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ABSTRACT




The origins o!_tho immunoglobulin-eontniningAcolla in the
intestinal, respiratory, mammary, and ganital tiasuvaes wore stﬁdio&
in-mice, rats, and quiﬂea plgs by using an adoptivae lymphoc§td
trangfar methed. :Prolifo:ating lymphocytea (lymphoblasts) were
obtainaed from various donor lymphoid sources and radiolabelled In
2Ttr0 with either SH-thymidine or lasr-doéxyuridiﬁo. Radiolaballed
lymphoblasts ware then injected into the circulation of racipient
animalsz. Twenty=two = 24 h later, variocus tissuecs taken from
re¢ipiont animals were examined for the prasence of radiolabellad
donoxr ccllﬁ by either radiocounting or autoradiographic t:cchn.iqucs.
Furthormoré; radiolabelled B=cells containing different immuno-
globulin izotypes were identified in mouse tissues by a.combination
of immunoflucrescont staining with autoradicgraphic procedures. It

-

was found possible to greatly accelerate this pfbccdure by the use

. of liguid seintillation £luid so that 3H—thymidine-labollod cells

could be identified in less than 24 h as opppsod to 4=-6 wks in the
absehce of seintillation fluid. : -

| In mice and rats, megenteric lymph node (MLN) lymphoblasts
showed a propensity to selectively iocali:é in the cut mucosa.
C§feful cxamination ¢of other ﬁousc t;ssucs rovealed that MLN
lymphoblasts were present, not only in the intestinal lamina propr%a.

-

but also benecath the mucosal epithelia of the respiratory and
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genital tracts, the mammary g:I.landl and in the MIN. In these mucosal
tissues approximataly 60\ of tl;xnp cells contained IgA and 25\"
contained I1gG. In peripheral lymph nodes (PLN), a few labsllad MIN
calls were observed ;nd .40% of thess contained IgG, whersas only

8\ wars of the -IgA isotype. The ;rnferonca o_f.’ MLN to populate ‘
mucosal sitas was clear from thae results.

“In marked contrast, when labelled PLN colls ware adoptively
transforred, the mjori;ty roturned to thaeir sitas of oxigin and
contalned Igc.‘ Of.tlho‘ sma.ll numbaer of labelled PLN cells found in
mucosal tissuas, approximataly e_qual pcrconj.agcs (30w) of IgA- and
IgG-containing cdlls ware scen.

Dividing colls prapared frém bx.;;nchial (modiastinal) lymph
nodes (BLN) showed a propensity to localize in the lungs rather than
in tha intestine or lymph nodes. However, the predominant immuno-
globulin content of these donor cells in the gqut, lungs, and MIN was
IGA. Thus, the BLN .madc a qua.ntitativeiy minor, but presumably |
significant, contribution to the IgA plasmacytes found -in thg:: qut
lamina propria; in the lungs, BLN made a quantitatively major
contribution.to population of IgA=containing cells residing in the
lung mucosa.

It was c:oncluded that, in rodents, the MIN was a major
contributor of the immunoglobulin=-containing ccllsl benecath the mucosal‘
epithelia of the gut, lungs, cervix, and vagina and gestational
mammary glands. Thus, lympl{ nedes draining two mucosal E rfaces,
though differing in IgA plasmacyte precursor content, both possessed
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calls de;tincd to localize inm mucosal tizsueis. !‘u_,rth.mn. there
was organ specificity for the di:t:ib%jipn of theae cills: thoase
imdiatol:} darived from the lymph node; draining the bowel tended
to return to the bowel, whersas those from the .‘L.ungs\tendad to returxi

-

to the lungs.

-

To further explore the proparties of MIN lyn@hob‘lasts.
the influence of t.he‘mouse estrous cycle on MLN lyn\phoblasg
localization in the cervix and vagina was inyestigaﬁad'. Compared to
proest.ru:’: and estrus, a 2-fold raduction in the number of MILN
lymphbblasts localizing in the diestral cervix and vagina was obsexved.
Detoction of the immunoglobulin isotype of thes: callls sques.tcd that
this reduction was restricted to the IgA plasmacyte progenitor
population, i.e., the mjoria-lymphocyto suwbpopulaticn entering thase
sites. No significant cha.nggs in B-lymphoblast subpopulation J.odgin.g-
" in the small intestine were cbserved over the course of the cs;:rous
cycle. ‘ Moreovc;:, although the small intestine more than doubled in
wet weight bﬁr late gestation, this increased quantity of gut tissue
did not appoear to'compete for a finite number of donor MLN lympho-‘

. blasts. It was concluded that changes in’ the sex hormone status
of mice m.;}' influence sclect_ivc ;ocali:ation of MLN lymphoblasts i;a
s‘cx hormone target tissues.

Since subpopulations of cclls. can often be separated frém
cach other on the basis of cell size, some preliad.nalf"g studies were
dene to purify, on the ba.sis‘hof si:a:z, ;;ubpopulations of mouse MLN
lvmphoblasts. These results indicated that the labelled cells being

transferred were all large in size, likely lvmphoblasts, and that it
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was possible to use this t-c§niqu. to obtain doéor call pﬁpulationl
highly tnrichql ‘in the proportion of labelled cells. Some evidence _
“was obtained to suggest that the MIN contained a minor population of
lymphoblasts with a propengity to localize in the spleen.

To examine the possibility that some lymphocytes in. the gqut
mucosa may thtmspivun havﬁ a predispositibn to localiz§ in other
mucoa&l'tissuas (assuming that they werq‘able to migrate), lymphocytas
were machanicallg preparad froh the lamina propria of the guinea pig
small intestine. A subpopulation of these cells incorporated 22° I~
aeoxyuridine and localized (within 24 h after adoptive transgfer] in
the gut mucosa in a manner similar to transferred MLN lymphcblasts
and different from aeither PILN or‘Peyer's-patch lymphoblasts. It was
concluded. that a portion of tﬁe lymphocytes seen in the gut mucosa
were similar in.migration characteristics to cells found in the MLN.

The resulfs of these studices support the concept of a

common mucosa fimunologic system in which different mucosal surfaces
migrating IgA plasmacyte precursors originating
priharily in the lymphoid tissue associated with the intestinal and

respiratory tracts.
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CHAPTER 1

REVIEW OF THE LITERATURE
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1.1 Introduction

A fundamental evolutionary achievement of vertebrates is a
éefinemnnt of the ability to recognize certain chemical configurations
as being non-self; to respodd effectively to foreign‘invaders, a
s;':eciali:ed population of cells termed lymphocytes arose with the
potential to recognize non—s;lf structures (antigens).

The portals of the body provide alien agents with easy
access to mucosal sites interfacing the external environment. Here,
local architectures and environments can promote prolifération of,
and invasion by, such aliens. The vast area which mucosae present
to the outside world ensures'frcquent encounters with potentially
harmful intruders at different sites. Thus, an individual who is
to survive must develop the ability to counteract harmful invasions
at mucosal surfaces. An example of the carly evelutionary development
of defenses to protect mucosal surfaces is found in the gills and
gut of species more advanced than cyvclostomes as diffuse aggregates
of lymphoid tissue {Good & Papermaster, 1964; Marchalenis, 1974).

In mammalia and aves, the mechanism of host resistance to antigens
L]

LV S

contacting mucosal surfaces appears to be quite specialized. This
chapter will be concexned with the understanding of humoral

immunity at mucosal surfaces at the time that the work contained in

-
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this thesis began. More recent information will be daait with in
Chaﬁte:'s.

-~ '?ollowing a parenteral encounter with antigen, antibodies are
produced by cells of the immune system and appear in.serum. Serum
antibody titres have  commonly béen considered representative of the
effectivaness of the systanmic imﬁune response and, in a number of
situations, there is good correlation between serum antibody titres
and resistance to infections, althouéh the mechanism by which serum
is protective against potentially harmful agents is not alw&ys clear.

Moreover, the benefits of passive transfer of serum antibodies in
some cases are well recognized.

Thera is evidence, however, that immunity which protects
mucosal surfaces is T:ot reflected by the level of circulating. serum
antibodies. Besredka (1927) reported that rabbits orally irmmunized
with heat-killed Sihigella developed resistance to experimentally-
induced bacillary dysentary. Since this protection was seemingly -
unrelated to serum antibody titre, it was postulated that a iocal
type of humoral immunity in the gut could occur which was independent
of systemic antibody responses. -In support of this idea was the
finding that anti-Shigellz antibodies in the feces of humans with
bacillary dysentary preceded thé;appearancq of specific antibodies

in serum (Davies, 1922). Similarly, when guinea pigs were orally

immunized with Vibrio cholera, a high correlation between- local

fecal antibodies (coproantibodies) and protection against expesrimental -

cholera infection was found (Burxrows e al., 1947). Coprocantibody

fitres were transient; both the presence of coproantibodies and



-

excretion of vibrios disappearad by 3 weeks post-infection. In
contrast, parenteral immunization provided long-lasting systemic
immuni;y but resistance to enteric V. cholerma infection was poor

unless coproantiboéies were also present. Moreover, fecal and

serum antibody titres appeared unrelated which, tﬁerefore, suggested
Fhat copro;ntibodies were not derived by transudation of serum into

the intestinal lumen (Burrows et gl., 1950b). The observation

that the intestinal ;ntibody response was abolished by X-irradiation ﬁg;
while the s?stemic response remained unaffected, further emphasized |
the independenge of systemig and intestinal -antibodies (Burrows e*

Gi., 1950a). These studies clearly indicated that the intestinal -
type of antibody-plays a major role in gut muéosal immunity.

Results have been obtained to suggest that a local imm;;n
.response plays an iaportant role in defense of the respiratory tract.:
Amoss and Tavlor (1917 dcmonstratcd the capacity of nasal secretions
to neutralize poliovirus which was lager sho;n to be due to specific
antibodies (Francis et al., 1943). Bull & McKee (1929) reported
that intranasal immunization with killed pheumocoeccus prld render
rabbits resistant to pneumococeal reqpxrator\ infections and in
some resistant anlmals, ant&—pneumococcal antibodics were undetec;
able in serum. These glndlngs were confirmed by Walsh & Canno;

(1936, 1938) who also showed that animals lacking detectable sexrum
antibodies had, nevertheless, acguired significa:ﬁt immunity to
pneumcnia. Intranasal instillation of influenza virus resulted in
the appearance of antiﬁody levels in nasal secretions wgich were

1)
over ten~fold those produced by subcutaneous inoculation
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(Fazekas de St. Groth, 1951; Fazekas de St. Groth et al., 1951).
Thus, the lungs saémad very similar to the gut in Eerma of local
immun; regponses. -

Evidance for local mucosal immunity has alap been obtained
for the female genital tract. Intravenscus injection of viable
Trichomonag foetus protozoa resulted in llvery high se‘rum antiboéy
titres althoégh these animals exhibited the same susceptibility

to'intravaginal infection by trichomonads as normal, unimmunized
animals (Byrne & Nelson, 1939). Furthermore, uterine antibodies
specific for mrichomonaeio%curred in the absence of circulating
antibodies whereas parenterai administration of trichomonads resulted
only in serum antibodies }Kerr & Robertson, 1953). Intrauterine’
instillation of Srucelia abortus led to vaginal and uteriné antibofly
titres 28-fold higher than serum titros. Srucelic ahbortus anti-
bodies were ab;ent“in vaginal and uteriﬁe secretions following
parénteral administration of antigen although Eerum &itres were
extremely high (Kerr, 1955). 1In addition, Batty and Warrack (1955)
: showeé that locgl production of antibodies ;pecific for diphtheria
and tetanus toxoids can occur in the uterus and vagina. Taken
together, the preceding ex;mples indicate that the generation of
local immunity is best achieved by local immunization while non-

mucosal immunity is most successfully realized by parenteral

administration of antigen.

E§\



i.z Humoral mechanism of local mucosal immuni ey

The dincomry of immunoglobulin A (IgA} (Heremans ¢t al
1959), its predomindrice over other meunoglobulinu (Ig's) in most
axternal mecretions (Ct}\g_dirker &, Tomasi.? 1963), and the preponderance
of IgA-containing cells beneath secratory epithelia (Tomasi et al.,
1965) fo:gad the banin for_thq auggeation ﬁhat a diptinct mecratory
immune system(s) might exist, whose properties were dissimildr, at

least in'partf.trom those responsible for s?stemic humoral immunity -

(Tomasi et al., 1965).

