﬂgenas{ w?‘ﬂbﬂﬂtﬂ‘?‘?‘tﬂ" tuberculosis,
Mycobactertum leprae, Leighmmia tropiea) . Th‘_r?-'“t":‘“ of tissue and argan
transplants Frm- gengcfnaﬂ‘f nnn—identica'l IHdI?IdU?l'E.. and 'ﬁE‘-EI'gI'Ed type
hypersensitivity reactions (e.g., Mantoux reaction in hunans) are other exam-
1 = immune responses.
e ?:;::t‘:p:ﬁ::ﬁ:ns of mrphzmmcal]‘r fdﬂﬂt'lfal Hmphﬂ?ﬂes are resgnﬂ;
sible for both types of specific immune responses: & and T lymphocytes. bot
ted from the pluripotent hemopoietic stem .
types of lymphocytes are genera B cells proliferate and differen-
cells which are present in the bone marrow. B cells proliferate :
tiat t Vv within the bone marrow itself, whereas T cells do so in the
s Baes "B and T cells have the capacity of recognizing entities which
:rmus‘ Et'E”;h’]E‘ andtTtE:nts of the organism. Such entities are called antigens.
9 el imulation, B cells can differentiate into ant ibody
:urface. hreet ant|?::lGT52E]15 can enhance the proliferation and differen-
ecr cells.
tFat?;;ngfpﬁla?:‘ll]s tnto antibody-secreting plasma cells. These T cells are

i lular immune res=
1 T cells can also mediate cellu
ponses (e.g., delayed ty E]Iu1ﬂf|'ll":|'- In additien to these helper T

i : intrac :
:é?lzndtia!’!:ll::!-nﬁ:;gT?9“] s which are responsible for cellular immune res-
' ere

Ponses: the killer T cells. Killer T cells lyse foreign antigenic cells (e.g.,



— e —

: frs). Finally, suppressor T celj,
virus Infected calls, organ and :lgijeggﬁula}r munie FESpONses. .
<re able to suppress both humerd a{ ion, effector cells are produced, whigy |

After primary antigenic SUMIEE B0 o Prpose effector cells are mosy
mediate the above ment foned  Imuo” Sl f activated lymphocytes hmr!r

=l ived end=-stage cells. Among the. pegary. he capacity to bel ;
short=liv o 113 wiich are long=1ived and retain the capa y to become
iy al{t a:b the original antigen. They are responsible for the immunolo-
rFIH:IImEI a:;r '?and cause the much fasrer and more W igorous immune response
E::h iTlnd?:r.ed afrar second contact with the same alm:lgen. The r;ﬂml“:" H'rg-
phacytes largely determine the of fectivenass of vaccination procecures agains
mfﬁcalg:: :9'3:?:5 differantiate into effector cells mainly within the spleey,
lymph nodes, bone marraw, gut-associated '|'fr?p'1"n:|id tis?us and branchus-assa_?-
ciated |ymphoid tissue. The major immunolegical funttmn of these organs is
to remove antigens from the bloodstream and the intercellular spaces, to com-
centrate them and to present them to the lymphocytes, so that the latter can
proliferate and differentiate into antigen-specific effector T cells and
antibody-forming cells. The peripheral lymphoid organs are provided with both

accessory cells and the appropriate tissue architecture needed to fulfill
these tasks. ‘

Lymphocytes not only perform a variety of effector functions towards in-
vading microorganisms and other antigens, they also regulate their own acti-
vity by the release of 'helper' and "suppressor' factors, Iymphocyte-specific
growth hormones and antibodies. Other mononuclear blood cells also produce
factors that regulate the activity of the lymphoid system. Together these
fFactors account f?r the well-controlled homeostasis of the Immune system.
However, in a variety of diseases and after tissue and organ transplantation,
the enhanced activity of the immune system has unfavorable effects which re-
quire m:d1cal[:;nn. In f_.uch cases Immunosuppressants may be used. Over the
Ty different mmunasuppressants have been devaloped, biological (e.g..
chemical | against subpopulations of lymphocytes, hormones) as well as

\®.g., cytostatic drugs). In spit :
in a variety of diseases and their HideE e of thei

is in many cases still a lack of insight
immune system. In view of this,

F proven beneficial effect
!ﬁ-read use in medical treatment, there
Ve Bl o ol i 48 &tTencs gn the
. : ed to s .
ETELI :inqdlmunniupprt?swu drugs, dm-:arrmtha:.r:‘:z :ET:H:H:HC& ol i
-:.Iirpﬁ 1I:I| mi &;, upon the immune system. In these studi PHRAsPRAte @k ey
™ s Maiatiis mice as experimental animals. - CTPioyed a pre-
e experimental work described | .
effects of corti : ited in this thesis | ¢
was done at m;'??ﬁi:i;:ﬂa“d cyclaphasphamide upon :h:l?:aﬁ s
lg-secrecing cells. As a b.h'els: (a) unactivated B cel| lineage. This
dnteribes the ths;n: S 'ﬂh'%rl:iund for these studies th!i' and !h} actively
of corticostarg e of knowl & thesi

ids and tdge of the Immune Sy stem an! firstly

1 cyclophosphami d the effacts
we review the litergty Phamide on the jmm the effect
tion, followed by Fe on the ind une system. Sy

ucE] bseguent!

the data eMerging Fr;ﬂt;:d;:::n:lrement of antihgzu,r Fur;a..
ima

i § Structe of the famg | ntal work performed.

' Btam
1.8.1. The wart
=-R.EETIOUE Lummt o

can hﬁccnrmn? T their EEEEEHEE
'primt s|:|‘ndi-..r1d.,_d in two grg Itutian
aas ;r?. lymphaig organg i
i the “periphera)t A s wh

the induction of |

o antibody forp

i ation the 1
ich are :'h‘;“d Davies, ¥mphoid organs

tg&"ﬂ ! Ehe
SECOnd g py! 5 ites of CE‘ntl‘EH" ar
Mune "H-p-nﬂ:,“lmphﬂ'd organs, i I?H!Jhu‘d calls,

L ——
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Fig. 1. Differentiation of stem cells into immunocompetent

8 lymphocytes in the bone marrow, and into T lymphocytes in
the thymus. Proliferation and transformation to cells of the
1~fm;_:h-ublast and plasma cell series occurs on antigenic stimu-
lation. Modified from Roitt, 1980,

The primary lymphoid organs include the bone marrow and the thymus gland
in mammals and the Bursa of Fabricius in birds. The bone marrow and the thymus
are involved in the generation of B and T lymphocytes, respectively (Fig. 1).

spleen, lymph nodes and unencapsulated lymphoid tissue constitute the
secondary lymphoid organs. Unencapsulated lymphoid tissue is not constrained
by @ connective tissue capsule and is dispersed in the subepithelial parts of

respiratory, alimentary and genitourinary tracts.

Lymphoid tissue guarding the gastrointestinal tract (tonsils, Peyer's
patches, appendix) is unencapsulated and somewhat structured or present as
diffuse cellular collections in the lamina propria. Together with the epithe-
lial accumulation of the cells lining the respiratory and genitourinary tracts,

they form the so-called mucosal-associated lymphoid tissue (Roitt, 1980).

1.2.2. The fu

O e S W e

1.2.2.1. FBone marrow ) =i
The bone marrow is the central organ in hemopoiesis as well as 1ympho-

tent hemopoietic stem cells which have the
Capacity of self renewal and are able to generate hl?ud cells of the erythroid,
myeloid, megakaryoid (Curry and Trentin, 1967; Trentin et al., 1367) and lym-~

hoi . 1966). With regard to the Iafter, the bone marrow
Phoid series (Ford et al., 13 e uniEat MEraTR R ToRpNAE S

is ¢ . ration of .

e e sior s geaftion S it ) IRt
long-1ived, potentially recirculating small lymphocytes (Miller and Osmond,
1975), partly of the B cell |ineage and partly of the T cell linesge (Press

et a‘l.r IB?E' H-Epkﬂ et a'l" 1:5?5}. These lﬂ'ﬂg-IIUEd meph?t'rtﬁﬁ ar&hthnught
to be B and 'Il" memory cells which are Ff?ducﬂ"f' as a concomittant of immune res-
Ponses leading to humoral and cellular immunity (Benner and Van Oudenaren,

1975; Dsmond, 1980).

Poiesis. It contains the pluripe



12

d by local (micrg-
is dually requlate
L?thﬂpﬁiaii! 0 t::dbzzfetz;:::us seimuli which can enhance the prg-
irormental} Factors i : |
ﬁf.i'::m cate (Osmond et a1-.]'ﬂai'll1 affectar cells occuriln t!d'ieihgﬂi:n;ﬂ!rfcm-. :
| types of immunoiog rural killer cells and lg=producing
seva;ac!i!! suppressor T chl1% e 18 ¢ al., 19733 Zembala and Ashersg, |
effector T ;nl:i Tembala, 1973 Youdim & ] F';'EI]'E' Hermar &t 81 .. 1981a; '
?E;;? i?:5511n9 et al., 1975 HErh!rm?H1E; ;ﬂ;;tbi i; the bone marrow of
Eai'|+a.nd Bannar, 1982). From the mﬂth;ﬂp“” lineage while about 12% of
young adult mice about 803 h"'hﬁg.:ﬁnn calls {i.e., can neither be classi-
the marrow small lymphocytes are lineage cells) (Rosse, 1976). Thus, the bope
fied as B 1ineage cells ﬂﬂnj' EI.ELT II."IEE 9 LEEnk breeding site of virgin lymphg-
marraW 15 not n,nh’l B quﬂﬂ?ltatl'i'ail'll_]r?'frzd pﬂ-tﬁntia!llf Tgﬂirculating B IEI'IIi T
cytes, but also a reservair of long
|yephocy Tes . ; ‘tro lgh production
yop H.Jl.illan et al, (1972, 1976}, whe mta:uqzinthzlgdﬁtIfmphgnnﬂes -
itk E!Ia‘"5dF:ﬁnthtﬁnhﬁ:am:ii”;ruzuufmr& than 95% of all 1gG
thymus, calculate a . luated. By employing the protein A
synthesized by the organs which wgre evajuated. ¢ and laA
BLAS. s, SR ':11; EIIII. PBE:'eiu:i:Eiihﬁ: 'E:Er::.}m;: rune;ﬁliqmnar'edg ta
i arg relative Ak
T;ﬁriil"rif{iéiiem. The absolute and relative contribution of the bone mar-
row to the total lg synthesis of mice increases Eﬂﬂfmﬂ”51? “[th IMCrEazing
age. At b, 8, 14, 40 and 100 weeks of age the relative cuntrl'ubutmn of the
bone MATrowW Was found to be 17, 29, 4, 72 and 75%, respectively (Benner et
al., 19817]). =
The gradually increasing importance of the bone marrow as a site ﬂf lg
synthesis throughout the 11fespan probably reflects the gradual adaptations
of the individual to its antigenic environment. As an invididual becomes older,
mare antigenic stimull from the environment will have been experienced and !
secondary type responses will prevail. Such secondary type responses to thy=- |
mus dependent antigens involve a gquantitatively important antibody production |
in the bone marrow,

1.2.2.2. Thymug gland “c
Embryclogically, the thymus is derived from a

; tubular epithelial struc-
hlack m: s?mtdbra“‘::'ﬂ: pouches (Le Douarin, 1377). In a later phase, bone
Garrom cerivec prethymic stem cells migrate to the thymus to differentiate
lnt? T cells iﬁnrezynskﬁ and HacRae, 15]35, 15}9E], Within the thymic micro-
g ‘%L;“ﬂ::c“:mdt:? proliferate and acquire characteristic
m g Ytes differentiate inta functionall : b=
Dﬂ‘iﬂ]atlnns 'll'ith thE‘. '«'-mpttam:g 2 2 Qna ? d]S-l;II'ICI'. 5:'-'
to mediate allografe :ytu:n:ic]thu respond in the mixed lymphocyte reaction,

cells and to produce l?mPhﬂk1n¢5?' to gensrate antigen-specific help for B
gether by a sessile matr;

The lymphocytes in the
? thymus are held to-
(Clark, 1973) % of specialized connective tissue and

epithel jum
- 5 populati i -
bivity to corticosteraids, st :nr;?nslﬂf |Ymuhnc?tes Aol i
large-size cells actively synth .
and therefore are af

imi esizing nuth?mn“!5 are immature, medjum and
1952; Ishidate and Nated by

A and sensitive ka :
enhanced level t carticosteroids
L Her els of this h
:ini; are j unucumpet:::f;nlaﬁll. Most medullar armone (Dougherty.,
shi

” thymacy e

d rag ! thymocytes, on the other
d::. and Metcalf, 1943), 'SEant to corticostergig administration
Fictal Sxtensive prolj

is localizeg
sman, 1973) .

The thymus containg sub

. v 1966 Wai in the more super”
% Into the peri i

. Some

while othars mig Shymobyras
—
e

rate into the
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medulla (Stutman, 1578), Several | ;

ey nvestigators claim th i i
;:nizianfm$5?;§.Eihzrzggzﬁd by the thymus die in aﬁ:u {j:e? :;g:1?rnfgg;:ﬂﬂ
N I siphosERS tHbN the m::u?Tafhﬁesﬂvmus contains a much higher céncent;aliﬂ“
O i Tonbey sha. atal thymectomy grossly impairs cell

in addie; |
(Miller, 1960). Adult th?mectam;?n;nhas some effect on antibody production

: the other hand. h | F
although disturbance of certain ¢ : » N85 & much smaller effect,
1965) . unctions has been noted (Tayler, 1963; Miller,

mymu ' X
Th:h; Emu: ::rgEYd:anFHmE AL bady producing plasma cells, Most investi-
gatnTE 19 HE 1 :“ft _this aspect reported a frequency of about 1% (Benner
ot Wl 1%, 197375 Vitetta et al., 1973). Thymic antibody=-forming cell res-
panges can only" be E?nktd by high doses of antigen (Benner et al,, 1974 )
probably because antigen scarcely enters the thymus tissue. ;

1.2.2.3. Bursa of Fabrioius

_'? birds, yet aTather primary lymphoid organ occurs, termed the Bursa of
Fabricius. Embryolegically, this organ is also derived from gut epithelium
(Le Douarin, 1977). The Bursa of Fabricius is responsible for the development
of immunocompetence in cells destined to make humoral antibedy. Chickens bur-
sectomized in embryonic life, have reduced levels of serum lg, @ smaller num-
ber of plasma cells {Eﬂuper et al., 1969) and a profound depletion of small
lymphocytes bearing surface |g (Kincade et al., 1973). Injection of radio-
active cell markers into the Bursa rapidly leads to the appearance of labeled
cells in other lymphoid organs, such as the spleen (Hemmingsson, 1972; Back
and Linna, 1973). Bursectomy usually does not influence cell mediated Immu-
nity (Cooper et al., 1965, 1966).

1.2.2.4. Secondary lymphotd organs o g

The secondary lymphoid organs have four main distinguishing featutzs
(Miller and Davies, 1964; Miller and Osoba, 1967). Firstly, they contain a
mixture of T and B lymphocytes. Secondly, they usually show prominent :yFntu-
gical evidence of ongoing immune responses, &.9., the occurrence ?F germinal
centers and plasma cells. Thirdly, they are redu§ed In size in animals raised
in a germfree environment, i.e., where contact with exogenous antigen is re-

duced. Fourthly, lymphopoiesis in these organs occurs at a relatively slow

rate. ,
The majority of cells in the secondary Iymphoid organs are not sessile

but migrate continuously from one organ to another ¥ia the bluadEt:E?m E:d

lymph (Cottier et al., 1964; Ford and British, 1968) . This can explalh why

treatment with anti-1lymphocyte serum Enduﬂgs not only a ma;ked ]?mphg?:t:is-

oefls. Bue alsc a profound sellulsr deplsvinn off She SECORCREY HES S

sues EFarrntt 1967) . The proporticn of 7 and B Uyohocytes. tn. t SR IR
: ] most cells In the spleen and Peyer's patches

i dents 7
:i;IEE:Z?T:r?;B?E;;i I:h??e T c;1ls are the most predominant cells in lymph
1

irgi tle predomi-

. t, 1977). The virgin B CE|15‘5Et :

ey feuc) {Rafffd1§?:i12?;:? ;hilz T cells mainly occur in the periarte-
BeDEiy An ghe byopio) ? enic white pulp, the paracortex of

: 5} of the spl ; .
:ﬁ:lTr 1:mph:tT:ai:E:;: E:E:r;ﬂIlfcular areas of the gut-associated lymphoid
ymph nodes

g . Coldschneider and McGregor, 1368: Dineen
tissue (McGregor and Gowans, 1963 G: dechng e oliferate and dlfferentinte

and Adams, 1970; Sprent, 1$?3}- :Tfl This process starts at the intermediate
inte ant ibody prﬂduﬂiﬁﬂ p]ﬂ;E: :rnduced p]aﬁmﬂhiasts migrate Ent? the medu}-
of the B and T cell an'ﬂasr':"H and the red pulp of the spleen. While migrating

lary cords of the lymph no
into the medullary cords an }
cells (van Ewijk et al.y 1977} -

4 the red pulp, the p1a$mublasts mature inte plasma
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f lymph nodes and
g e of the cortex © ;

g lymphocytes are a prominent F*?;ﬁ:amd cecondary lymphoid organs they
the white pulp of the spleen. 0 umnf calls termed primary nodules. After
are present as spherical cnitect[nn; o follicles, which g;nns[!'l_: of @ corona
or mantel of concentrically Pa=® ~1977). . . . .
staining germinal centre (Van Bwi Jk Eta:lgétnr cells after immunization is

The site of generation of immune & gy enerally, after
derarmined by the route of administration of the e umoral ar callular,
]:ur_iavennui {iv) immunization, the ;mung ;3:::!;;:; :;Id il oaret B

in the spleen. After subcutansols : | b

E?:': g:lli;e‘gt;er hznd. the immune reaclg'::ln ;?;?T:Inigt:ﬁ E:':rar:eltnn::?

- af antigen admipistration. ' :
dzainlﬂuﬁ?iai:;: the Tml?!unc reaction takes PH‘:".P“’dﬂm”‘.’an“? ;:r;:ﬂ :giTE“-
: Frla-;nrtii: and paltrath',-m‘ll: lymph nodes. After multiple T‘l’1 Im:lmiht. bnn:m t :
'I:;d -producing cells appgar not only in the spleen, but a s?h ; ; & mar
rw‘r’tﬂgnmr ar At . 1975 }. The capﬂ[it-ll of bone marrow antioody fﬂ;mﬂ 1an
coincides with, and is most likely dapendentan?, the occurrence o memory

11s (Benner et al., 19817; Koch et al., 1381).
" .ﬁ.{majﬂr distinguishing feature of the ef fector cells involved !nhh?mnrﬂ
and cellular immunity is that plasma cells keep local ized !n the h.rnr:p DI?*
organs where they are generated, whereas effector T cells invelved In cell-,

mediated immunity migrate out of the lymphoid ergans to perform their function
wherever they are needed in the body.

1.2.3. B and T lymphocytes and_their fimetion

O e i B

lymphocytes responsible for cell-mediated immunity and the helper effect in

the humaral immune response, and B lymphocytes whose progeny produces the
circulating antibodies. The characteristic property of B lymphocytes in all
vertebrate species is their easily detectable surface Ig. Each lymphocyte
presents about 105 |g mdlecules on its surface (Warner, 1974). The lg on the

surface of 8 lymphocytes acts as the receptor for antigen (Warner, 1974).
= T cells are characterized by one or more sur

: face antigens that are nowa-
days defined by a set of monoclenal antibodies. For the recognition of the
human T cell antigens the monoclonal antibodies of the OKT and Leu series can
be used (Reinherz and Schlossman, 1980, Engleman et al., 1981). In mice
s TRl st Quaaric e ntane o 1 et
. : - Evidence that T cells ar t P

cell function was presented by Claman it 2} IIEEE? f:ﬂulrﬁd far uptliﬁi!hﬂ a
production to sheep erythracytes (SRBC) in | 20y Who showed that antibody
ing transfer of a mixture of F

T and B cells than i i

nmic Ivi :

.:hc::w:r:ﬁr:lcfﬂa can also suppress antibady Frndu:t‘mnea;smrlu“ng b
\mmuné response (Gershon, 1974) . Hel thereby regulate

cells can regulate the hy =Per T cells and suppressor T

p moral respo

1‘::};.;515. a:;lnt‘rpl and idiotype, HE“PtEEEhE“ by antibody class, sub-
Fe.m;a:nuc::“m:*la;r‘r cells ('killer T celist) ooo roRulations, amplifier T
been 'jEf-':ribed'm inP:g:Z:tEES and Benner, 13987) . The impfl‘?;?lni et al,, 1970;
(Faldman et al., 1917) Tht € 9eneration of active hal ,?r T cells have

to h; in:qllnter?'ct]ﬂn of inducer caﬁ‘:rw?t;rnd“ﬁrl} ! :$”5
e g I‘}Md N the feedback control of thE-LIDF'I'EﬁiCIr‘. ”
of fagd reen ex al,, 19g1) ¢ humoral immu
fur the development eedback con ! .

cells 15
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1977). 1t is general ly ac

cCepted th
at least in part th 3t preventi .
(Eardly et al., 15?;}‘;“?;!:1“;“;& of inhihiti;zngﬁft:ec_ﬁli PF"':I"I}'E!I"ra.'!ul.:f-'.|'|,'|:'-‘.I is
an TVER ViFUE-fnfe;t;d E:1?tneratinn of cytotoxic T ce]I: ?cr actr:ity )
Cransplants) 13 1argely cepensens oo ve ot "o GentIcel organ und tissue
(Bach et al., lg:.l‘.E Bach dnd on helper activity f h

> Barbara, vi1Ly Trom elpar T cells
T cell subsets are alr » 1978). 1t s pro d
Loreatts Each sohset. 1s charamied, 5 their effecor fuctios before antiser
face antigens (Cantor and Boyse, lais}h? 3 particular combination of cell sur-

1.2.4. Reeir ;
hs stoted shove ool Hmboaites
phoid organ, but exchange he:utgnczﬁzs are not confined to a particular lym-
£5 Chom pthE s PBrE of thas. sre r““”uarmusllwﬂﬁhﬂ;d tissues from one time
the blood for some time or migrate viaE ;33;5 st bly il Bl Rl
other lymphocytes recirculate, j.e mitr: 1?ﬂd5trgam 0 snacher urgmn. 11k
back again to the blood (Gowans. ey RLITCD Trom e blono 8t pephians
5-and Knight, 1964). When such cells in mi-
grate to the lymph, they are called, by definltion, -'recircilating |ymphocy
Migration from the blood te th' I ot r?:IrFUIiting Ungin bigd
ways: via specialized venules with : hymﬁh czn Nolfum, .t s Mol ol
capillary high endothelial venules {HEL? iﬁntﬁzh::::ZQr::: :?-::I]fd e
and via the capillary beds and the interstitial spaces of all S wfhason
(Gowans, 1971). The great majority of all recircu? :? Dl » huathﬁr it
late via the HEV (Gowans, 1571). Ll
HTth[n Fhe !ymph?id organs, different subsets of lymphocytes follow a
chafacterrstlc migration pathway. This can be studied by iv Injection of
radicactively la?eled lymphocytes and tracing the labeled cells at various
intervals after injection. Such studies have revealed that, in the spleen
labeled T cells appear within a few minutes after iv injection in the maréT-
nal zone and the red pulp venous sinusoids (Sprent, 1977). From there the
cells migrate to the PALS. The precise route by which T cells leave the spleen
from the white pulp is not clear, although it may be via 'bridging channels’
{pseudo |ymphatics) connecting the PALS with the red pulp sinusoids (Mitchell,
1972) . The lymphatic supply to the.spleen is very limited in most species and
the majority of cells probably leave via the splenic vein. In the lymph nodes,
lymphocytes appear in the walls of the HEV soon after injection and from there
they pass between (Schoefl, 1972) er through (Marchesi and Gowans, 1964) the
endothelial cells to enter the paracortex. By some as yet undefined route,
particular cells can migrate into the medul lary sinuses, thus gaining access
to the efferent |ymphatics (Schoefl, 1972; Harchesi and Gowads, sl
Certain regions of the secondary lymphoid tissues are of normal cellula=
rity in adult thymectomized, lethally Eeragiatad, DNk MarT-W PARIBES Lukes
mice ('B mice') (Parrott et al., 1966; Van Ewijk et al., 1975). These ‘th?mus
independent' areas include (a) the peripheral white pulp and primary el
les of the spleen; (b) the superficial cortex, folliclas and awdulla of 1ymph
nodes; and (c) the follicles of Peyer's patches, Furthermore, she gresiol
Centres in these regions are thTNUET'TdEPE”d!"t H::h f??zrthn ?TEJF ca];?lar
composition. In 1ymph nodas, iv administered B cells, e T cells, are Tirst

Saw 1 v (sprent, 1977; Van Ewijk and Uanlder Kwast,
in the walls of the HE F|E¢EE¥E|¥ . the primary follicles and the

1580), igrate se ;

5upzrfEI?:1£¢II:=;hE:h::Eer B cells reach these areas by penetrating the walls

of the HEV ;Dr h vessels approach the fal}fcles of, convecsaly, lenve
where these ig not clear yet. Later on,

the HEY ¢ traverse the paracortex,
1ahﬂlnd EEG:T?51::::h the medul lary cords and by 724 hours they are also seen

if the medullary sinuses (sprent, 1977; Van Ewijk and Van der Kwast, 1980).
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irst detected in the mar-
labeled B cells, 17ke Tesimp ol frmina'l arterioles. From !
i culin sheaths surrounding te€ LS to th |
: snd the reticulin : 1 and central PA —
ginal zone : h the peripheral 2 s
here the B cells migrate throug P ulate in the follicles (Van Ewijy
. peripheral region of the white pui'I:;: t::-t;:}‘I |eave the spleen via the splenic |
and Van der Kwast, 1980) . Presumag Edermn e vetes, 1976) - | |
valn (Veerman and Van Ewljk, 13754 1o access to the follicles via
i ' hes. B cells probably gain 3 h
In Peyer's patches, r hey appear to leave these
al.. 1971). Like T cells, they | h
the HEV (Parrott et ' 2 4 T lymphocytes can leave the
h fine lymphatics. Both B an vy 4 th
structures throug : 1s. Via these vessels an e
he ef ferent lymphatic vesse L )
Iymph nodes via the & blood stream. In this way lymphocytes are .
tharacic duct they return Lo the bloo 1 hatics and the blood (Gowans
able to recirculate continuously between the |ymg Jbla Eo Fecirculate
1959; Ford, 1975). Although both B and T lymphocytes 7% C0 % it cely s lower
B nﬂ;ph:&:ytu traverse the peripheral lymphoid organs ?t Most of the recir-
rate (Howard and Scott, 1972; Sprent, 1973; Ford, 1375). o115 spacific for
culating lymphocytes are long-lived cells, probably memory © : HP $97%,
antigens encountered in an gar]lier phase of life (Howard and 3cott, : 3
sprent, 1973; Ford, 1975).

| i thE ip.EEnl

1.3, Antibody formation

1.3.1,  Thymus-dependent ond_thyms-independent antigens

e o o oy i s il o e e . M S

Commonly, a distinction is made between two classes n’r: antigens with
respect to their requirement for T cell help to elicit an immune response: the
thymus-dependent and the thymus-independent antigens. Thymus-dependent anti-
gens, as are most conventicnal antigens, are the antigens which require colla-

1 boration between T lymphocytes and B lymphocytes to induce antibody production.
Thymus-dependent antigens usually induce antibody formation of different class-
es and subclasses. The Ig-isotype distribution of the antibodies depends upon

the type of antigen, the antigen dose, the route of immunization, whether or
not an adjuvant is used and the availabilit

by of T cells (Wortis et al., 1969;
Pritchard et al., 1973; Benner et al., 1973

: Banner and Van Oudenaren, 1976;
Kech et al., 1981). Thymus-dependent antigens include heterologous erythro=

cytes, proteins and their haptened derivatives.

Thymus-independent antigens are the antigens which can initiate antibody

preduction in the absence of T cell help. Some highly nol i
: ; ' mer i zed
with repeated antigenic determinants, such i S

from Salmonella adelaide (Feldman and Bast
ceharides (Anderseon and Blomgren, 1971;

1971 lywinyl
| ?"rﬂ”rm' E'&“d‘i”“‘“ and Blomgren, 1971) and preumococcal pu?‘rlétzﬁaﬁég
ol Howard et a o 1971) are thymus=indepandent antigens. These ant]

provide both signals necessary to initiste th : SARLASNS oan

tion of B cells. One signal is provided b . i o ane Alhid oo
molecule, while the other is ra :

the antigenic determin
ants aof the
presented
Iy capable of activating B cells ]rr::ec:? 8 portion of the molecule direct-
(Coutinho and Mdller pectiv

e of their anti ¥ ;
1974) . Thi f , tigenic specificity
therefore acts as a I:iitngen. '3 portion of thymus-independent antigens
The mechanism b

: immURogeans
as pﬂhrnabﬂrlzed flagellin prepared
ten, 1971%), bacterial lipopolysac-
Miller and Michael,

; Y which thymus-ingd
mation is still not comal epeéndent antigens indue . )
gens differs from the 4'21;::;1.: z;ear. but the immune r & antibody for

. % E5poNse to su t e
Tﬂat :;;zint'b“dé“ produced arg 1"“:““= fypical thymus ch_srss

~dependent antij 1
1982°), F argely confined to th e 19
red (Koch et al,, wlﬂﬂheg"fre, little or ng imunnlﬂg?clah SLaTe St e
l? usually not induced b. tE StanF:al production of | g Emory is engende-
Simple structyre ! tymus-independent antj 95 and IgA antibodies
andfor their faij Ttigens, probably due to their

helper celje, This fin-
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ding indicates that T celjq ,
to 1g6 and IgA secreting ce1l£f Fequired for the switch of IgH secreting cells
1.3.2. Primary_and seco -
Two types of adaptive Tmmn-ioosiooRonges
enters the body: ‘mmunalogical reaction may occur when antigen

= The synthesis and release of
culation and other body F}Eid:r!E antibody molecules into the blood cir-

immunity. The antibody mg1¢:u|E!Th" type of immunity is called humoral

act, for example, by coating bacteria

to enhance their pha ;
of bacterial tnerLQMHMH and by combination with and neutralization

:he production of sensitized T Iymphocytes. These activated T lymphocy =
es might instruct macropha : Eaa 4
= b 9es to enhanced phagocytic and killing acti=
vity or Y themselves act as the effector cells (T killer cells). This
t'r'p? of |r[=mun1t'y [? called cell-mediated immunity. It confers protection
sgainst microorganisns such as tbercle bact 1 1 viruses, which ar
the Fast. ¥ their ability to 1ive and replicate within the cells of
After antigen has been injected for the first time, several days pass before
detectable amounts of antibody sppear in the serum. These few days comprise
the latent or induction period. The length of the latent period is affected
very strongly by the kind, dosage, and route of antigen administration, as
well as by thg age, species and general physical condition of the host
(Cooper, 1982"). During the latent phase there is no identifiable antibody in
the serum, but antibody secreted by single cells can be shown in the so-called
plague assay (Jerne and Mordin, 1963). As the latent period ends, the serum
concentration of antibody gradually increases during the next few days, but
it does not become very high. This is called the 'primary response’. The serum
antibody concentration is often maintained for a few weeks and then starts to
drop (Anderson and Dresser, 1972). )
If rats are depleted from their small lymphocytes by chronic drainage of
their thoracic duct lymph, they have a grossly impaired ability to mount a
primary antibody response to artigens such as tetanus toxoid and SRBC, and to
reject skin grafts (McGregor and Gowans, 1963). The immunological reactivity
can be restored by injecting thoracic duct I?mphn:ytea ?bfann?d from a syn- )
geneic rat. The same effect can be obtained if, before injection, the thoracic
duct cells are first incubated at 37 C for 24 hours under condi tions which
kill the large and medium size |ymphocytes and 1eavg anl¥hthe 5:?:]I]$mﬁgg-tes
cytes intact (Gowans, 1962; Gowans and McGregor, 1965). Thus sm ymphocy

‘mary response to antigen. -
il . e g W : for the second time, the remaining anti=

When the same antigen is given : z -

body from the primary response usually combines with L |:jected a"?:fﬁ:"
':ﬂftsequentw the sarum antil:mdr wn:entratfnn dE-E.rETS'E-iq.EgMiEﬁE:;IEH;ETW

' LR - Iy a spectacular ri i
to jgen injection usually i
]evi}dzisa::m;d:nzﬂg b dé““ed‘ This accellerated resEn::ieh;51Eal;=thhe
i i ry antibody responses can © .
seécondary response’. Secnﬂd:az all the conditions that govern the primary
times greater than primary ©nes. However, after reimmuniza-

econdary response. W :
:?::}:ﬁhaliﬂ p:;;altgizﬂg:h:n:igﬂn the latent period is greatly abbreviated,
e S

i mount of antibody that is
the titer is ﬁgnifh;ant'l-,.- h:ghtened, and th!ba

, er, 19827). ’
detet'lcabie 1|‘5 ?m?tl:m;::m::.?:htgzﬂl:hg!undcrhﬂﬂﬂ -
mmunological m ]

ESponses T and B Yy i r and Sprent, 1971;

& ca ed by bath | ymphocCy TES (Miller a :

pen : I : I,I - endent -

EE""ErEan-;I 1:|fan El-ur;-.lenaren. 1976) . Ihust in resp??EH to trﬂ“ 'iEi:' h.ﬁp

mearri jugates both hf‘lF'tE“'Pflmﬂd B cells and carrier pr med T cells
carrier com]



_ asconses (Mitchison et al., 1970), |
are required to gve mi]f::a:;ist;ﬁng::?wtrekpaflﬂf priming and can be eliciey |
While T memory :E11: :n;igun. maximal development of B cell IMHﬁD:? ??QU:TES

by very low dnizj Ei her antigen doses (Cunningham and Sercarz, E?d’ Nieder. |
several 'ﬂ'“fh"‘r_ 19?3‘;_ |t has been shown that primed CEHSETEEEEHJH to a
o 00 Hﬂt.-:t.:nn of antigen than unprimed cells (Tao, 1968; Pierce, 1963)
rigd wn:ﬁr‘ls robably reflects the greater avidity of memary RIS, The' -
dnd; Sk B) I; v cells for antigen is due to selective clonal expansign |
high avidity of memory p I1s during the primary response.

of high-affinity receptor bearing ce ;

gveration between T and B cells
1.3. singgrgf_:?iaa_ﬁ-;ﬁ:‘a““ with ‘|1-nmunt::|¢9[1=="'] ly competent T an: B lfi;lphﬂt'lrr.
tes is the key event-in the initiation of immune responses to t 'f"“-lﬁ epen= |
dent antigens. In the immune response [0 thymus-dependent haFl?'-'E"hE'l'ﬂtglﬂ con-
jugates T cells recognize determinants on the carriar molecule while B cells
respond to the hapten determinants (Fig. 2). ‘

Although the T lymphocytes do not by themsehe? secrete antibody l:i:l.e',r.
actively divide after contact with antigen (Oppenheim et aL_, 1966) . This in-
volvement of the T lymphocyte In antibody synthesis without itself producing
antibody is to provide 'helpar' factors to the B cells which helps theaanth-
genic stimulation of these B cells to be more effective (Taussig, 19747).

When mice ara thymectomized at birth or as adults and then given a heavy dose
of total body irradiation followed by bone marrow transplantation, they show

a diminished antibody response to heterologous antigens such as erythrocytes
and sarum proteins [Pritchard et al., 1973; van Muiswinkel et al., 1975).

This deficient response, however, can be restored again by injecting either
thymus cells or thoracic duct lymphocytes (Mitchell and Miller, 1968).

Murine T cells or B cells injected together with the antigen SRBC into
Irradiated recipient mice give only poor

or modest antibody production. But |
when T and B cells are injected tegether, many times more antibody forming
11:;]&115? are induced by the antigen (Claman et al., 1966; Mitchell and Miller, |

The mechanism of cooperation between T and B ¢ i
understood. They i.nwhe complex interactions bﬂtﬂe::tl:}a;n:‘;:g:? 'fl'u.!_:TH. |
::ﬂtz :i”: 'n which association of the carrier determinants with la determi-
tne macrophages is crucial. Furthermore, the i i a i

soluble growth factors has been deman i ALl AT o

strated. It has been proposed that the
EhﬂﬂerEHapnwr
I
T — 9o «
: B
[
Efﬁfﬁ"’ for
1
Specifie
o ity for
Fig. 2,

Hodel
B and T lymghee. '¥ing the

¥mphoc - SPecificity of )
hapten-carrig, ¥ins for dif : Cooperat|

Erén .
Conjugate, t determinanes of a
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sequence of events in the
- binding of the antige
cells;
- recognition of this antigen
nants by the receptors of he
= induction of blastic transfo
'‘helper factors' (B cel) gr

Cooperat|
N to the 2:1-?': 1 end 8 Tymphocytes is as follows:
ace of macrophages or other adherent

ion with macrophage la determi-
Iper T cells; PR

u;?zt;ﬂn of these T cells and the release of

- stimulation of B celis by anti T thaiaicel] sauration facer);
FRCEAFS gen and the helper T cell-derived growth

- clonal growth and differentiation of

body=-secreti
¥ reting plasma cells under influence of the continued stinglatlon

by antigen and helper T cell-der] *
(Farrar et al., 1982; Swain etE;1T?digg;T?h and maturation factors

the stimulated B cells into anti-

1.3.4.  Antigen presentation by macrophages

I thzaégzﬁh?gﬁzri::iIEEn;:?:i:;QD? monoCytes [U!n Futh and Fnhn, 1968) . One

d degrade large amounts of f Of macrophages is their ability to take up
ok e . of Toreign material. Most of the engulfed antigen
is catabolized within ITE hours (Kélsch and Mitchison, 1968; Unanue and Asko-
nas, 1968); 10% Is retained for at least 2 days in macromolecular form. The
macrophages or other adherent cells play an important rele in both the induc-
tion and the expression of immune responses:

- macrophages can bind antigens either directly if sticky or indirectly If
in the form of immune complex by way of their Fc and C3 receptors
(Mandel et al., 1980);

- macrophages display la antigens on their surface and are therefore capa-
ble of participating, at least indirectly, in the regulation of immune
respons iveness (David et al,, 1973; Hauptfeld et al., 1973);

- macrophages carry receptors not only for B cell products (i.e., lg) but
also for T cell products (e.g., macrophage migration inhibition factor
(MIF)) and lymphocytes themselves (Mandel et al., 1980; Schwartz et al.,
1978) ; ; L

- macrophages can ingest and degrade antigens, thereby altering their jmmu-
nogenicity in a positive or negative sense (Feldman and Palmer, 137175
Gallily and Feldman, 1967; Shﬂrtman_and Palmer, 1971); .