. -

. Secretory IgA (sIgA) differs from seruﬁ ggh both in si:e-a;d
_;;ructura. Secratory IghA appears to be an 115 molecule (Tomasi e:
al+, 1965) having a molqcular weight of 3.85 x 10° daltons (Newcomb
¢t al., 1968; Tomasi & Bienenstock, 1968). As fllustrated by Fiqure
1.1, ngn in composed of two ?s garum=-type IgA molecules (each 1.7 x
10° daltons) covalently linked to cach othor by a qucoﬁrotniﬁ
(MW 1.5 x 10" daltons), termed the J-chain, (Halpnrn.& Koshland,
1970: reviewed by Koshland, 1975) whiech is alzo present in polymeric
IgM (Mestocky et al., 1971).. Additional antigenic determinants of
3IgA afe primarily due to a second covalently bound glycoprotein
now called secretory component (SC) (South et @eey 1966) which has
a molecular weight of 7.0 x lo“ daltons (Newcombe w2 al., lve8).
Hﬁwever, additional conformational determinants have been described
(Br&ndt:aeg et al., 1970). In vitro, SC selectively binds to polymeric
IgA, and to a lesser extent polgmorlc IgM, of a variot} of species

{Mach, 1970) wh;ch therefore, suggests that IgM and IqA are phylo-

genctically rclatcd. Analysis of the structure Df sIgA by eloectron



N Figure-l.l
Schematic representation of the secretory form of
an immunoglobulinla molecule. B, anﬁiqén-binding site;
Fab, antigen-binding fragment; Fc, erystalli:able fragment;
J, g-chain: sC, sec¥etory component. The positions éf‘sc
and J-chain remnié gpeculative. This figure is a compesite
prep;red from Bloth & Svehag (1971}, Heremans (1975), and

Koshland (1975).
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microscopy has indicatad that the two 7S IgA components are orianted
in a "double Y" fashion (Bloth & Svehag, 1971). The positions of
both J-chain and SC in the molecule remain speculative (Tomasi & Grey,

1572; Heremans, 1974). .

The biﬁlogical ?ropertias of sIgA” further distinguish it
from those Ig's pradominaéing in the circulation. Perhaps the most
significant feature of sIgA is its resistance to proteolytié
dagradation compared to serum (monomeric) IgA or IgG (Shuster, 1971;
Underdown & Dorrinéton. 1374) . Although the\prcsepce of SC in the
molecule has been implicated in resistance to proteolysis (Brown et
al., 1970; Tax & Xorngold, 19717; Underdown & Dorrington, 1974), the
structure of the a-chain is certa;nly involved since serum IgA was
more resistant than IgG to proteolysis (Underdown & Dorrington, 1974).
By resisting proteolysis, sIgA could, in prinégple, remain functional
in the encymatically hostile environments found at mucosal surfaces
such as in the gut lumen. )

Some evidence indicates that IgA plays a role in defensc
against infection at mucosal surfaces by neutralizing toxins
{Holmgren 2 af., 1975) and viruses such as poliovirus (?g:a T oal.,
1968: Ogra & Xarzon, 1969a, 1971). It has also been shown that siga
could bléck the adherence of bacteria to mucosal epithelia and thus
could prevent colonizaticn (Williams & Gihbons, 1972; MeClelland
€% @i., 1972; Freter, 1969,hi970, 1974; Hill & Porter, 1974).
Furthermore, sIgA may play a role in reguiating the uptake and

4

transport of certain antigens. Complexes formed by soludble

antigens and secretory antibodies might prevent uptake



by intsstinal epi;haliocytoé. wWalker and colleaéues (ﬁalker et al.,
1972, 19727 found that or;l immunization led to a specific decrease
in intestinal uptake of antigen administered subsequently to both
germ-free and conventional rats. Similar findings were dbtained by
André (André €t al., 1974). The high incidence of both antibodies
specific for dietary antigens and autoimmu?e phencmena in IgA-
daficient indiviguals (Buckley & Dees, 1969; Tomasi & Xatz, 1911).

is consistent with a model of sIga-mediated ;ntigen haqdling at
mucosae. If prevention of antigen contact with the elements of the .
immune system is often the primary function of sIgi, it is not
surprising that Iga,dpgs not activate complement by either the classical
or alternate patﬁway (Ishazaka e¥ ¢l., 1965; Adinolfi o= al., 1966;
Gotze & Mullex-Eberhard, 1971; Colten § Bienenstocg, 1974d) . More~
over, sIgA lacked opsonization propertias and was incapable of pre-
moting phagﬁcytcsis of antigen by neutrophils and monocytes in
either the presence or sbsence of complemént (Sipursky ¢z 2l., 1973).
Thus, these mechanisms for antigen elimination did not appear o

be required for cffective resistance o mucesal invasion ang, if

present, could lead to mucosal inflammition wish concommitante.
——

-~

- - \ )

exposure of antigens to immune elements. \\
~
Several models can be entertained to explain the predominance
of IGA in external secretions. Simple filtration from serum into
mucosal fluids and reabsorption of serum proteins with fhe exception
of IGA seems unlikelv. Transudation of serum proteins into sceretions

scems possible especially since Faczekas de St. Geoth (1951) showed

that astxingents could promote sransudation of serum antibodies,
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specific for influenza virus, into the respiratory passages. This

phanomanon was described by Fazekas de St. Groth (1951) as “pathotopic

potantiation”. Since sIgA is resistant to proteolytic digesticn

(Brown é% &i., 1970; Tax & Korngold, 1971; Underdown & Dorrington,.

1974) , it might appear predcminant to other serum proééins which are

less resistant to proteases. .Against such a possibility are the

cbservations that parotid fluid lacked proteclytic activity and would

not degrade IgG (Chauncey, 196l1), but nevertheless contained predominantly

sIgA (Tomasi ¢¥ al., 1965). TFurthermore, 75 serum IGA was much less

resistant to proteolytic degradation than 11S 'sIgA (Underdown &

Dorrington, 1974). Alternatively, IgA may have a selective transport
advantage into secretions. Intravenous administration of either radio-

labelled 7S Serum IgA or 1l1S sIgA did not indicate a major selective

transport from serum to secretions (Tomasi €T al., 1965; South et

al., 1966; Stiehm ¢ ci., 1966; Haworth s Dilling, 1966: Strober cof

Qo., 1970). Moreéver. serum agglutinating antibody could not be
correlated with antibedy in secretions (reviewed by Tomasi &
Bienenstock, 1968). Taken together, these data indicate that the
serum is not a major source of IGA present in secretions at least
€or those mucosal surfaces which had been examined (sec Chapter 5
for some exceptions).

Most of the IgA found at mucosal surfaces originates fronm

local synthesis. Compared to the other Ig isotypes, plasma cells

containing IgA were predominant beneath sccretory epithelia (Tomasi

€T ai., 1965; Crabbe et zl., 1965; Tourville ¢t 2l., 1969, 1970).

In viine synthesis of all of the components of sIgA has been

N
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demonstrated in the gut (Bull et al., 1971; Xagnoff et al., 1973),
salivary glands (Hochwald et al., 1964; Hurlimann & Darling, 1971)
and mammary glands (Asofsky & Small, 1967; Lawton & Mage, 1969;
Lawton et al., 1970). Antibody synthesis of unknown isotype was shown
to occur in viire by rabbit vaginal tissue immunized with diphtheria
toxoid prior to extirpaﬁion (Bell & Wolf, 1967).
The synthesis of dimeric IgA appears to occur within a single
plasma cell. Lawton & Mage (1969) and Bienenstock & Straus (1970)
demonstrated that llS IgA contained either x- or A - chains but not
both. .These results suggested that sIGA molecules were synthesized as
11s dimers. If 11S molecules were either the collaborativ§ product
of two cells making 7S monomers or the association of serum-derived
IgA monomers then the 11S dimers would be expected to show light-
chain heterogeneity. One report (Costea &% al., 1968) suggested that
11S dimeric IgGA may be heterologous for light chains but this £inding
is open to c¢riticism in regard to technical artifacts. Thus, a
mucosal plasma cell synthesizing identical 78 IgA monomers, as well
as J-chain, constructs a 9S dimer (C'Daly & Cebra, 1971; Della Corte
& Parkhouse, 1973) which is transported toward external secretions.
In fact, Ig&-containing Plasma cells in the intestinal mucosa appeared
to be a major source of the serum IGA pool (Vacrman & Hereman, 1970).
Secretory component, an epithelial cell product (Tourville
¢¥ gi., 1969; Brandtzaeg, 1974: Poger & Lamm, 1974) is coupled to
dimeric IgA cither in or near to the mucosal epitheliocytes and
ranular cells. The completed sIGA molecule is then secreted

externally.
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1.3 Humoral immune response gastrointestinal tract

A large body of literature indicates that oral immunization
may lead to the appearance of specific IgA antibodies in gastro-
intestinal secretions (reviewed by Temasi & Bienenstock, 1968:

Heremans, 1974). In mice, oral immunization with eithe? soluble_or
mnmunemu@ncmrmﬂthanmummﬁmﬁm,mﬁmmmuy
IGA plasmacyte response in the lamina propria of tﬁe gastrointestinal
tract and mesenteric lymph nodes ECrabbé et.al., 1969; Bazin 6t al.,
1970). BHowever, the site(s) of initiation of mucosal antibody responses
following.oral immunization have yet to be identified. The most

likely candidates for initiation of the intestinal immune responses

are the mesenteric lvmph nodes (MLN) and the qut-associated lymphoid
tissue (GALT) which includes lamina propria lymphocytes, unorganized
lymphoid aggregates, the Pever's patches (PP) and appendix.

Many studies have directly revealed that the mature intestinal
epithelium is indeed permeable to antigenically.significant gquantities
of intact macromolecules. Such antigens included equine ferritin
(4.66 x 105 Qaltons) (Bockman s Winborn, 1966; Casley-Smith, 1967),
horseradish peroxidase (4.4 x 10° daltons) (Cormell ¢z al., 1971;
Warshaw e al., 1971, 1972}, cholera toxin (8.4 x 10% daltons) (Kao
€t al., 1972), Closiridiwn botulinuws t:}-'pc A toxin (1 x 10° daltens)
{May & Whaler, 1958), and bovine se:u; albumin (6.8 x 10* dalsons)
(Warshaw ¢¥ ai., 1974; Rothderg €T al., 1969). Thus, contact betwoon
some kinds of antigens and immunocompetent lymphocytes coulé occur

in the intestinal lamina propria.
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Unfortunately, little is known about the identities of gut

lamina propria lymphocytes. zApproximately 11t of these cells were
killed by antiserum sﬁbcific for rabbit thymic lymphocyte antigen
aﬁd~tomplement (Rudzik et al., 197Sa). Although cells containing
IgA predominate in the gut lamina propria Fompared ﬁo other Ig
isotypes (Tomasi et al., 1965), only l6% of the rabbit gut lamina
propria lymphocytes had surface Ig. Nevertheless, 50% of cells
bearing Ig had surface IgA. These results suggest that antigen
reactive cells might reside in the intestinal lamina propria, at
least in the rabbit. -

Muéh attention has. been directed toward the PP and appendix
with regard ;o initiation of immune responses to enteric anéigens.
PP are discrete islands of organized lymphoid tissue arising within
the lamina propriz of the gut. TFriedenstein & Goncharenko (1965)
identified bacteria, presumably of enteric origin, within macrophages
in the rabbit appendicial Ivmphoid follic}es. Similarly, viable

- - L -

Saimenclia typhimariun was recoverable from mouse PP shorsly

fter infection (Carter s Collins, 1974). Acdministration of either
carbon particles or radiolabelled, aggregated bovine v=globulin wvza
the rabbit appendicial ATTCIY or lumen resulted in the appearance
of these antigens within réticula: cells in appendicial lvmphoid
tissues (Hanacka c¢3 &i., 1971). Electron microscopic examinaticen
of normal, unobstructed small intestine obtained from humans and

rodents has revealed a unique epithelial cell fvpe located in areas

)
s

of non-columnar epithelium overlying the lvmphoid follicles in

(Bockman & Cooper, 1973; Owen, 1975). This cell tvpe was characterized
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by luminal surface microfolds and has been termed the M-cell. It
was not identified as an epithelial component of villus areas.

Since M-cells were pinocytotic and allowed lymphocytes to closely

approach the gut lumen, it was suggested that they might prepare and

present antigen to lymphocytes, similar to a function postulated for

macrophages (Bona e¢¢ &l., 1972). Indeed, exposure to antigens via the

intestinal lumen appears to Be essential for the normal development of

the GALT. PP were poorly develbped in germ~free mice but matured
foliowing oral hut not parente;al immunization (Pollard & Sharon,
1970) . Moredver, when fetal gut was transplanted into presumably
antigen=-£free environment;, the GALT remained immature (Fergusen &
Parrot, 1972; Ferguson, 1974; Milne ¢¥ cl., 1975). These studies
clearly indic;te that the PP and appendix were eguipped to present
antaxic antigens to the immune svstem.