- macrophages can release products which can enhance and suppress immune

responses (Liew and Parish, 137%; Allison,

1981). > .
The EEEETiI role of macrophages in antigen presentation to 1 IETPhﬂcvtEE ;5 )
apparent from the observation that lymphocytes do nat undergo B el it
mation when exposed to mitogens or to antigens such as strepto il p]a;5
fied protein derivative (PPD) or vaccinia vaccine aftgrdpzssa?e D1953. g &n-
bead column which removes the adherent cells {Her?tg]?“ =i 2ok,
heim and Rosenstreich, 1976; Smith and Ruscetti, 1381/).

1978; Smith and Ruscetti,

. gsor cells ; :
1.3.8, EEQEEEEEEE_@HHE—EﬁEEEEE:-EEt 3150 can suppress antibody production
T cells not only can  mune FESpONSe (Gershon, 1974). Suppressor

ral ! =
and therchyrequlate the hmwrsl TS Pt e e b o
r!gu

hymus =i ndependent
and Gershon, 15?5} and thym 1

sﬁfifur thymus-dEfe:?ent1é§E:digyjj. After meunf:at1u; nt :Iizgwézzgt::uiz?-
m“5‘?:3:pii§::: Entig;; preumococcal polysaccharide, the 19 P

lce with anti=thymocyte serum (ATS)
be enhanced by pretreatment of the m A s THA et 1 et b

(Baker et al., 1970). For EhTTu;;::Ede{THP~KLHJ it was observed that in vitna.
CY¥anine conjugated with trinitl
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T cells can be achieved 'El‘fhﬂddlng '
o r tively the prima,, |
, : agn-specific suppresso ate selec ry |
induction of antigen P cells were able t0 abrog janen and Feldman, 197g) |
eha culture. These pup-KLH {Kont Anttat |
KLH to of normal spleen cells to he 1gG antibody response. Antigep.
igM respanse n also regulate Lhe ressor T cglls has !
ES5OT T l:-!'|15 ca - d l:.l:iﬂn b"r !‘u‘pp
Suppr £ 1gG antibedy produ 1974, 19757 ). 1t has
iFic suppression of 19 ins (Basten et al., ' 4
el d in several mouse strains T cells regulate the avidity of
been Ob38rY S at antigen-specific suppressar T 68 3 778 ot mus-dependent
been shu'-I:ndEa: .durl.flg 2 5E;Dnda1&|’r hl_u:l'ﬂra] ::EEP'?.;::_ {g! Kruvff aﬂd Siikiﬂdl
;ﬂﬁ-i::}u:ated proteins, both in vivo 3nd &7 ¥
15&“- De Kruyff et al., 195“]. 115 have been found in mice,
|5n Far, o IgA'E-FI'E':iH': ?-UF'PFEE-!":-r:m:El;:Ed h"f' the pu11fclbﬁ3| Ecti'u"ﬂtﬂr !
i hocytes when sEI le ta inhibit ths
'E”"'E'”,,:ﬂimu;e{znﬂ? in E.u1'Eul'E'., an the other ha;gé-!;? ::aki et al., 1981;
ﬁm':;:d response of various Ig classes .[Uutll:t:n* i 'n srﬁnwn Chak rartith
8 ;T:I'_I an: Pierce, 1973). In ¢linical studies it hEli]l':lrEEﬂhit.h gl
atients with a selective Igh deficiency have T cells Wi ated T cells from
E;rﬂent the production of lgh: coculturing of Con A activ

such patients with normal lymphocytes caused a suppression of the IgA synthe-

<is. whereas the g and oG production remained unaffected (Waldmann et al.,
1977) .

The murine IgE response can be suppressed qur two subsets of ?uppr:istz:
1 T cells, one is normally present in untreated mice and another arises o
] hyperimmunization. After adoptive transfer these‘t\m types nf SUppresso .
cells act synergistically in suppressing IgE anl:|l:|crdy‘1"c_rrmat|un (ltaya an” .
Ovary, 1979). The suppression is mediated by non-specific suppressor T cells
(Watanabe et al., 1976; Watanabe and Ovary, 1978). Hice of the SJL/J strain
possess suppressor T cells that are not specific for antigen, carrier or hap-
ten, and that selectively affect the production of the IgE class of antibody

(Watanabe et al., 1376). These celis were found to belong to the Lyt-1+ sub-
set of T cells (Watanabe et al., 13977).

1.3.6.  Helper and suppressor_ factors
1.3:8.1. ,
T cell helper factors are soluble products which
tants and lysates of antigen-primed T cells,
factors, one antigen-specific and the other
nnn:siaciii; h&lp?rlfa:turs possess helper T cel] replacing activities for a
varieiy of humoral immune responses. i
ariss nbcai?ed AR allu-gennﬁ m?:edThHE T cell replacing factors (TRF)
. Wecker, 1972), from antigen-stimulated cultures of ori
e 1977) and from mitogen-activated normal lymphoid EE?I;m?:E?::LLi ::Ia;?mm?é?ﬁ .
\ lﬂ..gcurding to their physicochemical characteristics thase i o
ikely lg (Hibner et al., 1978}, ! WEGra arn: Dot

TRF Uhtﬂtntd frnm all enaej M
tions. For instance, cgeneic MLC cannct re

a lace all halper T 11 func=
after adminj . per | ce unc
allegeneic helper facto LIEration ko' DHP-

primed B cells ; leure
: r does not hel gt
th? NOHERE 15 BrE Rt iy Eu.: ?E:ﬁndar? lgG respense to DNP when
tein. Only if the antige 4

ex with an irra] -
nis pras . - evant carrier-pro
FHCI of macruphages or i Present jn PArticy

late form (a -
n i . . ; 9., on the sur
triggering of the IgG aﬂti:n; ox With antibodies) non-antigen-specific
(Karth 1 : Y response could be | d i,
1 et al., 1977; Kemshead g Nduced by this factor
¥ant in this

nd Ask
contex DR E Another observatien rele-
rom

L 15 that he
wlated spleen cellg can all L
v i anl ogeneicall i
luetion in nude mic 1LY o lgM and noe the |g MBS bl
4 ﬂﬂt]gens

et i . c
“Yes and various haptencary; “‘iﬁ:ﬁ?“ ( fls e e0Y pro
exes (Kindre
|

apten-carriar ologous erythro-
d et al., 1973)

can occur in superna-
There are two types of T helper
non-specific (Klein, 1976), The

p
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Helper T cells can aleg ' )
» p el ; .
triggering primed B cells {n py 2858 an antigen-specific factor capable of
; " Vitro (Feld 2
was restricted in the sense t o ang :35tﬂn: 1972). This factor
and this factor could only exert | 2ic B cells could be activated,
2 L H 5
culture ?ﬂgesher with the Felavine zﬂ:g;l:1t? if it was administered to the
An tn Vivo active antigen-specific TRe

(1974%) . Th‘? factor is produced during in

with synthetic antigens like (TG)AL (a hete

ine, L=alanine and L=lys]| -

?IrsE day of EUILuring.?;i:EidE;:i::ntE:nf?und 'n the supernatant within the

the factor can help only those B cel] clﬂiﬂ:rwﬁ?zﬁr:ments lFE?i! shown that
| It has been shown In vivo as well as in vitro that i;: ?Eiil l? 4t {TEJAL.
equally effective in inducing th?mUE“d“FE"E““t antibody resignszzl?; ;:”genefc
and allogeneic spleen cells (Taussig, 19747; Taussig et al., 1975; Taussig
and Munro, 1376; Howie and Feldman, 1977). Benacerraf and Eermain'{lﬁ?ﬂj have
described that this factor bears determinants encoded for by the ma jor histo-
compatibility complex (MHC). .

‘Antigzn-§ptcifi: helper factors are characterized by their antigen-
binding capacity and lg-1ike determinants. This was concluded from the obser-
Tatiun that a hEtErD]ugﬂ?S antiserum against mouse IgH can bind the factor

Howie and Feldmanm, 1977).

In vive acting antigen-specific helper factor can also occur in the
supernatant of allogeneically activated T cells. By injecting nude mice with
such supernatants it was shown that the factor has the capacity to replace
helper T cells during primary and secondary antibody responses of B cells to
histocompatibility antigens, and not to antigens like SRBC (Kindred and Cor-
ley, 1977). Such a TRF from supernatants of allogeneically activated T cells

was not active in vitro (Waterfield et al., 1979).

hi-t ﬂl'l-l|'gl' angen

has been described by Taussig
vitro incubation of primed T cells
ropolymer of L-tyrosine, L-gluta-

1.3.6,2. regsor factors

factors, Many investigators have described that suppressor T cells inhibit the
humoral immune response by releasing factors which suppress the functioning
of helper T cells. Some of these suppressor molecules are genetically restric-
ted in their action and have the capacity to bind the priming antigen. Others
are non-specific and can suppress responses to several antigens caadinia i

i ins.
1% :?:Ln::sgzziﬂt:t:;; :ntig:nfspe:iflc factors, it has beendshnw? éhat TEH
specific suppressor factors €an selectively suppress the ?icnq ar:_ gt aTt
body response to DNP-KLH by primed spleen cells n ﬂ1?Tﬂd Tan-??c ; ea ah;;t—
1976) ., The suppressor factor was not released from primed I ce dsnh?mncﬁtg
term culture with antigen, but could be extracted from sonicate ymotytes
d with KLH. The target of this T

) ice previously prime
::?I5E::::a::l[:a:r?:um;g!psr T cell since no effect was seen in the absence

ifici Tanigu-

i i epecificity to that of the faFtur {

D:.hﬂlper T cells with iﬂ:::l::lrzstrun of this antigen:spe:rflc supprgsgnr.

% ;ET: ?I.E 15?5];3123 : heat labile nature, MHC determinants, no |g determi-
actor rev

= : TEe ﬂl:ti\'i.t-? tTad! et ﬂ:.,.,. 19?5-; Tanigul:hi
nants and genetic restriction of Ft;fic T cell derived suppressor factors for

et al., 1976). Similar a“tiganrspc:;ra:tad from thymus and spleen of non-

I3G antibody formation have :EE:dE;aen immunized with GAT (a hetercpolymer of
¢

responder mouse strains whi : ¢T (a heteropolymer of L-glutamine
= . ; -tyrosine] or a _
L glutamine, L-alanine aﬂd]L tTﬁ??: Waltenbaugh et a!-. 15?? }. However, in .
- and L-tyrosine) (Kapp et ar.’this T cell product mediates EtE]EUFP’EE:ﬂ’ acti=
E?:trgst o t?t Tadanzic:? 6T specific suppressor T cells |Waltenbaugh et aj.,
¥ by stimulating
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i facto
\3??':]' The GAT/GT specific supp;;gsnr a
specific (Waltenbaugh et 3l.s 19

- iFi igen {Kapp et al., :
ciation with tm;ﬁi':;:;::sﬂr T cell factors can also be obtained frop
Antigen-spe

hybridizati

| {ines can be cbtalnsd By Ayar c 2t/on of
hybridoma T1:EILd]i;i?'¢iEitt€iLt5d suppressor T cells. _ﬁui:g5gza::EEiEH
th‘fm?m. EEI 5ba fi f,nungd [oa] rﬂ]E-EEE d SIJFIPI'EE-E-EI' faiftﬂr in X p ant
h?hrqdﬁ' ha??reecnmbining site far the original stimulator ani;m;l;- and has
TN A SPH'“ :::5 and lg=like determinants [Kﬂl'lt"li_lnﬂﬂ et ‘!1". B?t 'DLTS Fac-
e dEHT“""ﬁﬂL‘ aly suppress the IgH and 196 satibody Formatisn. =2, Pt :
t'm;::;L“TislsTg zt al. {1979) have described another type af antigen-speci-
“n vt ® '

¢ was found to be not straip |
ert its activity only in agg, |
} and to ex 1977; Germain et al., 'E?E?.l

fic suppressor T cell factor produced by a hybridoma T cell line. This faceo

o i igM antibody response againsr,.l:he EEI'E.'ElFIﬂ antigen in
L:::;-:lt;azhiupq;m::{erﬁiﬂﬂﬂf?- hlsirnds to the specific antigen and carries

i he MHC complex. . .
dH!rT:uni::ss::einatr;nts an:.u'Itures of T cells that had been primed previ-
ously with DNP-conjugated mycobacteria, |gE specific suppressor Factors |?a'~":‘
been found. When injected intor mice, such supernatants cause a Errr::Fnund inhi=
bition of only the 1gE production in the secondary anti-ONP antibody response,
The active principle bears MHC determinants and is genetically restricted in
its activity. It was shown that it can bind specifically to DNP-primed B cells,
among them B cells bearing IgE on their cell membrane (Kishimoto et al., 1976

Passively infused allogeneic cells and MLC supernatants have a similar
capacity to cause a selective Igk suppression. Also in this case the suppres-

sor ;uhstancas were only effective in combination with syngeneic cells {Katz,
1373) .

~ MNabel et al. EHEH have produced clones of a variety of T cell subsets
which grow indefinitely in vitro. They described that all Lyt-2+ clones med i =
ate suppressive activity and secrete a characteristic pattarn of pol id

_ polypeptides
that differ from Lyt=2= T cell clanes, Cells aof SRBC-specific suppressor T

cell clones specifically bound glyco i i i i
pharin from SRBC. A
155-methlnnln-:nnta1ning medium, the supernatant fr Aol o

: ! hi
contain a biosynthetically labeled 70,000 mol.wt oI E s lone ap;?!e!red g
bound to SRBC. This bindl ALt prateln’ that speciFical Iy
5 inding could be inhibited by gl hari
rnot from other erythrocytes. This antigen bindi : %U?EEE IS rom ARG,
ing mal . wt. i e-
E;El':;‘iliui:db‘;“;ﬂi;q{ :“'F]IPEH_!;_H the in vitro pri;nary antIT;RHEEE:ngniE
¢ 3 YE=1+2= T cells and B cells, Su : E ‘.
; . |
o) o g peptide reflects the direct inhibition of oo uy S A
EME:;!]._I. 1980; Fresno et al., 19817) elper T cell activikty
t ; .
p Ug ﬂ'l! al'lt]gen h1nd]ng pEptidE ﬂ-ﬂl‘l‘lp'lﬂt 1 1 . i .
E,_..,m:r'; r?‘m"“ to a complex anti €1y Inhibited the in vitro
ine io i Fo
mwpap-‘;id:E.35:‘;:;:':?5-“ ny different 70,000 mal Wt 1
interactions. The i : "'H:' the 70,000 mol.wt mate pov s P APEPLIdes. Bf
cule is ra T:! e inactivation of helper T cells b r;'lal 37 Senrenvalant
of 5pm:‘|fig & specific and requires the presance zft e 70,000 mol.wt. mole-
ppression of hg!par T & -|':l|'|.l‘_|g.!|-k1 The machanlsm

ell function m
the 70,000 a0l we. mslacule. aog en, "0 Func:
L]

) - med ia
Papain splics tha 70 'ates suppression (Fresno et al., 19819

h5,000 mol.we. and a 000 mol.we, mo
' e noth ecule int 4
non-specificall er with a 24, gog mol.we. © two peptides: one with 3

i ically suppresses : The 4 ;

antigen binding activity, Thzn;LhQﬂY responses tg 5=w151?nu m?l.wt. peptide

Tetains antigen bindin peptide dna antigens and lacks
2% not

= Ppres
5i 2"tigen binding ang sor maolecule
fice h;nilng

#

N Thus i
e papain
Fegion responsible firl'u:u:ﬁz:ﬂ

a ]
of the 70,000 s constant'

wE, molecule
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to antigen results in the
may allow suppressor T e
taneously Suppress immunit
1982) .

4 . subunit, this cleavage
¢ for one determinant to simul-

Y to sev
E-I‘El| il'l-ﬂgﬂl'ﬂt d!termrﬂﬂnts fFr.Elnn_ &t a'l P

1. 4. Cell-mediated immority

1.4. 1. Transplant rejection

-~

Replacement of defect]
a medical objective as long as medicine h
for transplants between individuals and .

? ’ :::?g;:f;?;n:LS?UE grafted back onto the original donor. Such transplan-
' Invariably succeed and are especial ly important in treat-
! Tent “i b“E" patients (skin transplants),
[ o n:u?ggn:?caT?ngenE!c graft?}; grafts between syngeneic individuals (i.e.,
genetic constitution) such as identical twins or mice of
the sage pure inbred strain. Such transplantations also almost invariably
succeed.
= Allografts (homografts): grafts between allogeneic individuals (i.e.,
members of the same species but of different genetic constitution), e.g.,
from man to man and from one mouse strain to another, Allografts usually
do not succeed without additional immunosuppressive treatment of the
recipient.
- Xenografts (heterografts): grafts between individuals of different species,
2.g9., rat to mouse. Just like allografts, xenografts usually do not suc-
ceed without additional immunosuppressive treatment of the recipient.
The major reason for graft rejection is a T cell mediated immune response to
the cell surface antigens of the graft that are different from the host's
cell surface antigens. The tissue antigens that induce an immune response in
other individuals are called h]stﬂ:anpalfhilit? §nFigen5 and the genes that
specify their structure are called histocompatibility genes. Two types of
histocompatibility antigens can be discriminated, depending on the tempo of
graft rejection. They are coded for by different gene families. The first
category, genes of the MHC, specify histocompatibility antigens that induce
rapid graft rejection. In man, the MHC is called the human leukocyte antigen
(HLA) complex, in mouse the histocempatibility-2 {Hfl} :nmp|e¥..The second
category, minor histocompatibility genes, Eﬂ?ﬂif?]h'ﬂtﬂﬂﬂmpﬂ"h"‘t? ANCIGENS ;
that r graft rejection when acting alone. .
Caute 8 Lo gy discouered s e pri=
mary barrier to allograft transplantation (Snell and st'mﬂf}{"g' :3 Hiécﬁg?!t
rejection was subsequently defined as a T call responae (w1l 1ar ? : 1
1967; i 1). Two basic forms of cellular immunity probably play a
c s ?brt;s, 19?[1. wft rejection: development of delayed type hyperiﬂﬂﬁlgl
entral role in allogra - te lvmphocytes (Huber et al., 1978).
s ; cytotoxic 1ympnocy R .
;;Tut? (OTH) and th:tgegszagéjzczfa rtate oF OYN to histoeompatibility antl-
ogeneic skin grarts : :ce [Hoy and Nelsom, 1963) and guinea pigs
gens in many species, including mice | ¥ ing in mice [(Canty and Wunderlich,
;! After skin allografting o ;
rent et al., 1962). ldman, 1972) graft specific cytotoxic lymphocytes
1971) and rats (Peter and Felcm ;;:]vft¥ is usually assessed by measuring
are generated as well. Cytotoxic 11s tn vitro (Brunner et al., 1570;

target ce i
the release of 5“.:'. fr?n?:;hﬂil:da :nﬂparati“ study of the E'ftﬂtm:!l-t and MIF
ca"f? and Wunderlich, 9} iuring the primary response to alloantigens, Brun-
activities of spleen cells h activities reach peak values at the

ot
ner and Cerottini (1971 found that b id be abrogated by treatment of

: tivities cou
i::: time. Fu;:herT:;E;nE?Egh:EI serum and complement. Huber et al. (1976)
spleen cells wi

pecies are (Roitt, 1984):
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14 .
iated by distinct T cell g |

hat DTH and cytotoxic responses 2r€ m??vl:au?H is confined to T celly |

faund that _

ecifl : ;
a4 te gfaft 5p toxXic aﬁti"l”t’f ta th!
ability to genera: . The cyto :
allogeneic target cells, 3 :
23+$ calls (Cantor and Boys#, 1975) ansplants may be caused not only by Dry
Rﬂ.jlﬂtiﬁﬂ of tlssue nﬁd‘ﬂrgﬂﬂ t"; hut alse by other I.'I'I.Echal'IISI'H?. Congi- |
sffector T cells and cytotoxlt ? tELiz% kidney allografts can be rejected hay |
; i t ways Inw -
daration of the d!ffgfen : ‘ :
illustrate this point [‘R“m'-,::l?iniﬂnutea of transplantation, cha”'*:ter;w
jection, Wi : i, occurs In indivi-
1H13P%|:ac:;er:.:j:nl!s ind microthrombi in thzdﬂiﬂ‘";zf:i;;d S im:urnp.:!..
hd?aiiuw%:.hgpreexistmg humoral antibody, Eﬂhe:' Lil;n About BOZ of the pa- |
hli'l‘nt-,r or preEEnii:hati:n thmugljch;ﬁh;;iniuuinm; T lymphocytes in their |
' reformed cytaloxi . . {
Lianty ‘T:?:th:;:i? allografts immediately after tran5p1§nta[:mna_inma ;plan-:_iu |
:ir:lw;z{a“m rejection are due to the presence of antibodies diracted agains

nan-HLA endothelial antigens. Hyperacute antibody-mediated rejections are l
refractory to standard immunosuppressive tharapy.

i
ol

Acute early rejection, occurring up to about 10 days after transplanta
tion, is characterized

by dense cellular infiltration and rupture of peritu- |
bular capillaries and appears to be a cell

-mediated hypersensitivity reaction
invelving T lymphocytes.

Acute late rejection, which occurs from 11 days onwards in pa.tierjts-_sup-
pressed with prednisone and azathioprine, is probably caused by the binding ulf.
lg (presumably antibody) and complement to the arterioles and glomerular capil
laries, where they can be visvalized by immunofluorescent techniques. These |

lg deposits on the vessel walls induce platelet aggregation in the glomerular |
capillaries leading to acute renal shut down.

In classic experiments, specific sensitivity to grafts can be transfer-
red by lymphoid cells to syngeneic recipients but not by serum containing

anti-donor antibedy, Although a variety of mononuclear call types are present
ir'the rejection lesion of non-presensitized hosts (Strom et al., 1977), there
is evidence that rejection of solid tissue allegrafts is in far_t' inltiated by
T :1']'1“P|"|ﬂ":'ﬂ'.-55a T lwphﬁthEE- fave been shown ta Etiumulate in I;rilft infiltra-
E:;w::i :;T":nls ELE?:ML?I“ T cells produce target cell injury when confron”
i & antigen v iy .
Siiimed Tt this 1 ?cha primar?r n:dfnihn immunizing donor, it has been
1980) . Cellular rejection eplsodes

: are
costeroid therapy (Billingham et al usually reversed by hi

1951: B gh dose corti-
Insidious and 1ate rejectice o’ » Bach and Strom, 1985%),
endothelial deposits of Ig and C3 on

L:;dng-{ transplants associated with sub-
sometimes be an expression of € glomerular

basement memb :
originally necessitated the transplant iuﬁslzm:ne complex disorder that
of complex formation with sal ck et

uble antigens derived fa1,, 1968) ar, possibly,

rom the grafc kidney.
1.4.2.  Delaved tupe hupergensisiyis
In appropriately immunized animal
elicic a slowly evalvi *

Cutaneous in; .
ng inflamma S injection of ant
the site of a DTH reactie tary r i

fic cells recruited

gen may
Phﬂcvtli. Histal

» 1980). At
# nonspeci~

es have d tized T lym-
- : Ve
d onse réldman ang Najari Emonstrated these

;“r 1963) . Histological 1y,
tar calls {Luharnff a‘::daul:?:nlnmﬂlt“tmn i

» 1967; Schreier
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DTH is encountered jn -
fung]' in contact dgrmat[tis
chemicals and in the rejectign of

rized by eryth 2 transplanted tissues, ion | -
e the thin TacTarantl IDivation witch sppenr o1y ofter Sorarol by
T siding. Tha EEF]TEI: ¢ and reaches maximum at 24-4B hours, thereafter

pnlwurPMHUElﬂar CRTly. o Imd by a more extensive exudation of mono- and

! atlter soon mi =
a predomin grate out of the lesion leavin
bEhlnd P antl? I'I'IDHDJ'ILrE.lEar ':EI] [nfi'ltr‘ate, Cﬂnsrlting of }?mphﬂ:gles

and E‘E”E of thlli mnnt?tt‘ma{:fuphage series. This contrasts Frfprlan ey
ally 'polymorph' character of the Arthus reaction (Turk. 1

In mFC?, DTH reacFians are generally elicited i:rafhiaguiént by local
?hallenge with the antigen that had induced the state of OTH. ThglnTH react jon
is 5ub5¢quent]‘f measured l? the percentage increase of foot thickness, and is
:?rrected for the non-specific swelling that can be elicited in non=jmmunized
mice ?g-well. A r§dTnfsﬂtﬂnic method has been introduced to measure murine DTH
r?a:tlnns more objectively. Yet the cell-bound radicactivity detectable at the
site of challenge only gives a measure of the influx of nonspecific cells
{Uadas et al., 19?5}- Also, the data cbtained with this assay are not as re-
producible as those obtained in the foot swelling assay.

In mice receiving, iv, a dose of antigen optimal for induction of anti-
bedy formation, no DTH reaction is detectable. In contrast, in mice receiving
a dose of antigen too small to induce B cell activation, a DTH reaction is
elicitable shortly and transiently after immunization (Lagrange et al., 19747
Mackaness et al,, 1974). A reasonable hypothesis is that shortly after their
activation in T areas, specifically activated T cells recirculate through the
blood until they encounter activated B cells and help them in the production
of antibodlies. On the basis of this hypothesis, if the dose of antigen is too
small to activate B lymphocytes, activated T cells continue to circulate and
are available transiently in the periphery, where they can be d?tectcd as
effectors of OTH, if antigen is injected in the ski?. Indeed, Hl]un et al.
(1983) recently presented evidence that T cells activated by antigen can
function as helper cells for B cells as well as DTH effector cells, depending
on the microenvironment they reach durfng‘thﬂfr magr?tiun. The abge?ce of
peripheral DTH reactivity in mice primed iv with a high dose of antigen {i,g,,
109 heterologous red blood cells) would re%uw neither from the ?bzenﬂ:'. o y
activation and clonal expansion of DTH mediating cells ngr:f:251a:igﬁt;gnn$H
Suppressive mechanisns, Dut NGUId'rE5$!tarrgmw:ufEES?i:;peaL from the blood
mediating cells. Thus, DTH mediatrﬂ?.c ; cells are present and activated by
to enter the spleen only when spaﬂ{ I 1983)

3 high dose of ?ntlgﬂn [HI;QEBTT:{&;&HGM et al., 1981) as well as cloned

_ Lloned murine he | per } (Dennert et al., 1981) can mediate Jones-Hote
murine cytotoxic T cells {CTL e oqether with the antigen. Marchal et
type DTH reactions upon local trans ﬂ; ?gT cells that under highly sensitive
31' [1932} hawve c]aj-m.g-ﬂ for -C-!Dl'l-!‘d he pe ‘i the Spﬂﬂif.lc DTH reaction and that
conditions ane cell is gufficient to Crea

i a induce such a DTH reaction. _
Srecy enll of ¥ eciohe B} e ?:;;i;Tg: may be associated with a basophil-rich

: TH in gu <
e TubmEculin-Eypr B0 B0 lape Taskandse e wli, 19790, 1t has, BREL AN
‘Aelltration nf.ths.s I:; well as T cell factors play a r?le ;:Eknﬁa::::tua?
gested that antibodies @ h infiltration at the reaction sl e s
tion of this basophil-rich 1! ally short=lived T cells can

gt : rgts that function i
;232}. cﬂn?'??'”? ?”?ﬂﬁﬂi?u:xin both Jones-Mate type DTH and the initial stage
arm an e ecto

. Kettman and Turner Lubet,

: and Mathews, 1973;
?;?EUI}:MU”“ yee ?TH 'E;;;tmfign der Kwast and Benner, 1977) . Consequently,
i Askenase et al., H

ny ﬂ”grgit re

: actions ta : t
resulting from bacteria, viruses and

sensitization to certain simple
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on Fnr' ruberculin type DTH short=-1iveg

it was pmp.nsad that after immunizatl while after longer perigdsg |

civity. 2
¢ cells would mediate inftial OTH ;e:‘gr the DTH responsiVeness i“mthr
Torg-11ved effector cells would 3CCTR. ol onpigen or a high antigen dose |
1975; Lefford and Murt?w.:;ﬁ?:ehi of a particular T eell subclass to becon,
would be required to drl'-r: A L 1977) . .
such long-1ived cells [(Asken .
g 2 L g : between the infect.
1.4.3.  Immunity to UruEss of an imbalance et |
A wirus infection is the m“?qu:;ﬁiw to 1imit viral spread. Eh;&a.rmg !
ing agent's virulence and the hﬂEEFTE Cinmune respﬂﬂEE} and/or nonspecific :
of infection may result From '5l:'E.C-ih fi aither cateqgory can be classi- |
mechanisms of defence. befence mechan
fied Further as: " ; t and interferon; :
- humoral, such as “"t'b‘?ﬁEEEETEnZﬁLE:::ural killer cells;
- cellular, such as specific h as antibody-dependent cell-mediated |
- combined humoral and unul“*ds:?chaﬂ 1582) . .
‘]”’?“t”’ficit’ftﬂgﬂg;;ﬁ?v'.:'lls rasultsiln rapid lysis of the infected
ntection Wi : d |:|'IE ‘r'ﬁl'
: : lymeh and blood to the spleen an i ver,
';.E”h Th:e;;:;i gﬁsiﬂlﬁ?aiﬂ?m?gmm in the liver parenchyma (Blanden,
. Recovery s :

1970). The recovery process starts between 4 and & ﬂ-:'ﬁ"_!i_ Elﬂ;'ll; '::?Eﬁ'?: gﬁ'f
seems to depand mainly upon the presence of activate ce s 19?1EJg
nize the viral antigen in the |iver lesions (Blanden, 1370, 1371, AR
Macrophages present in the early infiltrate ingest atld destroy II'I.FE{.:tIﬂui
virus and necrotic tissue. Antibody does not appear in the ci r:uiatq?n before
the 7th or Bth day after infection and does not seem to play a role in reco-
very from primary infection.

' Immune CTL can kill infected target cells by a single hit (Gardner et
al., 19747). By using S1er-releasa assays, Gardner et al. (1974 ) found sig-
nificant cytotoxic activity for virus-infected target cells in the spleen of

Eetromelia-infected mice as early as 2 days after infection, Maximal cytoto-
xic activity was attained by day 6. '

ETL i_ndul:.ed_'h*f virus have a dual specificity, i.e., they are specific
for the virus which induced their generation as well as

: 3 for the HMHC antigens
nfjthtllnfacted host. Th=‘1atter is apparent from the observatian that wvirus
5;;_:smhc CTL 1yse syngeneic virus infected target cells 30-300 times more effi-
cient than allogeneic target cells infected with the same virus. Analysis of
t:;; rastll‘mlfed Mirus specific kKilling of infected target cells has shown that
;-iﬂrﬁ;:;tlE:tm:Eiliuﬂ:hthﬁ !111 complex and, more precisely, to the H-2K and
' g n= "

and Ertl, 1976). region (Blanden et al., 1975; Koszinowski

The Blue-tongue virus (BTY i g i

: : 5 :
and wild ruminants. Stott et EH% {15;;Jﬂ;:l:|;u5 :‘Iffettlng sheep, goats, cactle

immune response is involved in i j-agested that a cell-mediated
sheep produce such'a respanse nﬁmte“mn against BTV re-

ini i infection and that
BTV is known to be aleg highly Efﬁdlmnlstl‘ihqn of an ina

Feittoa i 8N inactivated vaccine.
al., 1975), a powerful] g N producing interferon (Rimaldo et
and Santeli, 1978: Gi vl (Riaa}da

of natural kil . :

dlund et a : er cell activity (Trinchier]

of both the humoral and the celtr;.!;?m' Welsh, 1378) e prﬁtait#vg effect

BTY ugucnluns still awajrs m.-a'luati;:“d components of the immune system in
L actively killj F. :

duce a DTH skin : iond Influenzg

: be recognized
r?r.ﬂgnlze Certain viral pro-
al., 1977: Eff

ross et al.,
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1977: Zinkernagel et al,, 1978) .
target cells is the vira] p

Finberg et al. (1982) have recently shown that

ly recognize one distinct antigenic d

1 i omain on the HA. Th :
d'rﬂ?tﬂdaigatﬁztb?h:,rﬁﬁh:m of the HA that is also res u:st'::t. r?pﬁn? . =
tropism Inding to the Neutralizing antibnd]gsp i

The rqajnr E-TL

enagglutinin (HA) (Flopeon L o0 Site on infected

|I1|:I-EI."g et al., 1979, 1981).
reovirus specific CTL primari-

-

o

intracellularl rowin i :
:I-l., ey Hrezsgat al?,b?;;ﬂm'rxd parasites (Jones et al., 1975; Mauel et
et GBNEORE 15 HETRRBENE on s .- elimination of such microorganisms by
; - it ctivated T lymphocytes (Mackaness, 1969). Induc-
n of this microbicidal O S : ’

S . BCTIVIty €n vitro does not require contact with lym-
phocytes, but is mediated by soluble products released E':.f the activated T !E'
phocytes (Fowles et al., 1973; Godal et al., 1971; Borges and Johnson, 1975;
Nogueira and Cohn, 1378). The degree of microbicidal activity was found to be
dependent upon both the lymphokine concentration and the time of Incubation
with the lymphokine.

Macrophage activating factor (MAF), a lymphokine that is produced by e.g.
Con A stimulated spleen cells, can enhance the capacity of mouse peritoneal
macrophages to kill Schistosoma Mamsoni schistosomulum, a multicellular hel-
minth parasite (Bout et al., 1981). The eanditions required for activation of
the macrophages to enable them to kill the Schistosomula were comparable with
those described for cytotoxicity against microorganisms (Ruco and Meltzer,
1978; Nacy and Meltzer, 1979). Resident macrophages were not able to kill
Sohigtosomula, but inflammatory macrophages were shown to be highly cytotoxic.
Macrophages from mice treated with Bactillus Calmette-Guérin (BCLG) or Coryne-—
bacterium parium were able to kill Schistosomula as well (Mahmoud et al.,
1979) . Apparently the microbicidal activity of macrophages is by itself not
antigen specific. " " .

The Immune response to the intracellularly growing bacterium L-mter'.rl.a
monocytogenes has been studied in detail. Unanue et al. (1980) has described
some of the consequences of the interaction between this bacterium and macro-

phages;
- secretion of biologically active molecules by macrophages;
- proliferation of T Ifmphu:'?lftes; B,
- acquisition of microbicidal properties U . v
Hahn an: Kaufmann (1982), who have also studied Eml?umt':.‘r to L:.s';arml- n:jr;,ﬂﬂyTtg—
‘ha sequence of events: [isteriag specific Lyt=l+
e T 13 st {ated Listeria antigen on macrophages which

1 i ith la assocl : ;
1E§:n:§t:ie';:;§.ﬂi:n of Interleukin 1 (IL=1 = lymphocyte activating factor)

s Iisteria antigens together av:tE-:rate the
by these macrophages. The IL-1 and + then produce Interieukin 2 (IL-2) .

; : sk i 1ymphocytes tha :
#:aterur: SpEEiTIC i:;tbh[‘ﬂ]- agnﬁt I:I!: recrui tment an:l..-’-nr_a:tw._;t]un of Lyt=1+
€ antigen and IL ring oal. Proliferation of Lyt=1+T

-142+ T lymphocyte p . i
T#::E:?i::!ia::;mﬁ::ew; parallel and the compiex gf rwshions resull in

1 tn turn attract macrophages and activate
th:E csacretion ,:'F T?mphﬂklﬂﬁ!- Thﬂﬁﬂ-‘ln . | k T 1353}‘
Wi ivity (Weir and Blackwell, /
then for greater bacterigids, el e that stfector 1 Cells Tmoleed o
“ = £ ankl ]
the Lnkgrl?agﬂ a‘nst [isteria are specific for thf1f15 ilr:-!]l ant gTh:se o7
pr:uttctmnj agal biagon coded histocompatibi 1_:*:.r g .
:55¢ElatTnn with H-21 su but produce several lymph-ukmil.*s that nikract phago-
r.::'T c!} s are nm_'i'];f::_?;_? of ls with those invelved in DTH reac-
Ic cells, The simi

T cel s
4 : e o Lhass aned. H=2| region encoded determi-
'ens (North, 137 ok

beean ment i :
Nant be E_H_FI:I"E:E::Ed on & faw cell LYPES [:‘n]'fp 1ﬂﬂludlng 1'T'|-'|'|P|'h'.l'
nts are thought to



helial and mammary
- !Tlall Eﬂdﬂ't
m and epider

g]l!r'l'd ':EI] '

5

ha-;l‘s- "‘iﬂr i ¥ I

gt "“Egg' .1 1isopolysaccharide (LPS) can Al o T

(Klein, 15841, arial 1ipapd icroorganisms, dEpendrng on

Injection of bazﬂ- aird mre1zt:d ':aﬂ ier reduces the extens g
istance F r p

!?p?;:‘:‘;f?:ﬁ;sinfﬂﬂim' L?Stgwﬁi:”“tmn in the liver and spleen

Eimi mul Lk

ia
tion as measured by bacter

ifi rance
enhancing non-specific resisid

well . |
™

the

ing

ek Be.!
v thy
(Galelli et al., 1981). At the same tim: |

ion to Listerta antigen, depra
pratactad Nes Se dTFr:E::d depressed immune |1.rmp|_"nc"1_'t: F‘fnctmn. Thus,
A pe i % : .

i “"LI,‘EE'E ificas :!?:h lymphocyle function the an:ldﬂtg Eit.: mf::rnbh:lda-l!a
gesplEs Inier;:r::gunhageirinduced by the LP5 appeare Predominate
activity of € _
I[Ea]e:”i et ﬂlq! 155:;."5&1:!“;! ag.!il'lSt intfacgliularl’f gl‘ﬂ'lhlll:lg bﬂl‘-tﬂria and i

In W““:?”::lﬂecific sffectar T cells re!easnla !ymphnkrnes:‘that acti- |
P:E:s:i;p;:gg to increase their microbicidal activity. This microbicidal
W » o |
activity by itself is not antigen specific.

1.5 Sffgaty o aortiassiameids on the tmmme system

i
1.5.1, Gengr=l =g-2a2a .

The major natural glucocarticoid in rodents is corticosterone, wheress |
the major natural glucocorticoid in man is cortisol (Peterson, 1959), Fmong |
the numerous synthetic steroids which have been made
anti-inflammatory agents, a few of them aleo possess
vity. The main comon characteristics of al|
clude an unsaturated =?=1E?'=ﬂ:$"ﬂ?henanthrent-ring. a ketone at the 3rd (-
position, 0 or O in 11, a ketone and an alcohol function in 20 and 21 (New !
son and Darrach, E?“J {Fig. 3). Mot all compounds show the same relative |
:zzl;mrl?T.a]:an.".r'n-.-ms.::_:r;ssive and sodium retention potency. However, |
o 25 prenty of data ars available cancerning the relative degree of anti-
inflammatery ang mineralocarzicaid actions (c.f 2)
there are few datz comcernin 15 \c.T. Thorn and Lauler, 1972}, ;
ticosteroids, 2 the relative Immunosuppressive effects of cor

The main orod =- : -

Ratural sternics apeoor o 5¥8 Been used in

Yerocorti &
COGPOUNds presn; L {m"t”-ﬂ” and

available, mainly as

immunosuppressive acti-
immunosuppressive steroids in-

immunnh:ugl'r,al studies are the

5o, ="22nisolon cortisone and the EY“thetiE
Tl:hasure_ Cecacra-®) "o -rarT-::-:-:I Mth?lpmdniﬁmﬂnt (Medro1®) and dexa-
OUNd 0 have 4icgrg . o . J% corticostergig i been

i - - SR - " a =
inflammatory gov; 21 F live hreparations hav

Zivity grasery o0 L7 UVO : ti-
data from !*.:-..-::'-;3."'!; 2221y diffa, (Table 1). Since also the an

it is difficult to compar®

g L T {Tahlﬂ E},

—ilky _.-I-..- di -

Predniscra 90 min

Fetnisn e, 30 min i

s L 80 min I
rl;""“'“'itr-:..-_,. 200 min

200 min
min
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Fig. 3. Formulae of
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rticosteroids
Do aquiua]encu of some €O
Table 1. qe

" _--_---""-
=

activity

—_—
e — 20 mg

Hyd rocortisong 0.8 25

Cortisone 3.5 5

Prednisong s 5

Predai saiun!: g 4
Methylprednisolone : 4

Triamcinolone 1 2

Faramethasone 26 0.6 .
Baramethasane 30 0.75
Dexamethasone

From Thorn and Lauler, 1972.

Cortisens and hydracartisone acetate h.?'n.re been njainl'!r used for 4y T
studies, whereas prednisolone and hydrocortisone hemisuccinate have besp

generally used in in vitro studies because they are much more soluble thy
acetates. Conversely, because of their lower solubility, acetates have s

depot effect and thus are more suitable for in vive studies (Bach and 5t
1385°) . Dexamethasone sedium phosphate (DEXA), which is 3 well-soluble sy
thetic corticosteroid, is frequently used in man as well as in experimentl
animals and in vive as well as fn vitro, H

. Dependent on the extent of lymphoid cell depletion by corticostaroid
injection, Claman []3?2} has divided animal species into two groups: corti-
costeroid sensitive species (hamster, mouse, rat, rabbit) and corticosteri
resistant species (ferret, mankey, quinea pig, man). In corticostarald s

sitive species, the most dramatic r < L0 Lén of
corticosteroids is the rapid esult of the systemic administration

dacrease of thymi i ah 11 d Long,

1958) , : . ymic weight (Shewell an g

:mi{tnifr:l:’:'["f‘“";g;?f :“"im'_itermd treatment causes lymphocytopenia

spleen and lymph nodes. renceni and Arnasan, 1966) and shrinkage of the
Lymphoid cells of cq

to the lytic effacys of p;::':ustcru[d r'eﬂstant species are quite resistant
(€l aman &t al,, 1371 :hmn"a]‘;}';*ilfc Concentrations of corticosteroids

In guinea pi i etate §'
E pigs, cortisone ac
reduct jop inﬂ:h::fen days at a dose of 40 mg/kg BW prodv

'H'EI‘. SavEp 'I P ie 'H'Er h !_ﬂ:m
Physiological i,ﬂ TEture human | 2ight (Blau et al., 1968). In b

hoid syb ; by upp®
2 Bharmace pg: . (T subsets are readily lysed by YR,
E];;:;EI;::?:D?NE 1eukmr?;zﬂ,EE"EE”‘]'“iuns of ;nrtl‘sr::l:ir (Gali I?’h;ﬂii]ﬂ
Lo . nd malignant t of €

2 Y cort]se) in&ucxt:m“ Were alsg Fﬂund sells fecm: par jpive ©
nic myeloid | ysis, T to be highly sens

Bukemiy

vhesiag 4 & leukemj n
owever, From 1 cells from all acute @
Pﬁimam1:;?c:ﬁ::;?"f ;ﬂiista:ﬁua::te.1Tm|3hﬂﬂas1:h: leukemia Pi'“:::;:a'-
ationsg j NiEa ¥ rt'ﬁtﬂ'ind i an at
hormona £ 1FI'IH:4E,;3 Iy ind Hone. The | % i iy I"Gls'rwf cell pﬂF"'"
; s (Galily, 1983)  nuced by gy, ¥51s of the sensitive if
Yiiro could be = Lacort

i rd

Coids but not by other %" g
of DEXA on mouse thymocY
3 inhibitor of protein SYN°

L] u :
Durant ang ngincl;ed by :-,.ﬂ““i“": action

e synthegie of 5 rche, LT H’"!dea

"

fr otej s gy + nk
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haid oot Jue 1o 1o, .. SO388r0ld administration 15 W

ar T5Erihy i . i
mmti {Fﬂ-u::i m_lfﬂf-u-n thmrculal ?::ﬁ



3l

methﬂ?i53ﬂ$:ﬂ23r:;“$5tﬂf$Td'iﬂduc?d redistribution of cells has not been
clearly el Ennar. he traffic of (re circulating lymphocytes is depen-
dent on gencus corticosteroid level (Thompson et al., 1980; Abo et
al., 1981; Kawate et al., 1381). i 2
i i Ei;$;t5Tﬁ: :qult?stEfnids upon cells are mediated via glucocorti-
coid receptors. 9 loWing sequence of events has been proposed (Fig. 4):
- the gnftlcﬂstﬂrmd passes the cell membrane and binds to a tissue-
specific cytoplasmic glucocortic

i - oid receptor;
- the corticosteroid-receptor complex enters the nucleus in an acti-
vated form;

- biﬁd]ﬂg‘t? the targat cell DNA& with EUb5EQUEﬂt increased 5'}’ﬁthE5i5

of specific messenger RMAs.
increased synthesis of specific proteins with subsequent expression
“f?;?ﬂ corticosteroid effect on the target cells (Chan and 0'Malley,
1978) .
specific cytoplasmic glucocorticoid receptors have been identified In normal
human lymphocytes (Lippman and Barr, 1977), monocytes (Werb et al., 1978),
neutrophils and eosinophils (Peterson et al., 1981). On the basis of the
amino aclid segquence of the human glucocorticoid receptor deduced from the
cloned cellular DNA (Hollenberg et al., 1985), the locations of functicnally
and immunclogically Important regions of the protein have been proposed.
These include an immunclogical domain located in the amino-terminal half of
the protein, a DNA-binding domain that shows structural simi}athies @ith
other DNA binding proteins, and the glucocorticoid-binding site localized
near the carboxy]l terminus of the molecule (Weinberger et al., 1985; Gigudre
et al., 19886).

CELL MEMBRANE NUCLEAR MEMERANE |

AME

‘3’* POLYMERASE
{ié? accepron (] )= 5
SITE A B T T
onalll
@ NOMHISTCRE = i
BONG PROTEIN ; s _n_
PROTEIN ;{E- ‘
® < T FY -
o |
@ ﬂ:'l—-._,_.—-lf-—-m-l—l

lar qechanism of steroid hormone action.
Fig. 4. Molecu (1978).

From Chan and 0'Halley
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Hit n S.I:JII'IIJ ﬂt-E.-d ‘fllﬁpllﬂ’:.'jl't'&'i m thﬂ E'Flll : . |1
1 ﬂg! I 12 3 S]Fﬂlld' 1114:1 Eﬂﬁﬂ.d ﬂumhtl L'II g.'lu-r;m;l:rrttl:ﬂld |ECEFItﬂr5

. ociat i
(Crabrree et i';;,f%ﬂas:am ' man has been shown to be associated with 5
Corticoste

: :n peripheral tissues
F the gium':?rt':?;:ngiciiz?;rtétt?miternid:‘- can modulats
(Chrousas et al,, 1983). There |51i ::iﬁiuﬁ culture (Cidlowski and Cidlowskj,
their own recepror :uncenlciz:atlﬂn ;nd Rudis, 1981) as well as in vivo (Loeb
1981; Lacrois et al.. 1984; Su'ﬂri 1981 : H;yar and Rosen, 1978). Excess cor-
and Rosner, 1373; Dahlberg et a ;;;raaﬁé glu;ucnrtiiﬂid receptors in both
ticosteroids have been shown 1:4.;. S 52) and the pituitary (Svec and Rudis,
th; hiPFﬁca:Dtinﬂgz;nillz:'?n':ui:rtd in glucocorticoid feedback regulation of
rea . :

laellal';’p:ll:haflamic-pituitarﬁf"adrenal axis (Sapolski et al ”a:zgh:nlﬂ;cf':::;:] .
studies have reperted that corticosteroid administration a il : EI?
cocorticold receptor content in human |ymphocytes (Bloomfie Eh " s 381;
cchlechte et al., 1982}, but others have found no effect of Cushing's syn-
drome or exogenous carticosteroid administration on glUCUCﬂ{'t'C“'d receptors
in lymphocytes (Junker, 1983; Kontula et al., 1980; Brentani et al., 1986).

several authors have postulated that corticosteroid resistance might be
sesociated with a decrease of the number of cellular glucocorticoid recep-
tors (Hollander and Chiu, 1966; Rosenau et al., 1972; Lippman, 1973; Kaiser |
et al., 1974). This concept, however, is guestionable since it has been demon-
strated that corticosteroid resistant cells can have as many receptors as
cencitive ones (Sibley and Tomkins, 1974; Duval et al., 1976, 1977; Lippman |
et a;-.15?h: Lippman and Barr, 1977; Smith et al., 1977; Waddell et al., '
19770 .

Corticosteroids have been extensively employed as therapeutic agents in |
a variety of inflammatory and immunolegically mediated diseases (Fauci et a'I.-l
1976; Schreiber, 1977; Rees and Lockwood, 1982). These agents have been clear-

ly demonstrated to cause several anti-inflammatory and/or immunosuppressive |

effacts including decreased migration of cells in . !
to | mm
(Rebuck and Mellinger, 1953; Boggs et al. nilamhatary Sit8s

decreased dens ity ©

e —

; ,» 1964}, circulating lymphocytopenia |
JEMIEL, A37% 1373 5 T et ab, 1974, Webel et al., 1974) ang mmgct:'tgpeﬁia I

(Fauci and Dale, 1974; Fauci, 1975

i : i Yu et al., 1974), decr e

fd::::::gd“:;uﬂie:wﬁ e frawa; 1985; Shezen |EE;?5§: 22??:?
= ‘815 \Butler and Aossen, 1973). Th e : &

h:ﬁ“rtmustermds suppress inflammation is hrn::uan:ll?nprIII:E‘:Ip]l‘1 A e

phils and monocytes to an iﬂﬂarrmatur-,r site Ths g the access of neutro-

many species (Allison et al,, 1355, 5 has been quantitated in
Corticosteroid adanini“rat?gi';:zzpzr et al., 1974),

reaches a peak & uces neutrophylj

Bate et al., 1975). ETnT?.:s sfter the drug is given Taiihl*“‘“""?““*‘ -

two processes: their “ce]ﬂtl‘nphﬂ.c “ount rise is attrip 511 E: g t

in the bone marrow and erated release from the | utable to at leas

sites (Bi their reduced eqre poc] of mature neutrophils
Th S uk a1, 1968) gress from the blood to Inflammatory

& Capacity of egr L
thereby to inhibit Yink H:r.:stem]ds to stabilj
anti=inflammatgr s0ma

Since |

destrucej
1
m:::“i the capacity of macro-
Pk effect in antfral_{%chrefber. 1977).
ting subst agqn;aéﬂ? bronchoconstrictiof
Z). Furth P
elat Neab of 1E and I “&l. Furthermore, €O
ra ':
& receptor sige an?l LII'IZ‘::II;: ?m?t‘r?xﬂhmdir
1ot the
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charge of pharmacologically ey
roids also inhibit the histam] e utars (Schreiber, 1977). Corticoste-

N release by i ;
Corticosteroids are also effectiye i: t::ﬂﬁnli:p{s:21gézﬁrleé ?]é, 1331}.
g nduce

gutoimmune hemolytic anemija (AtRinson

dopenic purpura {Br?nehﬁg i ”t‘-l'nf-t'ldfnfﬂgz?s:éht??ﬂ and immune thrombocy-

1531}' Thgir.mechan|5m of actien may be Tela;ed t;‘ an et al., 1976; McHillan,
- decreasing the synthesis of 196 antibodies {Hr;H-illan et al., 1976):

- elution of the IgG antib

chreiber, 1 . i

Eiauci 1979: aotinckinson and Rosse, 1980) and phagocytic activity

. ' : er and Grasso, 1985; Shezen et al. 1985)
Corticosteroids g known to be also effective in irrun-unnp:‘u::]ifer;tha dis=
arders :ha:am_ie:'l::d h-_;r t!]w, accumulation of immature lymphoid cells, e.q.,
common acute lymphocytic leukemia and null i i
dirson. 19595 Hesar. 1980T cell acute lymphocytic leukemia

Corticosteroids have been demonstrated to decrease fibroblast prolifera-
tion and to inhibit collagen fibril production, the ingrowth of blood ves-
sels and the production of mucopolysaccharides, all necessary in the wound=-
healing process and in the formation of granulation tissue at the inflamma-
tory site (Germuth, 1956; Lorenzen, 1969).

1.5.2.  Effects on monmonuclear cells

There are two distinct intravascular populations of lymphocytes. They
are distinguished on the basis of circulatory and migratory capabilities
and have been termed 'recirculating' and 'non-recirculating' lymphocyte popu-
lations (Gowans, 1959; Everett et al., 1964; Ford and Gowans, 1963). About
two-third of the lymphocytes within the intravascular space bE'l-:ung_l:ﬂ the
recirculating lymphocyte pool. All cells in this pool can freely migrate or
recirculate inte and out of the intravascular space in constant equilibrium
with the vast total body recirculating Iy-mphm‘:}-_te‘pml. The Extravas-cu_:lar
portion of the recirculating lymphocyte pool is distributed over the inter-
cellular tissue fluid and the lymph in the thoracic duct and other lymph
vessels and certain areas of the spleen and the lymph nodes (Gowans, 1359;
Everett et al., 1964; Ford and Gowans, 1969) . A ima;: E;:?:éz?airnl??pgﬁ:gfas
within the bone marrow parenchwaha.hl;n b?ng;EE?,tHanv gl bty rEcircula-
cyte pool (RSpke and Everett, 1374; Fauci. 1973)
ting lymphocytes are long-1ived T cells (sprent, :

I
i ravascular lymphocytes belong !.:n the 'non-
> N ller R on O e ayse these cells are not readily capable

i 3 bec : S :
rlreuiating poly 50 cl1eL eEtte W wole ife s wish S e
I

., 1964}, - )
vascu.ir:: ;pazzéEx;:;ﬁE:;:lh;mb? the clrculation of lymphocytes is alte
reci

i ini fon remain
::.5 'Fl‘anl :ﬂ-rtl:ﬂﬁter?'d Edmlnl_’r'_r-ﬂt 2
(o4 08 Tymphocylopeale TAR strect thyenkthelih ot anl verssls reniring
in a :h..-;. Drfic?hg distribution pattern of ﬂE“? p“:;ng =F the aolucalsr
sels, Hn-:E:ern it has been clearly shown th“g:u}::;ain A s i
cﬂﬂfiQUratign;gf the surface of lymphocytes 1964; Woodruff and Gesner,
i . (Gesner and Ginsburg, =i ff n th
thEIF_Q|r¢u]at|nn pattﬂrﬂ grtrﬂﬂﬁtﬂrﬁrd induced effects on the

t c .
1963}. lt I8 rgasnnabfﬁ to Eﬁﬁuﬁzrt::E rEd]ifrihgtinn of cells from the cir=

ymphocyte surface may account Fauci, 19757},
Culation to other body cmpartm&ﬂtil_iculat; between Intravascular and extra=-
Lymphocytes whi < d eut of the peripheral circu-

redistribute
Vascular compartments are
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, while the pattern of the nON=recy,.
taroid administration, latively unaltered by corticogpy.
latjon by corticos Yar :Emphﬂc?t55 is re tes that redistribute out of the
ing, intravascu Those lymphocy e in other body com,:,
culating (Fauct, 1975 ). Tho tment accumulat Marg
roid therapy . corticosteraid trea 1., 1970; Levine and Claman, 1970,
circulation d”Eh ubgne marrow (Cohen et al.,
ments such as the _ of 400 mg hydrocortisone |, |
Cohen, 1372). dninistration of a single duﬁﬂll? (Yu et al., 1974) or 1 4 |
In man.-? 1974), 60 mg prednisone ora ses a marked, but transient,
{Fauci and Da T;ne iv {Webel et al., 1974} cau after administration. pjlsq,
mgthyiprﬂﬁ“'ﬁ? that is maximal at 4 to 6 hﬂ:??g decrease in number, reachip, |
lymphocytopenia tes, eosinophils and ha?ﬂp inistration. Peripheral laukg. |
cirtUI&tln?u::ngcinur; after cortTcastar;;dh::T;n';utIﬂccasinnai ly, e.g.. |
inimum wa »
:;,:t counts wsually koo ‘? nurg:llm::hy!prﬂdniﬂﬂﬂﬂﬂ (Webel et al., 1974, ;
after massive doses such as :gunt may last up to 48 hours.
suppression of the leukocyte ases the absolute number of both T and 8
Corticosteraid treatment dEErEcir=u1atan T ]ymphnﬂ?t55 are Proporeion-
cells in the peripheral b]uﬁd,_T E] ting B lymphocytes (Faucl and Dale,
ally more de:reassd than th? :.ul‘;;ﬂa In honans,, circulating helper T cells
1974; Fauwci, 19757 ; Yu et E *lcirtuléting suppressor/cytotoxic T cells,
drop to a gr&:ul:l.'.r axtent t H: o e fles sk {Slade and Hepburn, FEEII:
thereby causing a decreased he E&due ﬁg a selective lympholytic effect simce
Cupps Et-ii..lﬁﬂh}; :h15 lT ;ahﬂc?tES to methylprednisalone does not result
1:“ patry ?IPG:U;E ﬂmlu:?: ::-: l?n alteration of the relative numbers of helper
o 1]gn}flcanr£¢TTEtnx¥c T cells (Slade and Hepburn, 1583) .
and imﬁ:;z::zi a:E mare sensitive than lymphocytes to the redistrihutfﬂn
effect of low doses of corticosternids (Hahn et al,, 1580). The function of
reaction is particularly sensitive te inhi-
bition by corticosteroids (MacDermott and Stacey, 1981),
s have long been known to exert a
cytolytic effect on the thymus of corticostergid SEnsg
1972) . Acute BXpOSUTe Tn Vivg and {n o
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Corticosteroids depress the

acrophages 7 Vitro (Rinehars ba“tEF;;;EEIJ;;d fungicidal activity of
i v ' 5i Schaffner, 1985) and sup-

press phagocytosis and i“lrﬂtﬁllular digestion pf endocytosed W
ytosed materia

(Becker and Grasso, 1985; Shezen
Jize lysosomal membranes, it hag E:e:I” ved_ yhes Nc® cOrticosteraids stabi-

immunoSUpPPression may be due to interfering wio 0 L CO3teroid- induced
tion D: mﬂtf‘?lﬂ'ha?ﬁi (Zurier and Ueism;m?];?;?*tﬂTE:“:;EEE;Er?:ﬂsTng]::mc-
induced suppression of antibody formation of mice to th & ticostero
gens has been claimed to be mainly due to 3 ymus-dependent anti-

cells (Mantzouranis and Borel, 1979) . dysfunction of the accessory

The observation described in chapter 3 of this thesis NI REtaE B Ak

f daily DEXA injections of m] -

zantalﬂng {C-Igf cells is mzéﬁtg:::tz:u:i:;;':;zi ::.Ica;rea?a of cytoplasmic Ig-
secreting p]aqm‘z forming cells (PFC), Suggests thitﬁﬁzl[mlugzcr:::;:: L
effect of DEXA in mice is not only due to an effect upon pcriphe:;:gl B cells
but also to an effect upon helper T cells, either directly or via the antigen
presenting accessory cells (Sabbele et al., 1983). Indeed, there is evidence
that, in mice, the generation as well as the expression of helper T cell
activity is affected by corticosterolds (Markham et al., 1978). More recently,
the immunosuppressive effect of corticosteroids has been attributed to inter-
ference with IL-2 production (Ezine and Papiernik, 198L; Goodwin et al.,
1986) and IL-2 receptor expression by T cells (Piccolella et al., 1986). See
also section 1.5.3.

1.5.3. Effects_of in_vitro_corticogtereids on_different stages of

the_tmmae_responss

Pharmacologic levels of corticosteroids in vitro cause a striking lympho-
cytosis and reduction of cell viability in certain rodent species (Claman et
al., 1971). However, mature human |ymphocytes are relatively resistant to
these direct cytolytic effects of corticosteroids (Caron, 1363; Claman et al.,
1571). Corticosteroids added to cultures of human lymphocytes in concentra-
tions that are not directly lethal to cells, do inhibit DNA, RNA and protein
synthesis (White and Makman, 1967), proliferation induced by phytohemagglu-
tinin (PHA; a T cell mitogen) and other lectins (Ono et al., 1968) and the
mixed lymphocyte reaction (Roath and L‘upp«ar_‘l: 1965; HEI]rrIEII'I and Leichner,
1972). Activated | ymphocytes are less sensitive to the immunosuppressive

i i han unactivated lymphocytes (Baxter and Harris,
Mifpor af cart legakmn a8t 1980) have described that DEXA does not

1975}, Other investigators [(Larsson, : Dt
Tnhi]I;.it the tr[gger‘fﬁg of antigan-;ensltwa calls, but supprﬁ_:sf.as. the p1rg1|
fe T hocytes via the inhibition of IL=2 production. Recent Yo

FREA BE-T Loy on of IL-2 production by corti-

i he inhibiti
evidence n presented that t J r
EﬂstErgid:a?::EE En inhibition of the endogenous leukotriene B4 production

the dose employed, corticoste=
G - : 86). However, dependent on st .
rl:'n?ggwf;: &:12; :Ilir'zct:{}' affect B and T eells, For B;arpp;:;;r;igimngninz;ﬁed
CTL a 5 iti to inhibition by high doses nf mnl:ml'.S ¥ irnm: s
FndirZEET:nE; their IL-2 dependence, but alzo directly A3€is 2

1984) .

It has been shown
displace the dose-response
for B cells as well as for
the same maximum response [$ A

3] concentrations of Eartimst?rnids
nd pokeweed mitogen FWH: a FI'IHI'.Cl?En
curvT? ?ftzHif: ri;ht. but under optimal :undltfuns
i 'svgd (Fauci et al., 1976 Gnrd-:m‘and Nouri,
Ehl:[:tlun at suboptimal levels of stimulation,

that pharmaco logic

. q i 3 inki ;
150 aatcating sereeetve 1010 L reponse o Ighocyie
Orticasteroids also TnRIBIC T iate. This Inhibition, ver, "
Stimulated by phorbol myristic 1981). These results sug

d Nouri
e be not mitogen-dose dependent (Gorden an .
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. lymphocyte subpopulatign
; 2. : £ {ve mechanism OF
gest that a corticosteroid “E“tl:;ihﬂ myristic acetate and low doses of
may be selectively activated DY P 5 -
PHA and PWM. monocytes and media conditioned p,
B omgren (1974) has shown Eh?t humMF'lFEEtE of caorticosteroids on the Bro-
them partially reversed the 1nh1h|rtur'f T blood cells to PHA and PWH.
liferative responses of human Eﬂ“i:’:r?nh{bitiﬂ“ of the mixed lymphocyte
it is unclear whether : . Heilman and Leichn
react?anz; corticosteroids (Roath and Eiﬁzagéﬂié?ig;yﬂz;féﬂt i MTtﬂgenﬂr.
imilar underlying cause as : - |
Iigii!zi:da:iiibres. It has been shown that curtn:us:grnlds ﬁ:i:ﬁ???tthﬁ |
:xpresﬂnn of B2-microglobulin and HLA-A, -8 and -C 'Erlis*ﬁ;ﬂpat al ?ﬂg?;lh I’
pind o e pax phere. SO b s i ﬂ; iE;w;aipgndcr cells .Flleu:;ntl-r l
i i imal stimulation © - . ’
:Aﬁ?sm;ﬂtnéizdlgﬂz?b?r;md that iv injection of mice with 40 ng DEXA !
. P i
causes a 35 to 40% reduction of surface-la anl:l_gens on B cells 'In'l11:hlg 3 hﬂur!.,
The maximum effect was found after b hours, which on average resulted in 751 |
suppression of control values of iurfar.a-_la. By 12 hours after m;E:i:tian |
the values began returning towards baszline levels. The same effect was ob- |
served in athymic nude mice, indicating that the suppressive effect of DEXA :
on B cell expression of surface-la is not a T cell dependent phenomenon. i
Taken together, these data suggest that suppression of the surface-la express-
ion by corticosteroids may be a means whereby endogencus or exogenous corti-
C.D-'Et!iﬂ]ﬂ! are able to influence tne normas! as well as abnormal immunologic
state, and thus also may account For the inhibitory effect of exogenous cor-
ticosteroids on mitogen stimulated cultures and mixed lymphocyte reactions.
The PWH induced generation of E'_;*-ﬁe:fg-_]ng cells by human peripheral
blood B 1ymphocytes could be markecly entanced by physiologic and pharmaco-
logic concentrations of hydrocorcisone <m wzrs (Fauci et
1985; Goodwin and Atluru, 1888,. Tnis &ffecs .
sone was added within the first 254 nours of 2 ley, 3
sone and PWH were present togesrer i tne .._1_.-_".:““‘;:':! ?“11’ when hyfrncur:l -
Evidence has been presented that tre cortices vel et al., 1977).

al., 1977; Paavanen, |
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rant to SUPPreéssion by even
eastarolds (Fauel ot 11 (asse extaerin
- = BL al,, 15E5}_

In vitro specific antjbog
itive to physiologi Y Preduction ing i : :
iciveto Phvsiclonic concantrlons o o TSRt b tisens 12 nigty sen
. 'n humans (Galansyg et al I*E]EI]lr I?r-:]ﬁ:n::;ﬁ?::] <5

L | . T =

response produced under the same Tk
tive (Calanaud et al,, 1981) conditions was found to be much less sensi-

5 : It i
of 5pec11_'u_: antibody formation Lliu:n“ﬁr whether this selective depression
the EPEEIfIE B cells ar the hel to an effect af the corticosteraid on

has been shown that in uitps EHE:;iIi::]:s ;nml“d' Ear waane T oerlls it
O doses of DEXA equivalent to ele-

vated physiologic concentratj 5

(Bradley and Mishell, 1951f?'?25:22:1‘5“ the suppressor T cell actiwvity
helper T cell function was resietant :Et' under the same conditions the
DEXA. The apparent corticosterold reeior o) Prermacologic concentrations of
to be mediated by the products of sctioeen of the heiper T cells was found
factors protected hel ;.0 activated macrophages. While macrophage
not prevent the ffE per [ cells from corticosteroid inhibition, they did
1931§. 5 N n:tu::TTvﬂitgiff[:: ::pp::isnr T ?Tlis (Bradley and Mishell,
F Con: Riset ok ted PP 5'-‘2_1F cells as well as I:'he induction

: Ivated suppressor cells is sensitive to pharmacologic levels of
corticosteraids only (Haynes and Fauci, 1979; Paavonen, 1985).

After activation by either specific antigens or nonspecific mitogens, T
1vm?hucyt?5 begin to secrete soluble products that are involved in cell-
mediated immune responses. The effects of corticosteroids on mediator produc-
tion by T lymphocytes must be separated from their effect on the Interaction
of the mediators with their target cells. Studies of the direct effect of
corticosteroids in vitro have shown that the production of MIF (Balow and
Rosenthal, 1973), MAF (Weston et al., 1973) and skin reactive factor (Pick
et al., 1970) is normal. However, corticosteroids directly antagonized the
effects of MIF and MAF on the target macrophage.

So far, little data is available about the effect of corticosteroids on
Bdolf and Swetly (1973) showed that the Sendal virus

induced interferon prgdul:.ti-l:ln h.'il' human tumar lines is augmented b‘_f" corei-
costeroids, Piccolella et al. (139B8), on the other hand, showed that corti-
costeroids inhibit the synthesis of interferon by human peripheral blcod

mononuclear cells cultured with soluble microbial antigens.

A final property of T lymphocytes tha? seems to bﬁlafftcTEleT ?artiT-
costeroids is direct cell-mediated cytotoxicity. Ths1re atively Lft 8 E:
dence available from in vitro studies suggests t:at ﬂwk???centr:il?zs TRn;e-
corticosteroids protect target cells st the :c tion | .
nau and Moon, 1962; Stavy et al., 1973), but do not alter the unc;|nna biid
city of corticosteroid treated killer cells later FERted WINWOL SN i h
(Stavy et al 1973, 1974). Higher concentrations of :artzcnsterc:ds. nnB:]E
other hand éire:tif inhibit in vive activated CTL (Schleimer et al., 1353).
¥
1.5.4.  Effects_of in u«:w_seraieeﬁﬁrei@ﬁ-EE-r}éfffﬁEE-EE@EEE-*Ef_E’E
ﬁmmﬁﬁé_géﬁﬁﬂﬂﬁg : le about the effects of corticosteroids
pr et e et a arn aval lable BUGUE it
o huuh:]? a vaféet?l?: i: sitro, data about their effects on the in wnvo
irrl'riunman s n are relatively scarce. Therefars, SUAL BOES. prRARTAZ
he]nwe EEEp““S* A mﬁuﬂ offects of corticosteroids on fhelfmTun!1;c5pnn5e
wWera ﬁ o th? t"tuﬁies of axpﬂrimE"tal '"'mal!' Sl Eétz.humnral
E tained in 5hu o ShB that corticostercids can sUppress
any studies nav

i h as the mouse, rat
i srimental animals suc i
and cellular immune respansﬁ:t%T ::: O sixties, it was e

:?SD;:thFd{tlaTa:; ;Szﬁiluf  onsalective lymphoid cell destruction. Later
eroids ac

rily high concentrations of cor-

interferon synthesis.
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lved in the indye,: |

¢ the cells Involve  Mducti, |

dies, however, indicated that mm'eeﬂmrtimﬁgmid resistant. This s r.
studies, ssion of immune responses ar Ctions by Warner (1964) who demg,
AN ANRESS S - -host (GvH) rea . ined in the chj :
hown in graft-versus nt) which remal Chicke,
:E:::.ttai that the Few cells {ahGUthSdptrriiaH‘f all the thymic GVH potentiy,

i treatment had Vi only with r :
cs iy :,nr:;ue:i reported for the mouse th?ﬂ{:-;‘:é “‘::n an: Andersig:rd
R i Ta:eﬂ-s put also to helper T :ell5]1 il::gthe mouse thymus ]
T aurestn and Blomgren, 1870}, Bemory 8 CE0 0 o v wivo (Beniner o |
Joy oo ther resistant to corticosteraid trea e i s il
b mh ? r?fh:re!-iitant thymocytes have been shown tg g 511: Exchp;
al., 1303 1 dulla (Ishidate and Metcalf, 963 ven Bwljh B -» 1381},
sively in the medu cent of the cells are corticosteroid sensi t!ve.
In the spleen about 75 per . leen's GvH inducing potential
T sistant population contains all the sp
(Goben et al., 1970). Also helper T cells In che sple
resistant (Cohen and Claman, 1971). Splenic it
sensitive to hydrocortisone, Since in adopt
nocompetence of spleen cells from hydrocort

by bone marrow cells and not by
marrow cells (at

an are corticosteroid
on the other hand, are |
ive transfer experiments the immy.
isone treated mice can be restory|
thymocytes (Cohen and Claman, 1371) . Bone

I
|sast while in the marrow microenvironment) are quite resis-
tant to corticosteroid treatment (Levine and Claman, 1970; Cohen and Claman, |
1971} .

Corticosterolds have been demonstrated to depress DTH in guinea pigs |
[Harris and Harris, 1950) and mice (Dietrich and Hess, 1970; Fachet and |
Parrott, 1972) as well as in man (Salomon and Angel, 1961). This effect is

probably due, in part, to the capacity of corticostercids to suppress inflam |
mation by decreasing mononuclear cell chemotaxis (Thompson and Van Furth, '
1970} and capillary permeability and by improving vascular tone.

turti:nir_arnidslcan also suppress graft rejection {Hamburger at al., i.
1972). 1t therefore is widely used in clinical organ transplantation. Despite
the rapid accumulation of new data concerning their mechanism of action,

clinical use of corticostercids remains largely empirical. A major concern

for physicians has been the avoidance of their :
mainly achieved by reducing the Serious side

; -effects, which is
: : amount of corticosteroids that is routinely
given (Fauci et ai:. 1976; Salaman, 1981). The effects of corticostaroids on
organ graft rejection have recently been r

It is unlikely that the beneficia| erir o ey (oupont et al,, 1984).
in"clinical organ transplantation

is d “Zf“t of corticosteroid treatment
" i . Ue o Erye imrnunn.su . . . sup”
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gerum level or at the leve] of :
petranyi et al., 1971), Hu“verfﬂtlbﬁdy-sz

’ creting PFC ‘Eraddﬂck et al., 196?;
cult to achieve than depressi

de

on of II:”rEss]mII of IgH production is more diffi-
The extent of immunosuppression afFﬂEdesrﬁdu‘:Hnn (Petranyi et al., 1971).

i i corti .
the ant;g:; :Eztf;n?_‘easu I[Eh.:r'gh.||-|.u'r ]5551: Di;t;ﬁ:m:;&; de:rgasfﬁ when
wn”;:nera”*r se:m:Egﬁ reported for cyelophosphamide (Bach ::é-;;mm.s 1n1535
iy ry type antj .
the suppressive effects of IE tibody responses are much more resistant to

5 9 A rtitﬂSterD[ﬂi than pri

i - W .
i é}\] Ea;t?lmi;f:?dal” 1962; Durkin and 1hﬂfb2:ke.rT3?T?5B£n:ﬁ ::dafnhn
Gl : 195 may affect secondary type rtspunits'duriﬂg the pri.m'fng

hase, thus by inhibiting the qe i

I:he booster phase, thus Ey ;nh?b?ef“'““ of memory cells, as well as during
£ 5 'ting the generation of antibody-forming

ceite TTOM MENOrY r'?ll Is. As far as thymus-dependent antigens are concerned

the generation of antibody-forming cells from memory B 'I? is fully d o

dent on helper T cells (Benner et al., Ia;l'lpa}_ Thgr:fnr:? c:rt?m:“:m:zm

::?la;:ﬁtc:ﬁgndaw type antibody responses via an effect on B cells as

A 5[ng]§ injection of mice with a relatively large dose of hydrocarti=
sone, when gr‘"fn at the moment of priming with a thymus-dependent carrier,
prevented carrier specific helper T cell activity. Hydrocortisone was alsa
found to decrease the helper T cell activity when given after such activity
had been generated. However, under the same experimental conditions, suppres=
sor and amplifier T cell activities were unaffected, even in this corticoste-
roid sensitive species (Markham et al., 1978).