Some informatien has béen obtained about the identity of
cells found in the.PP. PP contain both thymus-derived and bone
marrow-derived lvmphocytes (T-cells and B-cells,‘respectively). “In
the mou%®, approximately 10% to 25% of PP lvmphocytes were identi-
fied as T-cells either by immunofluorescence (using a heterologous
anti-T=cell serum) ox by cytoioxicity with homologous anti-theta

antigen serum and complement (Raff & Owen, 1971; Guy-Grand et al.,

1974) . Approximately 70% of PP cells stained positive using a

L N
fluerescent heterclogous antiserum specific for mouse B-cells and

about 60% of cells had x-light=chain determinants on their surfaces

(Guy=Grand e al., 1974). O0f the PP cells bearing surface Ig,

about 10% o 25% bore surface IGA (McWilliams ¢t al., 1874:

-
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_ Guy=Grand et al., 1974). However, some eﬁ?dence from work in
rabbits indicated that much of the IGA on fhé surface of PP cells
may not be of endogenous origin but acguired by cytophillic
absorption (Jones & Cebra, 1974). Approximately 3.2% PP cells were
B-lymphoblasts and the hajority of these made surface a-heavy-
chains. Extremaly.few PP lymphocyte; contﬁihed‘intracellular Ig
{McWilliams et al., 1574; Guy—-Grand ef al., 1974}, and Dolezel &
Bienenstock (1971) did not detect antigen-specific Ig wiéﬁin PP cells
following oral or parenteral immunization. Collectively, these
results indicate that although PP contain many B-lvmphocvtes, very
few of these cells are completely differentiated. This conclusion
is consistenﬁ with the hypothesis that the PP occupy Q very early
position in the afferent immune pathwav.

PP contain both T- and B-cell-dependent regions similar %o
lymph nodes and spleen. De Sousa ¢% .. (1969) cbserved that
congenitally athvmic (nude) mice possessed few cells in PP inter-
follicgla: regions. Similarly, Sprent (1973) found that cﬁ:onic
thoracic duct lymph drainage (in which 75% of cells are T-lvmphocytes
{Guy=Grand ¢¥ ao., 1974) resulted in the selective depletion of
interfollicular regions in PP. Depletion of the B-dependent regions

£ PP tock nearly three times longer. - Thus, i seems that enly
a small portion of both T- and B=cells found in PP arise Srom
stem cells located therein.

Following the passage of 9ntigens inte the intesti;al
lamina propria and PP, the next lyvmphoid structures to which anti-

gens might penetrate are the MLN (Carter & Collinsg, 1974). Here,
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cells emigrating from the PP (Sprent, 1973) (and perhaps the gut
lamina propria) could interact with antigens and eventually pass

into the thoracjic duct lymph (Yoffey & Courtice, 1970).

. There are significgnt differengeé in the cells found in the

. MLN compared to those in t;e P?. The proportion of B-cells in the

' MLN was found to be considerably lower (35%) and although only 0-8%

of these cells.were synthesizing DNA, the majority of the B-lyvmpho-
blasts had surface ;nd/or intracellular IgA (Guy-Grand 6% al.,.1974;
Mcwilliams.et Qi., 1974) and lacked receptors for complement components’
(Bianco et al., 1970). Indeed, the great majority of thoracic duct (TD)
lymphocytes (0.25% were B-lvmphoblasts) had both surface and intra-
cellular IgA (Guy=-Grand ¢ ci., 1974). The fact that 80% of TD
lymphocytes came £rom the ﬁLN is in keeping with these findings

{Yoffey & Courtice, 1970). Thus, it seems that the MLN probably
éontains a populaticon cf B~lvmphocytes at a later stage of
differentiation than those located within the PP,

In contrast to ¢ells in the PP, MLN and thoracic duct,
Lymphocytes cbtained f£rom either peripheral (axillary, brachial,
inguinal, and popliteal) lymph.ncdes kPLN)’o: spleen bore and
contained predominantly IgG or IgM (GQy-G:and CT 3o., 1974;

McW§llians et zl., 1874; Rudsik er al., 1975a). Thus, it could be
suggested that PP might be arn important source of the immedia:é
precu&so:s ¢f IGA plasmacyvtes, whereas plasmacyie Drecursors in
peripheral lymphoid tissue are destined.:o synthesize either I6G or

oM.
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Perﬁaps.the most compelling avidepce to suppoxt the contention
that.PP are involved in the IgA immune response by :goviding an
enriched source of the immediate precursors of IgA plasma cells

comes from the work of Craig & Cebra (1971). Six days after adoptive
transfer into lethally irradiated, allpgeneic host.rabbits. donor .
1ymphoqytes prepared from the PP appeared almost exclusively as IgA
plasmacytes in the gut and spleen. In contrast, transferred lympho-
cytes obtained from popliteal lymph nodes or peripheral bloed did

not repopulate the intestine but appeared primarily as IgG-containing
cells in the spleen. Usually, igA plasma cells are uncommon in the
rabbit spleen (Crandall ef 2., 1967) and would not be expected in
this site after transfer of IgA plasma cell precursors. Rudzik e3
e, (1975b,c) corroborated the results of Craig s ngra {1971) and
showed that repopulation of the irradiated recipient spleen after
transfer of PP cells was most likely due to an unphysiologic alle-
geneic effect.

Subseguently, it was shown that a sub-population of PP cq}ls
was responsible for the genecration of IgA-containing cells after
adeptive transfer. This precursor pepulation, which comprised
about 80% of the total cells, had no detectable endogencus heavy-
chain determinants, but did have light-chain determinants {Jones
€% 2l., 1974). When cultured im v<ime, these cells could be
stimulateé by pokew;ed mitogen to synthesize IgA, whereas this
was not the case when PLN weré cultured and stimulated. Circum-
stantial evidence suggested that these cell; might have been

sdenzical O 2 subpopulation of PP cells which had surface IcA
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Allotypic determihants (Jones & Cebra, 1974). It could be that Iga
antigenic determinants on the cell membrane are arranqed in such a
way as to be gndetaptable by peterologous anti~rabbit a-chain serum.
Taken together, these studies are consistent with the idea that - the
PP are a vexry fgrtile source of the immedi#te precursors of IgA

plasmacytes which require several days to mature and ultimately take

up residence in the gut lamina propria appearing as IgA plasma cells. ..

Since adoptive transfer of cells is essentially an artificial
release of lymphocytes from lymphoia sources, it scems likely that
ﬁhe IgA plasga cell progenitors migrated at some time from the PP
to the MIN and then v.ia the circula.ﬁion to the gut.

Sa:e evidence indicates that the MLN harbours A populaticn
of rapidly-dividing B-lymphocytes which are committed to the
synthesis of IGA ¢ are destined to become IgA-plasmacytes in the
intestinal lamina prépria in much less than 6 days. Within 24 h
following adoptive transfer of fsaiolgbell;d Ivmphoblasts ;nto__y
syngeneic recipient rédents, MIN lymphobiasts {and to a lesser
degrec TD lymphoblasts) showed a remarkable propensity to localize

in the gut mucosa and these cellz had little affinity for PLN.

Approximately 60% of radiolabelled MLN donor lymphoblasts in
N

recipient intestine.contained intracvtoplasmic 1gA (Gowans & Knight,

1964; Griscelli ¢ al., 1969; P&l s Smith, 1970: Kall e® 2l., 1972
P :

Guy—crand € ao., 1974; Parrot s Fercuson, 1974). By comparison,

sabelled PIN donor lymphoblasts returned primarily to recipient

.. . i
PLN and spleen and became IgG pli%macytes.- Moreover, in contrast
to lympheblasts from either source, ‘H-uridine-labelled small
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lymphocytes obtained from the same anatomical sources ﬁhowod iittln

PO

or no tendency to selectively localize in any sita. Thaese results
indicat;d.that the MLN,containeq a population of bIaﬁﬁSﬁgnic, IgA
plasmacyte progenitofs which ware much more-di::erentiatGQchan

those present in the PP. The cbservations that either lymphoblasts

or small lymphocytes obtained from PP did not praferen;ially localize f
within 24 h ih either rocipient PP or anywhere elso {Guy=Grand e

al., 1974; Zats & Lance, 1970), is5 consistent wits this conclusion.
B-lyméhocytes in the PP Which were destined to bad®me IgA plasma

cells might ﬁave baen aﬁﬁh difforéntiation s£nge that did not provide
‘fﬁhom with the means to recognize the gut mucosa as their localization
site. |

Since oral immunization could lead to an IgA antibody reoaponse

in the gut mucosa and the MLN (Crabbe, 1969; Bazin, 1970), it could
ba sué@ested that certain B-cells in the GALT became son;iti:ed to
entaric antigens and bogan differentiating inte IgA plasmacytos;

thisa pfocess required several days. However, once these cells
migrated o the MLN, they'wcre totally committed to dovelop inte IgA
plasma cells within a éhort pe;;Pd of time and had alse acquired the -
capacity to quickly lecalize primarily in the intestinal lamina T
propria. Thus, it micht have been this localization whicﬁ accounted
for the predominance of IgA a;tibodies in mucosal-sccrctioﬁs and
‘littlo specific antibody in serum. In contrast, cells sonsitized

to antigens %n PLN would be expected %o cventually return o PLN

and synthesize Specific ISG class antibodies which are predominant

in the serum and not in external seeretions.



- The nature of tﬁe developmntal altera.tion;s- that cause IgA
plasma cell proganitozs in the MIN to localize in the gut ‘mucosa
is unknown. One model suggests that localization of MLN lympho-
blasts. in the qut mucosa might be antigen-directed and dependent
upon antiges-spec;fic £ell surface receptors. Although antigen may

. o -

play a part in lyqphgb‘iast localization, it is unlikely to be the
only cause. Rat %horacic duct lymphoblﬂasts dlocalized in' the intesfinal
lamina propr:.a upon injection. uxto neonatal, colostrum-depr:.ve& rats
and mice (Halstead & Ha.ll 1972 Meore & Hall, 1972J . GALT was |
present in transplanted fetal gut which was presumably anti.ges free
{Ferguson & Parrot, 1374), ang thoracic duct and MLN lympﬁé.blasts
localiZed irl transplanted fetal qut (&oo're .& Ha.ll,lf_1972’5‘ Guy—Grana
et af.-, 1974; Parrot & Ferguson, 1974). ‘An alternative model ‘
suggests that other types of cell sur.:fac_e :_'ecsp.tors play key roles

in lymphocyte localization. TFor example, pr-oced'ures chlculated to

either enzymatically destroy or alter cell surface molecules interfered '

- . v ‘.\\
with cell lodging (Gesner & Ginsbu¥g, 1964; Woodruff & Gesddr,/1968; -

Gesner et al., 1969; Woodruff,'1974). If, :::he enzymatically treated
.cells wers' alloweé to repdir their cell membranes % Uiiro and ?
then in:':?e"cted, lymphs;yﬁé .":icr_cali.::ation was unaffected. Finally,

the' fact that IgA-conga;.nisg cells are found close to mucosal epithelia
suggests that SC, an epithelial cell product (Tomasi & Bienenstock,
1968) might' serve as a receptor for locali:aﬁon_ of cells bearing
. surface IgA (Brandtzaeg, 1973, Uhr & Vittetta, 1;974: McWil.liams et

al., 1974). At present, the roles o_f antigen, Ig, and receptors

such a-s &C in explginin;g‘selective "lymphobla.st ‘locali::a.tion are

P

wiknown, but all may ci-._mt.riﬁi;ie.

a - -
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If the PP, in fact, contain primarily Igé Plasmacyte prog;nitors
destined to localize beneath the gut epithelium it might be ;xpected

" that they would lack mature immunocompetent B-cells. The evidence

to supboéé this Expectation is conflicting. Antigen-spacific_antibody—
containing celis were not found in hamster PP following either oral

or systemic immunization although such cells,appeaﬁed in other tissues
(Biqunstock and Dolezel, 1971). Following either feeding, parénteral'
administration, or injection of antigen directly in PP, no antibody-

forming cells were found in rabbit PP (Henry et al., 1970). Neither

4ntraperitoneal nor intraducdenal primary immunization with Vb

cholera_ resulted in the appearance of IgM plasma cells rodent PP

<

{(Veldkemp ct al., 1973). However, secondary immunizatién by either

of these routes led to an IgM response in PP. In opposition to these

. <

data, direct injection of antigen inte PP in rats, hamsters and mice
elicited antibody-pfoducing cells in the injected patch {Cooper &
Tyrner, 1967; Dolezel & Bienenstock, 1971; Veldkemp ot al., 1973) .