Daily injection of DEXA starting one day before immunization with the
thymus=- independent antigen LP5S suppressed the anti-LPS PFC response in the
spleen, but markedly enhanced the bone marrow PFC response. Daily DEXA in-
jection starting several days after immunization with LPS hardly affected the
PFC response, neither in the spleen nor in the bone marrow (Benner and Van
Oudenaren, 1979). ‘ ]

Daily injection of a high dose of DEXA starting either one day before
or five days after the booster injection of the thymus-dependent antigen
SREBC 5uppregged the anti=SREC IQH: Igﬁ and |g||l| PFC responseés in EPIEEH. The
bone marrow anti-SRBC PFC responses, on the nf-h'!‘r ha':'d’ sl fuun-l:lf to be
rather resistant (Benner et al., 1978), and d!d nut{anﬁ;:ii::a:]d|d!;?;}hnne
marrow PF & to thymus-indepéndent antigens LHE - .
Daily injE:;?:gﬂgz a d-nsew:!. high as 16 mg DEXA per kg BW, starting one day
before the booster injection, did decrease the bone marrow _F'FE response

EE.-_nn?;Ee;n;;.i;Ig'l?;'fi,;.nthgg.is creased by cnrthuater:ﬁ;;:::::::‘,
21though to a smaller extent than prnary an“bahig be ‘saasuring the serum Ig
shown for several species and ha¢ phan b ? mtrtating the nembers
levels (see ahead). We have studied tr_ﬂs aspect DY E:a? it Sl Sy

of background IgM, 1gG and |gh secreting ;}TH:nn;a;. hu:reser. el
corticosteroid treated mice (see Chapter 2/. sk ihe Rk

X . i roid treatmen
and several days of in 1w gcorticoste seripheral blood (Cupps et al.,

B

is also de

of 'background' lg-secreting cells in the
1984) ,
on seyum_immunoglobuln Levels ‘

As stated above, it has bee Wollheim, 1867; Butler and Rossen,
decrease the serum Ig level In :UZE:‘“‘ ;[5'?311- To our knowledge, similar data
&

1973; Butler, 1975; Settipane € T lab)
able. -

|t has been shown that a
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rmal ¥
lone decreased the level of serum l_l;m1“l1':|:2rﬁ5a
1gG level was affected, with a max:mﬂm“ oA
treatment. Decrease of lgH and, some . .;.nd R e
Recovery was seen 3 tO R weeks after Lhe

Rossen, 1973; Posey et al., 1978) .

The decreased serum lIg iﬂv!]ihﬂftﬂ; :r:at
tially due to an increased catabolism © n;“,
1970; Griggs et al., 1972; Butler and Rossen,

level seen several weeks later, on the

gther hand,

of production {Butler and Rossen, 1973) .

In man it has been shown that cortico

glunteers. Parl:il:ularh,, the
of 22 per cent I weeks aft,
levels was less clearcuye, J
reatment (Butler apg

ment with hydrocortisone jg bt
IgG and IgA (Levy and Waldmgn, |
1973) . The decreased serum Ig

fn,

reflects a decreased rap, |

steroid treatment not only can de-

—

1 (201 B R

t also can increase the serum |gE
crease the serum IgG and IgA levels, hu‘ _ |
level. After completion of corticosteroid therapy for an exacerbation of

-asthma, both total IgE and specific Igk ‘ncreased dramatically, while the

cerum lavels of the other lg classes were depressed (Posey, 1978; Settipane |
et al., 1978). This different behaviour of IgE might be due to the Fact thar |
IgE production seems to be more sansitive to the regulatory suppressive -
effects of T lymphocytes than the other Ig classes (Saxon et al., 1980) . The |
decrease in suppressor T cell activity after in vive glucocorticosteroid
treatment (Saxon et al., 1978) may account for this increase in serum |gE
level. However, in vitro experiments employing purified B cells from atopic
patients showed that corticosteroids also augment the 'background' IgE syn- |
thesis in the absence of suppressor T cells (Hemady et al., 1985).

|
1.5, Effects of cyclophosphamide on the immme system

1.6.1. Pharmagology

=

Shortly after its synthesis in 1958, cyclophosphamide (CY) was recognized
as a patent cytotoxic agent with a high therapeutic index (Arnold et al.,
1958). It is a phosphoric acld ester diamide (Fig. 5)
CY have been used in experimental conditions i

pham'll?e which for some tumore have shown
It quickly became part of many multi
tumars and leukemias. Its clinica

Various analogues of |
such as Iphosphamide and trophos |
@ better therapeutic index than CY. |
| u;dr:‘! rﬂq;mtﬂﬁ for the treatment of solid i
as well i 3 € has widened to non-neoplastic diseases

Pimfshvisaﬁzlggizgn:t ?;}5‘}15“ i Gershwin et al., 1974; Bachpand Strom, 1935hi
orolanaad Edﬂ]nistra;;' - Therapeutic benefits have been gbsarved followind
or aytoimmine Mchm.m" of the drug in pathological situat] h | mmune

1972"; Frie 'Sms are thoug pohidte-thor

¥ s et al,

ht to be at pla [5 ¥
» 1973; Steinb play (Steinberg et al., 1971,
Townes et al., 1974, Donadie '!:‘.naft? T;gﬁ?ﬂker' 1974; Decker et al., 1975:

0

N 2%  CH,cH

r;f H“:HzCH;cL

ﬂvtlﬂnhnsnhamidz

Fig. 5
- 5. F
Ormula of c',rr.1nphnsphamid¢

_—_‘\__ ,
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CY is not active by j
ized_btfur! becoming acti-
split by a phosphoramida-
n malignant tissues

ts P-N bonds, cleaves phos-

ce which is present at high
(Gomori, 1348). This Phosphoramidas
phgg?t?thCZ?s:az?._rtla;ses non- ¢, snd Ind
of brologl CLivity. Such ; » 2Nd induces the appearan

| iver micrasomes ':Faflgatt and.E;]':?:[“?ﬂ;;m;l::dtgh:; place mainly I:ﬁ the ol
process invuhmg_umdatlan and 0- ang H-d;a]k 1 nd Liew, 1980), through a
1979; Shand and Liew, 1980), ylation (Shand and Howard,

Since LY needs to be metabal;
becone ymphocytotaxic, It [s :2:;::::?]tr?nsfurmEdlh? liver microsomes to
in vitro studies usually the biﬂ'n-gicaii',r LE:FH'-'E_ n vitro. Therefore, for
xycyclophosphamide (U=HPCY) is used, This drug 1s lng ool ie,i-Mydropero-
following local intradermal injection fﬂﬂﬂfrigter .n;ﬂszgzlw 1,:11 ET;WE e.q.
rigter et al., 1986). PR, 13003 Bor=
It is thought that CY acts on cells by cross=linking th
it is known that CY preferentially affects rapidig pruli%eraii:sciz?;sﬂ?: :E:
S-phase of the cell cycle (Turk and Poulter, 1972°). In fact, evidence far in
vive DNA cross-linking is scanty perhaps because the methods available to
detect the cross-links are not sensitive encugh. Cross-1inks can also be eg-
tablished between DNA and RNA or proteing, Cross-links will essentially mainly
lead to cell death (Bach and Strom, 1985°),

el ﬂhfch 5pri
Nitrogen mustar

e e

LY is essentially inactive, even at high concentration, unless It is acti-
vated by hepatic microsomes. This holds for both the cytotoxic and the func-
tional effects. This can be accomplished in vitro (Connors et al., 1970).
Sharma (1983), however, has noted some suppressive effect of LY on the mito-
genic response of human- lymphocytes in vitre at concentrations of 20 pg/ml
and higher. -

In vitro experiments have shown that the lmmu?asuppresajve effect of
CY is not merely due to its cytotoxicity for certain m?nnnun:lear cell popu-
lations. Stevenson and Faucl (1980) have studied the differential effects of
in vive activated CY on subpopulations of normal human peripheral blood lym-

: . - yitrg PWM induced PFC response against SREC. It
Phocytes involved in the in this system is sensitive to the acti-

was foun eneration of PFL in v .
el c?dn:::tat:?ds concentration range, [n¢!u?1ng :ﬁncentr&ttﬁns_whé:: have
a minimal effect on overall cell viability. Similar data Hﬁtrj fh::i::t‘ Eud
Ozer et al. (1982) using L=HPCY. Kinetic experiments rTve? e 44 ESEv d
CY exerts its inhibitory eFfB£E a;lvdi: ::d?fsv?;zefizr:n;: :?thuT; rE::;:;r
son and Faucj, 1980). This might be GU i - P!
Expressfniu:};ceamui1ne B cells incubated with a:tuvale?nETwﬁﬁhFE::?-I;u::ra
their ability to re-express surface-bound |g aftarlc:pptdﬂ ol
(Shand and Howard, 1978, 1979). cuch cells when reinfused,
moun i gs in Lo 3
et 1oy T o have sz i s S L,
Population Eﬂf eripheral blood | ymphocytes are dn;u : in co-culture to fresh
high conc el n EF activated CY and then adde a:T tleanEly. arkanced
Autalo LTS bsequent PFC rFesponse wWaS g b *
: gous B cells, the su sor T cells are much more sensitive to

sUppres 3 "
{1® suggests that regulatory (R, L)oo T colls, Similar data have been pre
inhibitory effects © for: humad lymphocyte subpopulations, but also for
sented by others, not only 0 1979, 1981; Kaufmann et al., 1380;

ain et al.,

f suppressor T cells were found to be mare

Murine lymphoid cells (Diamantst
Ozer e al., 1982). Precursors ©
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ells (Kaufmann at al.
ive than already activated suppressor T c
sensitive

¥ TE?S_
Ozer et al., 1982; Klajman et al., 1984),

te/macrophage co lony- Form
: itor calls {granulocy 5 I
e R i ) s leirotert s LT
uﬂ{;$ s :;::i:?it to CY-derivatives tn vitro. In ge ’ a
cells are

w rE .

it atlkg|
ing of the pluripotent hemopoietic stem cells compared with phe Com
sparing o

progenitors (De Jong et al., 1985).

1.6.3.  Effects om_subpopulations of lewrgcytas in vivo

CY is hi'l:ﬂhrE;Eutm{ic‘FEri;ﬁﬁﬁEfa'Eéﬁs_in vive. A single fﬂ{’ﬂ:t:‘un
of mice and gﬂinsa pigs with CY at doses of gyar 100 mg/kg BW drﬂﬁtlcalr?
decreased cell numbers in spleen, thymus (Turk and Pay

Tter, 1972%*) and
Peyer's patches (Chin and Hudson, 1970), whila the callulari

a 5
was moderately decreased (Turk and Fn?iter, 19727). The mini
the splesn waras about 10% of the original cel| numbers and w

day 3 (Snippe et al., 1376). In the thymus, depletion of
¢ariier than depletion of the medyl

mum values fq,
ere reached g,
the cortex starced

13, suggesting that Cy selectively affects
short-1ived lwmphncytes (Turk and Poulter, 1972 v Turk, 1980). The thymus
weight was not normal ized unti] day 21 {Echwartz, 1971; Turk and Poul ter,
1972°). There was also a drastic decregse of the
Peripharal blood, with s

lymphocyte number in the
OWprecovery (Gding e al., 1970).

Turk and Poulter (1972”) have alse studiag the action of CY on rapidly
dividing cells labeled with 5'-El:u:h:r-Eﬂ.‘iﬂl:r:lﬂ,p-!.lriI:I|'r|u=-12 J (IudR), When CY was
injected ane or several days before |ygR It induced 5 rapid decreags in the
number of Jabeled cells |p 211 lymphoid tissues, byt the greatest effect was
an thymus and bone marrow, These dara ndicate thar ¢

Shﬂrt'lT??d cells. The ona Synthesis a5 assessed by |yqgp
SUES remained SUppressed for 3 days in Iymph node s
Recovery was fol)omeg BY @ period of ;
by 1E days, with an ove

i Kolb gt al,, 1377). bwa
for as long ag 1g d

Hlitﬂpithﬂlggica|]?'

N and bone marrow.
: » T&turning te normal
I 10 the spleep Turk and Poulter,

thymus remained suppressad

Nto g Inay plgg or C3H mi
eplas: micea
nal centers ang :ﬂrti:nme¢u1la Pl&tion of Follie ' Medullary eq
ﬂf‘paracnrtitai areas. §in: Y signijf
white Pulp of which

- icant depletion
N reporteqd for

cell areas than g re sevarg ang ]Uﬁger=l

Nig treatmene WwWith 4

the splean, the
ly doses nfE? tockman ey al., 1973} Fect on the B
I‘.h‘fﬂ'lus -d Ep&ﬂ:d-gnt a Fea

y therae

rds ermi-
lhﬂut a » 4§

g » Mesenterie
aTte -
oid ' prﬁﬂﬂrtfu al 1 ]J 2 and 3 sub
*Ctions (p, 1 Qrgans
Thy=1+ cel} Ulte

F Thy-1+

SR i oo la
lan thﬂt Bp D‘C':.I'Eﬂs f u mﬂl:l-!trb

& Turk
r and Pouleer,
ymphncrtes, on the Mean, have
e —————

ty of TYmﬂh node

¥ preFerentiale affects
UPtake by these tjs-

ittqi
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' i i Sprent,
Later studies showed that Ly o

only i:f;er ch;ug;:{treatment. but :::g :;‘i:'rf;t:?:h; affects T cells, not
letha LQSE“: 300 ma/kg BW) {Hunﬂ1ﬂghake andni & injection of a sub-
15??}1- E;*]T'EI n:ﬂﬂ 5|:|.||:|I?5 of patients with multiple ::il:i, 'l!EI?E-: Kolb et al.
al., 1383} and nephrotiec syndrome (Feehally et al 84) ha L0F D nlenun &
Y selectively depresses OKTL4 helper al., 1984) have ehown that

T cells rather than OKTB
suppresser T cells. The effect wa an OKTE+ cytotoxic/
tion of treatment. $ found to last 2 to 3 months after cessa-

Cupps et al. (1982 .

cY trea:rl:mt of patizntl :?:ﬁ oorn that chronic low-dose (2 mg/kg BW/day)

11 h Pk non-neoplastic immune mediated diseases caused
2 ote) mPreeyionents o the paronera blod Wi Sireceing the reltive

n cells, indi .

numerically affected to the same e;tent.c#l:in?u:::Ea:::hs:::fﬁ:?::IZTEWEM
cells as measured by PWN induced Ig secretion, however, was much greater than
the quantitative depletion of cell numbers. T cell function, on the other
hand, measured by in vitre blastogenic responses to the mitogens PHA, Con A

and FWM, was not significantly suppressed (Cupps et al., 1982), In another
study, however, a depressed in vitro blastogenic response to PHA was noted
(Winkelstein et al., 1372). Also studies with guinea pigs have shown that

CY treatment im wiveo has a differential effect on the functional capabilities
of different peripheral bloed leukocyte subpopulations (Hunninghake and
Fauci, 1976).

Treatment of mice with CY leads to decreased MLR (Milton et al., 1976;
Smith et al., 1981) and CTL responses (Merluzzl et al., 1379) by their spleen
cells tn vitro. Detailed studies have shown that a single injection of a high
dose of CY causes a diminution of the frequency of CTL precursors in the
spleen to 10% of the original value as evaluated by @ limiting dilution cul-
ture system (Taswell et al., 1979; Collave et al., 1984), It is interesting
to note that the inhibitory effect of CY on CTL generation is restored by
adding helper T cells (Merluzzi et al., 1980; Varkila and Hurme, 1983),
supernatant frm ml'xe.d' 1?mphn:?te C.I.jitl.ll"!"ﬁ- {Hel‘tuzzi et _EI-,. 1531} i-l'ld ]L_E
(Merluzzi et al., 1983; Varkila and Hurme, 1983). A1l these data suggest that
CTL precursors are more resistant to CY than helper T cells. Varkila and h
Hurme (1983), however, have presented evidence that treatment of mice wit

doses of CY as high as 150 mg/kg BW does not de:t;:ﬂ-’ EEIE:;I;IQ:?::;SQH:.;:
- T imulation, probably Dy )
rather affect their in vitro restimula Ih helrper T cells (Feldman et al.,

lived amplifier cells tha; synergize wit

1377; Benner et al 1985). F tha £
"Mi it the kinetics of recovery of the in
Milton et al. (1976) have studied gated mice and the relation-

3 . CY tr
H:ﬁtm praliferstive. apiiv oo i ':;?.:-.nﬂ:n:r?:spnnses. The proliferative res-
ship between this and some in Ul

. ressed for up to 3 weeks after drug
srane To.FTA. Bad @) 0gRiL S :E”;:::]?:? responses recovering more rapidly

treatment in spleen and lymph no tn O liferative activity is
i hat the in viiro pro 2 ELI
;Etl'ﬂﬁph m:u?e a_.-,ells. I: :E:E;;ﬁgi; T cell furrcﬁﬂﬂﬂ' ¢apac_|;': a:nén:’;l:a:_:?ﬂ
oy t: S Indl?:twcguury of the ability te reject iﬂn gra a?ed oK slwf
Fapld recoery of the ability to produce eytotoxic celis com
ver e

" THLOvary n; L wnie) “!: zflt::Irt;.:?l function in the mouse, an effect
- LY also depresses rhEm'lraq;hua sdministration of normal spleen ?elilz (Ric-

a2t can be corrected fﬂ‘l‘ |;""r’ dilution analysis showed 8 EUbst?ntt-?. ECFEASE
cardi et al., 1981). Limiting |1 precursors in mice treated
f the number and freguency

£ natural killer ce ice
with 10 Y. The rna:-:?mum ef fect was found 2 days after CY injection,
mg/kg BW CY.
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da
and a gradual recovery was achieved by day

lso induce
200 mg/kg BW can

¥ gt & dose nF_ 80) and see
. Mmr“hwésf primary (Braciale and Parish, Tlgesi Suppressor
which :n? ;;PP{EEE] in vitro antibody responses. 41 arlt?

et al., 1 aylon wool and rasistant to treatment :”fn normal mig
adhe;en:tlhudfes and complement. They are generate

=i &

Th L] - -
mi:n, and their suppressor activity is not

sor cells are distinet from B cells, T cells,

ay ‘
= alFew 3:5: are available on the effects
does induce a menocytopenia a?d
collate (Hunninghake and Fayci
affect macrophage glass adhere
of live Candida (Buhles and 5h
trapping in the spleen of
while it doas not

ifrine, 1977)

affect |iver trapping or
(Mettesheim ang Hammons, 1970). High doses
retentien by lymphoid organs (Phipps et a.

Can cause a profound
hake and Fauci, 1976)

at day § [Hun
ted by high-
itantial epg

ninghake ang Fauc
dose (Y treatment, Afpap Some
inophilia, which is maxima] at

e ke | b

= maa

abrogates the cellular re
v 1576; Buhles and Shifrine
nce, phagocytosis a

normal mice given

12.
supprQSE-ﬁr
andar ch!
calj,
um apn

e ang
restricted. Thus these Supg

NK cells and Macrophages {5

=lg ser

H=2

L

of CY on macrophage Fun:tfg
detion to
» 1977).

nd intracellylar

However, it daes depr
29gregated human gamma
serum clearance in the

of CY may also inhibijt

» 1981).

in experimental animals

i - 1973; Atkingsan
injection of 100 mg/

eére found

n, gy

CY does
. ess Antige
g!nbuhng
same Mice
@ntigen

er,

CY does caus
day 14 fThmns

°n et al., 1986),

both in experi=

In experimental
istered [n

substantial
formation to sRac (Pev-
the antigen characte-
*Ponsible fgor these
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Nt mouse strains, Recent
ith fegard to the acti-
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Strains Studied,
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haride (TNP-LPS) (Smi
?;ziard and Courtenay, 1é;g:egh:;é' 1373) and Pheumococcal polysaccharide
Havas and Schiffman, 1981), 4nd Howarg, 1378; Howard and Hale 1978;
The extent of Eupprgsgiun of a ' '
and hmnunugfnicity of the antigen :::;bn$:¢fT;:ﬂtfn;
- o " B2
waakgfe:ﬁﬂ;m';l;?gfm;jt?{ the greater the |mlm,;5:;p:m“h r
and Di : v - Similarly, w 6 Fremd i e effect (Dukor
tentiate TNE response towards the antigen, the immy 7 Juvant']! el
CY is decreased or even absent (Ms mmfm“'“ RTTeck. by

; guire and Stears 1963) .
thlh:i:?:enzfﬁjriupp;:?srnn ﬂfllhtibﬂdf Fnrmati;n is also highly dependent
- 9 9 soministration. When given as a single dose, CY must be

administered between day 0 and =
suppression {Btrenbaum.yfﬂﬁ?; n::Erh a;ttf immunization to induce the maximum
: and Dietrich, 1970). When CY is given
pbefore the antigen or & days after, th - - g!
Al by T FaETd » UIETE 15 nearly no immunosuppressive effect,
indicating a very rapid recovery of the cells affected by CY.

CY My have a dlffﬂ{'ﬂl‘ltlil' Eff!tl‘ on the formation of antibadies of diffe-
rent Ig (sub)classes (Chiorazzi et al., 1976; Kerckhaert et al., 1977: Driéss-
ler et al., 1381, 1983; De Macedo and Mota, 1982; Turk et al., 1984). The most
consistent ﬂhservafrnn rs_tha increase of IgE antibody formation that has
been °h5fr“5d in mice (Chiorazzi et al., 1976; De Macedo and Mota, 1982) and
guinea pigs (Turk et al., 1984} treated with CY around the time of immuniza-
tion. This Increased IgE antibody production has also been observed after
low-dose total body irradiation, and is in both cases attributed to the eli-
mination of suppressive T cells. Since CY also affects B cells, the enhancing
effect of CY on IgEk antibody formation is a summation between its effect on
B cells and on the various T cell subsets, helper, suppressor and amplifier
T cells.

The effect of CY on suppressor cells is most apparent in situations where
the function of suppressor cells is normally predominent. Thus, CY may trans-
fgr‘m nnn—rns_pnnding a.nEma|$ ]ﬂta_ rEﬁ.lﬂﬂl‘ldEr!, a phEI‘IﬂITIEI‘II:II'I parti:ulaf‘iy wel
demonstrated by Debré et al. (1976). These authors treated BALB/c mice, which
are nonresponders for the antigen GT, with CY (200 mg/kg BW) 12 days before
immunization with GT. Following this treatment the mice responded to GT with
a substantial primary IgG antibody response. Similar results have been repor-
ted by Noble et al. {1977). Also IgE nonresponder Hartley 5E!I"EIH:I- guinea pigs
can be converted inte IgE high-responders by CY treatment (Graziano et al.,

1981). , : ;
9 }Primary ant ibody responses are more susceptible to CY Enduced 5uEpr=55|nn
than secondary responses [Smith et al., 1979; Havas a?d Schffwan, l?t;l.
Moreover, secondary responses are normal when the antigen |8 QE“E?FEI ut
CY to an.anima1 whose primary response has be?nc;qur:i:EdnzﬁseTnf ;nE::ﬂ:L

. ‘nale injection © 1@ = -
G ool T aue the [ aseibndy preduction [dageie 41 Mactadien,

. i CY does Cause a 5ma

19 d administraticn of 5
v 'of Igf aneibody promceion (Gegren snd FeCLioraly S St siagte
hﬁﬁfver. is rapidly rev§r5ed when Cthe N ah A SptanEe Toviis
that the clinical benefit © rheumatoid arthritis (Townes et

4
erythematosus {5:ginb?rg and Dﬁikerénlzztg;e tissue disnrdar? (Fauci et al.,
$;ié 1?§§; a;d ?tEE:QIEEI:TMTL?E;EE} in which autoimmune or immunologic phe-

y : Steinbe :

nome hought te play @ predominant role, may not be due to the action
na are thoug

. - calls or their precursors. 1
il ant'Eﬂd¥ Er?ﬁzﬁésgupprassive agents allowing the induction of
CY is one of the fTe

. ntigens. induction of tn!eraﬂtf by c:mb':fd 'mm?n]'
::L?rante to part|EU1ﬂ?ihaEY has been achieved for a variety of antigens in
lon and treatment Wi

is dependent on the dose
dose of antigen and the

hen comple
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4 by Bach and Strom, 1985°) . The tolers, |
. jgs (reviewed =% sk immunogens than with strg,
: < and guinea P r with we .
mice, rat : Juce and 13sts longe eingly rolerance for antibedy pr
s Eai.?rtﬁch and Dukor, 1353}'.|"t?r$5]5 zssociated with normal DTH ag
el [m?nst horse erythrocytes T Wi :
tu::ﬂ- a.l';-ﬁli gn |(Ramsnaw et al., 13?”' Tual '|,:-_.|-|,g-'|ait'll'lg {:}'u'er 20-60 da':,rﬂ |
i %:tliduced rolerance may be fﬁ"‘{;?ﬂ] and can be transferred by Spley,
(Aisenberg, 1967; Miller :;‘in:;?r::“;ients (Many and Schwartz, 1%?0. Alsap.
or lymph node cells to Eﬁn;reaiﬂ the duration of tolerance signi ;cant]y |
berg, 1573} . Th'l’“‘ﬂ'f"mh&g} which is in contrast to the a_b'i'i'-“l:e of the effy,
(Al ganosrg AR n“:. raw:mra:"r from immunosuppression mentioned before. Trap,. |
ol Mmee s Dn]:eﬂ cells to tolerant mice does not break the tolerance whey,
far of erwa " dnia The transfer of talerance oy spieen and lymph node cqly
LR b e Yapendent on T cells, indicating that the tolerant star
is ”;qﬂzt:i:aﬂc:a:ttaiﬁad by suppressor T cells (Ramshaw et al i 1977) , al-
:;:QT::hlailnEcartaln protocals both T and B cells may become tolerized (Jacobs
| et al., 1971; Talal et al., 1971).

9er |
‘-'Ilﬂlut.
| n'i-l;

1.6.5.  Effects on_cell mediated tmmunity

o ey e e 8 e 5 e

cell-mediated immune responses. The most extensive studies have been done on |
the sffects of CY on DTH and contact sensitivity. The original studies showed |
that CY suppresses these T cell rr-Ed'la.t.ed reactions in a variety of species |
(reviewed by Bach and Strom, 1985 }, In most of these studies CY was admi- I
nistered for several days starting shortly before or shortly after sensiti-
zation. Also in man CY decreases OTH, as has been shown for mumps, PPD and
Candida (Alepa et al., 1970; Santos et al., 1971; Mackay et al., 1973).

Under appropriate conditions CY can suppress both the induction and
expression of OTH (Campa et al., 1980). The influence en the induction phase
is apparent from the cbservation that CY treatment of sensitized donors can
prevent the transfer of DTH to syngeneic recipients. The effect on the effec”

tor phase has been shown in a com .
. ; parable set-up, emplo P=
pients that were infused with sensitized I:_E_Hg,l:j’ ploying CY treated rec

e In these recipients a clear
E:Z:. L:il:lrmbﬂtzrv efie-ct was found. This anti-inflammatory EFL:I: has alse

Curriy 15111{ Piiara other investigators (Stevens and Willeughby, 1969;

in rats that CY Fe:;.g:i.,:1;éj1|31; m"h"l‘?““- 1973). Currey (1971) showed
the time of onset of clinjcal arthritis expression when administered at

symat i inj
315 khe 1_;]me of sensitization. 5.;'2?1??, s pelibodihal ‘”-’E‘ﬂed
Rized with tubular basement m H

high-dos SRR
embranes in 9 e LY treatment of rats immu

the ':E-H'H.Iﬂr imu“e re ad_juuﬂﬂt ma 2 R

; sponse produci : : ¥ successfully inhibit
- vided the drug ie gi P I:Ig primary interst|¢; I * .
: 1986) . Hﬂhrt'n.re?*r‘ given before the kidney itial nephritis, pro

damage is extensi
Ao ensive 1.
eutic protocols the antj- (Agus et al.,

inflammatory
ve affect (Perpel

In the usual th
effect is relatival TP
et al., 1971). ¥ madest, inferior to the immunNosuppress |
Due to the 1
g s Suppressive effects af

panse CY on : " :
tized T celis, zh:iu::” 4800 the inF]arrmuu::Ermduc""““ of cell-mediated
on skin and arga erlying causa of BACE]

on mediated by sensi-
nt : the benefie; i
largely unclear. Th”""-‘ﬂﬂant survival (rey; icial effect of CY trea ment
N ment on dj e same holds £ *wed by Bach and Str g5} is
' n |523gas Iikg rcumatﬂ‘d or r.i:lﬂ prover benEFi T 19 5
= _,-}': granulomatosis (Fauci Id arthri

7 clal eff
£ ect of CY trea
1upug erythemacg et al., 19, 13;;,':' é“"‘“'j"n-n et al., 1978) Wegener's
1972%; Steinbar 9%, Psoriasis and psori. teinberg et a1, 1972 1, systemic
turbanceg, - ¢ 10 Hecker, atic arthritj : tess

» all "itis (Steinber ;
characterizeg by immune E?zie‘r!nldis*
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A single injection of cy
eubstantially increase prH ar:n;lmlm=
1985 ; Enamfh-.r et al., 1986), |
emulsified in CFA, maxima)] enpg

or :

mn“t?::;a] days before immunization can

R Oilce Ing SItivity responses (Bach and Strom,
racutanecusly immunized with SRBC

Ncement

before the OCcCurred

:::;iwhen the .:un:::&ﬁ: (Kerckhaert et al,, 15?‘;;&”1;:&!5:;:25 Splisc

1967; Lagrange et a) m;zgfbadv Fesponse is suppressed (Ma ement caE occur
s b "3 » Turk and Parker 1982 guire and Ettore,

that the enhanced DTH FESpoOnse was » ). At first it was thought

: due t
depress e apxtcdisy (karclmarr, TE?H;DL:;E:::J—::S:? g i b
dies, » Showed that enhancement of pTH can be obtained at‘na;;;E:tu

which do not inhibit antib 1

hance it (Gill and Liew, 1;;E}fn;ﬁz;:: {Askma“.“ al., 1975) er even en-
by passive injection of hyperimmune antﬁ;;;eET?Hlf: ge:e"”Y B
would be expected if the antibody interpretation f!E$ a et al., 1976) as
ias CErPRLE, ] mediated enhancement

EE?QEIﬁEI]? determined |¢mrre5pnn?¢r mice for the antigen lactic dehydro-
ge?as-e T.'- e ?we‘can b-e. converted to high DTH responders when treated with CY
bfere Immntastion, (1 lr sl 70 o St o o T

gen doses. The CY dose was not critical either, since both
low doses (e.g. 100 mg/kg BW) and fiarly high doses enhanced DTH (Askenase
et HI:. 1975). For an equal total dose, fractionated doses are more efficiant
(Rondinone et al., 1983). The only critical factor was found to be the res-
pective timing of drug and antigen administratien.

The CY induced enhancement has been documented for all forms of OTH, in-
cluding contact sensitivity (Zembala and Asherson, 1976; Maguire et al., 1979),
PPD induced DTH (Dwyer et al., 1981) and Jones-Mote type DTH reactions charac-
terized by basophil-=rich infiltrates (Momoto et al., 19B0; Taube et al., 1981).

The CY induced enhancement of DTH and related phenomena is generally
attributed to inhibition of suppressor T cells, It should be kept in mind, how-
ever, that several subpopulations of suppressor T cells exist (Germain and
Benacerraf, 1981) and that these subpopulations are not equal ly sensitive to
CY (Germain and Benacerraf, 1981; Shukla and Chaturvedi, 1984) . Most likely,
CY acts on the precursors of suppressor T cells (Zembala and Asherson, 1376;
Sy et al., 1977; Turk and Parker, 1982). Similar CY sensitive suppressor T

cells ¢ the in vive generation of CTL against hapten-conjugated
an suppress the J ment of mice with a single dose of CY

syngenai i retreat :
cznger:sctl!tr?ﬁhgﬂzzsuFT?::'rgsp:nsiveness for ‘this antigen Into 3 State of
high responsiveness (R&11inghoff et al., 19??}1 This, hmev&g, |5dnnt a ge:i;
ral phencmenon In 11 w0 generation of murine ETL since “h oes tgre?:?
in vivo generation of CTL specific Farhmu:nnun;ﬂf?gﬁvt;gﬂg}ﬂrmmﬂlngl 'S
virus (Allan herty, 1985; Dougheriy 2 : S :
titerest?:;T:r}?ug? in:ucad enhancement of DOTH is nﬂll-.‘:r:ta:;:::: ::Enég :::-n-
adult thymectomized mice (Mitsuoka et al., !5?91::' 53?9:;' g at al. (1979)
sitive subpopulation of suppressor T :31!5 by T..,-_.gl;iis tha; could
have identified a 5ubpnpu1atinn of aux[l:al_‘flsupprﬂﬂﬁgs T aeile DESUE T
represent a selective CY target. Thess au?III:;FH;zTﬁ th:ﬁﬂﬂtﬂmT-
immunized lymph nodes only and are sensibive

stion to the experimentd

1 work

1.7, Introdu
Y ‘have a variety of effects on

cortico T d the functional activity
viability and €

ffact ha:: ﬂ_f":ﬁc drugs are mostly known about their

]Eukﬂ:?;: endent on the dose and FEQINRN 07 AGH1IN}>

hhu:; ths ‘mmune response to particular antigens.

an

As described above,
the immune system. They @
@f lymphocytes and other
'mMmunosuppressive effects,
5tfitinn, they can also en
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|
1

|
aric corticos EE.l'f.:llld de‘“amﬁth -.\
inistration of the ?‘iﬁ: enhance the antibody pmu.u;
. (DEXA) can subsTaNtid b oo 71 antigen LPS (Benne,
god jum pl'h:]ﬁphﬂte . Tmmuni zﬂd H!:h o : a
5?[15 C marrow of mice 1T x ef fect of CY is even more Promi.
tjon in the hﬂﬂ? 79}, The ]mmUﬂ'ﬂ5tiﬂ1U1iiU”'g : ection of CY, Ei'p!-'l:ial'l? whe
van ﬂudenar:n-d,ﬂs have shewn that 2 single ﬂhalh’ enhance [gE antibody frl'
"?n;h :?,:L?:ruh;?nre immunization, ;ﬂnE::b:;:nHﬂtE. 1982; Turk Et al,, 133&";
i;iinn (Chiorazzi et al.s 1976; ngp;iEE5 (Bach and Strom, 19857 ; Dwyer g
and DTH and contact 5un5|t1ugzlrmm et al., 1980; Taube et al., 1881, |
al., 1981; Enander et al., 19483 ek invariably leads to sSuppfessign |
threnic treatment with l.':"l'. hm:lew.re ' snanEes (Bach and Strom, 1985°) , .
of humoral and cell mediated immune 2 ant]-LPS antibody formation in the |
The, sallircTig Effﬁu ¥ upzn:reased egress of newly formed B cells '
i e 18 et {1ALY Loc m.; t?nn of B lineage cells from the peri- !
from the bone marrow or a redistribut) o crancing affect SF % s figta
il Hmpilznlll:ﬂ urgan:u;z::;i:tt?:mﬁ:ri:;pﬂn5E5 is general ly attributed tq
inj ion © upan g
L:i“r:r;tiwﬁ '.’.l.l-‘.il::;[]b” ity of suppressor T cell activity Fm; E:Ig:aﬂ 3:?1
Strom, 1985 ). 1t should be realized, however, l:hert corticoste I{ |
as CY can affect virtually all components aof the immune system :_:.f. i?ttmns
1.5 and 1.6 of this chapter), and that both humoral and cell mediated  mmune
reactions depend on interactions between several subpopul ations .nF lympheoid
and non-lymphoid calls which can affect the final outcome positively as well
as negatively. Thersfore, the effect of administration of corticosteroids or
CY upon a particular activity of the immune system is the summation of ijts
effect on the various subpopulations of B and T (helper, suppressor, ampli-
fier, cytotoxic) lymphocytes, antigen presenting cells and other subpopula-
tions of non-lymphoid cells which can modulate the response.

I
The purpose of the investigations reported in this thesis was to obtain
more insight into tl'f& effects of DEXA and CY upon the lg production of normal
IIII'L‘.E.thit WEre not mtentinna!l-,r immunized and kﬂpt undar clﬂarﬂ-ﬂﬂnventiﬂﬂﬂ
housing conditions.

Mthﬁugh dhl‘]ng the EKPﬂl‘imﬂnt! th ] ‘tf
Intai ; e mice were not barrl
m':‘?':ﬁ? according to the draft quidelines 'Accomodation and Care of Experi-
zzghamnd'tn:?;i nidtha rmel | of Europe, they had been bred and raised under
i effeczslgf 1;1;;: maintained free of pathogens during the experiments.
different levels: (a) thga::rt,: L;m“ ke g pfnduct'[-nn were studied at four
ground' Ig secreting cells; '[1:1.' l:?mmncentr“'““i (b) the number of 'back-

and (d) the number of LPS reacrive E“z:t'll?r &5t 'S s tasisealis g
system that allows the clonal 5

growth of The latter was done in a culture
cell input of 1 . or every LPS reactiw a
Under these mng?{:-i:;:'gt]lpletn cells or 600D bane marrﬂ-:. E_E?TDP:?. zﬁ1 FUPE
lg secreting cells, The aEEFgT Proportion of B cells develop into a clone of
ture system is somewhat di;';zr:;!t:ugnc‘r of LPS reactive 8 cells in this cul=
strain C57BL/6J en Nt for different moy :

about 3 surface Ployed here, the fre S strains. |n the mousé

'9 positive quency of LPS reactive B 1in
We investigated th 8 cells, cells is

For example, daily A

¥ e e

above fayr ses

b mg/kq B parameters. The do
. for daily o 9 W for a single ip inj ion and
PEressive and ane; Y ip 'Niection which, TnguTawpn:‘thEzt'rlﬁgh |
ug, are extremely

ni practice. For
injection of 300 mg/kd

BCE aof 5 gjngle and
& and lgA concentrations
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at various intervals after
was WEEIE';‘:THE? tfdh?n the o
IgG an g evelz did not correlate we ¢ eifect on the serum IgH,

of Ia“.ﬂégg ?E:;%z Hfrnmg cells in ::1::;! ';l:: ;2: effect on the numbers
1ymph N ; usTtI; r 31- Therefore, we a)so determined ::w s ik
plasmic 19 P ve cells (plasmablasts ang plasma cells) it R i
frequency tﬂffﬂ:ttd better, cells) to see whether their

In Chapter the effect of 3 «; 2
5 Ealaii L
kg E”] of DEXA upon tht B cel |I'|g1E Ip injection af a hlgh dose {'”'l-II mgl'ﬂ

| compartment of
& : z spleen and bone marrow is des-
cribed. The effect is compared with that of g single ip injection of 3& :1;,-"

:gﬁ: ?:-5':;:::'“32:5;:: x:’: dFUEi greatly reduced the number of nucleated

: ! OW, But their effect on the B cell system was
markedly EI:FFerent. This was especially true for the in vitro LFE?rta:‘:tivE B
E?Hs, which were almost completely inhibited in thejr functional capacity by

It turned out that the lgG level

The Eff?":t ?f DEJ{H‘upﬂn the LPS reactive B Eﬂllﬁ in iplﬂ-!ﬂ: and bone mar-
row was studied ll'l.dttﬂﬂ in Chapter 5. This was done by ip injection of DEXA
25 'TI‘EI] a5 h"f ‘!:H vitre culture of Epllﬂ'!ﬂ and i:lnn-ﬂ marrow EEIIS. in the presence
of increasing concentrations of DEXA, A single ip injection of a high dose of
DEXA (144 mg/kg BW) caused a profound decrease of the number of nucleated
cells, especially In the spleen, but the proportions of surface Ig positive
B cells and LP5 reactive B cells among the remaining cells were unaffected.
Seven daily ip injections of a moderate dose of DEXA (50 mg/kg BW), however,
did affect the proportion of total B cells in spleen and bone marrow as well
as the proportion of LPS reactive B cells. The LPS induced lg secreting cell
responses by splenic B cells and bone marrow B cells appeared to be differen-
tially susceptible to the suppressive activity of DEXA in vitro.

In Chapter & the effect of CY upon the B cell system is described. Single
and daily ip injection of CY appeared to have substantially different effects
upon the serum |g concentrations. After a single CY injection (300 mg/kg BW),
but not after 7 dally administrations (100 mga"kg_ﬂlffdav]'. a temporary increase
of the serum |lg level was found. Under both conditions, after some days CY

decreased the serum lg level, but not more than down to 50% of ,tl':lE nrigina!

level. This was In clear contrast to the effect on the lg secreting cells in

the various lymphoid organs. Their number was ml':::h m'.'j ET?;“]T!dEprE;ﬁ:d'r 4
: ; cells as measure

The same holds for the functional capacity of the residua ; :

by polycional activation by LP§ in vitro and by adoptive transfer in vivo.

1.8, Materials end Methods
I.H.I;Em 1E§%§§§E$E§E%E§?§@EEE“5 old), BALB/c (B-12 weeks old) and (CS57BL/RIj
dle

nd female Lewis rats (4 weeks
% CBA/RIj)E1 hybrid mice (18-20 weeks old), :ged L e

1 b
old) were used. The C57BL/6J T?EE?E[?H?}JT: S v obtaliad Proe
tharn, England. The BALB/c an

i Rotterdam, and the
he Erasmus University, ‘

the Laboratory Animals Centre ﬂf.f SEraams o Flands. The Lewis rats

i ; tory, ALJseliti ing of Laborator

H!f;c:‘!"‘grzglggI?géml-:rgrgantrh Labur;:?l‘;{::"ﬂ;:*i:i"‘i:ﬂj:td pe'lle'r.e:ly

i lands. rass
’:E;Ea::; THD;‘ Iust&n::jﬂ:ﬂ?:; :gther]“"dﬂ and acidified water {pH 3.0) ad
i oOpe Farms, :

I-'i,"gt:tm l11-size cage “E x 1]15 EI'I'I}

. er sma 5

(Fi Th; mice were hﬂzTﬂd ?::‘EiéiT 3EFI 20 em) and 9-18 per large-size cage
ig. 6), 4-B per middle~s .

42 x 26 em).
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Fig. 6. Small sizs cage used for

DEXA upan B calls
CBA/RIJIF1 hybrig

dexamethasone soqjym Phosphate | ;
Jersay, USA) was used. The mjca received one
balanced salt solution (g

d treatment di
Ction Showed g

DEXA; Decadron®

or more ip Injections of 0.5 ml
v 16, L8 or 145

|
housing the mice.

ic corticosternid
» Merck & Lo., Rahway, New
mg DEXA/kg BW.
The injections
immune system _
The applied cor- _

1.8.3. Irsatment uiey 200 ap hams g
Far treatment of mice with c¥elophosphamida (Cy. Endoxan®, Mesd Johnson
aFtn .Evan:vrlle, Indiang, USA), the mice Feceived gng Or more ip irﬁjgcti?ni
:: 0.5 ml BSS coney; Ing 0, 1,33 10, 33, 109 ¢, 300 mg cv/ig gy The injec
Ons were ﬂ"ﬂ'f!r's done bafmen 3nd S PH, The effect gf cy on the immune sys
Emtr::tr::;:r:‘[q d a Varjoys Ntervalg after the last En_jectfnn. The applied
'Y not caysy any gj f i
dissection showed ng ahnnrmn? Eeg.n OF Tllness g, lose of body weight. Also
1.4.4, Cell Iensiong
Mice ang rarsioi0 1
Im’"‘ﬁdlatgi? after ki n:”t:: by ®Xpasing hem to . rban dioxyde vapour.
Whimus) | g and o), :r?‘"s to be useq (spleen, '¥mph nodes and/or
Spleens, | 15 W g “oNtaining ggg.
Mdag and th?muigs 9
N e Squeezeq’ ade] 07 98ze £} ens"® Separate)y '1eed with scissors
s 1ariem, Ne ther anu:l'ai’ Mith 100 ypy oor (Stokyis 8 its Textia) Mij.,
— ;'::';:? lon wy SEretcheg o, en p“";Tg ? give 4 Single caj 5u5nﬂﬂ;
" i B & N1 um ]
Conta i {Er YP was ygaq In cnmb:natlun With 3 ¢y oS dlangcer o
9. 7), ce 91855 beage, ar glass
"It 3 Dlungg’ nere geng) Forceq
v ang Nother 4 1 F Bgs 5 0 fOugh phe Aylon fFjlrar
T ko llag he ramaining
——



Fig. 7. Nylon gauze Filter for
suspensions.

Preparation of single cell

cells. The pooled cells were washed by spinni i i -
trifuge (type Minifuge; Osterode M, Eari. uéﬁefﬂe:;a:;;!;;?uﬁntg:r:.::“n
1500 rpm and at 4°C. Immediately thereafter th i

; + Ehe supernatant was discarded
and the packed cells resuspended in 5 m] B85S by a Pasteur pipette. Viable and
total nucleated cells were counted after resuspending.

For collection of the femoral bone marrow, the killed mice were pinned
with their back upon a tray of cork, the fore- and hind legs spread apart.
Four pins were used per mouse, one for each leg. The skin was cut after
wetting with 70% ethanol in water. The procedure for removing the femur has
been described by Benner et al. (1981°) and is illustrated in Fig. 8. A
large piece of skin should be cut from the hind leg and the lower abdomen
in order to provide a good view of the working area (Figs. Ba and 8b). The
tendon of the knee is then cut, so that the rectus femoris can be lifted.

It is crucial to do this carefully, so that no muscle tissue remains on the
upper side of the femur (Figs. Bc and 8d). Subsequently, the femur is slight-
Iy 11fted with surgical forceps-and the knee joint i? ceut (Fig. Be). The
femur is 1ifted again and the muscles on the lower side are cut. Finally,

the femur is elevated so that the joint capsule, which keeps the head of the
femur teward the ilium, becomes stretched and can be cut {F:g: EF{'

Before isolating the bone marrow from the femur, the r=5|qfa mefclT )
tissue is removed with a paper tissue. The marruwr?3n1mﬂit :Eié : r:iézi ’
ted after cutting the head of the femur and a small piece of the g

. all piece of the condyle on the lower
trochanter on the upper side and a sm l'.;m::-:d with a 256 x 0.6 needle, a

side, B f a2 er 5 mlsyringe equ s i
hole is?nT?:E:daln both spongious ends of the femur. Then t?e mar;nw |5r;g]
lected by ?lushin the marrow cavity with 1 or 2 ml of B55 from ; : E?rr;g:
{Fig g) Hhethergnr not the marrow has been completely extracte rom the,
e iy haft.

fem i the calor of the s

uri?:nr:ﬂci??giﬂgsgﬁginns from the bone marrow H?F; ?EEHL;ES hxige:tlzﬁe
5‘E|_UE-E3[|-|3 the latter thrnugh a ﬂ'jl'rﬂ'l'l gauze Filter wit pe g
above),

total mueleated cells

I-I-Ig.s‘ Ebu”tinenf_}f___'_ -l | ter counter del BZI rEEUIter

Countin i Cou
ounted with a A 20 ul sample of the cells to

Nucleated cells were © England).
Electranics Ltd., Harpenden, ngts;f :ﬂ lsotonic solution (Iseton; Coulter

® counted was suspended in 20 ml of Zaponin (Coulter Electronics
] ; ntly, 2 drops @ ized and th
€ctronics Ltd.). Subseque mixture was homogenized and the

Nuclei counted.
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1.8.6.  Counting of viable nucleated

Viable nucleated ““5‘;‘;;;-5“,}&113

: unted by

Th;utﬁrp::m;}:Eu:azhzent;;fuged for § mip :;tgﬁusryﬂiﬂ :;Ui exclusion assay.

i . ' ed : use,
pan BIUE D s SCIULion in a wail of 5 ggoye)) o0 Ith 180 M1 of 0.2% try-
e o mure v etct | sl sheeltr e e
I['Fui;tr;.l."‘th-;Iir e.}u:1usinﬁlgg'l:hﬂadﬂphia. Usa), Tgu UE;E?E E:?T?tumhur i
i ?Tha cells in 25 | e Lrypan blue, were counted und SF IR
cn?ﬂ:i bv @ facter of 10 T8 squares were counted Their :nm:;ra lIEI]-It1m‘“”ﬂr

» - H -

plied DY to find the total number of viahle ﬂu':]::t:l: :;””mmﬂ_

1.8.7. Protein A EE&%E_QESEH

lg 53EFEETE§_EETT§ were assa ed b 3
cribid by Groncwics et al. {15?5]‘#“d ¥ tlja‘hfm!-,rtu: plague assay as des-

' AL modified by Van Oudenaren et al. (1981)
This assay is based upon binding of the Fe- ; i al. (1381).
;  bad i to S 7 cpartion of rabbit anti-mouse-lg
gntl es D taphylococous aureus protein A that has been coupled to target

SRBC. Secretion of Ig by the g producing ce . g
imnune complexes consisting of mouse. |g .and the added rabb ; 2
it antibodies.
Th?.-sc complexes, bound to the protein A-coated SRBC, activate complement
which leads to lysis of the target SREC and thus to '‘olague’ Formation, This
assa: 352:1:1:5 all cells secreting Ig that are recegnized by the rabbit anti-
seru .

In most strains of 5.aureus, protein A is covalently linked to the cell
wall (Sjbguist et al., 1972). This protein A binds Ig molecules with high
affinity. The principal lg class bound is 1gG, although in many cases bin-
ding is restricted to certain lgh subclasses. In some species, IgM and IgA
can also bind to protein A (Geding, 1978).

Protein A has proven to be useful for the study of antigens and recep-
tors on the surface of intact cells, for the differential binding of diffe-
rent |g (sub)classes and for the detection of lg-secreting cells. Thus pro-
tein A is now the reagent of choice for many preparative and analytical pur-

poses in immunology.

For the plague assay,
Uppsala, Sweden) was coupled
a protein A solution (1 mg dlsla;;&dI h‘l-f
acked SRBC ml 0.9% NaCl and pl o s
oF Cre13 630 (005 A in saline) were mixed and incubated for 1.5 hr S
with shaking every 15 min., Thereafter the cells were H:;Ed 3 t;ﬂ'lﬂ H-:Itfn -3

the plaque assay for at least three days, prwidzd m“".rﬂtﬁtmr‘:dha;—t l:;
The protein A plague assay was performed in B55 using Lunn E am-typ

chambers as described by Lefkovits oM Eﬂsfnzanilg:?i;wTEzhEIEm::::;T:he—

chambers are prepared by placing three Sir @ it inte two areas of

E ; : mm), dividing
sive tape on a microscope 5l ide (75 x 23 pri;iﬁd onto the first se that the

r:lu = !.ECDI'ld 5.1 idE— Is 5 £ :
tﬂﬂg::?d:;}u:leﬁ:;:::iﬂ ?acg and separated only by the thin strips of - thpe

- 1.
The total volume of the two ;ham::ri':tis ;gnigguu:' of an appropriately
Each sample to be tested €O

Fodiluted
i f an optimal amount @
41 i ixed with 15 ul @ oA i
!ill.n][::ElIi el su?penlll:u?ée::'?ngwﬂrke, Marburg L!h“-t“:?tﬂfﬁlﬁgﬂmﬂ?;}pan rl ;p_
i : E;Eh;ﬂzefﬁgtzin g column Want?u:;E:;f?g; -Ié;i = -I;.ﬁ. 2l
i i ifi pit=anti=- : : :

:;zprlatﬁly diluted speca:;;nfzg Sretein 4-coated snggdz;?::::; aE:;?:rum
Usedl-i l ﬂf-:-‘? S:ip:nsephamse—pmrtin A column as ¥ ;
as purified ov

i indi Fraction of lg.
hg?ﬂj in arder to isolate the protein A binding Trac

5. qureus protein A (Phafmacia Fine Chemicals,
to SRBC with CrC13.6H20. For coupling, 1 ml of
1 ml 0.9% NaCl), 1 ml of washed,
an aged (over 2 years old) solutign
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bers of a set

: as mixed and distributed over bg:? cril:n:e}, The :haml?:r

Each sample W Gilson pipette (Villiers Le into a melted mixture of °
slides by 2 B ipe o ully dipping the s!ide edges High Wycombe, Bucks, Eng.
werd sadied Y c:re ffin {Paramat{b; Gurr Ltd., l%g | ands) . Subseq:ient-?
SquAt porkians E.:;ilm‘lt‘a.rrna NV, Maarssen, The Net ruc for -5 hr. Th 1
Jang) and wex (ACF 1 Ea-:l on a tray and ir'w:'.liﬂal*‘fl a3 ith dark .Fielﬁ |
i E:a'.mm:;:cﬁzepczzntad snder a dissecting microscope W
secreting

. di 1
:1lumination (Fig. 10). Careful handling of the chambers avoided distortigy
i1l lumi ] A

of the plague morpholegy (Fig. 1),

i
e B
= ————
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1.8.8 ;
1.8.8.1, 5Spleen and mesenteric Lympn nodes

fr
was determined by applying the protein A plague asﬁ‘fﬂz?]z ::Etn m‘:'_;'a:
cell suspension made from the whole organ. Since i.l known volume of 551;-.
after making the cell suspension, were ?Hipﬂﬂd'ﬂd ina shetitetalmdi iy,
(usually 5 o), the number of g secreting celis per WO @ Brass O, fo
calculated from the number per sample assayed, the volume o ! 5

suspending the cells, the applied dilution of this cell suspansion and the
volume of the sample assayed (100 wl).

1.8.8,2. Bong marrow )
Comparison of the number of lg secreting cells in the bone marrow with
that of the other lymphoid ergans requires quantitation of the number of Ig
secreting cells per whole organ. As described above, for spleen and 1 ymph
nodes this is easy to do, since the protein A plaque assay can be performed

on a sample from a cell suspension made from the whole
marrow this is not feasible.

Benner and Van Oudenaren (197§,

1376) have previously shown that the
frequency of antibedy-producing cells

\femur, tibia, humerus, rib, sternum)
the same. In view of this comparable P
compariments and the fact that bone ma
from femurs, we determine
marrow (similarly as des

organ. For the bone

in various bone marrow compartments
of immunized mice is approximately

FC activity in various bone marrow
rrow cells can be easily isolated
td_;hg l'l':ﬂbﬂrfﬂf lg secreting cells in the femoral
: rived above for spleen and i

wWith subsequent caleulation of the number :.f | ::c i iy tymen el
bone marrow b 9

: 8 reting cells per total
¥ Using a conversion factar, i :
from the distribution of jy or Ig This conversio

fn 45 n factor was deduced
the skeleton. Three independene e ke cvep

the various parts of
aroups of investigatg p
Iymphoid g
cell sample
Indicator '—\\..,I s

@/—rﬂ-ﬂj

rs have perfarmed such

red cells
paraffin and wax “33:;“
complemeant
+ RAM-Ig '
Fig,

10. seh
eme of tha Procedure o the

Protein g plague assay.




Fig. 1!. Appearance of plagues caused by |g secreting
cells in the protein A plague assay.

studies (Chervenick et al., 1368; Schofield and Cole 1968; Smith and Clay-
ton, 1970). They found that of the total amount of 5§Fu which localized In
the bone marrow, 5.9%, 7% and 6%, respectively, was bound by the femoral
marrow. The reciprocal of the mean of these three percentages is 15.87. Thus
the number of Ig secreting cells per total bone marrow can be calculated to
be 15.87 times the number found in the bone marrow of a single femur, This
calculation is based on the assumption that all bone marrow cells can be
éxtracted from a femur. Sometimes, however, it is difficult to remove all the
visible (red) bone marrow from a femoral shaft. Consegquently, the calculated
number of |g secreting cells par total bone marrow is too low. In order to
reduce this variability we collected the marrow from both femurs of a mouse.

%
Thus we used 3 conversion factor of 7.9 (Benner et al., 19817).

=
—

8.8

8.9.1. General aspects _ ;

: hologically characterized by an increased
Lells secreting Ig are morpholog Gon Fania Frem ysaheetait

am 113 . Thelr morpholeq .
ount of basophilic cytoplasm e bvated by modng OF Trmre

t ells
o plasma cell. Many of these ¢ bodies specific for the |lg produced

Fluorescence with heterologous anti :
P i aray cehuit, 1972). The EI'l.l'EIJ]EbEIiE'jI' of fluores-
Hijmans et al., 1969; Hijmans ::: s:m:ifi.cit‘r . A cuetal nequbienent for

8Nt reagents of high activity cific a4 sreial ceauirent for
b, jce, the choice is mainty
thln::;ﬁa;:#”:éj J:ﬂsri::rmath?lrh?dmfnc Ismhgl-.::}r;:ar:&;:ﬂ;ci;;};h:;'gh
Many conjugates are commercially available, Ehwflﬂ;rﬁ} l:t pared easily a5
describegd by Bergguist et al., {1974) and Eudr:nq J'Iumﬂr;tfgng o Sado oo
:e1! suspensions of murine lymphoid ?‘;g:?l;:;;uh aclaas of te Ag oo
:TE;:E CF] 1 !':Tf:mu::ﬂ:’:;ﬂ?s::c;jmaun et al., IEE':Ji Th:.:,,s::::;n::!ﬂaq“
assay wglvc similar ¢ as many or several times mor gdp : g cells
s found to detec e 1

ding o -
than the immunof luorescence assahd‘d:E;:n'gzudled. O ac. TRt ricyionlasats

i an : ;
t;fcmuce, .?nd upon the H!Gli:: cells have to be fixed with reagents that
ontaining (C-lg) ce v to enter then.

3llow the fluorescent antib

1.
1.
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e TPECCIG STONS
L e e T e ki
IEGRL. Fwpianisd 43365 e prepared 23 described IE soetion a8, Ley)
Eﬂwn_-_-:.:ll%ias-r?qm;-:;_._: -ﬁ_lﬁe_rtd saline (PB5S; pH 7. ) with 5% boy; §
o = A oNRaLfiflasE™ S
were mesusgEensds I

H Ne
- - ~ardam, Tha Hgther’l&l‘lds} In a concent 1
garJdm & Tamim {'...'-EA','F'J'J"EE‘I., Emater f rat

an
. i f 100.000 5pleen
s AT W trifuge preparations o cal)
of b RS aﬁd;:;tgzzﬁ:" et al. (1976). Briefly, the Preparation,
were pritaTet P

=ar y @ rpm) in a cytocentrifuge (Nordj
WATE St *"””'“':‘:;?:; {‘Er]]?g;gtﬂ'u[he Netherlands) 50 Ul of the cell sys.
1m?nla;=:fl 4-3;3:1 im <1 ides precoated with 100 ul of PBS (pH ?'E? SUpple.
FIETIE-IIJI-'I-EL:: 1‘5 133:.'115&5"5:3'5-]- Ritar air drying for I? min, the locatien of

n:ntﬂdﬁ;:i:martad. by encirz]ing with a glass pencil. Thehsl Td?s WEre they

:1igﬁein etnznol conteining 5% acetic acid (5 parts of aceti:'c_:lacld.m‘EE Party
of ethanol) fzr 15 min 3t =20°C, washed for 30 min in PBS while stirrj

g, ang
dried by wiping with @ fine paper tissue, except for the cell spot.

1.8.9.3. Wiguzlizzwion of syicplasmie Ig containing cells

When the cytocentrifuge preparations are prepared as described jn Sectien
1.8.9.2, the cells occur in a monolayer of about 5 to 7 mm diameter, There-
fore, they can be easily stained with a small volume {(15-20 ul) aof antiserug
conjugated with e.g. FITC or TRITC. This was dona for 30 min at room tempera-
ture in a humidified chamber. The conjugates were diluted in PBS-BSA contaips |
ing 10-20 mM sodium azide to i

conjugate was i
es and washing for 15 min in PBES. The slides
were then dried and mounted in buffered

glyceral (1 part of PBS to 9 parts of
glycerol, p.a.; Merck AG, Darnslgdt, HEStern—Egrman?] containing 1 mg phenyl-
ened]am'lm_: per ml (stored at -20°C) to prevent farﬂng of the fluorochroma.
A coverslip was sealed to the slide with paraffin wax (Paramat®. Gurr Ltd
High Wycomba, Bucks, England) . For evalua 3 .
Leiss Fluorescence microscopes were used
ties and 2an epiilluminati

equipped with gh 1l=
_ : on system {!-Iaaijman Ei al e T el
tribution aof the C-lg cells wWas datermip :
and FITC labeled i

e ' ;5?3}. The Ig class dis-
¥ ™eans o Combinations of TRITC
1fic f :
total Ig. = Tor the heayy

thains gof lgM, IgG, IgA and

[

ce staining

1.8.9.4, Comjugated antigeprg
A fluorescein-conjugateq goat ap :
Liserym 4
1g-FITC, Lot no. 2-B73; Mordic | . rected againse
Netherlands) was use "olagica) |, ] epioks

'd- Ea 4 [ 4 "El:u v rg :-G -
etermip ries, Tii
The rhodamine and fIunreicein-|ab:.::'=itﬂ'f!1 umber of ¢ : Burg, The
of murine IgM, IgG and IgA wer Ntiser

“1g cells per slide.
3 specifg
B pra i CF
Or. J. Radl and Hiss P, wan dan Ear;a;ﬁd- PUrifieg and EE:;rthﬂlheavy n:'.J:naél'I;FI
Gerontolegy, THO, Rijswiik, The "ﬂherl.m ® Instituee ¢, ooc 'Y Supplie
cificity criteria described prey 2ds,

; .~ "Or Experimental
: lousg] ., Bntieg .
city of the reagents was Corroborapey hiﬂi:uman et Mﬂ“@;;;r I_:Ired all $$T=
e TrFraran Chossens nccons 4 roe e fce g 3 975). The specif
: RnRS LR hTe oy Tesenter T;mgc:;Ig o Eﬂnta;:?;gnrﬂlq:F
n
1.8.9.5. The number of eytoplagmi, G e Odes ang Peyer!g patches.
From the number of C-1g ce}, s “:i‘*}hmining cell
Spun down per slide and the Numbgr oc *'ide, o ? per org
number of C-ig cells par gre-- T nugyy £ N of T
was lt'-l]a-.-,.-.;d' ellg Per urﬁh:h!ated cells
1.3.10. QEH@HFJ q_ 22 g gan: T.h-E t¢ta1
Spleen and ban b= SHE o
section 1.8.4, E:I!l\ ’ P ";;;;-—;‘_’ﬂ_ aant
s Prep,r~=-220g
'l'l. \ "'|-1n "t I:;E:'* 35_ aEEl:rjh d in
T ———— PM st 40py
- L.

- 4°C) three
L
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mes with PB5-BSA ':f-‘:‘f'lt!ini _
t:'{:tﬂiﬂfr and proteins E'Etretng 10-20 my sod um azide) ¢ _
spended in similar pps- °¢ by the celys themse|y @ remove intercellular
r:ium? For the detection u?si “:d adjusted to 4 mnii;tf!,:‘f” Iy :h?u?”?twﬂfﬂ:
! embrane on o cells
“‘”’.?hiu:*iis?:;““'“'? need not to ﬂ:u:uég o other membrane glycopro-
1 o | E Was mixed with 50 y| of an 5 t? ?ta'”"‘“il a volume of 100
FITC labe ed goat antiserum directed sialiss ptimal concentration of
9-873; Nordic Immunclegica) Laboratorjes. T mouse Ig (GAM-1g-FITC; lot no.
L

bated for 30 min at 0°C. Afrer el ilburg, The Netherlands) and Incu-

A g shes with the abo i -
taining PBS the preparations were mounted in bufferad ;T?x:;:ﬂg:g E::]Egn

with paraffin (see sectign 1.8.9.3). The

isti Gl percentage of nucl i
glsxine: mgmhranf, Huﬂf“cﬂﬁﬂﬂ wWas determined hritE the E:'i:suﬁd st
microscopes mentioned in section 1.8.9.3 5 Tluorescence

i : g: i ;: L ;J'EEEEEEL aciivation of B cells by livopolysaccharide in_vitro

p In so-called 'mass cultures', lymphocytes are cultured at relatively high
density. Spleen cells were cultured at densities varying from 1200 to 30,000
cells per culture well of 0,2 ml. Bone marrow cells were cultured at densi-
ties varying from 6000 to 150,000 cells per 0.2 ml culture well. To improve
E :.E]IE ﬂEtT‘#Etiﬂn EI‘II:| C]ﬂﬂai grﬂh'th' i'n- 5T !-_:.;_pz_rjmenti ;I'_z W !US Fat :hl!rlm_us
filler cells were added per well, These rat thymocytes were Irradiated in
vitro with 0.1 Gy X-irradiation shortly before culture to reduce the back-
ground number of lg secreting cells in the thymocyte inoculum (Hooijkaas et
al., 1982). This irradiation was performed in a Philips Miller MG300 X-ray
machine. The physical constants of this machine have been described previ-
ously [(Benner et al., 1974%).,

The cells were cultured in 96-well tissve culture plates (Costar 3596;
Costar, Cambridge, Massachusetts, USA) in 0.2 m] RPMI 1640 culture medium
supplemented with glutamine (4 mM), sodium pyruvat (0.1 W}, penicillin (100
U/ml), streptomycin (50 ug/mi), E*mercaptaﬂthenﬂl (6 = 1ﬂ. M) and fetal
bovine serum (20%; lot B 663903 02 from Boehringer Hannheim GmbH, Mannheim,
Western-Germany) that was specifically se]?uedenr QTT:;:?PEEEFLEEED;F
perties and low endogencus mitogenic activity. For palyc .y
the B cells :ulluredgan optimal concentration of 50 ug/ml LFS f;nm E‘scgﬁr;chm
eold (strain 026:B6; Difco Liburltﬂriﬂﬁ. Detroit, HF;Elgan; ESR Iw:ﬁlzd T A
Cultures were assayed for IgH secreting r.-;ms_a;:n dw] : an3 r-::r”gﬂtE w]gu_
secreting cells on day 5. For each determination at least P

res were assayed.

:r.s.i;r'i._lg.{mennqﬂfai:;ttﬁ:_ﬁiﬁi 8 cells that can give rff.g to u;h:::sn of
lgM 5ec$et‘|r:qu::?;s were determined in 8 limiting dI:!u“uT;ﬁ:gt:r:::: s
origi o d by Andersson et al. (1977). Im this cu [ H Iy 600)
ginally devise ) imally g0) or bone marrow cells (maximally
numbers of spleen cells (max] re plates (Costar) together with 7.2 x

were cultured in 96-well tissue :u]tu“i (ool jkaas et al., 1982) to support

10° irradiated (0,1 Gy) rat thymus €& in 0.2 ml RPHI 1640 medium
iate  LPS (D26 :B6; Difco) in Routiisly, 35 replis

growth and 50 ug/ml E.cob : jon 1.8.11.1.
mn gaction 1. p -

that was supplemented as _o11 concentration. tan;::«t cl;:fl:;:s'd:.rl':
Cu

:I::e ch‘r:l:.res. Were ETTSUE‘“ did contain rat thymus ﬁl];; da: sl
ﬂlg"!.ati:n:;'nta_nm rr?usa1r1;ﬂ g e of IgH stcratlngh:ﬁ 10 PFC above the maximum

yed individually hey yielded more than |

Were scored as positive when LheY es containing rat thymocytes only,

ltur
humber of PFC found In the control €U

described
for each ce
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. nd cut at the upper FhESt. EH‘m-_u,d Wag
e i tiigioh ?anzﬁi:nii;: :E:Enrﬂatubercuilq s‘fring: with : 356G T S/
i c?rdh:ni:al rate 2 or 3 at the left slce of tn:':ﬁ: um.f;-ma o
piriiaiot rntE:t tic tubes (Brand microtest tubes o e, ?? ok
Zollected 1h ﬂ ';'5 ;ftgr clotting, the serum was |sul?ted by sp nning dewn ]
Th:: r:i:ﬁrl.]".::E:t.centriFuga (type Hinifuge) for 10 min at 3000 rpm and a¢ 49
a He

fa] : L,
The isolated serum was placed in a plastic vial and stored at -30°C prig, ‘e
e iso
use.
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Quantitative |g measurements in 5era from mice treal_:ed with D‘
performed by single radial immunnd[ffusraq (SRID). E?ID 15 & Lechnique jp
which a single partner of the antigen-antibody reaction, usually the ap
(Ag), diffuses radially from a small well punched into a gel
stant thickness, while the other partner,
oeen uniformly incorporated into this gel
sidered as diffusing. In othar words,
incorporated into a layer of
identical reservoirs ar wells
delivered an identical
(test-samples) concentr
taining gel, it will g
which will slowly inc
it reaches a final en
time 1s allowed far

EXA were

tigen
layer of con-
usually the antibody (Ab), has

layer and is, therefore, not con-

the precipitating Ab |s homog
agar or agarose gel of uni

are punched into this gel
volume of Ag solution of known (

ation. As the Ag radially diffus
ive rise to a3 digk=

rease in size ynegi]
d=point size which

enegusly |
form thickness, smal] |
» @nd in each well js
standards) or unknown
es into the Ab con-
or ring=shaped Ag-Ab precipitate,

» after a variabla period of time,
does not increase despite further

: . paint and thereafter, there is a
onship betwsen the concentration of Ag intro-
area of the precipitate ring sur-
onship betwean the surface area of

ration in the gel. Thus, at constant
end point of diffusion, there is a

well and the surface
rounding it, and 3 linear inverse relaci
the precipitara ring and the gk concent
Ab concentration in the
linear ralat;

area of the pr i he
th Precipitate ring and t
identical gels varying :n?:h?.: ::ni; the Same amount of Ag, introduced into
end point, precipitars rings whose pcentration, wil yield

sing Ab concentration wiens

v AL diffusion
ly with decrea-

1.8,13.2, Creparasion ef

buffer (Mg,
Heth:rland;]

: of high resajution i

unological | G 3
azide and polyery Y1 diskiljegy, oratories, Tilbyrg, The .
sodium azide IEt Tens gly i ol E”h“q'.r!ntl

\ nd 33
to this S0lutign E PV ye

2 Y, sodium |
Centration of 0.015% '
ke i + Fa i i
Tauina waterbath ang o cSMEration of 1 This seclY: Dry agarose is added :
diit'!]“ M3Ter is aggeq pooo UNtil al) the agar :sp!"?":‘“ is placed in a !
:.: ll: .Eﬂﬂ of agar i, distrip ehlace Josgas due tg cvapy Olved. Afterwards, Li
* VRN be Froge, Ufed over , Mumber of uifi’i'i"“;"g'- G RLek d
5 of 80 m) d store 1
1.8.13.1. ml an
The spoor TB5t0n of g
For a gho Ok solyg; a3 is i
or a sh : on af a EPum &
antjsa, = £ time and g 9ar s disg lved gai
i t din j f1o
ddded the 4 a-rﬂ Iur‘ W tg 5% _;: 4 Dboij INg waterbath
ten, so that pp F?Pprnpr[ate amount of

| na Concentration of
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' i iffer i
solution :“ghf'.“" adied antiserum arf'mﬁédﬁi mﬂﬁmt'

idi u ing. 5t
::n;d;:gdrametergand :T;zr!n; :: 10 ml of the m]“u::u?: put int ;

be checked and adjusted y; horizonta) surface. The horiz ': ? petrl dish
Lo with a spirit leyel (Seh Zental position is
lands) - ut, Greningen, The Nether-

respectively, The agar
Iy as possible, while

1.8.13.4. Materials required g
4 Prepare
To prepare Ag reservoirs ip the gelml‘f
cut into the gel, using a needle

Fill the g reservoirs
Y&F, circular wells are punched

i of 3 m diameter. Th ]
el cut out by the needle are - The small cylinders of
g emoved by suction without rupturing or defor-

ming t|]1|:.- 2:1:: Thet’lm:ﬂr:ant Part of the puncher is that which penetrates into
”'H! S d di 1|:|ar S e iy thin-walled in order to minimize deforma-
tlon anc CYEpIscemant of the gel when the puncher 15 Tonered Ints: ft. Fooe
Ehﬂfi;“‘;“'i :‘;Emgﬂar!‘r' checked faor accuracy and cleanliness .
e wells is filled with 7.5 ul of antigen selution which

| del ivered by means of a Fipetman Gilson pipette (20 3T size). The petrif;Esh
is kept in a strictly horizontal position, until the Ag solution has been
soaked up by the gel, which takes 10-30 min. The plates are kept in a humid
chamber at room temperature,

1.8.13.5. Measurement of the size of the precipitates
~ The ringshaped precipitates which form around the antigen wells grow
in size during a few days, after which no further Tncrease in diameter is
observed. The gels are washed with PES (pH 7.2) in large petri dishes for two
or three days, with several daily changes of the PBS. After drying at room
temperature or at 37 C, the gels are stained for 10-15 min in an agueous
solution containing 0.5 g of Amido Black, 0.25 g thiazine red, 50 ml concen-
trated acetic acid and 450 m] methanol. The background color is removed by
an aqueous solution containing 200 ml of concentrated acetic acid, 1000 mi
methanol and 800 m) distilled water. This is done for 1'?'15 min.