Eowaver, these findings might be explained by antigen-mediated -

x Jtment ©f cells into thé inject}on site. It should be noted
that tt};r number of anti.body-fomng cells detectable in the immunized
patch ;f the rat (Cooper‘& Turner, 1967) wﬁs only 1l0% of the number
appearing in MIN. Moreover, in wWire investigations of PP immuno-
competancy are also cénfuging. For example, primary cultures of PP
tells obtained from normal rabbi;s responded to the presence of
antigen bv the generation of IgM-secrétiné cells (Henry e gl., 1970).
Both IgM—and.IgG-sif:eting cells aééeared in antigen siimulated

cultures of PP cells prepared frcm'systemically immunized rabbits.
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Perhaps the preasence of IgG-secreting cells in these cultures

+

reflected the presence of antigen-stimulated, circulating cells from

the PLN being present in the PP at the time of culture preparation.

‘Thus, the available data do not allow a .firm conclusion as to presence

of immunoccmpetent cells within the PP. Nevertheless, it seems that

the PP contain a population of cells which gltimately becoma IgA

plasma cells in the gqut mucosa.

1.4 Bumoral immune response in the respiratorv tract

In health, the bronchial and nasal mucosae contain substantially

fewer immunoglobulin cells than does the lamina propria of the ga;tro-

-

" intestinal tract {Crabbe & Heremans} 1966; Brandtzaeg eI ai., 1967;

Martinez-Tello e? al., 1968). Nonetheless, the immune response in
the upper respiratory t':act‘is characteriead by a predominance of
sIGA Sver other immunoglobulins in secretions. Inﬁections with :hino— 
virus (éate er al., 1975: Perkins ¢t al., 1969), influenza virus
{Bellanti e¥ qi., 1965; Alford et al., 1967; Mann et zi., 1969; Rosen
€t al., 1970), parainfluenza virus (Smith ¢t al., 1966: Blandford

& Heath, 1974), and adenovirus (Smith e¢% ai., i970), led to humoral
immune responses in bronchial and nasal secretions in‘which IgA was
found in the greatest amount compared to other Ig isotypes. Since
there was a preponderance of Igg—containing cells begeath the
bronchiél a’®¥ nasal epithelia (Tourville € ai., 1969; Brandtzaeg

et al., 1567). Iga in respi:a;ory tract secretions was most likely
derived from local synthesis. Moreover, .Cassal and coworkers (Cassal

F o )
et al., 1974) cbserved that antibody-containing cells of the IgA
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isotype appeared to be the major population infiltrating the lungs
of pathogen~free mice infected with Mycoplaéma pulmonis. In humans,
locaily produced iga antibodies may ﬁe related to resistance to

M. prewnomice infection (Brunnex & Chanock,hi§73). Indeed, the
protective effects of pulmonary IgA antibodies are emphasized by the
observations that IgAédeflcient humans suffered from an increased

prevalence of eitheg_respiratory tract infections or associated

disorders (Ammann & Hong, 1971). However, species and physiological

- o

differences in the humoral immune iesponse to respiratorv infections

have been reported. Fernald and colleagues (Fernald e 2l., 1972)

found that M. pnewmonice infection of hamsters {Esulted in a predom-

~

inantly IGM antibody containing. cell response when compared to IgA.

Asymtomatic, IgA-deficient individuals appear to replace IgA in

their secretions with IgM, much of which is seemingly locally pEEduced

(Stobe & Tomasi, 1967; Eidelman & Davis, 1968)-. Perhaps the species

and physiologic state of the host and the tyvpe of -antigen contacted

by the pulmonary mucosa play a significant role in both the quantity

and gquality of the humoral immune response in the upper airways.
Collectively, the above results indicate that the immune response
in the upper respiratory tract is, in many ways, similar co that

found in the gut.

0 :

Compared to the upper airways, some significant differencas
can be found in the humoral immune response in the lower respiratory
passages. Infection of rabbits with either JMrloesceous rrnewmoniac
or Iisteric morocyrogenes led to the appearance of antigen-specific

IGA antibodies in the lower respiratory tract accompanied by a

-
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marked increase in local synthesis of IgG (Hand & Cantey, 1974) .
Similarly, intrabronchial immunization og dogs with sheep erythrocytes
produced an antibody re;ponse which was confined to the IgM and IgG
isctypes (Kaltreider.gt al., 1974). The results of these studies

imply that functional differences exist between the immunological

apparatus associated with the upper and lower respiratory tracts.

Although little is known abouﬁ the mechanisms by which inhaled
antigens can cross the pulmonary eopithelium, some evidence indicates
that this phenomena does occur. Drinker & Hardenbergh (1947)
reported that after intratracheal administration of either bovine
serum albﬁmin (BSA) or ovalbumin (OVA) to dogs, foreign albumin -
could be detected in the right lymphatic duct. More recently, it has
been shown that lung tissue in dogs and guinea pigs was capable of
absorbing up to 33 mg of radioiodinated human albumiﬁ within 48 h
after int:aﬁ:acheal instillation, i.e., mean absorption rate of
0.69 mg/h (Dominguez €% al., 1967). It is interesting thatntace
radioiodinated albumin was absorbed from the rat intestinal lumen
at a rate at least two orders of magnitude less than that absorbed
£rom the lungs (Warshaw ¢ @i., 1971, 197d). Thus, zhe lungs appear
to be as capable as the gut in zegard to absorption of intact anti-
gens, but the site(s) of antigen absorption and interaction with the
fulmonary immune ele@enﬁs are unknown.

Cne possible location for interaction between antigen ané
the pulmonary lvmphoid elements might be the lymphoid follicles
in the bronchial walls described by Klein (1875). Sienenstock ané

colleagues {(Bienenstock €* zl., 1973a,b) have studied these organized

L,
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| lymphoid aggregates in detail and termed them the bronchus-associated
iymphoid tissue (BALT). 1In lagomoréhs, rodents, swine, canines,
birds and humans, BALT bore a striking morpholpgi:al resemblance to
the PP. BALT possessed a lymphogpithelium and contained both T- and
B-cells. Approximately 18% of BALT lymphocytes in the rabbit were
~killed by antiserum specific for rabbit T-cells in the presence of
complement (Rudzik et al., 1975a). Of the BALT B-lymphocytes (503
of the total cells) bearing surface Ig, the majority were found to
have membrane c-heavy-chain determinants. Moxreover, BALT lacked
antibody-containing cells within the follicles. Although BALT was .
randomly distributed along the branchial tract, it was concentrated
at bronchial bifurcations, sites known to impact inhaled antigens.
Thus, BALT was very much similar to GALT and dissimilar to pexipheral
lymphoid tissues in all parameters tested. .
In view of the fact that PP and MLN were a fe;tile source

of IgA plasma cells found beneath intestinal epithelia, and that
BALT possessed some properties similar to GALT, it was Proposed that
BALT might be part of a more universal mucosal lvmphoid system in
which GALT and BALT might be the sources of tigen sensitized cells
which are disseminated and ultimately localize ang differentiate into
IgA-secreting plasma cells benégth mucosal epithelia (Bienegstock

et 2., 1973a,b). On the other hand, cells present in peripheral
lymphoid tissues ;éuld likely be relatively deficient in this
capacity. Accordingly, this hvoothesis was tested using the experimen;al
animal nodel originally described by Craig & Cebra (1971). It was

cemonstrated (Rudzik o= 2i., 1975¢) that cells derived from the BALT
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had virtually the same capacity as PP cells to repopulate the spleen
of allogeneic recipients with IgA-containing cells. Of greater
significance, cells derived from the BALT were able to equally
repcpulate the lungs and gqut with IgA plasmacytes. Similarly, GALT
lymphocytes repopulated the gut and to nearly the s;me gx&ent the
bronchus, with IgA-containing cells. In marked contrast, cells
prepared from the popliteal lymph node; were much less capable of
repopglating the bronchus, bowel or spleen with IgA~containing cells.
From these studies it was concluded that cells from one mucosal
Site may localize at another mucosal site. Thus, it seemed that
cells sensitized to antigens at one mucosal site might journev to
distant mucosae and p:évide antigen~-specific immunitv in secretions.
A second location at which inhaled antigens might interact
with the immune system is the bronchial (mediastisal) lvmph nodes

(BLN) draining.the lungs. Either intratracheal or intraperitoneal

\
immunization will lead to the‘-presence of antigen in the BLN {(Yoffey

§ Courtice, 1970) accompanied by a substantial incréase in BLN size.
Unfortunately, the functional properties of cells‘within

the BLN have not been adequately studied. Investigations in rabbicts

(Holub & Hauser, 1969; rord & Xuhn, 1973), mice (Nash, 1973) and

dogs (Raltreider et zl., 1974) showed that plagque-~-forming cells

(PFC) appeared in the BLN following "intrapulmonary immuﬁi:aticn with

sheep erythrocvtes, but were absent following parenteral administrasion

of antigen. The antibodyv-containing cell response was pr?marily of

the IgM isotype and controversy exists concerning the presence of

Iga class PFC in the BIN. Thus, the nature of BLN lyvmphoevtes

\

)



' 27

remains a fertile area for further exploration.

The origin(s) of the antibody-cotntaining cells which appear-
to populate the lungs in response to infection afe unknqwn (Cassel
et al., 1974; Blandford & Heath, i974). Similarly, the sources
of lymphocytes found in pulmon;xy washings have not been identified.
Since both the GALT and BALT.appear to be productive sources of the
immediate precursors of IgA plasmacytes (Craig & Cebra, 1971:

Rudzik ez aZ:, 1975a,b,¢), lymphocytes in the respiratory tract might
have originated in these sites (Clancy & Bienenstock, 1974). Thus,
like.;hé MLN, the BLN might be expected to contain a population:of
cells morxe differentiated than these contained in either the GALT
or BALT. IE could be predicted that both MLﬁ and BL& cells are
committea‘éﬁ IgA synthesis and would selectively localize beneath
mucosal epitheiia, Parxticularly in the lungs and gut. If this were
sotrantigen in;erqct}ng with the lymphoid_tissués of the intestinal
o - wg= ML T .,
and respiratory tracts (the major portals of entry by intruders)
would provide an organism with mucosal immune defenses capa;le of
functioning inte:changeabl§ and therefore, in Principle, more

effectivelv.

1.5 Humoral immune zespeonse in the female reproductive organs

1.5.1 Maﬁmary glands

Unlike the intestinal anad respiratory tracts, the Dammary
glapds do not qontain any organized lymphoid aggrecates. Ho&eve:,
the mammary secretions (colostrum and milk} ceontain significans

cuantities of several Ig isotyvpes (Tomasi & Bienenstock, 1968).

-
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In ungulates, the origin of these antibodies is diverse.
The mammary glands of swine and ruminanfsfghve been shown to be
capable of selecéively concentrating and secreting serum Ié's across
the ductal mucosa (Lascelles & McDowell, 1970; Porter, 1972: Bourne,
1973). In these animals 7s IgG was the predominant immunoglobulin
in colostrum'and milk. Neonatal ungulates selectively absord intact
Ig's from milk in the gut lumen directly into the circulation.
Clearly, this phenomena is necessary for survival since epithelio-
chorial‘placentation in ungulates does ﬁot Allow the passive transfer
of humoral immunity from mother to offspring <n utero (Brambell, 1970) .
Nevexrtheless, anéigen infusion into ungulate udders led to a local
immune response which was ﬁanifested as sIGA in milk (Lee & Lascelles,
1870; Wilson e al., 1972; Bohl €% al., 1972). Most evidence
indicated that milk sIgA was synthesized locally (Lee & Lascelles,
1970; Bourne & Curtis, 1973). Thus, it appears that humoral immunity
in ungulate mammary tissue is derived from both serum tHansudation
and logal synthesis of Ig‘'s.