For the measurement of the. precipitin areas, the dishes are placed on
an optical enlarging system and the diameters of the successive precipitin

rings . ally measures two perpendicular diameters of Eh"
e e for slight deviations from cir-

same ring and multiplies them to compensate ‘ :
i i i irculair, suffice Tt to measure one dia-
:u“”w‘ I Sh Ea e 1965) . The data of different anti=

meter and to square it (HMancini et al., 3 : ke
Fig. 12) and a regression line is calculate
b et niod A gt I?s is done with the formula 5=5o+K.Lag

with jt sk leal rameter. Th i i ¥
(Mancing ::a:;gtrggﬁﬁ T which § represents the terminal size of the pre
LA

Cipitate, Cag the amount of antigen, So the intercept (obtained by extra-

: tion) and K the slaope of the lin?.
Polating the curve back :Lz:;: Eu::?::;a{mu} e aTedlscad us the wrTEt

F all BSS-treated contral mice. These

In our experiments i i
metic me bsolute lg lev I iy b
values ”z:ﬂﬂ:n:hﬁg; 18.1 + 1.5 mg/d1, for lgG 603 + 86 mg/dl an q

25 + 3.6 mg/dl. _
1 abulin measwrement_with an_ensyme=linked

1.8.14.  guantitetive imrmunogiofuiiln siesss

i%ﬁéééﬁﬁﬂ JJJJJJJ ALE In sErd fr
Quantitative Ig meBRUERTS muﬂﬂ!ﬂ‘fbﬂnt assay
jevels of the var

Performed with an enzyme=|inked i 1
in Chapter 2, section 2.4.3. Briefly,

adopted to measure mouse serum 19 :
the bottom of Terasaki trays (Greiner

ibed
Details of this methad will be d;“;:::E
dliuted £6iin sanalan ware :o:;e rﬂwashfﬂ'g with Dulbecco's PBS (DPBS) the
NMirtingen, western-Germany). ATEE

om mice treated with CY were
(ELISA}. This assay was

lous classes quantitatively.




&0

120 Antisgrum in 097
x 96 3or
500

@?@ 320

e

™

frga 150
B
a
&
T yma (howr sl

' 3
I.-'"".r.. 4 1
200 L I 2 3 4 onriges
fﬂ# & Referencd gnrigens i ““tlﬂ-lr‘.‘
= o Test somple Faferance Curve
S : 5|;}:|- jooo 1500 2000 E)Pracipialien rana
1Enurrqtn (g5 concentralwn {mgAA00mI] i)
{al

Fig. 1%. Quantitative measurement

of lg concentrations by

different antigen concentrations.
For explanation: see text.

| immunodiFfusion. (a) Time-dependent increase of the preci-
i pitin surfaces. (b) Constructed reference curve. {c) Pre-
E cipitin surfaces at

Q

trays were incubated for 1 hr at 37°C with DPBS-gelatin to coat non-specific
- binding sites. Subsequently the plates were repeatedly washed with DPBS-
- Tween-gelatin and incubated for 1 hr at room temperature with rabbit-anti®
: mouse immunoglobulin (RAM-1g) or isotype-specific antisera of rabbit origih
(RAM-1gM, RAM-1gG and AAH-igh). These antisera were affinity-puri fied and
found to be specific for the respective mouse lg classes according to
immunoelectrophoresis. The antigen-antibody complex in the wells was incl”
bated for 1 hr at 20°C with a protein-A-B-galactosidase conjugate. Bindind
of the detecting antibodies te the sarum | i : bation
with the substrate N-mathylumbell]fervy] g was ~.:I1ﬁua1|zf-.d by an;u‘a-
individual wells of the Terasaki 1I;r:|r':Ir e i 'I:"iunre:sceni:a Il
within 2 min using a scanni ¥s was then guantitatively analyﬁed

i

d'l?ﬁt-!;l voltmeter and 3 dﬂﬁEmTi;Ee::ELETF1””“"”5"f connected to 2

a -

nnrm‘lﬂrr::tﬁzt;?r:: ;Ei.!ﬂﬁﬂ;'f rzf?renu standard of a large poe of
used on each plate (Mink pproximately one-year-gld CEA/RIj mice ¥?
38.5 mg IgM, 210,12 and Benner, 1979) . ]

This F ined
igG1 reference serum contal
"9 1961, 432.8 mg 1962 and 178.8 mg Igh per 100 ml.
Statistics
1.3.1-:-1. General aspesty

UMErgus i i
Iy mmui|a+.1.1;+=:1':*lum”;Iri 5

and many star| _atura! sciences seem g ba _ ad 'noOf
underlying norms| distribugj '5tical procedures are based 20788 cio
gration of the probabiljcy ﬁiﬂﬁ'Thl"' normal distributie 1nndth= ﬂzszmp'n:

nSity function nis derived by !

j

of (a) continuous randem varid

1.8.15,
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(b) the estimates of discrete ranggy o, .

<y dlzeritane. 97 cImetrically dist:li‘J;:h]:L and (c) the relative frequen-

are bel1=shapes and ‘ralrly SYmmetrical i *ed variables. Many distributions

tribution is called the 'normal' o 'G iy FRSPECt to the mean, Such a dis-

a2 standard deviation. The density funr,:?“'m distribution with a mean and

therefore called 'unimc:da]l‘ on reaches enly cne maximum and is

For application of statistics to bi

nolegical data, it is important e

asymﬂlﬂ:tl‘i‘; distribution ['ike'u.l'}'
| quency distribution'.
| One of the problems of statistical
i lack of fitting is due to simple samplin
population of measures from which the
impﬂrtanl:' to give in a single figure some indication of the cEnnral” FEread)
¢F.a sarius Of measurements. Such a figure is called a '‘measure of location'
and the most familiar among the measures of location is the 'arithmetic mean'
If there are N observations of the variable x, they will be denoted by x .
(i=1,2, ...N). The arithmetic mean of % is defined by m_: i

b

ological problems - ~

R » €specially to immu=-

t;:aléf“ ':I"'"“ i data show an extremely
called 'asymmetric continuous fre-

Interference s to know whether this
9 &rrors or to a non-normality of the
samples are taken. In any case, It Is

z
i=1 [1]

which is simply the average value of the sample data.

The 'geometric mean' is another measure of central tendency. It is espe-
efally useful in averaging ratios, percentages and rates of chance. The geo-
metric mean { found by computing the product of the n sample results and then
taking the n root of this product. s 3

The geometric mean will never exceed the il’:thrﬂ!ht n'.ean‘vaiue, Thus for
very nositively skew data, i.e. data which contain a falrly high proportion
of very large values, the geometric mean value is nearer the median than is
t i i =

he a;;:hzg;;str:;:n;f the geometFic mean is that if the r?ﬂdlngﬁ- are 5uvfh that
their logarithm is normally distributed, then log (geometric mean ) = arith-

i B individual readings.
metic mean of the logarithm of the i v sdvocatad vhere the recorded

The use of the geometric mean is usu : .
Teadings :re FFEPDFI?QHE1 to some applied effect. The 9“""!?"”: m?an ;‘tﬂ:!?
applicable if the quantities involved are mj;lasur:: :;t:nF:: :ﬂ:tﬂr‘i;ﬁ :Mi?;hle
such i ithm of the r-E-EdH'Ig EJ‘I: ' : .
Ha“;:?drr{lgs the irﬁ:r;mn Ohe initial readings thm%ﬁ;ugsf When de_E;hnﬁ with
the I&gai?thggag:rthe readings, One should use the arit m:;g:a:f?ffu nn; :ha
final process of converting back Tt lhelﬁctu:lcgz::;ng; the gemetr?c mean

: 2 i wi o ' e
iruth::l:"; mean of "“';" ;"Eir:a‘:é:?is of measurenents has HES :rt:lr::]::r'. e
Usual] 5 ll:u'.*. il uax ress the degree of qarranur; :;Zu:quaﬂ.‘d deui;tinns
mos ¢ I.97 lutores: u;- drgparsinn ie the mean value ©

common measure ©

rom the mean:

N
e )
el




-
|:
&2 k

pservations is usual]

: ' The total number of glrsad? been calculateq 5rub,
which is called waruan;:a; {one parameter) ha:d ipon the assumption of "
tracted by 1, when ;:':rsign re assentially bas

is co
the sample. This

ion by determinin. .
. : pnpulatlnn ¥ Ning the
ed deviation 17 7 i ulation. The
mating the mean and ;h;gﬁ::?:a:n of a samplie friTQ:.lr:H{s.E?? *quary
mean and the iti!ﬂdaz ' called 'standard devia
root of the varianc }
2= m) (3)
| =
e
sD —

; a large number of random samples
In a large Pﬂp‘l-lliil:ﬂf?imﬂi::ifﬂ::?:hun ang these will show arithmeti,
GF cATERIN S350 "?rta “ach other. This variation can be expressed as stan-
means that :}uffal; Lhzmmaﬂ- Generally, however, only one sample representing
ol ey L lation is available., The standard deviation decreases when
if?;?iﬂ?; F;?'ltl:uied. The standard deviation of an indefinitely large popw

lation of measurements divided by the square roaot of E?Etgg?er of observa-
tions minus one, gives the 'standard errer of the mean :

30
N-=1

SEM = (4)

The mean of a number of measurements may only be taken when the given
data express a normal distribution. One may consider the distribution to be
symmetric when =0.5 <Skewness<+ 0.5. The distrib

ution is highly skewed when
tnis value exceeds + 1. As many statistical tests are based on the assumption
of normality, it is often convenjent to

look for ways to transform skewed
data to an approximately normal distriby

: . tion. Three of the mostly used nor-
malizing transformations are the harmonic {100/x.
and the logarithmic (log x.

» the sguare root {‘u"xi}l,
) transformatians, I
. The success of normalization is assessed by the statistic:

E{F.'j — mJa'

—_— (5)
ISDy3

Skewness =

Wk i
=R i:n-l!;:;g:;th:g :::;::;Tatmn is used tg obtain a normal distribu-
nal scale of obstrvations by takiﬁgman €an be transformed back to the origi

My = Eﬁt”ﬂg m'f

(&)

inwhich m is cal led
tha ¢
used ta ux%rg“

SeOmEtric maant
the ma an’ of x, i
&rum titer determ: m_?“ of 2 Number of 1 Ro Thila
5 i’ El'l'ﬂlna:|nn5 b p aque=f
distributed, ' VECause thes

gﬂ'ﬂﬂ'ﬂtriq mean 15 ﬂftEn’
2 d&tﬂ g

orming cal| measuyrements oF

enerally are asymmetrical Y
I
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1.8, 15. 2. Statistical analygig of data for s
cells from Mmiting dilution eul

If B cells are random] Sritoen ol 8
jarge numb?; {E-Q*- %?]Fﬂf Sl |
onding cells F‘E-r_"ﬂ-"- olliows g Poi ':Ir: wells, the number of res-
gﬂtﬂ] number ﬁf mlﬂrnt?lsures is u:u:??: 3Li:r;sﬂtlu?' e Ja tria sjace. the
other hand, the pm:?b'l”—? P that a particular w31=1 :}EU} while, on the
bat :DntEEHE TEEF?H fa cells is very small (p<g,) Fo Qthhls ool
Poisson disStridukion is the 1jmiting distribution of a E: : FlT redsons, the
when n :enqﬁhtntlnflnsty and p to zero. The Pojsson distr?gfi?u d:ﬁtrlbut1ﬂ2
metrical right Lor the third moment is positive) skewed Aices ISULIGH. meaund
the mean when a histogram of al| intege stribution around

i rs (r=.u,1, 2, is eonstructed
it 13 elear that The mean and the variance of a Pai;snn 3;slrihutian ;:En '
the same numerical value when n tends to infinity. The mean number of respon-

ding cells can be calculated from the observed
O e T POTiion frsels preportion of negative cultu-

stributed th roughout a

& o lim (n)pf,q“'f _ I.J_"-E_“ )

r — a

where Fr is the fraction of cultures containing r responding cells, q = 1-p,
v is the mean number of responding cells per well and r is the actual number
of responding cells in a microcul ture well 1,02, 3,6l

The zero term of the Poisson eguation is

Fl.'.l = p~u ':H}

The logarithms of the equation are
InF, = —u (9)

hm of the fraction of nonresponding

which means that the negative Jogar ™t he mean number of responding cells per

cultures is linearly proportional .to t
well,
If the cell input is pfuttﬁ
tive logarithm of the fraction ¥ A
Y-axis, the experimental points ﬂfﬂf”:”:cie?: o
The above equation simplifies 70

d an the x-axis on linear scale and the nega-

sponding cultures (=1n Fo) on the
it fit a straight line.

10
Fﬂ — .E"'II = D.ST { ]

per well is one, 17% of the

i 11s
Thus, when the mean number of responding ce

Wells will remain negative. fal
.. Flgure 13 shows the PIOt & e of the
ated B cells, This is an examP ® L o g ce

3t the level of 0.37 one reads
"esponding 8 cell.

< seine dilution analysis of LPS=-stimu-
Imitl:Eml1ngar]thmic plot. Interpolating
|ls contain, on average, one
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Fig. 13. Limiting dilution culture of B cells. All cultures
coptained a constant number of irradiated thymocytes (7.2 x
107 per culture, The abscissa indicates the input of B cells
per culture (0, 5, 10 or 15 B cells/well). The ordinate indi-
cates the fraction of nonresponding cultures (-1n Fo).

Each point is based on PFC tests from 32 replicate cultures.
An input of about 3 B cells per well yielded 317% negative
cultures in this particular experiment (Lefkovits, 1979).
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2 GENERATION AND MEASUREMEN :
| REMENT OF aNTigop)Es )
51, Introduction

The antibody molecule has evpjve i
recognition and elimination of foreign adnﬂt:;t?;r:{m"wﬁ distinct functions: epitope
immunoglobulin (Ig) molecules, each of which ﬂi.mﬂu‘l||:l-:arl:|!-' activity presides in
unlimited numbt‘r of fysico-chemically differen; . I::ﬁ_itrﬁct With some out of a virtually
exogenous ("foreign or nonsell”) antigens as wel] as Jn:ns (ag). These antigens include
lg-idiotopes (Eichmann, 1978; Jerne, 1984: KBhler :tﬂal':"x\i;ﬂus f"s:lf']-_am:gens, including
of different antibodies (ab) specificities, I"h destroy or :II[im'MD- In spite of the large variety
number of effector mechanisms. To carry out its dual I'un::'m“ ﬁ:lfﬂlE“_ ag by a small
evolved discrete globular domains: one of these domains h[uldin. the antibody molecule has

; ; ag, whereas the others
mediate effector mechanisms (Edelman, 1973). Thus the functional duality of
molecule is reflected in its three-dimensional structure. The u-rganizatiu; i[ ahme 4}
clusters also reflects this duality (Honjo, 1983; Calvert et al., 1984), Z i

A state -E}l‘ humoral immunity to a certain ag is characterized by the presence of
suff icient ab in the I:li::ru-l:l_ to counteract the ag and/or the ability to mediate an accelerated
and increased ab production as compared to a nonimmune state, Since the majority of the
?b produced are released into the blood stream, it is generally assumed that the Ig levels
mn the serum reflect the overall activity of the humoral immune system. The total activity
of all B cell clones together will yield, under normal conditions, a heterogeneous spectrum
of serum Ig molecules.

In disease, however, some disorders of the immune system can lead to imbalanced B
cell activity, which is reflected in excessively high or low serum levels of one or more Ig
(sublclasses (Radl et al,, 1972; Radl et al., 1978). Moreaver, this imbalanced activity can
lead 1o a restriction in serum Ig heterogeneity and the appearance of temporary or
Permanent hﬂ‘l‘ﬂﬂg'ﬂﬂtﬂ'us IE components or ﬂEl‘Iplﬂ[Eil’ll (Radl, L?Tg? Radl er al., 1980).
Excessive production of such compenents is often the result of malignant B cell

iransformation (Mclntyre, 1979). .
Insight into the r:gu]{atjon. of the overall l:lifit;r‘al' the humoral lﬂ_’-lml.ll'll:dsy'sttm
fequires reliable measurement of the normal and the :flsealtd :uncentﬂngn an'u-j "
tlerogeneity of the various Ig classes and :ub:lw_jm in the hlu-?d- Tug_:t er wi &
detﬂrmlmtiﬁn ﬂ[ the numhers .ﬂ.r ah I_ﬂd. Ig, secreting cells :.n‘trlmmﬂ““':l"n“:rm==5urﬂ'mﬂ‘ﬂt
o circulating ab gives insight into the regulation of Ig 51{““‘?515 ?;"h:EE'FP::;n_’lEMH -
3b-induction under normal conditions. Marecover, dﬂt'ﬂ“ﬂ“'ﬂT @ = FM o inﬂ
Relp in the rapid diagnosis and the understanding of the underlying cause
which th is involved. .
In tthlﬂs E:ilalp!.ty:rt::; ?n;::nun the determination ﬂfﬂiﬁ ?;fsl:Eui;sl;?;:Tlfn::rtiha:n;::;tiﬁn
: t
Measurement of circulating ab in the mouse. Applicati ferences quoted for

i &d to the re
ire mentioned jn the various sections. The reader is referr
Urther information.

. 111
w. f. and R.Penner ¥
*) R.» _pathak, Sabbele F cytes”.
b e aTe ko, " Pharacology of L parnacol0gT"
A 'ﬂ'l'l.'llnﬂun; the nEandbook of Experin :
Springer Verlag,Berlin,



t deliberately immunized, by,
. men, that aré no lg levels are Built un
5 e hethar mice of rory Sites. The 18 ; uilt up 5
All Lndmdu:-ls, .w e gprUM and E::ﬁ?m[}r;rﬂi-d argans. In mice, tha mfm'ﬂtr ,;,M
he var:j ) I3 secreting cells vary, together with the
t.mkg.rnunw h the genetic background, T cell function gy
4l 1982b; Hooijkaas et al., I':'Jf-f-l Thlt hr::erimgl of
< cenic load (Benner 8L@L, BI85 2 L eally-defined low molecular weigh
t““nmﬂ:‘lmm::d an ul.mfilter:n} solution of ::;:ic;“f free of exogenous ag like
iiﬁif; made it possible that mice 5;:‘;:;“&::; et al,, 1981; Wostmann et al., 1982),
mi:mnf{misms or food cunﬂﬂuerﬂ Etl:il‘l! cells with completely normal functional )
Nevertheless, these mmshhfi:';:eﬂjmw oe-dependent differences in cell flﬂ_i'ﬂhb'ﬂ'; (Hooijkay
ﬂhnm“‘igi;m;f ??:3; ::n'l 1985)), Moreaver, in these H"lldlf-‘!--r ::‘:E: E‘E::ul?;ﬁhiulr'}:ﬂ-
et al., 1984 1001 s s of B cells is 'com
[ieit [{WHCILEE a : X
became w“r:ml;ﬁ E :f:;‘;::] Ja.l.,. 19843 Coutinho, 1984b), probably n:hcm1 thdldji?;;.t
":““““T‘n.f;.i" o interactions s propounded in the network theory of Jerne ( I ).
“-mfu‘:"hnnmm!'ge are deliberately immunized with thym}ls-dfnﬂﬂ!iﬂﬂtifn}t H:{ 1 ;i‘:;ﬂlﬂl
cells were found, dependent oo the m:tf Efpﬁi?;:::uﬂﬁ n.::.r:g: fmﬁn&uﬂe fmrmw. 1|.Tp-:n.
E“l.ﬂ;ﬂ{;dm:ﬁ:::;?ﬂmfﬁ?; T; ag, the bone r‘rm:mw becomes the major source of
580 v ;
ab-formation, dependent on migration of reactivated memory B cells from Pﬂféphff[f-’f}u
lymphoid organs into the bone marrow (Benner et al.,, 1977). Thy mjli"md'ﬂpﬂ’-"- en i
can also induce ab-secreting cells in the various peripheral lymphoid organs.

Some TI
antigens (e.g. lipopolysaccharides (LPS), hapten- Ficoll conjugates), however,

induce bone
marrow ab formation after primary immunization, while others are oot capable of

inducing
an ab-secrating cell response in the bone marcow at all {(Koch at al., 1982a).
B lymphocytes, the precursors of ab-secreting cells, are destined to produce
Ig-molecules of a unique ag-binding specificity. Matwration of B cells involves ,
ag-indzpendent differentiation from virgin B cells to immunocompetent B cells. In this
largely ununderstood process B cells acquire specific homing and cell-recognition properts,
ag-specific cell surface Ig receptors and eve ntually B cell effector functions.

: In adulc mammaks, the bone MAFTaw |5 the majlﬂ.f sibe of Eﬂﬂtflﬁﬂ'ﬂ of these
hf:g::g;:::p:t:mt Bihrmphm:.-tes that are thought to be derived from pluripotent - f
trmpmmi‘t “.::aE! l: [:DSmII;II.'Id.. Wlﬂﬂ; 'l:'ﬂ-ml:!lﬂd_' Ig-.aﬁhj_ Larse pfe_B {:E“S. :ﬂntﬂlﬂln_!
i ma:km.“;‘:;e Bive rise to small cu* cells that start 1o express IgM together with
PR C3b 1 h‘ﬂ.ﬂn‘gﬂﬂs and Ig‘:‘j Fe feceptors and afrer many hours IED and
el ':ﬁ_ on their cell membrane (Osmand, 1984). Many of the cu* cells ar®
“M_“m““mﬁu ::M positive B cells acquire the capacity, by the process of

Jeske and Capra, |§a¢,_‘¥;ﬂhﬂt‘_‘ﬁ;ﬂf‘."‘“h of other Ig isotypes (Cooper et al., 1980;
13-1udep-:ndm: d“r"l"!ﬂliati.qu. i ik h:mﬂ:;umnmfjthnl B cells I'I'!.;.E,:"E.tﬂ. afrer this he
terminal differentiat: ivated by ag or mitogen to clona ,
Osmond and u""El‘t. I';E.-ﬂ_ tiation to lh—iul:rﬁtms piuma. cells [‘Gimﬂﬂd &L al., [951-
5 lll::;emm“l!* they can give r;

o-called "germj i ¥ B cells by becoming i dina

the B lymoh Teaction’ (Opsteltan 3 oming involved 10 i
tuhs:q: ﬂt Lytes lhit.:m,m“: from the ok nd ﬂimﬂn-l:!, 1983). A large proportion af

ently 1o the white pyip of

the maturation i PO

to the red pulp and
Smond and Eﬂ.“ﬂﬂ., 1934}_ While dﬂlﬂ! 50
Vel Macrophages i

! Paige et al., 1982). The
# usually estimateq by :::? tYPE') ab response.

antitating the serum Ig
ﬁ_—_




§.
It is also known that upan immunizatjon

¢ ag dose, I8 With no binding capac;, Lo ;
th n-Vansanten, 1970; Moticka, 19?::-“: the eliciting ag are “mhefj::dﬁ independent of

(Urbai ns: achmanp
H BER T s e s et al,, :9?4&. The ratio of this so called
Pe-dependent and s greater

L primary mimun repons s oS

whether this 18 cnusgd b‘_l!l' ag non-specific B i condary one (Benner et al., 1982a),
snduction of autoantibodies or anti idiptypje mﬂf;"gf’”“.“". maturation factors or
non-specific Ig production together with the :a-swcl'tt‘i‘m JHll controversial, This

is also reflected in rthﬂ serum ]E rrﬂtrinn {Cﬂunau ¢: ;cl EE;; production upon immuqingiﬂn‘
of serum Ig Ievels_ is not a reliable measure for 1hé e w 1374). Therefore, measurement
immunization. This is all the more true sinee a Subﬁtaﬂﬁm[w 10 produce ag-specific ab upon
ig withdrawn from the circulatory system gt sacretory siti ﬂ;?l:luruu::l of the circulating Ig

The improvement of in vitro culture techpjuge, hutiifni“ Muiswinkel et al., 1979),
allows the analysis of normal B cell development at the cellular ;::::“?;T Bl
conditions Ig production or secretion by B cells can also be measured bu o thul?r
and reliable techniques (sections 2.3. and 2.4, of this chapter) St

. Studies on B cell function in man are mainly restricted to the functional analysis of
peripheral blood mononuclear cells, In man, study of the regulation of the ag-induced
immune response became feasible only after the development of appropriate in vitro culture
techniques and ag-specific plaque-forming cell assays,

Thn:: ontogenic maturation time of the lymphoid system relative to birth differs from
one species 10 another. As measured by the onset of immune responsiveness as well as by
the appearance of peripheral T and B cells, mice develop their immune system just befors
and after birth, whereas humans develop a functional immune system early in gestation. In
man, necnatal B cells express surface IgM, [gG and IgA molecules in adult propartions (Van
Tol et al., 1984) but they have only a limited capacity to produce Ig which, furthermore, is
mainly restricted to IgM (Hayward and Lawton, 1977; Van Tol et al, JIE'EJ:I. It is1nﬂt clear
as yet, whether nepnates lack the appropriate helper T cell signals for isotype-switch or
have a diminished susceptibility for extracellular differentiation and maturation Ingjlzals.
However, at the DNA level the mechanism for gene rearrangement or heavy chain isotype

switching is not defective.

o :
212, Antibodies as diagnostic tools

n of an ag-ab complex is the basic event !_'e;-r a
: [ormation is driven by |h=rmlu—|;lynamn:al
lent bonds involved, this ag-_ab .
logical reaction. Antibodies

[ view as a screening system for B cell

It is well established that the formati
h“}""ﬂfal immunological reaction. This complex
Principles. Together with the nature of the n?n-t"ﬁwimrﬂunﬂ
t0mplex formation suggests the chemical basis _uﬁ DE
can be studied from these immunochemical poin
ctivity in fundamental immunology. : ition properties, can be

lecular recognita iy 3

It i i b, because of their M =T, ir high specificity and
used as éi?::?n-{:: :IE':_I;EE]:]:SatI.:I a variety of F'“"“‘“?EEH ;;r ;;’I';:L l:;:;-gani like glyco- and
the sensitivity of ag-ab complex formation. A Y20 ! whether linked to cells,

be detected, Therefore

H ins and haptens,
{ this ag-ab complex

; hus
: : ptherwise can o
Cieria, latex particles carrier molecules of detection 0
. . on de 2
Many techniques have been designed, all based up food and dairy technology,

. ninical chemistry, :
Ormation, They are applied among OIhers i £ d endocrinology. The

lar biology an :
: : thology, malecu : heir own
Various techni f wh

niques, some 0

i i is 1 fe
ich will gisadvantages. It is important o no
: ¢s and d! sxperience with and
5, sensifivity
that we will discuss in this chapter

dfor applicable.
¥ no means review all the other met
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2. Inducrign of antibody Tor .

N osed by Burnett in 1959 remains one of the Mgt

The clonal selection theory prop unology. When the immune system encounters i
Impocian inisgraticy mmpt:e;:::;?wming the appropriate receptors will be able 1, bing
antigen, only -lmlﬂpzun::;qu:nce intracellular processes are initiated (i s, aftwnti.m].
PRCICURE 30000 A5 & O differentiation,
which can ltad_:; ::“ S{”’i’:’:’:!aﬂ::mim of activation is the cell cycle. ["-'!:ﬂf:t_ﬂf the

25 TH;{EH D+p; |ymphocytes are in a resting state (G- phase), “hibmf_tg 2 low
mature mi[l! ::'E-it and no net DNA synthesis (Chan and Osmond, 1979), Ar:ltwannn
of nT:t;TEI:r:: ;f:mi:';g to a complex process by which the cell, after CORtAct with the
Eﬁ H

stimulting agent, progresses from the G,-phase into the cell cycle (Black er al,, 1980
Herzenberg et al., 1980). ;

15 3

221, Induction of antibody formation in vitro

. ifi polyclonal B call activators
(mitogens) are used, The latter stimulage 3 large proportion of the B ce]] Population and
thus evoke rasponses of sufficient magnitude ¢ permit analysis of membrane related and
intracellular changes, Polyelq i i
gmun-s: Une group of subs

(PWM), lipopolysaccharide
1 Exlla d H ] - hu ddn
"0 the ag recepror are Hnri-immunug .-an and Epstejn.papp virus (EBV), PBA bindi g

g recepir ae oulin antibodies (anyi-1g, e | M; anti-IgD; anti-IgG;
iﬂ:IJ—JdIﬂt]'pD: aq'uhnlimj and vl U5 au Cowan [E:gtmin {sgm]: bacteria
ﬁ.;;;rmanu etal, 197g: Romagnap; et al., 198;- Purk

nd Vitetta, I1980; Yoshizaki et al.,
PBA ang 2§ can ba 5y

the B Cell regpo., T““_dhflivilim Aecording 1y pej, fequire
disvering o s ::ir;dent {T_D]~ and T ce)- independ;m (TD)-PBA and ag can
P (88, PWM, pppy 50 most solgbly prote, 1l tesponse i the presence of T cell
Sumulate B cajye o
cell help jp t:ehnm mi:,m; o O T cells : » EBY ang cei:a?n ai::unt:yiriczl;:gg}- T
hE'|I!EI' T caff and the ME;;EEHI:::I Th':EI"q. an ag rﬂquim ﬂhy:i‘:ﬂl contact of the

. 9B TeCeDIaL of (1. B ; 3 Tecognizey [
hl“ﬂmmpat':hjlit g the :5, Probably bound

Y in which o oohvartz, el{-;-i:;nﬂ eules encoded for by the maiﬂfr
_ | d/or n!;*ﬂ*{ t;; :rlcl:l!_i!‘eratu and differentiate, tsm
o e T e R i,
o BAition of 1y CIPRr T ceylg :;ri?:;“m” nducing factorg .

Ung in Ty i d
or B cej) se
) EOL o tﬂ'ﬂl;_'ruc:;rlaej 'I;_c'e[t Betivatgy ani:]ﬂ;::nlt:ns“ s
Stgps rﬂ_ding from ﬂlftli?::: d:fll'g- Ntiatigy of Euct[rg JII"E:HJ‘J[an cells {-'*LPC,'I' {(Viterra et al.,
e <o In sy Droan Subsege oL i Sy 8 liear ey
. hy %0 memy, Tooi: DESiS and ca division to
1984' I'|'L;]_n5 a ] TII.I:'I-E =
» Kehrl g 41 ) ang ;’1 {ih u:::m_; Ki:hig ':’“‘“”;E gg‘:r; ?nsrdfre[q :!EF”'?
] B2 or p : '€ Studieg | pg ;b i e B
Elone § Dlace jp {.: ; r::_l ANother . E?u;ur;f!friZZEEE: ;’;:ﬂﬂda
 results, py, ¢ : ithm Carly opoc tually Fesulting ;

Inges ; A the generarion of a
Hr:ms:latinn;l Evenre £ CNCEd tronerrimeran nF




inti decrease in th
pscription, 10 2 . the membrap, | .
’ 8D dens
wn that the INCrease in the transcip,; '"ty. Lamson apg
-RNA to 8,-RNA. This shift beging sll-?.:?r“ the ¢, -gene "¢ Roshland (195

. ! | " 18 Accompanied :
::HN*""- is the p“dafm; At RNA in the ac:j:;ti!::l“]; ]:fj? ©XPosure ang wjthji; :;h:;
st e e 5% UPon acivaron wiy 3 our itV 8K slace ber
cells en! o 7=> ‘1), which js 4 : € of anti-1gM restin
expression of r:_tepmrlf for B cell growph factor {Eg??;:: I;?!l’ cell enlargement ::'.n:li
p cell differentiation tactor (BCDF). Upon binging yhis ECDFEF‘“ Rabin et al., 198
the B cell can enter the S-phase (Sidman er 4 1984) and growth promoting
Resting human B cells (G| phase) can pe activated by anti
number of activation markers like the transferr ol

: i 4
the S phase. The activated cells are then Fﬂﬁuuusivﬁ;p;;g}:? ::Tn:‘:n:-u psh:::: h;l‘nr_e ent
auci, 198

One of the characteristics of an activaed B A
IgM. Necessary for the assembly and secretion of :i[:: :n;:: ihﬂ:I? .
J-chain. At 72 hours after initiation of the activation and vet pora . other protein, t

entamer IgM, newly transcribed J-chai Just before the secretion of

P T 18 ¥ chain sequences appear. The secretion of |
of IgM is preceded by a rapid amplification of By= and J-chain RNA, One ,.,a.l';rﬁ" am]
that these events are initiated at the cellular level after B cells have bound nifrn::::;;
factors (e.8., BCDF), which are known to promote B cell differentiation towards an Ig
secreting B blast together with a monokine, IL-1 (Lipsky et al., 1983),

Isotype-specific BCDF have been described for IgE in the rat system (Delespess:
al., 1975}, IgG in the mouse system (Isakson et al., 1982) and IgA in both the mouse
(Kiyono et al., 1982) and human (Mayer et al., 1982) systems.

It is generally accepted that sIgM* B cells give rise to cells that can synthesize o
Ig isotypes still expressing the same specificity and the same idiotype as their ancestor
By this mechanism, called g class
switching or isotype switch, the full range of antibody isotypes can be expressed in
molecules having the same specificity and thus the same idiotype (Gearhart et al., 197
Gearhart, 1982; Hooijkaas et al., 198]; Baumhickel et al., 1982 Alt et al., 1582). The
ching process in known to occur through a complex set of EI-TM and_RN.ﬂ. splicing amw=
recombination events, involving either deletian of the DNA mlter'.ranmg m"l. rEarrangec
?‘Eﬂnﬂ SEquenEE and Ihe nE“rE}l t:pfﬁsﬂd C—Tﬂ‘ﬁiﬂ'ﬂ EE“E, ar IS:IHEF ch":'m't:ld_ ﬂh:haﬂs_
(Obata et al,, 1981: Radbruch and Sablitzky, 1983). The deletion model (Henjo and K=
1978) suggests a sequential isotype or subclass expression after switching, mmpn"d:;
the localization of the heavy chain C-genes in the genome (in humans chromosome

mice chromosome 12). ; ;

A prerequisimlf'm in vitrg growth of normal B I}mﬁph?tb'iiilgic’:;ﬂ'-‘;; :':; fn‘:mlf
culture conditions, which allow every single lymphocyte, ha‘“”’fﬁu of cells. Growth
Slimulated by the PBA employed, to grow and develop S8 % 200 res) and the
Tequires, in addition to RMPI 1640 medium (for moust ET’?;" fetal bovine serum and
Presence of for example the mitogen LP5, grlaw!h-supﬂﬂn;atgthymm T s e
Hse of 3-m=rcap[ne1:hanﬂ!. while for maturation mouse or

1 |!ﬂ

Used (Iscove and Melchers, 1978). Recently, it ]:-'Hi:}r 1.PS (Melchers and Corbel, 1983)—

Prerequisite for the jp vitrg activation of B msp”“‘j ve to LPS and will grow up to 7
jure conditions. Cultures are NOrMall e

Beneral, every third murine splenic B cell is ¢
dividing every 18 hours under these in vilrd :“f - the secretion of 18G or IgA in the
lyzed on day 5 for IgM secretion and op di!l;_ ?'u ﬂcmalﬂﬂn in radig-immuno assay (F.m

the |
eNZIyma._ | : aseay (ELISA) : rs of mouse spleen or ly
¥me-linked immunosorbent assay " ditions: varying numbe ly 6000 per 0.2

We use the following culture mu or bone marrow cells (maxima

Tode - 02m e ok Costar, Cambridge, MA, U=
i iy plates (COStr _155'6.1;-;71” support growth and 50—

drg Cultured ; 3y i ulture e
in 96-well tissue ¢ A rat thymus & H ML —
Ogether with 7.2 x 10% irradiated fgl;bnﬂr;iﬂﬁlh Detroit, MI, USA) in 0.2 mi BEF
B from E, coli (026:B6; Difco

fra

1D secrete pentame;
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icillin (100 IU/ml}, 3trepmm:mi“ (5o
i ramin (4 mM), penici A Sovlidedy 0
ot iuppi:mt;liidﬂgl?"ﬂ? :ud fetal bovine sjer: ;tcﬁ:i-?l}l }E]:elec:ed 202 c;?.n i?; h;:nh .
1-mercaptoethano g Germa_njl' : . d foy ; I::Dq”i
gty G? :}H' ::;E;:;Lmus mitogenic mﬂvny.HCult:rt;R&E incubated ip 4 h“““ﬂlﬁe.; Y
- 4 anau, ;
aptirﬁgl-fr:iumaining 5% CO, at 37C (Heraeus,

; i i
2232, Induction of antibody formation in vivo

hoid organs are involved in antibody fnrmatmn in_viva, ;11‘115 bone Margg
Several 1?I:I't|1” d the “central’ or ‘primary’ lymphoid organs because ¢ ey are .th',

and Ii}ﬁfm”,’ a.rei_':il e hocytes. The bone marrow generates lhE_ immunocompeten; virgin g
o s I:Iu:l ﬂ?—pl' cells, These pre-T cells are generated mdependlent of the Presep,
g mm:1 m huid-urgnn. to which these immarure, 1mmunﬂ-mcumpemnt calls
s FE pte and differentiate into mature immunocompetent T lymphoeyg,
ﬁTa”fi:ﬁﬂ:f T‘LZ?MH}" lymphoid organs like spleen, lymph nodes, the BUt-associany
[GALF;'E} and the bronchus-assoeiated lymphoid tissue {E:—}LT}I provide the architecturs and

M processing apg
. In thesa Organs, therefore, the

ace. Within these peripheral lymphoid
ment can be recognized. Virgin B cells settle predominansly

€ peri-arteriolar lymphoid

2221, Primary vergys s2condary.
Upon Primary antigen in:
[E_ltﬂl B cell blagys ;

¥ies can ba stimulated 1o transform
difTerentiate inpy antibod

: - Lhese B cell blasts proliferate and
F the Qucing plasma ces, During this differentiation the cells
ullary cords of the lymph nodes.
arrow, afig or T nelils do not influence the lymphocyte
. : T AR stimulgy E: P
their FESponse, Th, aﬁ_ﬂ g alion ':"r B cells 38- specific T cells can

® Bive rise tp clgpes of plasma cells,

Aot only by the :

specific immunﬂlnglﬂ#l ’
: ¥ response is characterize

: &

the respg -k E‘_'Ehﬁf rate ang - - RIEF With ag And the ap Production, ab

e ecules apg s higher 3 titers at the peak of

the prj w : ik

Both the 7 5 EBJ:?r:tar}r Te5ponge, Ith 3 highe, affinity for ag than

s erm”“'}lﬂﬂi’ml Memory and such cells
with g |

3 life-spap of severa) weeks o
t -
20 L : = IE ujat];:;eszﬂ i i ":E“S arg rﬂtircuiaﬁng C'EHE. !.l."hl-le
" izsion, 5 of which - I ober and Dilley. 1973), The
'R the foljgy,: 7 Videly wig, the conditions of
T‘.I"IDE of Wlige OWing $eCriong,

i 951 3g requir, icipation of
bﬁh& ﬂ'llrm-q,r TY im R

¥ U5 wa)) Dur; m tion, howe er "% almgg, BJI:-t:Iusj'l.-'El:III [TD)) Upo
urgp of Srum 5 Be ing the . indy

found in spleen and
d :

: VHeDner g al h;ﬂ ldﬂr? FeSponsa r;'is: “lhﬂﬂl'ltjal PFc résponse in the
o | 14), Thisg bone ma'_.m:n:b”:‘armw bﬂﬂﬂmgs the major
\ s




e immigration and the subsequent prolifers
he booster ag 1D the peripheral lymphgiq
presumably the bone marrow lacks ,
jantity or quality of cells required for t
sponses. In cONtrast to mouse bone mar duction of j
fmﬁmmsﬁc of peripheral lymphoid IiH:‘::.Eh: “:“ﬂ bone marrow hag ey
centers (Mieuwenhuis and Opstelten, 19E4), Then:t‘ i
bone MATTOW may not be similarly dependen; upunm' antibody formation j
from the pgm:;har},r, _ an in
Germinal centres arise as discrete s : s
[}'mphﬂid tissues ;Efttr antigenic iIirl:'luIa't:i:_'ut;;il'= :!;1 E:;:Eﬂ'ﬂ;:{ﬁfﬁntmlun in B cell areas of
germinal centres in .hc.a“}r_ chain class switching (Kraal st ai"""' fg!,;u been suggested for
The characteristic kinetics of the PFC response in s [ere:n 2, 1985).
the ab-forming cell response is regulated in sueh a mnn:.r th and bone marrow shows that
organs respond rapidly, but only for g short feriod. wheress t;tcﬂha;n;;er:pheral lymphoid
gtarts slowly, but takes care Iut' a long-lasting massive production of ﬂhn::n-gw ;. espanse
repeatedly challenge Ih:! individual. Thereby the peripheral lymphoid nr;ga.:: wr :_EJ; i
defence to the ¢h?llengtng ag, while the bone marrow provides 3 e, tas:jnp o n;ttﬂ_ ast
against recurrent infections (Tayler and Everett, 1972; Mendelow et al ]ggmﬂ T
In contrast to TD ag, certain thymus-independent (TI) antigens El'ﬁ! -
formation in the bone marrow already during the primary response (Koch et al., 19823
1982¢). The difference in capacity of the various TI ag that we have tested to induce a
PFC response in the bone marrow does not correlate with the subdivision of TI ag into two
classes (TI-1 and TI-2) according to the response they induce in CEA/N mice. These mice
are unable to raise an immune response to TI-2 ag such as DNP-Ficoll, levan, dextran etc.
(Sher et al., 1975). It is thought that TI-2 ag stimulate the more mature B cells that
express [gD, complement receptors, Lyb-3 and Ly-5 surface ag, and predomiantly occur in
the spleen (Huber et al., 1977; Ahmed et al,, 1977). TI-1 ag such as TNP-LPS and

TNP-Brucella abortus stimulate, besides the more mature B cells, a population of less
mature B cells that are also present in the bone marrow (Mond et al,, '1977).

tion of memory B
OTgans (Benper ::tral.
he APDropriate microe
he early Steps in the in

-:]ella that are reactivated by
'E'IH; Koch et al,, 1982h),
OvVIrenment and/Sor the

2.2.2.3. Route of antigen administration . ; o
. Normally, lymphatic tissues are almost cunsmftlr_cnf-'ﬂ}mﬂrﬂ with ag mm}:ﬂﬂmm y
Invasive or indigenous microbes (normal flora qf skin, intestines, etc.) and 'h:ﬁﬂbl 3"&::“"
thf-' hﬂd? b'!‘r inha]aﬁﬂn {'E.E., p]a"t pﬂl!ﬂﬂj}. h_'r' mgt!t:ﬂn I:'f'.n.. rl.‘:.'!'l:ld. dﬂ]ﬂﬂ' El ¥p =
iration of the skin ; foe
grorat ) & g injected into skin (intradermall
For debliberate immunization, immunogens ame “—‘Hﬂ}uzeﬁ*’n‘éing ‘m o W{]um ey ¥
OF subcutaneously (s.c.)) or muscle (intramuscularly (Lm.)) and intravenous (i.v.)
ted and the irritancy of the immunogen. Intraperitoneal (e rticulate ag. Regardless of
niections are also used in experimental work, e w::ht;: bedy via h;m;lha.:'u: and
the route, most ag eventually become distributed tl}rnugh?u vines feeding is effective
Vascular channels. Because most 8g's ”"_degrﬂdelﬂ o th?ﬂﬁejr; Pr.ﬂhﬂhE!-" due to ag that
°nly under special circumstances. AlIErgic responses i can also be performed by aerosol
'ffj“ degradation by intestinal enzymes. Immunization
ddministrat; : , - aining the site of
i Al;r?':::f:ia{:fu??sn:énarally most prominent 10 s ]1::p:gsjf:f:§a:i?}: :|l\-' ngr i.p. booster
immunization, The highest bone marrow PFC response:
Njections (Benner et al., 1977). will fead 10 ab
: Secondary immunization with EI_TD “E_Hm o iv. and
""dependent of the route of primary .'m“:ﬂ;g of 38. s
Priming is effective with relatively high G035 " 0 ce Much [arger amounts ehcit
Every ag has an optimal immunogenic 20 2g, lower amounts €an also cause
high-z0ne mlsrance With TD ag, but not w"':a}_lslafel of an ag influences the
Clerance (Jow-dose tolerance). Also the f lt.laiﬁ'line gamme globulin, r“'-’gﬁ:: ﬁ:']:r;:n:c to
mMunogenicity: aggregated molecules O .0 1 s thus difficult 1@ 17
]mmumﬁ*ﬂjﬂl while monomers are olerogent=

formation in the hr.'rne_ MATFOW
ip. are equally effective; 5.6.



100

) N

i

. : enic, The route pf ad@ms;;lm;ﬂn i
PACHICUIAW 85, SWICh s hsally hﬁhtjg I;:nﬁ:rﬁiugenic when injected intg hssuﬂa'. but to
another detecminant s_nluhlrﬂvls ten i | .
[UAALE wnat I 37. : lex array of overlapping popen,,.

5 igeni NS Ut anweglies ny wyfonch & le. Those to whicp 5, " Ptnd
i o al intzgrity of the native protein molecule. I€h an
upon the :unfnrmttlf?n;iciud by the strictural differences bg;ween_nn 4g and the hasy,
mdwn:luall rﬁpnﬁ Ehns: it bl ot {!eIEESsar:I_}' an inhereny
mf.pmm? !t:: pr-nfein molecule reflecting restricted ant:gemcjf}f or Ilmne.j_f umber of
fl?@i:i iitr.:. As stated above, protein ag therefore, are mqmr;mlﬂgf-sﬁ:ﬁ;z;hﬂn
administered in aggregated than in soluble form. Thus chemica J.rd::i e
malecules (e.g., by glutaraldehyde) and ag-ab complexes, prepared in s g | Eb
usually highly Immunogenic, When, however, the complexes are prepare ina
immunogenicity js greatly reduced, probably because the antigenic determ Lnanml

The level of ab in the serum reflects the balance bctween_ rates of synthes;
degradation. When the rates are equal, the serum ab concentration is :ﬂnrttant (steady
state). The rate of synthegis depends upon the total number of ab producing cells, which
varies enormously with conditions of immunization, By contrast, the rate of degradarion

(expressed as haif- time) is determined by the H chain class; e.g., IgM and IgA usually
have a shorter hzlf life thap I8G molecyles,

Praoteip
BXCags dre
EXCESS thej;

e
T ——

2234, Use of ad juvanrs
Adjuvants gre agents

cellular imMune Fesponse by sim
tan stimulate tf

— S F S

cific mechanisms cap modify the humaora| or

Ot Adjuvants not only

ut, dependent gp the conditions, they can also
£Ct can be ag-specific 3. well

can p a5 non-specific. A large
| ACT a5 3 Juvang and thajr modes of action a va a A
( EEneouys (Borek, 1977: W].-:ilehuuse. 1977- Hilgers ot al., 19§3). ¢ S e

Used were o bacterig] origin that wea
mplete Frayng adj

re themselves good
JUvant (CFA) have 5

strong stimulating )
Eranulopoiesis within

jmm'-lnnﬂmd ularg;

Fariety of Membrans
o Giffereny,; : Fhapgﬂ AN occur dyy; ine. 3 .
18lion a9 mnd:f:-canqn of the ca m=:l;§a:img' Intll:ldln;g the appmmma,,?f
£.. IE i.d:lﬂ-t » Qg ﬂ'l!it['l.'g dirf&r!ﬂﬂs ; ¥ "-"-'-'ﬂl!m wed E:pﬂsure ta en
:M]H[El'lj,l Bk« ¥p

; EXDression gof normal cell
& ma
of altarey 210lipid rapiy; ion of "Cansion of 2 B ceyl line), changes in
A : " O¥ insertigy ; brane

: 12 My A o the cell membr
= Burney 1q : Rivg o N protein synthesis (Orgal

Jrrcrp_nt' et al., 197g. Callarg 198 i
decrease jn 1o lation of : ' ]

cells jg :
Mumber op only Mode . g ! @
VR, tha = OF effegy ce ‘tely impaired with ag
j Marrow of Aged mi.:!“t“"ﬂ of differanyy,: :r : Lis BMeratay P

Price :

o B 4nd Makinodan.

¥ be ape 3 : cell y

v iMmyga . PFOW from apad mred, sin in the ;. .. PreCursg .';:‘I::und In the bone i
EMS it was SUgges

= ' jared
“e (Farray 4 &L“”'lber of differenti

“Apacity 1 Provide the
POpulatjg, Al50 the pumber
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E of cortisone= resistant mature thymocytes dug
pvolution of t]-ill'a ]:hyn.’;? a?er sexual maturatjgy (Tyan, 19

ice high-avidity IgG ant - + 1981),

| f.: tm;j 19765, Thit ?in?j jJI:!1'.|£t!1ll:|':3ﬂ:|1.-'—I'ciln'm:lzig cells p;—ef,'_rintia“ v .

tﬂﬂ-]-d Ak Iy af E15in COntrast to the Notion ¥ cecline during aging
otential is less severely affected by age thap yp, prima hat the secondary immune

Moreover, the response to TD ag is more suscepibje m?’gmtenm (Finger et al, 1972),

235 towards low

of ag declines faster than towards ; :
MI: was shown iq non intentionally 1mﬂ1u:?f:; Lz.’g:' :mi Makinodan, 1972).
containing cytoplasmice immunoglobulins (C-Te) Eummedl at the total number of cells
mesenteric lymph nodes and Peyer's patches did not chanes b s, 220€ Marrow,
contrast to the relative contribution of the diffaran [Fmﬁi;lngmmahly during aging, in
(Hazijman et al., 1977; Haaijman and Hijmans, 1978). The maar o ey O
mice was localized in the spleen, whereas in mice older than :in rlnz nm'l?-gi: cells in young
predominant site was the bone marrow. Comparative studies with athymic o) ai
revealed that the differential role of spleen and bone marrow :tm-ing:: in {ﬂ: o
dependent on the presence of a functional thymus while the class distrbuson of G
cells does (Haaijman et al., 1979). Ideally, the total number of Ig-producing cells in :ﬁe
warious Iymp?m:d organs should correlate with the Ig concentration in the serum. In man
such correlations have been reported for the various Ig classes and subclasses (Hijmans
1975; Turesson, 1976). In these studies Ig-producing cells were enumerated by immunnl-
flaorescence. In mice, similar studies, also with immunoflucrescence did not reveal a simple
linear correlation. During aging in normal mice a slow increase of background C-Ig positive
cells was found (Van Oudenaren et al.,, 1981). However, the number of Ig-secreting celis
increases more rapidly (Benner et al,, 1982a), leading to a change in the ratio between the
number of Ig-producing cells found in the protein A plagque assay and by immuno-
fluorescence, The underlying cause of these discrepancies it probably that in
immunoflucrescence only plasma blasts and plasma cells can be identified with certainty.
However, earlier stapes of the plasmacytic series are also able to produce and secrete Ig,
and thus are able to cause plagues (Melchers and Andersson, 1973, 19?4?). :

The number of Ig-producing cells per organ depends on age. During the first week of
life of mice almost only IgM sgl::rﬂ[ing cells are found. At 14 Wli:hﬂ- of age the number of
IE-HcmﬂnE cells reaches a maximum in lymph nodes and Peyer's patches and then

dEEI’EiS..Es Emdually_ Hn.wu‘rer. the number af IE—HE;EI;F;D:E cells in the bone marrow
i ' et al., 198.2a).
Increases constantly throughout life (Benner levels in the aging human and laboratory

Qualitative aspacts concerning serum Ig : i
animal population s];uw an increase of the average ":Dnch:;:E Lgruigﬁ;zﬁfﬁi ).
those of IgM and 1gD show a (generally n::nnsulgmj' jcant) e.':r‘II el oas e
Int"-'ﬂiﬁd levels of IEG]. and IEG:'I' subclasses 10 ‘!"Dhl-l'.ljt'uﬁ ﬁﬂgztpm-\ﬁd to voung adult
o be responsible for the elevated values of ll&iiffbcﬁ;:;:fﬂid not seem to contribute
controls (Radl et al., 1975). The IgG2 and 13 on of 183G in the aged. Increased variations

substantially to the increased total concentrali lly found in both human
5 3 . gl ¢ were generally
ang 8¢ among the Ig levels of mﬁﬂem.::dpj;::-‘:wtjhzrerar:. selective (Radl, 1981). In old -

i0d mouse species, T -related chang : jciencies at the B cell as
pecies, The age-réela . d immunedelicien
. . tegns and i = 5
%€t the occurrence of autoantibodies, paﬁrpfﬂml}- due to a selective effect influenced by

el a5 T cell level can occur. This is mos
Benetic facrars,

nes wj
With age together with 4 Progressive

- Tu rl
. tinn af the c&
23, £ 4 in 5&

E. . s
3.1, Preparation of cell suspensions performed at the

in different organs can be

Ee[lu]ThE analysis of antibody I:-'md::;';gzlmﬂt 4 i vitre conditions.
ar level under normal jn vi¥d



LN

192

: iques far Ig Secregj,
detection technique ; 0 g
UaRtly. used i N2 of mice 4
Before describing I?anﬂ?;ﬁ?mﬂﬂnsinni from It ?:: r:::zdnﬂrgﬁdures For rh: G g, For
shall discuss :::z rm::::i:ig cell activiry Ethm :s:;::'ra}r of a5 many viab[a IE‘EEETEEinE celly
wating the I3- . low the re A s
g:::::”m i mflfnlstl?lr'l:c;:[ﬂzle procedure that, in our hands, Bives the peg, Tesuly
2 B 1 1
as possibie. Balow w :
i ans of mice ] . .
Cell suspensions from jmﬂ'}“ﬂld org ilbe 63 hemn described in detaj;
Illlllﬁ reparation of cell suspensions from
ep

jrl SEEHIZIH,
.84, of Chapter 1 of this thesis.

: rigin : | :

23.1.2. Cell suspensigns ‘?f_]“,‘“"“ e d les are obtained while ﬂﬂ“cﬂ.stu-na_ljy
- eripheral blood samp ¢ on;

Most If rmu:;;rﬁ?g;flﬂﬁiuit ;armw or lymph nodes are avaliabe.h:ﬁ.freti mmcr:ng
samples uffﬁ'ﬁﬂﬁnrﬂ ind aspiration of (he cells through a needle ar flys :ing 'tm“g a
:T:;I?nﬁg Filter with 100 Hm openings, mononuclear cells are collected by density

entrifugation .

:; Fij-':aliFaqu: (density « | g77 g/cm Pharmacia, Uppsala, S\Tredun}. Befo

re use in gpa of
the varigys immuuu—a&ﬂjﬁi the cells have g be washed thres
. )

times jn 5 balanced salt

232 1 An tihnd:.-—ur:n:ting cell assays N

The objective of hemolyje Plague a5ays s 1o tNumerate gpng study individya|
ab-secreting cells, Especially ip Situatip where only a few qof fuch cells ara present
4M0ng many cajg that ntibod;

For example using tha plague assay as

b SeCreting plagy forming cells (PFc ‘an be detecreq within g
o oulation of g Is. Th Y is very usefy| 4ring the early phasa
the immyp, ‘tiponse afpar 4 Prim Anfigenic g ulus apng jp Aempts to induca
ntbody for tion
The origing Jerne.- direcy
Antibodimg that hip d::ep:nin:?t: Ijml!h s Bl cells Which socrnte IgM
Erythrocy SRE erne ang py

; <t l?ﬁ?rw red blppg cells, Usually sheep ’
. and Nordjp_ : Tep ; : inants ma
be Tatural]y SCturring ed blggg cell Surface ag urn;:: EI" IE'-ﬁEh} . e i
N et al, |g94 Is -

: terminane artjfiv:ia]lf coupled to the
B SeCreting ANtibodjag of 3 (sub)e ather than
* 3 be de; ? ass
has to pe Idded g4 o this ceEay, Erefore rabhjg

2b specifie far thag Ig (sub)class
d oreis, 19635)

Eﬂ{thﬂd}r gpmifici k - P i cel r-i.:l
3 hemge,: ty { ckeroyng I8 secreting
1< determip, 1500y pe s e E""m?.-‘n” y e Two StEms haye wainly been developed
Dray, 1974 Moling el al, 1978) ang 1: celly; 'IJ“ Feverge laque assay (Molinare and
th are com letely g, nden; £

Paque 553y Gronowijez et al., [976).-

p‘El’lﬂE& af atlti—! : :

: L v B antih

With the 3nribgqy m;;" *I%8 plagye BIAY (5a0 hodjeg

- : On the surface ﬂz the
: \ - =< the 5p are direcy] coate
: Protein 5 : L
ibottic, Y, Oating the 1y : Plague Asay (¢ g e
Antibod e, of the : r;g:;]mmr_- _'ﬂ'f Protein 4 ,-C[Ec?:[r; 2'3'2'” this :jsd?zgﬂ of
he et 128 i 3. 8h bingioe ety g gyl A, by the a
antj ; : : :
o srum, o Peeificity op e developing
Ml it jg thoy Plausible ppyar these

. for which a e
[ sr:re:jg - hepato-
1 Malytie Bl o af albumin by
Fensicg of 1a

c-'he an quq,'n Iymphe:
2eibary Are MY iy 1 iR, Mphaig
”}t lymphgiq ca & (1568 Propog, 2o in g

cells together
ed | Agar gaj
Nymg s Lar il : o E
“aYery in Se3leg Cham

: Cunningham (1963

¢ Originaj 55y by

Sdium Withaut Supporting
Y& ang ripid for the
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« Onl 5 ;
¥ requirement is that the red cells be coate
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on of PFC and therefn

:numerati 0 : :
in this thesis,

: reé used i ;
gescribed routinely throughoy,

the differen, Plague assays

23.2.1. Protein A plaque assay
1g secreting cells can be agsa

. yed .

Gronowicz et al. (1976) and modified 5}:’ {'J;;hSTIHE plaque assay a5 4

i i ude escribed by

extensively fziescribed in section 1.8.7. of naren et al (19 :
Since 115 introduction, the ﬂ'fﬂte:ix? AC:I;T::: ;5_:: 1!!;1'.1. thﬂﬁ: 81). This assay has been
¥ has hesp

the detection of Ig-secreting cells o |
al,, 1979; Smith et al., 1979; Hamm:::‘t:;:rbz?ﬂ”f Tg;gi;:s incly

succesfully empla
. yed f
ding man (Hammerstrim ;r

2.3.2.2. Reverse plaque aszsay
Contaminating Ig molecules ;
€5 in the puines ni
s reverse plaque assays, reduces the rn.u'xjfl;uerE--.:;ll‘r::'!E complement used for protein A as well
inhibition of the binding of the specific rath; plaques and their size by competitive e
target SRBC. For the protein A pi i Ianu-ls molecules via the proge;
chromutography oF the guines pi.gf:qnur: i;-ﬁajf this problem can be overcome by :I'EEE“ the
Oudenaren et &1, 1981), Piement on & protein A-Sepharose column {vagr
in the reverse plague assa
x o ; ¥, developed by Molin
Ea.:ed w:t];ranulhodmgl using the chromium chlﬂlidEI::xE?:d 3:;‘ (1974), SRBC are directly
= a;:uter | j this thes:lsl- This assay is based upan dirfu;i.ang.:.f th Tﬂ APRE Westion. LY. 0f
e et ot s ) o i KA v 1 S s
molysis occurs around the cells iti : it

d : : upon addition of a rabb: =
h';:::cilﬁil‘:g antiserum m.-‘td complement. The method, essentially hein;t : ?::tn:iﬁz:?j;ﬁ of
iy s 511:1.514_.'. radial immunodiffusion assay, has the same incubation of 48 hrs but a
I-'-"Jiqu; s-i?:“”i" (0.1 pg/ml compared 1o 100 pg,-fml}. Ig-secreting cells form hemolytic
g ['l;:l pendent of the antibody specificity of the secreted Ig. This astay can therefore
allot plied 1o enumerate subpopulations of Ig-secreting cells on the basis of the isotype

l"lj'l_ﬂhﬂr :de}rpe they secrete (Molinaro et al., 1978). F
i :rprul:efn A ?Iaquu assay, however, 5 more !?mnnm_jc_al s.i““ it réquires a smaller
agtic} Ta J:t:r-a.nu-lg antibodies. Moreover, affinity purification of the developing
s gFanubud,ﬁ, required in the reverse plague assay, is not necessary in the protein A

¥. Furthermore, the same batch of protein A-coated SRBC can be used to enumerate

Ig- . . : ;
B-secreting cells in cell suspensions obtained from different species.

2-3'2'3,']'. Antigen specific plague assays : -
ant; I.:"‘ plague-forming cell assay can be adapted to the detection arf cells forming
ibodies 10 ag like proteins, polypeptides, polysaccharides and a variety of haptens. The
: d to exhibit an adequate density of ag
red cells or altering their

red cells are used: the chemical

he red cells, or the
jugated to anti-erythrocyte
activity, This is most
ti-red cell antibodies,
of complement, have

5:;::”1-_1:;:!:5 without causing excessive fragility of the
p[lhlht? to l!l"iiﬁ b}" tampiEmEﬂ[. I
ali'l::-r.:.;Lr.;w':I Eeneral approaches 10 u:::'upllr_Lg determinants :nl
imm ! where the ag or haptens aré directly coupled to
Unological approach where proteins or haptens are €on
by virtue of their ab

inlibad;a s

dies which then attach to red cells

Eetively acco i i anavalent Fab fragments of an
mplished by using m:hgmscivﬂ yse in the presence

Suey 4
“onjugates, th b
been 4 Igates, that should not bY : warner, 1971).
escribed (Strausbauch et al., ]9?3;'] :-'!;::L; ilﬂ:t only antibodies detected are of the

In the _ : I -
TEM ¢ above described direct plagh®, oy B ah in complement
; BS%. g ‘hodies are not & icien & .
h‘“djng ® sr::;qa!tgﬁ, IIIEIIA :_mdnigf; HI;:':;.S: experimental conditions. To d]'?‘;ﬂll:,h:ﬁ: ?;:;Td]“
of non-lgh jsu:}f:ecihe :;::.If :a]ch indirect plagque assay o be applied.
: [ic rabbit qniiserum 15 @

has to . ]
Asay d, which will bind to antibody
180 1gG-, Iga- or IgE-speci
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ension and bound to the indieapg,
ed by the cell susp ; ibodies 3

of the relevant 18 c![:: 5;::;;:: antibodies cr-:rsshnhk th: ;E::‘;:ﬁ ?::E‘f“smce :gnﬂz?:em:e

. The ¢ inding and henc i, Ct
erythrocytes : lement binding "facil X
conditions for efficient F"Lﬂ;mial to note that the number of 51:_:31 F::;; l:lal:edb or
plagues will develop, it 15 esse le be determined by Eubth’i‘ﬂlﬂE‘ rom umbar of Plagy,
'indirect’ plaques can in princip f plaques obtained in its absence
indirec ith the antiserum, the number of p . i 45 well 5s & Number o
dutlimhj:“ ction an éxample of a protein-antigen specific 5]

n this se . .

hapten-specific plaque assays will be given.

in plaque assays
i aptens to target cells for use in p
3_3.23'_.1[. E:?ﬂgui r.|I-nmp3.r be linked directly to the erythrocyte surface or pe a
h :en-:ﬁﬂtein conjugate which is especially useful o space out the haptenic 2
u:::n the coupling conditions are damaging to the re-;_i f:!Ell membrane,

The widely used nitro-phenyl derivatives I,bdllmtmphenyl (DNP) and
1,4,6-trinitrophenyl (TNP) are completely cross-reactive, Frell'era]:fi;.r. .
SI'?.:E by using water-soluble trinitrophenyl benzene sulphonic acid (TNBS) as the active
farm, essentially as described by Rittenberg and Prag (1?69,}. Briefly,
(Eastman Kodak Co., Rochester, NY, USA) is dissolved in 4 ml Na-cacodylate buffar (0.23

M, pH 6.9¥BDH Chemicals Ltd., Poole, UK), Together with | m] washed, packed SRBC, the
mixture ig wrapped in foil and incubated for 10 min at room temperature on g rotor.

Subsequently, the cells are wathed two times in glycyl-glycin (0.05 M in BSS) and then twy
times in BSS. Cells are resuspended w 17% (v/v) in Bsg When 3 mg of TNBS is used For

=oupling to | m SRBC, ¢ instead of TNP30-SRBC in the

ttached 5,
roup or

ells are referpad to as TNP3-SRBC
abave described protocal,

Cther nitrophenyl derivatives ks 4=h}'dl‘ﬂ13’—5—[ﬂdﬂ—3
4~hr'ﬂmx1-'-3,5-—diniunpheu:~'! (NNF) are Coupled to SRBC by adding €.8. 0.4 or 4 mg and 0.2
nrlﬁ_lr_nts nfrthr. hapten ;u-:cmimide active sgperg {Bins&an:h, San Rafae] CA, USA) per
Milhhter of washed ap packed SRBC. t -SRBC,
NIP,-SRa, NNP, SR The coated cejs are referred tg a5 NIP; (~SRBC

and NNP,-SR. C, respective] i
es5entially a5 described by Pohli i e rely. This

lit et al, (] mild coupling procedure is
etal ‘
carhnnate—hicarbﬂnatt buffer (.12 M, '[H'il".l"i]! SRBC (1 ml) are resuspended in 10 mi

the esters is ag follows; t‘n; t
a2~ SRBC 35p lof a4 mg m
Jt.im“[ of 2 40 mg/m) and for Npp ?mu ul of a ’LI mg/ml solution

—nitmpheny[ {NIP) or

40 min at room temperaturs

. ne and BSS (2 times) and finally
"% solutign (Hooijkaas o al., 1983, 1983),
1-3--1-3’;1- Coupling op protej '

depeng i € in plaque gg54
m:!? *0T fysis it 4 5senti| that | “IE‘_*E cells far use in complement
n E;t l:-n:vcedure for Coating red cef - CPtima| sensi:iyiw are produced, The
Elobulig (Koeh gngq B ells with Proteins |ixs B ; i
According 19 the e, 1982), 08 that magp,- Valbumine and chicken gamm
: : 5
Hapigd Procedurg i, whig d‘?:rlbed ¥ Lold 5

berg (19 Iy as coupling ngtﬂtd ’
feran; for 8 (1967). We ly describe
Withip TOteing § . recently des
CICly 25ty g, T UL [Saveligy 'k proge

- A0 ovalhy led w0
. al,, syp ; Um:in can be coup
More reprog ﬁf:mg SEEAL by itted), This

: ess Procedure s 3150 based upon
{(Perucey et al, J*:'JEEI-E ling Matios g El'ltlill]:l De Prepareq Shly in ordar to give
Truffy.g | angd d:::t > | 19 H;::I:Eg :;“,::ut‘““ that are routinely used
hi . YR 1980y ' ran o s .

Fpm!:ej;;ga or .;...,,II 'y in Saline ( : i i;rtFwashe Four ::n:: {159 7;1111.1?5:':3: ”EJ ii?f}] vel

i AWoumin jy 00 = - For coypy; ' X I
:::1‘; “F”d \Mubated oy 4 ::i;';m" (1l mg M) ang | ;I'rgf' T washeq packed SRBC, | m
ar ﬁm[ C ' saline are addeg L room e Peratyra 3 1N 3aling (1 mg/ml)} are

i F'““F- he cejie w endy, 2 vol

the cejyg - S queny),, 1% fetal calf
re & washeq : . : .
'Eluspmued in Bsg and u:‘e:::h:i:}?fl:tiﬁ: 1 umres for 5 “"_T
\ THerE o
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ical aspects of plaque form:
32.4. Practica 2qUe forming cg)
= The s:jmfl;f?‘_ 31’;”;“;;‘;’: :;Elfﬂa,tma red cells with protejns (51 :
'jlzll;’;l;in s the use of CrCl ];1-:::01{3'?&} (section 2.3.3.3 ) an::l I::;T::“ foonticai
p ' e - ing to B NE requirj
berg (1967). The coupling conditiong :ha:hlt me:h.;.{_[ described by Gold aru;;ﬂ“E =

should : : 0sphate ; ;
be excluded from the mixture ungj] coupling hﬂspbb:: iﬂ:p‘aﬁm

sRBC, the volume of CrCly solution may differ pyy the final
cell must be IcepF constant. The same holds true for
For mysterious reasons, usually gpe -
e T ok ﬂlt:rmti?t}lm-f{hdqéﬂwész ?r I:f:icla have 1o be used for the
reproducible coupling. Moreover, by prewashing the ,;:;5 :;np; Elpm'i CrCly solution for
the coupling 'fime can be decreased to 4 minures, Stopping the ri?c::'m“bmth > qu],
1% FCS snln.?unn prevents clumping of the cells, which is a well km;:l:u p};ntr:mlf'mwm; ;
CrCl; coupling method. TR
Most important, optimal conditions for sensitization of red cel i i
| hemagglutination and reverse plague assays is inadequate for p!aqueli;:];:ts,ussgﬁfl:[]hfﬁ;ve |
' alow density of determinants so that the rate of attachment of the seereted ab to red
I cells is oo low to cause a plaque. Dependency on a high degree of coupling varies with
' the stage of the immune response (the affinity of the ab) and the Tg ¢lass of the PFC.
Other protein coupling procedures, e.g. with carbodimide, benzidine and benzoquinone
| (Ternynck and Avrameas, 1976; Dresser, 1978) will not be discussed here.
- Inhibition of plaque formation by free ag or hapten confirms the specificity of the
plaques. The avidity of the ab produced by the PFC can be analyzed by measuring this
inhibition: high avidity ab plaque formation is inhibited by lower concentrations of free ag
or hapten than plaque formation by low avidity ab (Jerne et al. 1974; Fazekas de 5t.Groth,
1979),
- Optimal hemolytic plaque formation requires carefully controlled reagents and
conditions. A batch of SRBC should be selected on the basis of a low autohemolytic
activity. Most batches of guinea pig complement are most :I'f't!:uve at 2 1:20 final dilution
of fresh serum or a 1:10 dilution after passage of the guinea pig complement Hugh s

Protein A-Sepharose column. :

SRBC in Alsever's solution should be aged for one 10 three wfﬂ' :mmt; ';‘J::E:]; :;cllls;::ﬂe
less susceptible to lysis while older cells are excessively fragile. The ﬁ:ﬂa;in A coated SRBC
concentration is 2%, thus 17 pl of a 17% (v/v) suspension of ag or pr

Per 147 pl incubari 1xture,

P“'JUI::EEEI inh-:atzﬂ:ig::xﬂmas till 4-5 hrs do “*.amﬂ Emu:;;?iﬁh}fﬁ?bﬂi i:.:‘:?:]']i
Provided the guinea pig complement and developing raboil aove antibodies that can lyse
absorbed with the target-type red blood cells in order 1@ rem 137 and 40°C appro-
the whale monolayer of target red blood cells. Al -mn;]wmtemlﬂﬂﬁf““ cause 4
Ximately the same numbers of plaques are found, while lower

:"d'ﬂttian in plague numbers. 2 o
True plaques must fulfill the rnllm'l’ll;lﬂ ;:Ll:féﬂd}"-relusins cell in the centre of 3
Itroscopic examination must reveal the es.

Plague and not tissue fragments that cause false ptaquﬁm of lysed SRBC _should be

: 1OWard the periphery of a plaque @ dilunng—n“; :, to all target red

'H|:.i1;.JE1 since the concentration of ab hecomes (o0 10

ike air bubbles.

“ells in th
at area. y
—edged lik EvEr
®) Plaques should be round and not sharp-€ds ne red cell mono  [ayer 15 &

: result of
S} Plagues are never totally clear, that 1% e a];:s’i;::ﬂ non-
Dml:llq_:tgl Fully transparant, clear plaques o r
“E":_E’:Tlﬂl activity, since the described P e
8 condi '
ditions. the Cunningham

¥ cﬂunling af H
; the plaques in A€ conven
P immsad siil i «fens the incubation. The

h "stop' the reaction, should
ed. For a given number of

al concentration of CrCj per
the desired prowein to be l:cl'llpiead.

cause lysis of

: onolayer are
- ;’l—: are essentially perfo

y is preferably

assa
plagque o be counted per

5. r
I]qltld laye of pjaquﬂ

; ange
dnﬂ jent rang
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e the counts are less relizble. F!ague: T:s Ebe COuntey
. 1 1'-l|-'| : = i | 3 ' o 1 : H
e 4 306150, Dutside I“:‘;h mgﬂ end dark {ield illumination usxh En g Z Ing mijc -
Undie: jo magTLitiEanon Hﬁm ion of the number of plaques in Eaicbut fu!lmfs a PIl sl 3
i =v gdistribut . T, ma I
The m""‘.'“n;;-d;wm a single cell population 5 not Imr| to the total nump il

siiges contaming Fri har the ssimare of variance 15 equal to : gt
gistribution. Tm;f:;ianu of the square root of the plaque count or its 2 3D ra
nlagues sounted,

F Be
the 55% Poisson confidence range associated with a plaque coung of 10 i
5+ |, Thus :

: ? (=121). In these circumstances it is necessary to Fralculare the
it gl ng Rl i tof a group of animal
J i means of the dama. However, in the event ¢ | Seson
ieiﬁ;]mndﬂrs the arithmetic mean calculated from the whole gr up :
::ﬁmximminn ;l:l- the mzan response of responders than the geomeatric m
i E
? :H“ plague counts are expressed sither as PFC per whole 0rgan or as FFCL per 10
viable nucleatzd cells. This can easily be done for spleen and lymph nodes, with a sample

trom @ cell suspension made from the whale organ. But for the tora] bqne ma."”“' of a
mouse this is not feasible, Since the bone marrow from femurs can easily be isolated, 3
conversion factor has besp determined; the PFC response of the total bone marrow of a
mouse can be calculated to be 7.94 times the response by the bone marrow from two
femurs (Benner at al, 1981,

If the samples are taken From cultures, then
per culture, per |6 input

-

5 involving 50me
Il give closer
an (Jerna gt al,

the number of PEC may be  expressed
cells, or per 10% recovered viable calls,

the quality and quantity of  antibodjes
reteased: cells secreting high-affinity ab wiy Produce smal ler plaques than low affinity
20, iven the same numper o “ecreted per unit of time, The smallest
ponding to the angular resolution of the

§ determinants on the indicator
ds to mtuﬂ Plaques by a givag number of ab
ductiog " 09~ Secreting cel] (the number of ab molecules
“ell per unip of tlT} determines the gize of the plaque, This might be related
: :«::lmt“ usually larg, Plaques are foung when tested for
Plaques for [g TSECTRLIng cells and smaj] plaques for

humoral immyna r df : pio he
| E500ngs 4 °F ®valuating the kinetics of t
E:yﬂm uzn; of B-lymnh od the re“'““;‘:; Mechanismg underi}ringlgfn[it‘iraltiqn and
W0 L3248 srvera : imiragie. CTELAR ca)ls.
antigens_ *ral inhereny jim Ltiong s tll. These

n th . as5ays have, as outlined in
£ assay js Applied 1o s0luble protein
8 0nIQ the Hrget rag e 3=0erally been 2530¢ a; :
Iysability of diffaran, ":&:::'-.;,f Gl LTI he 2d wi S W
the Fﬂl'l'l.'lalinn af Girase o of

| = B "r'l. 5 un tEIEE!I red ‘:EI.]S 'In"E.I'iab-l'E
g h.i e i r) 'nEE. 5 CEria; ]

F‘E‘EJ’I _!I" mﬂﬂ'.l‘_'ii" % --"ﬂ 1...‘ ﬁgi.! i I|'|: alﬂl}' abn

ul‘"':"':ﬂ”l.]]r_",ﬂ e - l:"g"u. e ¥ o

Ul the isotype involved in
1 =

FRACES (Samprr 222 in whi h the hoTHate the b molecules secreted.
E:llitEI:S. 1923 ok 983; Cterif:?s ddsorba g Onto polystyrene or

* et al, |9g3; Moore and
ey » Holt a4 PI 986).
Mmg : Ozza, |
—etd in hr:lrilﬂéilnmmmhsn‘“iri': focus of the Ig
" enzy I::':trsam;":-”'r the addition of the
Visible ;pm Barose which yields an

OIS of g;rp i d

i ¥ €rent size an

© B thit £ j5poy 0 10tal B-secreting cqiyg of a
Asay Using Protein A coared

Ateg g SSO8Wick apg
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hate buf!’eret:f saline (pH 1.2 PBS) in | .
h_r“::sn':nrpmtes (Titertek, Flow, Irvige, Scntlggd‘;l per well ¢

i ' for | hy g
ce times with PBS and subsequently the remair: |
;Jhl;s containing 1% BSA (Boseral, Organgq T;::;mnsﬂiiuﬁ

ned one time with PBS-BSA containip
jestern-Germany). After drying, the s E;ES:DEEEHI_M
washed two times with PBS and diluted in PBS-BsA oy pgg
densities must be determined critically by tebling oy d_ﬂ.
10? cells per ml. These cell suspensions are incubated a1 ; !‘f
;m.:ubitiﬂ“ times can be quiunged till 16 hrs @t £ by w::-r:.;
Cells are then resuspended in culture medjum containing BS,
55 -[;‘D:-atmﬁll'h!.l're. Cells are discarded by flicking the plat
0.05% Tween-20 in distilled water to lyse the remaining ﬂ”;
washed thoroughly with PBS-BSA-Tween for 2 hrs ar 37%
conjugate. Conjugates can be prepared according to Kearney
enzyme alkaline phosphatase to specific affinity purifisd ann

The plates are washed three times in PBS-BSA-Tween |
i ndded.ﬁThc suhstratel buffer is prepared as follows: 150 mg
X-405 (Sigma, St. Louis, USA) and 1.0 g sodium azide are dj
distilled water and %5.8 ml 2- amino-2-methyl-1-propanal (4
stirring. Distilled water is added to about 90% of the final vo
10.25 with concentrated HCL. The solution is left overnight at
Distilled water 15 then added to bring the volume to 1.0 | and
A 2.3 mM solution of the substrate
j-bromo-4-chloro-3=indolyl phosphate {(5-BCIP; Sigma, 5t Li
AMPF buffer in a light-protected bottle and the substrate is fi
pm about an hr after preparation to sterilize and to remove 2
solution should then be stored at 4 C in the dark.