In primates, rocdents, and lagomorphs, sIGA is the predominant
Ig in milk and colostrum (Tomasi & Bienenstock, 1968), and appears
to bhe locﬁlly ﬁynthesi:éd (Hochwald et zl., 1964; Bienenstock &
Straus, 1970). 1In these animals, breast milk sigA éid not aépear
to be absorbed from the neonatal gut lumen (Brambell, 1970;: Hemmings
¥ ai., 1973), but seeminglv acted locally in the intestinal trace
té protect acainst enteric infection.[Similar functiecns have been
proposed for »plga in the swine alimentary tract althouch much sIga

-
is absorbed (Porter T al., 1970; Porter, 1973).]
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In order to perform a protective role in the .qut, milk.
antibodies musﬁ have sp?cificity for the antigens of intestinal
microorganisms. Bohl and co-workers (Bohl et al., 1972) showed that
porcine milk could contain sIgA antibodies specific for a gastro-
intestinal virus. Similarly, infection of Pregnant women with
Salmonelle typhimurium was observed to result in S. Syphtmovium-
specific IgR antibodies in colostsum (Allardyce et cl., 1974).
Furthermore, when pregnant rabbits were orally immunized with a
haptenated antigen, sIGA antibodies specific for the hapten appeared
in colosi:um and milk (Mohtgomery 6t ai., 1874). These findings
suggested that the IGA plasma cells lying beneath the mucosal epi-
thelium of the mammarv ducts had pPreviously encountered enteric
antigen although the mechanisna(s) by which this occurred was unknown.
1.5.2 Vagina, cervix and uterus

Little is known abeut the humoral immunity of the femalﬂe
reproductive organs. The vagina, ce:vix', and uterus are lined with
secretory epithelia but organized lymphoid aggregatés are absent.
Vaginal and cervical ;'::ucus contains significant quantities of Ig wisz?
sIgA being the predominant isotype (Chodirker & Tomasi, 1263; Tomasi
at E:Z., 1965) . rollowing exposure of the cervico-vacinal canal
to microbial antigen, an anticen-specific antibody respense may
be dezected in ce;. ical-vaginal secretions {(XKerr, 1953; Kerr &
Robertson, 1953; Parish e 2I., 1967; waldman o= av o7

. -

[$1]

Chipperfield ¥ zl., 1972; Wilkie e
- >

~}

al., 1973; Ogra & Ocra, 1973).
Usually, sIgA antibodies predominate over other Ig isotvpes with

these tyvpes of immunizations in the cervix and vagina. For example,

-

N e r————— -



30

infection with either Candida albtecns, Neiss'er-zla gonorrhoéce, Vibrio
Jetus or policvirus caused the appearance of ﬁpecific antibodies in
which sIgR had the highest titre (Waldman et ai., 19;2; Chipperfield
6t al., 1972; Wilkie ¢t al., 1973; Ogra & . Ogra, 1973). However, one
report ccx:ipperfiela et al., 1972) indicated that the type of infection
might be important in eliciting the sIGA. antibody response; Trichomongs
caused a predominantly IgM.antibody Tesponse. It should be noted here
that although cervico-vaginal secretions are collected from the vagina
and cervix, this does not necessarily mean that they originated at
these sites. Although such secretions could have been a product of
" the uterus or oviducts, this does not seem torbe the case. Ogra &

ra (1973) cobserved that intravacinal irmmunization with poliovizrus
resulted in a predominantly SIcA response in the cerviﬁ_and vagina.
Intrauterine immunization led o an IgG response in the uterus which
was not mirrored in the cervico-vacinal sec:etidns. Morecover, IGA
appeaxs to be produced locally since there is a prependerance of IgA
plasma c¢ells beneath the mucosal epithelium of the cervix and vagina
(Tomasi e ql., 1965; Tourville et 2l., 1969, +270) andé rmabbis
ce:vi¥ synthesized IGA antibodies Ix 1itme (Sehrman, 1270). Thus,
sigA~mediated immunity in the vagina and cervix seemingly protects
the uterus from infection. The observation that the uterus is

aseptic and might lack the capabilities

th

or local sIgA syvnthesis
(Ogra & Ogra, 1973) is consisfent with.shis idea.

In health, there is a paucity of Ig-gontaining Eeééf in the
cexrvico-vaginal mucosae (Tourville e* &o., 1969, 1970). However,

intravaginal infection often leads o a marked increase in the
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frequency of IgA plasma cells in these sites (Waldman et al., 1972;

Chipperfield et al., 1972; Ogra & Ogra, 1973). The sites of origin

of thd IgA plasmacytes-in the genital tract are unknown. Such sites
are liXely important if control of genital infections is to be

accomplished.

1.6 A common mucosal immunclogic svstem

Parenteral immunization can lead to humoral immunity at
parenteral locations quite distant from the immunizing site. There-

fore, it might be expected that immunization at one mucosal site
&+
3

could lead o humoral immunitf (predominantly sIGA) at other mucosal
Suifaces. However, the degree of dissemination of the IGA immune -
response to distant mucosae seems to be Juite variable. When poliovirus
vaccine was ihtroduced into tHe distal colon of pétients with double-
barrelled colestomies, a primary IgA response was elicited which
diminished in magnitude with increasing distance from the site of
vaccination (Ogra & Karson, 1969b). Similaxrly, Manﬁ and colleacues
{(Mann &2 2., 1969) reported that aerosol immunization of humans with
inflvenza virus was associated with an increasé in specific anti-
viral IgA antibodies in the sputum and nasal washings but net in
saliva. These data demonstrated that the secretory response is
confined to the site of immunization, i.e., a loeal immune responsc. .
: : A~

in contrast, several pieces of more :ecent_evidence have
suggested that the secretern immune Tesponse might be dispersed o
distant sites under some circumstances. Tor example, oral immunization

of pregnant zabbits with cinitrophenvlated {DNP-) Eneumococcal
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vaccine led to the appeaxance §i§§ high titre, anti-DNP IgA anti-
body response in colostrum which was not accompanied by a detectable
serum Anii-hapten antibody response (Montgomery et ai., 1974).
~ Moreover, Bohl and co-workers (Bohl e¥ al., 1972) showed that either
natural or experimental infectionﬁof swiﬁe with transmissible gastro-
TTenteritis virus Swhich—remains confihed within the gut) elicited
significant IgA antibody reéponse to virus in coiostrum and milk.
In ccgtrast, direct immunization of the mammary tissue with virus led
to specific IgG antibedies in the milk. However, it should be-noted
that anti-DNP IgaA antiboéy appeared in c¢olostrum after intramammary
immunization ©of pregnant rabbits with DNP-bovine y-glcbulin (DNP-BGG).
Nevertheiess, parenteral immunization with DNP-BGG.did not elicit
anti-DNP antibodies in colostrum. In humans, oral administration of
cncapsulated adenovirus vaccine was able to provide significant
resistance to pulmonaxy infection by the virus (Edmonson o 2i.,
1956; Smith ¢¥ al., 1970). Similarly, Allardvce and colleagues
{Allardvece ¢ 2l., 197w obser*cd cglostral 3IgA antibedies specific
for Satmomella tuphidmwrium in women suffering from enteric infection
by this orcanism. These results suggesﬁ that the nature and

. Ry » ) L L . .
guantity of antige:n, the route of its administration and the species

in questicn might be extremely imporiant in‘rest:iction or dis-
semination of the secretory imﬁﬁne Tesponse. Nevertheles#, it is
clear that given the appropriate set of cire tances, dissemination
of the secretory immune response can Qgcur.

Several hypotheses may be considezed to explain dispersion

of the sIgA antibody response from one mucosal surface to another.

4
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Firstly, antigen might cross the muc#sal epithelia, enter the
circulation and ultimately reach distant mucosal surfaces whareupon
it could induce completion of differentistion of antigen-specific,
IgA precursor cells. Thls possibility seems, for the most part,
to be unlikely because parenteral administration of ant;gen should
have a similar effect and this is usualli’not the case.
| Secondly, antigen might in Some way be specially "processed"
by the qut such that upon reaching distant mucosape, only IgA plasma-
cyte precursors are activaﬁed. Of course, Parenterally administered
antigen would b; expected to remain "unprocessed" and, therefore,
incapable of activating IgA plasma ccll prccursorg} Some evidence
indicates that intestinal ﬁacrophages can ingest orally administerced
antigen (Kao, 1972} and macropghages have b&éﬁ shown to accumulate
in developing mammary glands (Lee & Lascelles, 1970). It is possible
;hat such <cells might aid in the proceéssing and transport of
mucosally absorbed antigen.‘

Thirdly, it scems possible that specific dimeric IgA made
at a mucesal surface in res pons to lo¢al immunization at the same

mucosal surface, might enter the circulation and be transported across
.

distant mucosal epithelia. £ such transport weroe selective, very

low serum concentrations of dimeric IgA could be effectively

concentrated at distant mucosal epithelia. Considerable experimental

cvidence ig inconsistent with this hypothesis (Tomasi ¢ é:., 1965;

South ¢? al., 1966; Stichm o= 2oe, 1966; Haworth s Dilling, 1966;

Stxobex ¢ al., 1970) but scme excepitions have been recently

reported (sce Chapter 5).



Lastly, IgA plasma cell precursors sit_uatéd in mucosa-
associated tissves might receive antigen-mediated stimul'ation.
Jemig,v:a.te via the lynapizaticg and circulation, and ul.timtely locaiize
not only at the mucosa from which they were'generaéed. but also at
distant mucosae. The great majority of experimental findings are
most compatible with this hypothesis and suggest ‘that the sites at.
l.which antigen stimulates Igh plasmacyte precursors aie the GALT and
BALT. As previously described, both tﬁe PP "and the BALT were
fertile sou;ées of the IgA-containing ceils observed beneath both
the gqut and bronchial epxthella (Craig & Cebra, 1971 Rudzik et ac.,
1975¢,d) . S;m;larly, mesenterlc lymph node cells selectively
localized in the gqut mucosa and the majority of these local;:ed cells
contained IgA (Griscelli et cl., 1969; Hall & Sm;th 1970; Guy-Grand

*

et aa., 1974; Parrot & Ferguson, 1974) . On the baSlS'O‘ these

findings, Bienenstock and colleagues (Rudzik e* EL., 1975¢) postulated

‘the existence of a common mucosal lmmunologlc kvstem anolv1ng .

"ﬁ-

several mucosal surfaces linked together by migrating IGA plasma cell
progenitors.  Although the various pieces of evidence clearly showed
that migration and selective localizatiorn oi_célls could cocur

between mucosal tissues containing organiced lynphoid aggregates,

.

they did not indicate that IgA plasma cells at other mucosae

origipated from precursors harboured in either the PP, mesenterin
L . -

lymph nodes or BALT. 1If _Precursors destined to become IgA-sec*eting
cells were spec;f;cally disseminated amongst the various mucosae,
. . ‘ + .

an organism might have a major survxval advaptage. For example,

secretory lvmphoid #hgregates stationed at strategic locations aleng
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the gut and bronchus would cont:i.nuously sampla the anta.genic
'exte:nal environment and then pass humoral imunity to distant .
micosal sites where. environmental antigens mght also be present.

Such 4 common mucosal :.munolog:.c system ;ould in pr:.nc.zple,

provide a means by which mucosal imunity inight be ha.rnesSed and

. brought to bear as a first line of defense, not only at the pr.:.m;ry

site of exposure to potenua.lly ha.mful agents, but at secondarv » " -

sites as well. ‘



CHAPTER 2

PURPCSE CF THE STUDY

36
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2.1 Sumary of the litérature and conclusions

Much of the literature concerning humoral immunity has

focused on the systemic immune responses. The cells responsible

for the production of Serum IgM and serum IgG antibodies have been

examined with respect to their

location at the time of :es;cnSe to
antigen and sqbsequen; travels. For example, the presentafion of
antigen'tqrboth.r- and B-cells statiocned in a particular lvmph
node can resul: J.n-the emg-at;on of cells ‘*-om the lvmnh node which

will ulglmatelv lead to the presence of IgM and Ig6 antibody

producing cells in distant lymphoid tissve such as that found imr

lymph nodes, spleen ang bone marTow, Most of the antibody in serum

-

originates in such cells.

In contras:, :elativelg little is known about- the mechanisms

which lead to a humoral immune response at mucosal surfaces.

{munization at a mucosal surface often resulss in sroduction of
antibodies which are confined to the viéinity of immunization.

.
Thus, the mucosal immune Tesponse may be almost entirely localized.

- C . “ . .
Unlike systemic imyune Tespenses, local immune responses

are characterized by a predominance of dimeric IgA zn external
N

r A v
Secretions relative to the othex ‘immunoclobulin isetypes. Dimerie
IgA appears to be svnthesized locally sin

neath mucosal epithelia and because

there is a preponderance
of IgA-containing cells he
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monomeric IGA appears to be the form in which IGA is made in.
peripheral lymphoid tissue. Alt.bough the precise s.:.te(s) at wluch
mucosally presente;l antigen and immumoreactive cells interac/':; is
unknown, the vast majority of evidence is cqnsiétent with the ide.a
that this interac:t.i\on occurs at the mucosal surface and/or in
mucosa-associated lymphéid tissue (MALT).

P"esentauon of immunogens to the 1umnal surface of the
small intestine can lead to the appearance of ant.‘;.gen-specific IgA
antibodies in qut secmtion_s. Remarkably,. following voral immunization,
specif.;‘.c-lga anr;i.bodies m.-ay also appear in mucosal secretions distant
from the gut (e.g..colostrum and milk). One explanation for these
observations could‘ be the diméric Iga svnthesized by cells in the
inte st...nal lamina propria was not only t-.ransoor te¢ into the gut but
2lso into the circulation whereupon it ultimately apreared in
c.v.s::art mucosal secretions. At the outset of this s tudy, most -
evidence did not support this Dossibility.