For use in the assay the substrate is mixed with agarose.
agarose (Type I; Sigma, St. Louis, USA) is prepared in 'ﬁﬁ““"
zliquots and stored at 4°C, On the day of assay, | aliquot is he
is liquified, it is cooled to 40°C at which temperature the subs
forewarmed. Subsequently a mixture of 12 ml substrate and 3
#l of this is immediately added to each well of the plate, and
After S min, when the mixture is hardened, the plates are Clos
ag ].?:t‘ until the blue dots, each Fﬂpr,gggniins E:I'.IIEE secréling <
|'|'.|j.l'|.}, Spﬂtﬂ can be Eﬂjil}’ El:.‘lIJI.'I.IEd over a Ijghl ]'!'IH.'.FCISCU']:'E E_I:II.I.
(Beleo Glas Inc., Vineland, U.S.A.). Critical points to note i
,h The filtration of the substrate solution to avoid the occur
4Dowve the a arose fsolid-phase jntar!'ﬂ':E- : i =
= The Hdﬁitinn II:::f i pll'::}leill (like BSA) in all washing and &
high number of small "false’ spots.

The avoidance of cell movement
n'lﬂ"-"‘ﬂﬂ'_lﬂn[. aof the agarose dllTiﬂ-E EFE'U‘_I
The likelihood of lack of sufficie
FiPecially with many of the commercia

during the jncuhla'l.iun o
development w.JIlJ.CI.: cou
nt isoLype spscjf:rfmr ni:
Iy available conjugale=

23.26. Immunofluorescence assays

> terized by—
Cells producing Ig are morphologically charac

e from lymp==
huuﬂhi“‘r‘ cytoplasm. Their morphology €an rEnEnol’luorescH-
"hese cells can be enumerated by means ﬂft ‘“Ig'ﬁg; Hijmans 2—
PeCific for the Ig produced (Hijmans o tivity and specm

a.'-'ajlﬁ'h_i]h 5 of hlﬂh actly .tk
'ty of fluorescent reagen - o i mainly betwe
ID:; eliable results. In practice, the choict 5 ate (TRITC). AN

¢ isothiocyan

be prsparad easily a3 descr b

C) and tetramethylrhodamin
Mmerciaily availahle they can
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g ensions of murine lymphoiq or _
found in cell susp and by the = thyy
ding (1976). It has been immunofluorescence y Protejg

:;imﬁ[fns of the Ig pr?dqflﬂsgl:f:st;{r;n Oudenaren et al., 15*EJII}L The Protaig 4 :II:%
By 0 B0L L MATS e ts Etr:;nl].r or several times maore .'E #Iraducéﬂifﬂﬂts tl'fan_ the T
assay was found o 'i;;:: dzpending on the age aad antigenic load o thg Mice, ang Upgy
immunofluorescence mﬁ'&ied To detect intracytoplasmic [gq:unt;ammg (C-Ig) cells, th
e Iy cuesy md?f:; :.Iith re::lgnnts that allow the ﬂpnr:z_«:eqr antlbndI]r' [0 enter the - The
- Imlt?': ]I: ntrifuge preparations and the visualization _ul' C'.E cells have Been
preparation ol cytoce 1.892 and 1.89.3, of Chapter | of this thesis. The Ig clags
ot ok et ined by means of combinations of TRITC
dietribution of the C-Ig cells can be determ hains of IgM, IgG, IgA., TgD ang IgE u*‘{ﬂd
FIIC i ific for the heavy chai o 1B, ; It jg
also h:itl:ll:ed;n;::;r:spﬁ:;lfmt staining in that the cells are first exposed to the relevag,
m‘uﬁm ar the appropriate dilution and then, after washing, to a fluorescent Antiserum 4
detect the first antibody as an antigen. _ :

The use of fMuorescent labeled antibodies 15 more abundant in the detection gf
membrane bound glycoprateins. However, such a m-elmhrane labeling can well be COmbined
with desction of intracytoplasmic [g. For the detection of membrane bound I2 or other
membrane glycoproteins, call suspensions need not to he fixed. They ars carefully washed

(3 min at 100 g o 4°C) 3 times with PBS-BSA to remove serum proteins or proteing
secreted by the cells themselves, The pellet is resuspended and adjusted to a eall density
of 1-2 x 107 cells per m, From this 5

uspension 50 pl is mixed with an equal volume of the
incubated for 30 min in melting ice. Then 2 mi of e
washed two times with cold PBS-BSA. Then tha cells

' ng) of stained once more with one or
25 before Preparing slides (double or
: the heterologous antiserum, cells gre
185 in which the antiserum was raised.

been learpag about the differentiation and maturation
Man, depending g their membrane-bound as well
many, if not ajj a;

» differentiatipn stages of normal human
ers, the above mentioned
ant cells (Van Dongen et al.,

]

chnig “ular recog
o ues
Operties of 4y, 5. 0" UANLit1 iy "a developeq 4

a5 detecting reagents
nition properties. A
ch ag detect Ig in a
mpor ans o 0-ag ppm oy +44¥S Are baged gn different
'[i-ﬂtlaenia} =tnmmum: (3 note thy, dlft'mm]:: ﬁéh‘::s wh;[t be discusead elow. in this
: “ause of ﬂfff&l‘tnceg’ in pm[ﬂil’l
!ibI: ays fesulting in false con-
titer mr  AUON 5 baged upon detec-
of th 3b determines the
t ich all deseribed assays
3 38 pH gf EE af?“ shauld pe Performed. Most ab-28
: hg‘flthﬂuﬁh the reaction is not
fally Hsociarigy SVEr, can ghy, drastic changes '*
B with, F mc,uajed by |c|‘i'i-"erjng the ionic
' 2 cery HVEly 1oy affinity (Ka <10
Fatyrp :l % 18 increaseq by incuba-
F only Mingy .:!.:r 37, hanges in reaction
“U883 Occur n the affinity

ﬂI.E Fr,!"lhr "




109

qant, The stability of the ag-ap complex. bog,

ns
o pds largely Upon non-covaleng interactions

under im 1 =
depe In_wiv D and m_tLI;m mndiljm,

to a lesser extent, on Eieclmﬂa“c-ch;ﬂim!y h]'rdr‘-"ﬂ'hﬁbjc forey

bonds i ibute to th 1l TEe inte

u e ov
grees CONLrL erall shape of 3 proqeip molec ractions, These
ule in

hﬂﬂ-‘likﬂ parts of the roted 4
:::j ];:c:;nmct wuh the sniwm!} 0 chain are
The specificity of an ab is dependent g gpe 4
celated antigenic determinants. Such interactions m u:fru of crosy
are described @ number of assays that are routinely nft;r:ﬂn:t:j with
in

nd hydrogen
yarophobic

ruﬁ:iviry with closely
a fower affinity, Rel
our laboratory, ™

241, Precipitation - based assays

When an optimal concentration of zg w! .
: : g with mul ol .
in a solution together with ab, a large thlﬂ-dimtngig?f anligenic determinants is presen;
pm,:jpj;ﬂtes out of solution. Protein Bg with molecylar :;l;“'ﬂlk ts formed l?ﬂt
cipitates under narrow optimal concentrations {:quivatggu ts of 40-60 kD give only
Heidelberger-Kendall curve), Pol hari : ce zone of this so-called
BRI=h ysaccharides, virusses and denarurated

proteins result in very broad curves. This reaction is especially ve meld Sy .
pH, iuniF ?translh or temperature. The affinity of the ab me: mﬁ?ﬂ“ﬁf g
the precipitate is formed. It can be envisaged that ab of the IgM class have : e R A
ability of cu_mpie:r. formation than ab of the IgG and IgA classes. bz

ﬂe[ept!nn of the dgve]uper_r pr_ecjpi:a:e 15 based upon the visibility of the sediment,
The sensitivity of dete_i:nun can be increased by allowing the ag and the ab 1o diffuse into
an agar gel. At the point w!:elrc ag and ab meet in an equivalent concentration ratio they
will furrm an inscluble precipitate. Since the excess of ag or ab will remain soluble outside
'I“:. equivalence zone and can be washed out of the gel, the remaining precipitate can be
stained by a rc_gular protein staining method (e.g. Coommassie Brilliant Blue, Silver staining,
etc.). In the eriginal double immunediffusion technique (according to Ouchterlony) it is very
difficult to assess the concentration of an ag because of the necessity to keep both the
reagent concentrations within the equivalence zone. The same holds true for two quantita-
tive modifications: sing[e radizl immunodif fusion {ERID} according llﬂ' Mancini E! al. ?]9155]'
and the rocket electroimmunoassay (Laurell, 1966). In the single radial immunodiffusion a
~ known amount of ab is mixed in the gel restricting the anlmunt of IJ'IL:' leknuum agdlha: can
be determined after concentric diffusion has resulted in circuler precipiiate formation. The

horesis technique an ag is moved

1E.1.3. of Cha i i h ket electrop

. pter | of this thesis). In the rockel eicul : Y
(by an unidirectional electric force) into an ab containing agarose gel. When Pfﬁ'ﬂ"l-'-"“':':"h
PCCUrs, @ stationary precipitate is formed which has the appearance of a rocket. Its leng
18 related to the ag concentration.

ref The accuracy of quantitation of
eference standard that is tested in parallel and from

derived, For quantitation of murine Jg we employed SR ok Ll ik o
"1th 3 secondary standard consisting of normal mouse serum,

. - iaink and Benner, 1975 Mink et ak.,
reliabla than a primary standard of 2 myelu::;iszni:;l;jm;n s B s i

1980). To determine the absolute Ig concen 1., 1984).
Bruyn et al,, 1982; Kornman-Yan den Bosch €185 T electrophoresis (EP) and
il Another b;anch ,:ﬂ' precipitatjﬂﬂ'bﬂﬁf‘d 1Ev:h;:;:'|juli:: :,E,-.Tn'tdffﬁti””l electric field in an
Munofixation, | .xrures of ag are separ le wells and filled
3Bar ge. Eubseq-l.ltl:-nil?lﬁslr:::':f: cut out of the agar REX! :;;L}::l;;:‘dpat the optimal 2g-3b
'th 2n anti- jsorypic antiserum. Diffusion of the gk an be identified in this way
Flio a Precipitati : bow is formad. Any serum proteins - ily qualitative but is extremely
Provided phe J?F' : - vailable. The techaique s p"T'I:: mice and humans (Radl et al.,
;’;]“ah]e in mipgiltd;:ti?:n l;famunuclnnﬂl gamm apm-u-ei bn‘:::-dil:'ic:tiﬂn of IEP employing I:he
B0 Rad| C i e g more SensitlY ted by overlaying he
X ., 1981), Immunofixation 15 ated ag are deleiee - ique i
€ ag Separation in an electric field but t:ﬂjz:f;rt or filter paper. This technique 15 used

Ee| with an ah imprcgnatgd sfrip ﬂr C-E.']JU-IC'E
_ﬁ

i hi lity of the
vels is highly dependent on the qua
e ; hich the absclute values are _
ID as well as rocket alectrophoress
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sera and cerebrospinal flyid Sampigg
. imals as well a5 r‘:": A {ct-ka and Elthiﬂr I rﬂ-m
[ experimental anim : ultiple sclerosis i) i 9}45;
mh:a::r: :uEFETiﬂE from gammapathies or m Rag,

1941).

1o

242 Agglutination-based assavs
: inants either on native an;
Lnati ab react with ag determinan 1 tigen,
. _{nsslumnﬁ:; ?:E;E::; cells or particles. Apart from these direct a88lutinarig,
:r:'ﬂ;;:j,li;‘;:dm:ted against ag determinants on the surface of red blood cells
rEad

{s0-called hemagglutination reactions), bacteria and molds,

: inst soluble ag passively adsorbed or chemically coupay 80 the
alsa eccur by ab directed agai carbon, bentonite,

surface of red blood cells or inert p:articlﬂ: like I!ﬂ::t:r.,
Sepharose-beads to which a second (detecting) ab is add_ed
obvious that in these assays alsg IgM ab are more effective

Sometimes the agglutinating capacity of ab can be improved

specific for the light chain or Fe-part of the heavy chain o

Agglutination-like assay for detecting Ig-secretion
this assay, anti-isorypic ab are coupled to erythrocytes, so ¢
incubated with ab-secreting cells (Haegerr, 192) )

_ 5 described 5o far are Semi-quantitative
formation of ap 3g-ab precipitate in solution or

® absolute quantitative g solution based ypgp Rayleigh light scaltering by them. For
Hative determinatign of 0 in human era techniques Jjke nephelomerry
and wrbidimetry have been used (e Tuyn et al, 1982y, ? i

2.4.3, ngud-bindjng Ascays

sAfter the intn:rc[ur:t'n

betn:deve]n:red in whj ok
ab. Many differen; laba
::I!rel,-ﬂhb]e fres radica
IMmug

the m:jqimrnunn—aasu (RI

based ypgq

5% Compone nts

i£h the detection of Ia i
arg Bvailable f
¥ !Ixtfnﬂ-—d&

Ctly op indj

tions

as a developing reagent, [ i

is the rosepte t‘urming cell assay, 1,

effort has besp put in improving the

Al a varigry of immunoassays have
2 (ligand) labejed anti-isotypic

. rﬂﬂlﬂlﬁﬂl}'pﬂﬁ. enzymes. fluorescent
* BIC. Here we shap

“lerogenag s 4553Ys in which the bound
s by a washing procedurs and in

J}'Ia&a.l:l tray), Th

fracrigy or tha

Sy, In the
°F an any;.; 0 cn . fhe Ig 1o be

* FR3pectjve
‘“ Erminay

"M sangy; lity
a0t g Py goch ELISA, the qua
Poineg g COnsidap bef

indirect agglurinatign FEaction,

collodion g
than IgG and IgA ab,

by adding heterologous a5
f the agglutinating ab,

hat they form rosettes whep
in that the detection of

ab agglutinate are limited 1o

deal with en Iyme

rectly Physically attached to a
erefore such assays are

'Otal amoyp, of a particular

S0typic “atching ab adsorbed

ly. The “atching as well as the

- Aftar Msnrbf_ng the ag

e until equilibrium has

the labeleg 2nd unlabeled ligand
' slighe ©xcess, so that only

1 this way, the signa is

l I:H COMpetitive, homologous,

1977 5CUSSed. The reader is
"7 Wisdom, 1976) and books

the sensitivity of

ore performing
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will be described after which essap,:
nd sI::uracy will be discussed, ential paramerers |5
2

243.1. Set-up -?f the assay

- The majnl.'-r_uy‘nf ELISA techniques are Performed ;

equipment facilitating easy and automatic hangjing e
moderately sensitive ELISA system a serum sample of cfﬂ?m
concentration of IeM or 18G ab (Stokes et al., 1983, Opison
et 2l 1985, JenRNT, o85). T]:'H holds for mice as H:Ell as hnu
s number of g classes, especially rare ones Jike IgD, IgE, a
antibodies, however, does require a fair amount of seryg, 1.
jongitudinal studies in sera of mice or children jt i ni'ttuld':
to perform the various assays. Moreaver, in the produection ;
would like to test for Ig production by the hybrid cells as 50
fusion, at @ moment that only very small amounts of mediun
amount of reagents required for such micro- ELISA is also |
to our decision to perform ELISA in 60-well Terasaki trays

24.3.2, Coating of solid phases :

In microtiter systems different solid phases can be used
in sufficiently high amounts, like polystyrene, polyvinyl chlo
pelycarbonate, nitrocellulose, silicons etc. For the Terasaki sy
plates are available that can be coared easily and reproducibly
plastic surfaces, probably due to hydrophobic interactions bel
matrix and protein molecules having & net charge of zero. Th
coating depends on the diffusion coefficient of the adsorbing
surface area to be coated to the volume of the coating solutic
adsorbing substances as well as the temperature and the dural
With regard to the last two parameters, 3 hrs at 37C or oven
found 1o be suitable. Moreover, to ensure sufficient saturatio
sample for eoating is dissolved preferably in a high lonic stre
carbonate buffer) at a high pH (9.6) (Engvall and Perlmann,
by preincubation of the desired protein at elevated temperatia
the protein (Parish and Higgins, 1982).

During coating microtitre plates sh : :
Plate adsorb more protein than those in the interior (Kricka

There is evidence that during the set up and perfarman
2dsorbed protein is released from the solid phase depending €
(Metzger et al., 1981). This is a prozone phenomenon Kaoh &

83, Klasen and Rigucti, 1983). Such an effect can greaty =
PTeCision of one-site tvpe ELISA while it does not affect

#d Van Weemen, 1977).

. We also tried to cciar plates by allowing them 10 d\;_‘; 2?1:
*1th a fan) 50 as 1o ensure a 100% coating of p.n;rteu'tl.u o
“Onditions a higher degree of protein denaturation ;-_*J s
o *he assay is not improved {unpublished Irﬁul:sj.t_;rlil Sgdell

avily depends on the quality of the coating reac ch-n'a i
i rably 2 standerd coat of a heterologous monot
SOlype of the Ig molecule 1o be gesayed. T, (hybm
i To detect polyclonal ab (serum) oF mﬂn]::u“m Jopusotes
vc:h“ antigenic determinants, mn::nnc:u:la:.r-n:r:f;ma:ln:| & far 1S o
anﬁ}r 'ow concentration of glutara[dnhzﬂiﬂ {v-n i,

H:ussef, 1979: Lansdorp et al., | 80; van

e Tt

gw a distinct "edge ec



formation of antigenic determinant; 4, the cayy
t alter the con
etaraldehyde does no - it is advisah
% E-;“Mi'm Ewijk et al., 1984). [ ab directed against small ag ferably b ® 1o Precy,,
F|.'.l'.|-'l-1'_|- ting the occurrénce o et thin: s iF hap[en_s pretera ¥ Eﬂtennurrih
g eh 2 polylysine spacer, wmuf;nrrnatlun of ag determinants, howeve, can be
the plates wi r coating. The con ' rocess itself,
ﬁujuintﬂ:iﬁi:ﬂprmﬂum than by d?i:u;;; %.uIE::h I-2 mM sodium azide a4,
altered mo red either we i compl
Coated plates can be !l?ngHF up to 4 weeks, After the Wﬂ“!‘i hasu ::12 ﬁ'ziﬂd, I:ra-_l.]
dried in 2n excicator fﬂ;]ip i}:]e remaining binding sites saturated “’"P Bﬂs? a:d ‘n::E bﬁrutem
I
have to be Whﬁd;nug% {wi/v) gelatin ina | M Na,CQ, Lu;:'f{e:fi; human Hrl.lmu&:lbt:d 'rh
(1% {w/v) 35;35 ﬁu;h,, et al. (1983) suggested usﬂfﬂjf g-_ [d' [n all the suhsequentmm
-1 hrax - ; -specific bin ing.
urein:ubar:d at 56 C for 30 min to PASLES Nop pm long with a small amgy
:mh[ug: and incubation steps this protein is prese

ne (0.050
1) of Tween-20 - a nonionic detergent - to prevent non-specific adsorption
Wiw i
ES:I;MEIM}'I:[M and Anderson, 1984).

M'”:f' Ch:mfﬁm T;.r; T‘-;.rlnst::“s;ﬁﬁﬁpend heavily upon the quality and the specificity
of the :::::tiﬁg ab. For ws ip ELiSA, general!y_h:tfmlugnus ab‘are employed that are
purified oot of hyperimmune sarg, After imrptfnuzaunn of the animal
12 there & an increase in ah quality and affinity, We s

in section 2.4.1 5,

In addition, the specific act
the enzyme 1 be applied for c

with the purif ted ag g
hall discuss this in greatsr details

vity and the turnover numher (or molecular activity) of
Onjugating the detecting ab, play a major role. We have
chosen in our assayy for the tnzyn:;p- B2lactosidase frg ichia golj (Enz}rn?'u? Code
3.2.1.23) for a numper of reasons, | @ with high specific
activity (400 U/mg), has g b (12,500 substrate molecules transformed

W of 540.000 Da) to be
ree of retention of

is soluble and stable undes
- Finally tha EnZyme itself is ahsent
'S and othep disturbing facrors.

Ve bepp SucCessfy||y i

ik enzymes 0 antibodies as

) - g-lr'ﬁ % .Eq:'h vrameas &l

veind Macks 15515 o SHOLE and Vi Weemen (1977), A
'3~{~1-nyridyldi:m.n

Elutaraldepyga g

i loy
: Popular “ross-linking methods emp
. PrORiOn 1) SPDp
inoresidugs 1o 100 0 Which o nomopig . OF) and th
am!nurmduu int i

o ¢ One-step apd the two-step
eaNCtiong| Adehyde rancy, with the
ta ; i

which Carbohydrape r::;uﬂ “:{ form 4 Schiffs the DEriMate—nxidarinn method in
m'mnl‘“‘mmﬂh'-‘m-ﬂﬂ- ~hyd . .,:1“ &n I are grig ed 1o Form, aldehyda groups, .
W2 Sulfhydey] pue: “*UCtinimigy Sster (Mp . : t coupling

e h}' feSidues og g, N2yme Molecylq » @ heterghify, Netional reagen

2 have Employ the g &y i
(1969). The 5 * 8lutaralde, 8 K
butFer, o ; h:ﬂc upled Xlensive diat ¥ a:ﬁ:‘htndn of .H.wamﬁ;_s and Tern,'r'tr::
eNZymme f.ga UPE | mi gy g0 0.1 POtassium phospha
82laciogig,., (specifie actiyi Ution of 5_
ttmanﬂ it diss 1 Ity 800 Ly
Mixin

Mg: Boap.: . T8 Protein per ml. Of the
One m) o the Py, finger, nnheim, Westarn
i :

illiltatraldu.-E 5 T8/m gy | mi H?E Bulfer, ¢ feaction Mixture is prepared

Sotorits Eq 1 o "E/mI) ang 1ot bt o T
10 oecur g, 30 i | eading Berks, UK), stored in the dar
Lo - Mixer. Thg r8aps: n min ap room "Ef'ﬂ]:h&r i L
oot USA) i phe Same by, ¥ the agq;. ature on an
ond Performeg and afy, ':“d Fallg

j -

. . St
: siof 1 M lysine (Sigma,
I y ﬂv a . - =
-.?_nn.uuxarle 5 stable fo, af “'-"".'HIJ: lugapg ;, S0re g, g E¢latin
" By Wegke thg, “‘ht[,l I

Or glycerol to a
. IE

thege additions the
itives activiey is
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Another w}; of pe:;‘;_rming
- ed ag and an avidin lab
h'?.;ij?:l:jtmin %:jndlng (Ka=1015 )
i Iz in the 53mpl¢ (Yolken er g
- In sandwich ELISA enzyme
vall, 1978; Surolia and Pain,
qesaying T8 with no bindinlg affin
mouse cell surface determinants (
(savelkoul et al., 1983). Another
derecting ab having very high af]
rractions). In this way various un
ab. Coupling of protein A to fi-g:
method described by Deelder and

(Eng

- 7434, Substrate reaction and p
| We use the substrate 4-metl
i Louis, USA) which generates a hi
-galactosidase. The set-up of our
measurement of the reaction endg
campared favorably with those of
o-nitro-phenyl-f-galactopyranosic
10-*M, respectively.

The microfluorometric anal
performed as described by De Jos
The readings are expreszed as arb
in 0.25 mg/ml in 0.05 M potassiu
ll 60°C. After dissolving the sub:
aliquots can be stored at -20°C fo
60%C to dissolve before use. It sha
binding reactions, so they are exti
Lme should be always kept exactl

24,35, Quantitation in immuno 3
.. Quantitation based upon EL
different ways. One procedure is
tandard sample (Van Weemen et
al, 1981; Giallongo et al, 1982; T
Savelkoul et ai., 1985). This proce
Sandard graph, the limited numb
of the Beometry of the graph at l=
Prepare calibration graphs by asss
Procedure js based upon the Lang
[P“‘-‘h“ﬁ analysis of myeloma me
ﬂ“”“"anp et al., 1984; Pesce et =
5;;3] antiserum is involved with
PE""]- an index of heterogeneity -
o alflri“l-wzl' Lew, 1984), Both tye
doesr s, Sonstants and allow as_
hhchnf hU]F for real pelyclonal 2
thegy i 2tons a third method of
wsor. developed for RIA, a bas
‘-'-"e:r:lbed equations are derived (—
Ormulated to describe the =

Sminﬂ ZI"'IJr|_|:|:j.,;“:|”| Y =A +B/x+ =

Bt al, 19g5),
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_tosit plot that is very usefyj ¢
, _oarameter log-10818 PO° ar
Expecially noteworthy it Enﬂlpi;?;ik 1nd Piknosh, 1981; Duggleby, 1981, gy,
p
based

I E i }' g-
a‘... 3. 1 !-

MAY by
b1 . d and Logit Y=In [‘l!’,-’{l.ﬂﬂ-‘f]l =bIn(X)+a i,
=+

sxpressed 28 ¥ = (-1 + (%) |

:1:';‘:! respanse whan ?t E EII

b = the slope of the Eurve: . esponse 50% of (a-d), and

¢ = the congentration resuling e :'nlr.e}l

4 = value of control thd!:iﬁ;n:uiemﬂtt AFI:.F versus 108 d“u:u'::‘m of the sta nd:'._rd is plotted,
Commonly 2 ‘cahn?tht Ig in the samples thus determined. In our Eer nenc:,

and the :nm::m:au'::;m“ of differing affinities of the ig Fﬂr the coat, t er st]f.n d:rd and

however, muﬂﬂﬂm“ 5 % different slopes complicating interpretation of ¢ l;‘;: hta

e ".‘mpu;':{e et al. (1978, 1983) considered the logarithmic tfansfnrmatmn Eﬂ t:cr_e 1Mm

E{i‘:“:t a-r':iurd. at tl'u= ,;n“,;-,m'mn that the system can became independent of atbinity

when log-log plots are used.

Whils it it assumed that the ratio of solid-phase antigen added antibody .1'1 the
so-called “linear region' of the log-log ELISA titration curve 1s such that all antibody
becomes bound to solid-phase antigen, it has not been empirically demonstrated. If ELISA

are influenced by affinity (Butler et al., 1978, Butier, 1981}, the amount of antibody bound
in this linear region may be less than

100%. The nature of such binding curves may also be

inflaenced by avidity and heterogeneity. ' ,
The bindiog of detecting reagents (antibody-enzyme conjugates) at high cOnCentratons
of primary antibody appears sterically inhibited in direct proportion to the size of the
conjugate system used for detection, leading to marked deviation from linearity in this
region af the binding curve, Discrepancies between the slope of the binding curve for
 primary antibody and the binding of the detection system in the linear region of the

t"’;‘m"hpl‘“ result from changing ratios of bound enzyme to bound primary antibody
e n oo e i e il st 1
be determinsd. g-logit it from which the sample g concentrat

jon can
Controversy has arisen aver whethe
antibedy affinity (Butler et al,, i

ELTSA measures antibody concentration oF
usually 2 cycles of 3 wash

1978). As a discontinuous solid-phase assay comprising

K Y (Steward and Sreens

eitia A : gaard

apan ?mh!mtt:gﬂar of the effect of aEliE:L;::r ET :lnﬂ:-:'t;muf ety Aty i SR d
e sera raised jp v 0 HID assays has i og

i oy i o I-u.-.r These sera e ¥ until recently depe

e nd affini t2in a heterogeneous population of
qu“-? sumanon. Although ofre ‘LY, S0 that interpretation of rasuifs 15|B- based on overdl!
empirically for a particular a.nti.“n called "average® affinity the e i [im:-llf!d
ue - “"* fact that 5o far there i:um MaY not represent th; mean I.I'Ilt';_f i E.:'m This is
describing the distribution of affiny. - 2-0rY €Xperimental or e e il
SEitllDt (which may be 3 theweq c::”".“" of the antibodies in ap :T _n‘mthem‘.a.tu:n'l wa;"f its
in?:?g“m. 1983}, Monaclony :r,,:]-?;;‘“ or bimodal distributinn;lmtrum s ward 20
widual homogensgus b 150dy techniques S or its range (Stew?d it
5 30 Known finity, ¢ provide the opportunity of $1U°-
4345, Features of ENTYme "I'HMIInm_«; + F238 and concentration.
ME common characieris; 53
:nn: o E'““‘,’*‘I"Plit:hi]ity of 11:.::5 o h““"‘bindint
eproducibility, and pr i

. immung 3 ! gality
acticabijjy, ¥. These ssays determine the 4

it L !F"F't"ﬁﬂ'lt!h sEnsitivity, pm:isicﬂﬂ
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The EEEE“EEEIE ﬂ_f til'hllt:I assay 4
jayed. As mentioned earlie
ﬂ;"’;’r + high affinity to be of u
w However, it was not until sn
r».]]!'—haﬁ‘mn 535::111, that lhErmnd'

E 1de. These studies FIHI]? illustrg

Jllgwing immunization with DNP
Freund's cﬂIfIIP]ETE adjuvant -[IFfIZ'A}

fect of antigen dose on affiniry |
offinity maturation is greater than
maturation but low ]E\’E!E of antib
when the amount of antigen is not
sffinities (including low affinity)
antigen becomes limiting, cells bea
qntigen and produce antibody. Thy
pm-ducﬁﬂn of progressively higher

Since the specificity of such

immunoelectrophoresis, retesting o
(Shields and Turner, 1986). Many 1
necessary when employing commer
have to be taken into consideration
retained and secondly the affinity .
Thus the formulation (pH, molarin
plays 4 major role in the specificit
the conjugate to the solid phase, w
detergents, should be checked and
highest possible dilution. In a sand-
much better sensitivity i1s reached 1
2g determinants, by the catching af
detecting ab. Moreover in such an
pure ag for coating.

. The gensitjvity of an assay is
Biving & response which differs sig
(detection limit). Apart from the fz
552y conditions play a role in the 2
washing steps, optimal reagent dilu
molecular weight of the ag (for ag-
diluent jonic strength and pH, incu
®nzyme label per detecting ab. Alsc
Product formed determines the sen-
alive atsays described reach detect:
Example fﬂr IE-G hauins a mﬂ-lccu!ﬂ

3-3 ng per ml) (Kato et al,, 1975
i The precision and reproducibe
of a'”ﬂlﬁﬂnse curve and the stand®
this EF The steeper the log dose- re=

Me, the higher will be the pre
bt E]Thf practicabilitv of the assa”
staps %0 10 the possibility of autom
nm;s:ﬂﬂmgates. substrate etc., an

Iy calculations.

2
43, Recommended procedure @

antibodies
Man Clear palysryrene 60 well Teras
“clonal anti-isotvpe mouse ab =



lication of distil
i i a tray. After lhﬂ_apﬁ' 15tilled
xig. 00, buffer; PH _?.n': i 1;1 ;;1:“;':3"’ incubated overnight at 4 €. Water p,
ot on cach way 8 Sl0seC SEC T RS, 3 times with PBS containing 0.05% (vy)
- Tmys ﬂ ‘?ﬂ v_i:h PBS conuining 0.02% gelatin with a low bloom “Umhgrw o
-|- ! - :1, n ] =
-"E-Eu.wm aee illed with PBS-Gel, the lids are closed and then the trays o
.:-I-'n;b . rﬂ *u mil'n at ET ; Ci £l & E 1 1
1_"' ﬁm 5;;11::5 are diluted four till eight umes with a d']“f“m factor L'ff 2, 33 1
after which § plfwell is applied very carefully with a standardized and calibrateq Pipetts
Hamilion, Bonaduz, Switzerland),
1'Tu.-.;,. cows of each plate are [illed with PB3-Gel one as a blank ““'Ej the other a5 4
seram control. Trays are closed in 2 humidified atmosphere (for this as well as a|
subesquent steps) and incubated for 1 hr at room témperature.
- Samples arz removed [rom the wells by sucking out the liquid with a replicator
(Biotec, Basel, Switzerland). Plates are washed extensively with PBS-Tw-Gel three times
with intermimant drying.
- The detecting ant':hudy—lﬂ—galmusidm conjugate is applied to all 8 rows plus the
serum control row, The conjugate is diluted in PBS with 10 mM MgCl,, 0.05% Tween aid
0.02% gelatin and plates are incubated 30 min at 3?‘:{3, or 60 minutes at room temperaturs,

After extensive washing (5 times with PBS-Tw-Gel) § ul (3.7 M per well) of sub
solution (4-methyl-umbelliferyl-i- D-galactopyranoside) is 0 ubstrams
incubated for exactly 60 min it-g?:t_ pyranoside) is applied and the plates are

- Fimally, to each well 5 pl stopping buffer 0IM Ma
and the resulting fluorescence is determined in an automa
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CHAPTER 3

The effect of corticosteroids upon
the number and organ distribution
of "background’ immunoglobulin-
secreting cells in mice
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The Effect of Corticosteroids Upon the Number ang 0
. . : “ n r
Distribution of Background™ Immunugrnbulin- o
Secreting Calls in Mice *)

SUMMARY

Tl:lﬂ infuence ﬂr_ll'lrt i}'nthtlic.mﬁmg.gmid dexamethasane sodium phasphate (DEXA} upon
the immunoglobulin (Igksecreting celly was studied in ot intentionally immunized BALB/e
mice. This was done for IgM-, [gG-, and IgA-secreting cells in spleen, mesenteric lymph nodes
(MLN), and bone marrow (BM). A single injection of DEXA {1610 144 mg/kg body w) markedly
reduced the number of [g-secreting cells in spleen and MLN within | day, but hardly affected
their number in the BM. The decrease was immediately followed by a recavery and, at the highesnt
dotes and especially in MLN, by an overshoot. Two weeks afier the initial decrease 3 second
decrease was found. When mice were subjected to daily treatment with DEXA during [ week,
initially a recovery patiern was found in spleen and MLN similar to that found afier 3 sngle
injection of a high dose. In this case, however, the effects were less dose dependent, and the
overshool reaction was fallowed by a period of subnormal numbers of Ig-secreting cells which

lastedh at least | week. This late effect of DEXA not only occurred in spleen and MLN, but also
in the BM. The most prominent effect of daily treatment with DEXA was the long-lasting decreass
of the number of [g5-secreting cells starting | week afier withdrawal of treatment. This decrease

was associated with a severely decreased serum IgG level.

INTRODUCTION

Cﬂﬂimst:mids are Widtl}’ used as ;hgﬁpf_utic agents in a vanety of immunolog

ically mediated and inflammatory diseases. Regarding the influence upan the immun.
system, corticosteraids affect the distribution patiern m’; ]i:{mphﬂld cells and monc
nuclear phagocytes as well as their functional activities 3 i

The -:Ecctgnr:::nnimst:rcid administration upan anuw}rgﬂnﬂ':n“;t :. :1;151: :d::
°n the timing of the treatment. Administration shorly be ?1"; I:xpasurr: el
SUppress the response (2-4), while administration after an!}tg_:ﬂ i,
# smaller effect upon serum antibody levels (4, 3). Thch:mura] immu