Alternatively, it was suggested that IgA plasmacyte progenitors

sensitized to enteric antigens in the cut lamina propri

a, PP or MLN
W

might have the capacity to emigrate from these sites and selectively

localize in the gut and other mucosal sites, complete differentiation

- - -
and secrete dimeric IgA across the epithelia. Several cbservations

suc_,'ges ted that the latter hyoothesis might he the major mechanisn.
After oral imunization, resistance to gnieric infedtio bv anti-

genically relatec organisms was not correlated with circulating
antibodies. In rabbits, PP were found to be a rich source of the

precursors of IcA plasmacytes that appeared in not cnly the cut,
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but in the bronchus as well several days after adoptive transfer
Lnto allogenalc or autologous hosts. Furthermnre, a populatron of
B-lymphoblasts obtazned from rodent MLN became Ig3 plasmacytes in
the intestinal lamina propria 24 h after adoptlve transfer into

normal reCLPlents._ Finally, a population of rapidly-dividing

lymphoblasts in thoracic duct lymph failed to reciréulate but

" instead localized in the lamina of the gut. The contention that

r.

cells derived from one mucosal surface could localize at another o
mucosal surface was further supported by the demonstration that the
BALT, like the PP of the gut, was a fertile source of IGA plasma-
cvtes eventually seen beneath the mucosal epithelium of both the
gut and bronchus. In ‘these types of studies, cells derived frcr PLN
showed radically different properties 15 that they were nearly
incapable of supplying IgA~plasmacyte precursors to any mucosal rite.
Collectively, these findinga ccnstityted the basis for the
hvpothesis that there might exist a mucosal immunolegic svstem in
which different mucosal surfaces are linked by migrating Iga
plasmacyte-precur;ors. If lymphoid tissue associated with the gut
and lungs was capable of providing mucosa-associated tissues with

IgA'plarma calls, it may be hvpothesized that both.:he MLN and BLN

(as opposed to PLN) would be rich sources of blastogenic cells

destined to become IgA plasmacytes beneath +the secretory epithelia
>

of the gut and other mucosa=associated tissues. Moreover, it micht

be that the intestinal lamina propria contained cells which

behave like those cells harboured in the MIN. The purpose of the

study was to test these hypotheses.

p—

AN



2.2 Specific chjectives of the study

In order to examine these hypbtﬁeses, answers were sought
to ';;he "following questions_. .

1) Do dividing cells in MIN, as compared to t.hose. from PLN,
pr;eferéntially localize beneath the ?osal epithelia of the . 3
intestina;., respiratory‘and genital -tracts and mammarv gle;nds?

2) Do dividing ¢ells. in BLN hehave like thos-e from MLN |
'in terms of their -localization characteristics?

3) 1Is there a tendency for the -precu:sors' of IGA plasma
cells, compared with those of other Ig isotypes, to preferentially
localize beneath the mucosal epithelia of the gut, lungs, genital
tract and breast?

4) If the precursors of Ig—-containing cells localized
beneath the :nucos;;l epithelia of the genital tract and mammary
glands, was their loéali:ation influenced by sex hormones?

5) Does the intestinal lamina propria conte;in c‘ividi#g
c_*ellsf and if so, do these cells behave like those in the MLN, BLXN,
PP or PIN?

2.3 Qutline of the animal model
7

>
Rodents were chosen as experimental animal mocdels. Lympho-

blasts, taken from various lymphoid sourdes in croups of donor
animals, were labelled by in viims incubation with a radicactive
nucleotide and were then injected intravenously into recipients.

t was assumed that this adoptive transfer of cells was analogous
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(at least in part) to the normal physiologic release of lymphocytes
from the respective lymphoid sources irn vive. Approximately 24 h

latex, various organs in recipients were examined for the Presence

of donor lymphoblasts and the intracvtoplasmic immunoglobulin isotype’

(1£ any) of the labelled donor cells.  ° E
Two major obstacles in deteqting 3H—labélled cells in
cipient organs were: 1) solubilization of the tissues in
scintillation fluid to produce a2 homogeneous, translucent, single-
phase préparation that co;ld be raéioassayed, and 2) correcticn for
quenciiing. To surmount these prcblems, the develcbment of a method
capable of solubilizing recipient tissues and detecting 35 was

undertaken.

-

iIn ordex to visualize radiclabelled lvmphoevies in recipient
organs, autoradiography of thin tissue sections has been the method
of choice. Although this technigue had been successfully combined

with immunoflucorescens staining of intracytoplasmic immunoglobulin

in labelled cells, it required 1-2 months Sor performance. Therefore,

the development of a method capable of drastically reducing the
time requirement for combined immunofluorescence and autoradicgraphy

was also undertaken.

L
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CEAPTER 3

MATERIALS AND METHODS
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3.1 Animals
- |
- CBA/J male and female mice were abtained from The Jackson

Laboratory, Bar Harbor, Maine. In the adoptive lymphocyte transfer

-

system described in sections 3.3—3.5, virgin female mice, ages §-16
wk, were used as lymphocvte donors regardless of their stage in the
estrous cycle. Either age matched vizgin mice or 1l0-20 wk old T
animals undergoing their fir * syngeneic g;egnancy served as recipients
of denor lyvmphocytes. Significant changes in the size and structure
QY the cervix, vagina and uterus occur during the cofirse of the estrous
cvecle and ;uch pﬁysiological alterations in recipients might have
influeqced the movement of transferred célls. Thus, in some
experiments, the stage of estrus in virgin recipients was determined
by examination of vaéinal cell smears as cescribed by Broascon ¢z oo,
(1874 . P:egna#t Tice were proéu&eglin a4 controlled breeding situasion.
The morning that a vaginal plug was sichted was.desigﬁéted day 0.5
of gestation (Theiler, 1972).

Some adoptive transfer studies were done using either rats
or guinea pigs in order =o corrcborate and extend the observation
made in the mouse studies. Outhred Sprague/Dawley male rats wexe

t . . . :
purchased f£rem Sicbreecing Laboratories Lid., Lttawa, Ontaric, and

[P U
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used at ages 7-é wks. Outbred Hartley strain male guines\gégs,
cbtained from Dutchland Lab Animals, Inc., Denver, Pa., were: used
at 3 mo of age. Inbred Strain 13 male guineéj;i;s. kindly supplied
" by Dr. David Nelson, Naticonal Institutes of Healtﬁ, Bethesda, Md.,
wefg ﬁsed a£ 8-9 mo of age. When either raﬁs or gquinea pigs were
studied; both lymphocyte donors andArecipients were age and strain’

matched. All animals were housed in a 12 h ligh%t/l2 h darkness

- -

régime and fed and watered ac idhitwm. CQccasional mite jnfestations
were controlled by judicious use of Shell Vapona 20 insecticide

(Ketchum Manufacturing Co., Ltd., Ottawa, Ontario).

. 3.2 . Immunizations

.

In mice and %ats, the BLN are extremely small and fréquently.
cannot bé-seen. Therefore, donor animals were immunized iz ordexy to
increase the size of the SLN. roups of mice were primarily and
secondarily immuniczed -intraperitoneallv’ (I.P.) with té:hnus toxcid

and Sordevells rertussis vaccines (Comnaught Laboratories Ltd.,

Toronto, Ontarie) according to the methods of Gerbrandy & Bienenstock

n

tiy

(1976) . Briefly, 2 L¥ tetanus .toxoid together with 1 x 10 .
peErussts cells in 0.5 ml saline were injected. For secondaxy
immunizations, the same tetanus toxoid doses as for primary immuni-

zations, but without 5. periussis, wefre civen 7 davs after priming.

Mice were used 7 dayvs after the secondary immmmnization.

(284
[ 3

-,

1]

Rats immunized with &4 x 10° viable third stace Yiprosirerg
Srasiliensis larvae were kindly provided by Dr. Dean Befus, Department

of Pathology, McMaster University. Rats were used 14 & Dost=infection.

-
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Since both MIN and PLN were eaéily cbserved in donor mice,

-

no immunization of either MIN or PLN donors was réquired.

3.3 Preparation of lvmphocvte suspensions - ' )

Animals were sacrificed by cexrvical dislocation and either
their MIN, PIN, BLN or PP removed and Placed into ice cold Hank's

Balanced Salts solution (HBSS: Grand Island Biological Co., Grand

-

Island, N.Y.} supplemented with 10% v/v fetal bovine serum (FCS:
Grand Island Biological Co.) and 20 mM N-2-hydroxyethyvlpiperazine-

N1-2—echanesulphonic acid (HEPES:; Sigma Chemical Co., St. Louls, Mo.)

Yy

and adjusted o pH 7.2 *.0.05 and 310, Z80 or 300 mOsM/XKg for use

with either mouse, rat or guinea pig tissues, respectively., In

Juinea pig studies the small intestine was also rermoved and placed
g pig £

into ice colé 0.87% w/v NaCl solution.
Either pooled MIN, PLN, or BLN taken from mice were disrupted
by pressing through 60-mesh stainless steel wire sieves

colé HBSS. Because of theiw size and connective tissue <Sontent,

lymoh nodes and Peyer's patches obtained from either rats or cuinea

pigs could not be effectively disrupted with wire sieves. Accordingly,

.

either pooled MLN, PLN, BLN or PP takcn from these species were

disrupted in siliconized ground class tissue homogenizers containing

KBSS. o
_— . \
1 ' .
Cell suspensions produced >y either of the above methods
< . . X .0
were lavered over and centrifuged throuch TCS at <+ C to remoeve cell

-

acgregates and fine debris as described 5y Shortman o2 &I. (197D,

- .

Cell pellets were resuspended in ice cold HBSS and washed once by



46 . N
. -

cent:ifugatien at 200 X g for 10 min. viable nucleatedkcells wete‘
-enumerated in a hemocytometer usmng 0.4% (w/v) txvpan blue dyeé in
saline as diluent (Pappenhelmer, 1917)._ ‘
The isolation of lymphocytes from‘the guinea pig small -
llntestlne was conducted in part, by Mr. Michael O'Neill accord;ng
to prevxously descr;bed methods (Rudzik @ Blenenstock, 1974).
Briefly, the small bowel was freed from its mesenteric connections,
resected and flushed free of luminal eontents with 0.87% w/v NaCl .
solution. Macfoscepically visible PP eere—exeiséa'and the gut was -
cut into segﬁents of approximately 20 em. The ends of.eaeh segment
S—
were clamped and segments were filled with HBSS in which the FCS had .
- been -eplaced by 3% w/v BSA. Segments were gently_fubbed by hand
until the gut wall became transparent. Luminal concents_(éhich
1acluded lamina propria lymphocytee) were collected end larée cell
aggregates and deeris allewed to settle at foom temperature under ugit
gravity for 1S min. Supernatans werc removed and ceﬁtrifuged at 200
X ¢ for 10 min at 4°C., Cell pellets were resuspended and washed ance
with EBSS. Cell suspensions were then passaged over siliconi=-ed <lass
bead columns at room temperature o remove epithelial cells. Column
eluante were colleeted, pooled and centrifuced at 200 x ¢ for 10 min
.0

at 4« C. Cell pellets were Tesuspended in ice cold HBSS ancé viable

nucleated cells were enumerated in 0.4% tIvean blue.

"
-

1.
]
F {8

Radiolabelling of dividine cells

All cell suspensions were adjusted te I x 10 wviable nucleated

cells pexr al. Dividincg cells were radiclabelled by addition of either

7 ' ‘ i
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'_ .;faﬂ]-th§midine (?H-Tdr. 6.7 Ci/mM; New England ﬁucleaf Corp.; Boston,
Mass.) or its synthetic a.nalogue (225 I]-deoxyundine (125 I-Udr 35 Ci/mM;°
Amersham/Searle Ltd.. Qakville, Ontarlo) to the cell suspens;ons. The
‘}nal Soncentration of 3H-Tar was S qufml whereas that of 125 r-yar

. .was only 2 wCi/ml bécause 1257-0dr has been shown to be more ﬁoxic
than SH-Tar (reviewed by Roo:.jen, -1977) . Cell suspensions wege allowed
to warm to rcom temparature and ;ncubated at 37 C for 90 min. Cell

- - & . .
suspensions were then centrifuged at 200 x g for 10 min at 4°c and the

radicactive sSupernatants discarded_. Cell pellets were resuspehded .and
the-cells were washed thrice‘éith ice cold HBSS to remove exogéndus
" radiolabel. Viable ﬁucIeated c¢ells were enumerated in 0.4% trvpan blﬁe.
Occas&onallv large cell aqcregates (composed prxma ;ly'of
o dead cells) formed in cell suspensions after the :adlolabelling procedu“.
To remove these, cell suspensiéns were passed through stainless steel
wire §£eves having mésh sizes ranging from 60 to 200. The chqice'of
mesh was dictated by the size of the aggregates.  Usually Aultiple
‘ progressively *nc“eas;ﬁu mesh-size were

passes th:ough sicves of
L

required. ' g e

3.5 Adoptive tvansfer f radioladbelled cells

For transfer into recipient mice, cell.suspensicns,containing
3y e - - N N . .
“HE-Tdr-iabelled cells werc adjusted to 5§ x 10° oflls/ml. Mice under
N ¥4 . .
licht ether anaesthesia weve injected with 1 x 10% celils in 0.2 ol

- ta
.

HBSS via a lateral tail vein. An aliguet of cach “H-Tdr-labelled

‘.

/,/\‘\h—;-ﬂjiiy suspension was retained for defermination of injected radio-
_ X - -~ .
actavity (sectien 3.7) and stored at -70%c until used.

. da .

PR



48

Prelzmlnary experimants Lndlcated that in order to detect

125I—Udr-assoc1ated rad;oact1v1ty in variocus tissues, the recipient .

mice, rats or guxnea pigs must have received a quantity of rad;o- .-
activity not less than 6 x 10“, 1x 105 or 2 x 10° counts per min
(cpm) , respectively. The <pm of each 125;-Udr-—labelled cell susPension
was, therefore, determined in a Packard Auto Gamma model 5220 .
scintillation spectrophotometer prior ﬁo transfer, Reéipient mice
or rats were anaesthetized with ether while quinea pigs received
nit;ous oxide. The appropriate quantity of cell-asleiated radio-
activity was inﬁected into mice via the lateral tail veins, into rats
via the l;téral penile wveins, ;nd into guinea ﬁigs via cardiac puncture.
A small aliquot of each cell suspension was retained and used
to prepare cell smears (seétion‘3.6). o |
: wenty-two to é4 h after receiving fadiolabelied Felis,
recipient animals were exsahguinated by cardiac puﬁcture under ether
anaesthesia.. Various organs were removed.and assayed for the presence

of either radiocactivity or radiolabelled cells. - N

3.6 Preparation of cgelatin-coated slides and 6;11 émears (_-/”

achesion ¢f cells to the glass. Frosted end{microscope slides (22 x

n75 mm)were immersed in a 1% w/v gelatin solution, drained and . 23

-
. -

dried. Approximately 2 x 10° cells in 15 ul ©of HBSS were placed on
each slide and spread with a round bottom test tube. Cell smears
were air dried, fixed in a 95% v/v ethanol solution, . dried .and stored

at room temperature until used. - ~

’



- -

T a9

. | _ - . . : - Co
3.7 - Detection of 38-Tar—associated radicactivity in:recipient organs

Tissues remov;d ffom'recipient mice were freed of extrgne;ou§j
material such as fat, mesentery, blood clots, etc., and rinsed with
normal Qaline; Large ‘and small intestines were flushed pf fecal

~contents ugiég sa;lne. After blottlng dry on filter paper, organs were
weighed (section 3.17) and stored in scintillation vials at -70% until
assaved for the presence of'radioaetivity.

Either frozen tissues or aligquots of 3H-Tdr-labelled cells
were thawed and digested with Ncs solub;lx-er (Amersham/Searl;. Ld.)
according to the manufacturer s instructions._ Briefly, a predetermined .
optimal volume of NCS per gram organ wet weight was. added to eéch vial
and vials were heated at 50°C until digéstiOn was complete. Each
sample w&; adjusted to oH 6.5 ~ 7.0 by addition of a Previcusly

’determiggﬂdvolume of glacial acetic acicd and divided into 1.0 ml .
portions. Ten ml of the *ecommended scintillation £luid was added to

each vial. Vials were assaved for 'adloactxvzhv in a Beckman LS-233 a
liquid scintillation spect:oéhotomete{.

3.8 Quench correction -

-

The contributions of NCS and tissée éigments to :adioquenching
were determined by the use of the external standard :atios (ESR}). The
radiodetection efficiency of solubilized tissues wa; determined by
the follm.ing metl":pd. Various tissues were removed from 15 normal
mice which had not received. radioclabelled cells. Tlssues were digested

with NCS as described in section 3.7 and 1.0 m aliquots of each tissue
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digest fémoﬁedl To each alxquot a known quantlty of rad;oact1v~ty

as 3H-Tdr was added followed by 10 ml of sc:.nun.auon fluid. vials
.were assayed for 'the presence of radicactivity in a Beckman LS-233
liquid scintillation spectrophotometer adjusted to operate at maximum
sensitivity by use of a JE-toluene standard. By'ass&yiné samples
‘prepared from the same organs taken from individual mice, the relation-
syz;s between ESR and counting efficiency for a particular organ Qere

determined. Counting efficiency was computed by the function,

detectable radiocactivity per vial

ici - - —— -
efficlency actual radicactivity per vial

x 100%

and used to convert tissue radicactivity (measured as ¢om) into
.2
-disintegrations per minute (dpm). This method, in principle, normalized

the radioassays by correcting for gquenching. - ‘

3.9 Detection of IZSI-Udr-associated racdicactivity

Tissues removed from mice, rats or guinea pigs-were freed of
extraneous material such as fat, mesenterv and blood clots ané placed
into scintillation vials. Vials were assayed for radiocactiwvity in a.

Packard Auto Gamma model 5220 scintillation spectrophotometer.

3.10 Preparation of antisera

[
Rabbit antisera specific for mouse Ig waé{kindly Drepared
by Dr. Ross Milne, Brusséls} Belgium, as &esc:ibed in detail elsewhere
{(Milne e: al., 1975; Milne, 1976).| in brief, Ig was isolated from

the sera of BALB/c mice bearing the IgA plasmacytoma MOPC-315, the



- §
Igczb plasmacytoma MPC-11, or the IgM Plasmacytoma MOPC-?M New
Zealand white rabbits were impunized with Purified mouse JgA, IgGZb -
or IGM. Rabbits were bled and their sera tested for specific
antibody againét mouse Ig by double radial immunediffusion and immuno-

electrophoresis using normal mouse sexnm.

3.11 Fluorescein conjugation of antisera

- . -

Antisera were conjugated by a modification of the method
of Holborrow & Johnson (1967) . An Ig rich Precipitate of each

rabbit antiserum was. prepared bv addition of an egual volume of

saturated ium sulfate. After 30 minutes at room temperature,
R |
precipitates were collecbec by centrifugation at 2.5 x 10* x g for
>
15 min at 4 C. Eac:h precipitate pellet was dissolved in the oricinal »

‘sexrum volume of saline and exhaustively dialv-ed against saline for -

L \

W0 - . . .
24 h at 4°C. Protein concent:a tions of the Ig rich fractions were -
[ Y

estimated by the method of Lowrv o2 e

(1851) using human Cohn
fraction II as & standard. Fractions were diluted with e _Vvolumes

ol 0.0l M sodium dicarbonate buffer, pE 8.9, and zowdered fluorescein
. : . - ' >
~sothiocyanate (PITC: Sigma Chemical Co.) added to a final c¢oncentration

£ 20 ug/mg protein.

Ane reacticon mixtures were magnetically stirred
. Ie] ’

for 18 h at 4°C. Un=bung FITC was removed from fractions by passage

over columis containing CGA-541 ion exchange resin (J.T. Baker

Chemical Co., Phillipsbure, N.J.) which had been sreviously chlorinated

ith 1.0 @ BCl followed by exhaustive washing with distilled HAO.

-

Coiwm eluants were concentrated to their original serum volumes with

®

" Aguacide~(Calbiochen Corp., La Jolla, California) and exhaustively

~



. - 52 ' o

.

vy o ' : e

dialyzed against normal saline at 4°c. After conjugation, rabbit
anti-mouse IgG was absorbed with purified IGA generously provided

by Dr. Brian Underdown University of Toronto. Both rabbit anti-

a2

mouse IgM and anti-mouge IGA were absorbed with necnatal mouse serum

(IgG) . The heavy-chain specificity 6f each reagent was ﬁested by

fluorescent staining of mouse tissuves. All antisera were stored in
300 ul aliquots at -20°C wntil used.

—

.

3.12 Imnunofluorescent staining of mouse tissues

Varioqs tissues weie remov;é from mice and fixéé at 4°C in
10% neutral formalin (BDH Chemicals Ltd., Toroato, Ontario) for 4 h
and placed- into 30% g/v sucrose solution for 24 h at 4°¢ (Eidelman

5 Ber schauer, 1969).

Tissues, apﬁ&opriately positioned for sectioning, were v
rapidly Irozen in 0.C.T. Compound (Lab-Tek Products, Inc., Napervillé,
I11.) with _sooenbane cooled by liguid nitrogen and stored under
isopentane at —70°C until used. Lymph nodes ané small pieces of
Darmary gland were randomly sectioned while uterus, cervix/vacina

nd coiled jejunum were sl#ced lengitudinally. The lobes of the
lﬁng; were oriented such that the bronchi were cut longitudinally.
Frozen tissues were serially sectioned (4 i) and five consecutive
sections mounted per slide. Successive slides wexe al:erﬁately
staineé with fluorescein ted_:abbit antisera specific for either
Douse IgA, IGG or IgM accoxding to descrided methods (Dole=el &
Blenenstock, 1270; Bienenstock & Dolezel, 1970). =i ;lv mounted

sections received a 5 min secondary fixation in 10% neutral formalin.
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Sections were washed for 30 min in phosphate buffered saline (PBS:

pH 7 2) and.;ncubated for 30 min in Lendrum's chromotrope to abolish
. non=specific eosinophil fluorescence {Johnston & Bienenstock, 1974).

After washing with PBS for 30 min, Sections were overlayved with

fluoresceinated rabbit antiserum specific for mouse IgA, IGG or IgM

and incubated at room temperature for 45 min. Sections were washed

‘for 30 min, post-fixed in 95% ethanol for 15 min and air-dried.

A
Slig s e stored at -20° C until used.

3.13 Comb:.ned :.munofluorescence and h;.ch speed scintillarsion

autoradiography : >

Autorad::.og*aphv' has proved to be a ve*'v powerful tool for
bioclogical J.nvest...:_;at:.ons./tmfor unatelv. this technique suf‘.;ers from
the disadvantage t'.hat the time required for its performance is usually
measured in weeks. To overcome this inexpedience, methods have been
cdeveloped to enhance the exposure of the pho::ographic emulsion by
the secondary photo-emissioch from fluors in a liguid seintillaso

terfaced with the emulsion EPanayi & Neill, 1972; Dufke & Salmon,
1875). In order o ex;fdite Lﬁe detection of the immunoglobulin
isotype (if any) of radiolabelled, transferred .cells, imunofluorescence
was combined with high speed scintillation autoradiography.

"All autoradiographic procedures were rerfeomed in complete
darkness. Mounted tissue sections were stained with fluoresceinated
antisera, and tl"en overlaid with NTS-2 photog“anh:.c emulsion

(Kodak Canada, Lté., Toronts, Ont.) diluted l:1 with distilled water.

After thorough drving at room temperature, enulsion-coated slides

ey e N s -
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were placed in l;ght—proof slide boxns containing a packet of

rd
v

Draerzte<:) (Fisher Scientific Co. Ltd:, Toronto, Ont.) and stored ™
for 24 h at room temperature to facilitate complete desiccation.

Slides were then transferréd to glas# staining racks and immersed

in § tolue;e-based scintillation fluid (6 g 2,5-diphenyioxazole’

(PPO} and 75 mg 1,4-bis (2-(5-phenvloxazolyl) )- benzene (POPOP) per
litre of toluene) for a period of 9-24 h at —20°c. ‘Following
sequential waéhings with toluene, 160% gthanol and diétilled wéter, y

the slides were developed at room temperature for 3 min in Déktolcj

‘\{Eedak Canada, Ltd.) diluted 1:3 with distilled water, rinsed with

distilled water and fixed for 5 min. After a thorough rinsing with
distilled water and air drying, slides were stored at -20°C uwntil
mic:oscogic examination. Autoradiograchs o§ donpr cell sqea;s were
similarly prepared and used to determine optimal exposu:e.pe:iods.
This_autoradiographic technique has resulted in consicderable
reduction in exposure time (from 4-6 wks to less than 24 h) while
preserving both immunofluorescent and microscopic resoluticn. Although
its use was feasible with 1ZSI-Ud:, this DNA precursor causeé the
exposure of manv silvér grains not directly over the ladelled cell.
Accordingly, *Eendr was chosen to label cells which would be detected |

autoradiographically as this nucleotide caused. only those silver

¢rains directly over the labelled cell to be exposed.
3.14 Microscopy

Covexslips were applied with S0% v/v glycerol in PBS

to developed autoradiographic-immunofluorescent slides.
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Tissﬁe sections were examined usin§ a Leitz Orthoplan mi&roscope
equ;pped with a Ploempak II vertical fluorescence 1llum1nator and
HBO 50 mercury lamp. The.number of labelled cells and their immuno-
globulin isotype content (if any) per 10 3 high power microscopic
fields EHPF) was recorded for each tissue. Each HPF encompassed

0.105 mm at a magnlflcatlon of 400 d;ameters. An HPF was included

if the total luminal space was judged to be less than 0.25 HDF. .
o !
Autoradiographs of cell smears: prepared from donor cell suspensions

.

were stained with hematoxylin and eocsin ané the percentage of cells

which were radiolabelled was determined. -

-

3.15 Separation of cells bv velocitv sedimentation

Separations of radiolabelled mouse MIN or PIN cells on the
.

basis of size were achieved by velocity sedimentation at 4°C in the
STAPUT system (O.E. Johns Scientific Co. Ltd., Toronto, Ont.) originally
described by Miller s Philips (1969). The theoretical basis of this
biophvsical separation technique is descfibed briefly in Appendix_I
(for a more elaborate discussion, see Millexr (1973)). Briefly,
radiolabelled cells were prepared (sections 3.3-3.5) and elevated’
as a thin bandé beneatk a lavex 9f PBE in a STAPUT sedimentation e

chazber (diameter, 24.5 ecm). Beneath the cell laver a discontinuous

4

stabilizing gradient ranging from 0.35% (w/v) o 2.0% (w/¥) BSA in
23S was'fo:med. Cells were allowed to sediment through the cradient
for 3.5-4.5 h. The ave*age density of the gradient in the Tegion .
through which the cells sedimented was 1.010 g/em3. Fifty ml

. - . N , .0
fractions were collected and centrifuged at 200 x g for 10 min at 4°C.
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Cell pellets wers rasuspended 1n ice cold HBSS and cells were
enumerated in O 4x txypan blue. The mean sed;mentat;on veloc;ty(s) of
cells appearing in each fraction was computed by the method described

in aPpend1x II. The cells were kept at 4 C wntil used.

3.16 Detection of cell-associated radiocactivity in STAPUT fractions

‘\v/ A known number‘sf cells frﬁm each STAPUT fraction was

collected on nitrocellulose fibre membranes and osmotically iysed withl

E20. Membranes were dried at 37°C and placed into scintillation vials

together with 10 ml of scihtillation fluid. Incorporated radicactivisty

was assayed in a Beckmwan LS-233 liguid scintillation spectrophotometer.
Cell smears were prepared (section 3.6) £rom aliquots of

each fraction and the percentage of radiolabelled cells in each fraction

was determined by autoradiography without previous immunofluorescent

staining (secticns 3.13 and 3.14).

3.17 QOrcan weights -

Twenty=six ¢m of jejunum and the cervix ané vagina (5 m)
were removed Ixom proestral, estral ané diestral mice. .Cuts were

rinsed free of luminal contants with PBS. Other tissues were removed

and Ireec¢ of extraneous material. Organs weze blotted on filter
e

paper and immediately weighed on 2 Mettler H20T analytical balance

risher Scientific Co.).
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. 3.18 sStatistical analysis

-

Tésts for significant differences between groups were

.-~

conducted by use of Student's unpaired t-test.

i
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4.1 Isclation and radiolabelling of cells

- .
-

Cell suspensions were prepared from '-odent MLN, FLN, BI..N
PP or LP and cells were rad:.olabelled with either 3H-Tdr or 125 1.par.
Representative results of these procedures are presented in Table 4.1
MLN were routi‘.nely the richest source of nucleated cells in all species
examined with ‘;:he exception of both PP and LP in guinea pigs. Sy
comparison, _he numbexr of PI.N cells cbtained f£rom donor am.ﬁals were
:elatii‘ely few. though immunization of donor mice and rats caused

a cdramatic increase in sisce of the SLN, the actual vield of BLN-cells

Per animal was c¢onsiderably less than that abtained from ecach MIN
cell donor. VNotably, Hartlev strain gz._mea pi¢ lymphoid soux ces

vielded a great many more la.belled cells than those taken Srom Strain

3 animals. Possibly these differences "eflectec the fact that the

- ad

| =

¥
fi

2in 13 guinea pigs were approxiz tely 3-£0lé older than the

[30)
W4

Hartley strain animals. -

After radiociabelling of lvmoh node cells and Dassacge throuch

wire sieves (section 3.4) greater than 99% of nucleated cells were

. . = 1A
not stainable with trmvpan blue. Althouch “H~Tdr- and <% 1-Udr-

labelled lymph node Adlls are usually consicdered to be large, DNA-

woffev & Court;

synthesizinc lyophocyvies

ce, 1970), it micgh: rave

- ra

been that a porticn cf theses lymph node cells were either small

+

JOTSER PR S

e
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Table 4.1
.  Preparation of [3H]-thymidine-or [125 I]-deoxyuridine-labelled
' . : © lymphocytes from rodents |
Species Cell - Nunber NumbeX. of Fraction ,of
: source® of nucleated cells
- animals cells : contAining
- : l - examined - cbtained radiolabel
oo ™NJ : per animal (W)€
\ (x 10=6)> - -
-.__ Y. . : - . ) * .
CBA/J mouse : MIN i ’ - 33.8 * 2.1 1.51 % 0.07
. - ) - # .
PIN 628 10.4 = 0.9 | 0.80 = 0.40
BLX 308, 4.5 = 0.4 . 4.01 = 1.9
" Sprague/Dawley MIN ¥ 782.0 & 35.1 - xo®
rat -~ o '
4 Y PLN le 23.8 =2 1.9 WD
7 BIN 16 T3.2 02 2.4 D
itley strain MLN 32 1176 * 33.8 XD
ez pig
PLN 32 TelS 2 1607 ND
‘ T oer 35 12003 =+ 4.7 xD
P e Q3.3 2 13.3 W)
train 13 MIN < 2.0 3.92
guinea nic¢
. PIN - L4500 Q.38
»» £= 37.0 1.36
, 4
. r ~ 195.¢0 1.16

¥
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Table 4.l (Footnotes) - ' '

[

-

MILN, mesenteric lymph nodes; PLSI. peripheral (axillary, brachial

and inguinal) lymph nodes: BLN, bronchial (mediastinal) lymph

]

nodes: PP, Peyer's patches; LP,-small intestinal lamina propria.

-MIN, PIN, PP or LP cells were obtained from donor animals which

were not specifically immunized. BIN were cbtained from either

mice that had been immunized with Sordetelic reriussis and ’

. tetanus toxoid vaccines, or rats infected with third stige

¥ippostrongylus brasiliensis larvae.

Ficures represent the arithmetic mean * standard error.

Figures represent the arithmetic mean * standard error as

~

determined by autoradiocraphy on cell smears.

ND, not determined.

e — = =t

B
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lymphocytes (with intracellular DNA-precyrsor pools) or”oﬁhéq\cell \

’

 types. | B
' Some evidence was obtained, tp show that the radiolabelléd

nucleotides were incorporated only hy large, blastogenié cells: The

2

sedimentation and radiclabelling profiles of mouse cells obtained

from either MIN or PIN, which were pulse labelled with 3E~Tdr and

\‘g_separated from each othe? by ;elocity seaiﬁentation at unit gravity,

| are displayed in Figure; 4.1 and 4.2. When Qouse cells were labelled

with 135(1-@&:, the sediléentation and radiolabelling profiles conformed

very closely to those génerated by separation ofrsﬁ—Tdr—labellgd cells.

Routinely, greater than ‘508 of either MIN or PLN nucleated cells

subjected toAvelocity sedimentition separation were rgcovered after

._ the sedimentation period. Separation revealed thaarc“eaue_ than SS%
of loaded cells were small in size (sedlment;ng at 2.0-3.4 mm/h) and
these had incorporated less than 5% of recoverable radiocactivity. 1In

contrast,; the vast majority of Tecovex rable radiocactivity was assoc;ahed

v

with 1a:ge cells sedimenting at more ®han 4.0 mm/h The small -adio-

&ct1v1tv peak between 1.0-2.0 mm/h *epresented radiclabel associated
[+
with dJ;d nucleated cells and debrls. Rad;oac.1v1~v in fractions with

s values greater than 7.7 m/h was primarily due to cdoublets and
triplets of nucleated cells. Wien all fractions above 4.0 mm/h were

pooled, the oercentage radlolabelled cells in th;s pool *out;nelv

S

exceeded that.o~ the unseparated cell suspension by 25-to 30-‘016

{c£. Table ;.l). Morphologically, the large, radiolabelled cells |

‘sedimenting at more than 4.0 mm/h were mononuc¥ear in character. -
These results indicated that lymph node cells incorporating razgolabelled
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Figure 4.1
I
2
Sedimentation and radiolabelling profiles of mouse
mesénteric lyzph node cells after pulse-labelling with SH-

thymidine. Cells were incubated for 90 min with 3H—thymid

and allowed to sediment Qt unit gravity for ¢ h. @ , tot

\_z

ine

al

aucleated cells/ml; "a , incorporated radiolabel collected

Tew D
on nitrocellulose filters, cpm/lO§ nucleated cells: O

.l

percentage of cells containing radiolabel as identified by

autoradioéraphy. Sedimentation velocities (mm/h) are rela
- .

to a gradient in which the average density in the regidn

tﬁ:ough which the cells sediment is 1.010 g/cms.

7.

ted
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Figure 4.2

Sedimentation and radiolabelling profile of mouse
peripheral lyvmph node cells after pulse labelling with Sy-
. . .

thymicine. Cells prepared from axillary, brachial, ané 7

inguinal lvmoh nodes were incubated for 90 min wish *E-thymidine

and allowed to sediment at unis gravity for 4« h. @ , cotal

aucleated cells/ml; A , incorperated radiolabel collected on

altrocellulose filters, cpmy/10® nucleated cells: O ., percentage

of cells containing radiolabel as identified by autoradiegraphv.
Sedimentation velocities (mm/™) are related to a gradient in

‘which the average dénsity in the region through which the cells

sediment is 1.010 g/em? at 4%c.
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nucleotides were most likely large lymphocytes (lymphablasts) and

not small lymphocytes or other cell types.

4.2 Quench correction for 3H—radiodecay detection

" -

t was assumed that 22-24 h after adoptive transfer of

radiclabelled cells the guantity of radicactivity recovered from
various recipient tissues was directly related to the numbers of radio-
iabelled cells localizing in these sites. In order to estimate the -
actual quantity of 3E-Tdr in recipient organs, it was necessary to
correct each éample for varving radioquenching effects caused by NCS
Solubilizer, encdogencus water and tissue Pigments. To accomplish
this, solubilized tissue samples containing known quantities of Sx-mde
were prepared (section 3.8) and the :ela‘.'_ifonships hetween _?:adiodetec‘:_ion
efficiencies and ESR cetermined. A representative example of. these
relationships is shown i Figure 4.‘3. Within the limits investigated,
radiodetection efficiency and ESR were linea’:ly related for solubilized
samples of small intestine. Similar line;az: relationships were found
when either solubiii:ed large intestine, MIN, PLN, BLN, cervix and

. | )
vagina, uterus or cell suspension were examined. The aligebraic
functions used Lo compute relative counting efficiencies of samples
are listed in Table 4.2. From these functions, the guantity of
radicactivity (as &m) in individuval tissuves could b;z determined.
All organs did not lend themsklves to this method of analvsis (for

‘ -
example, liver, spleen, lungs ané blood) because cf excessive

.
guenching by endogenous pigments. 7/(\-\
&

v
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%
Figure 4.3

Relationship between [3E]-radiodecav detection

efficiency and external standard ratic in samples of

- -

solubilized mouse small intestine. The small intestine
was removed from 15 mice and individually solubili:edywith
NCS Solubilizer. A known qﬁantity of 3H-thymidine was
added to.each sample followed by scintillation fluia. N
Samples were assaved for detectable radicactivity in a |
Beckman LS-233 liquid scintillation spectrophotometer.

The radicdetection efficiency was calculated as,

detectable radiocactivity (cpm) in sample
actual radicactivity (dpm) in sample »

efficiency = X 100s,



- 0.45

EXTERNAL STANDARD RATIO

0.25

0.40

0.35

0.30

30

35 40

' RADIO DETECTION

EFFICIENCY (%)

45

s



67

N

L)

mm.o :vmwmohozmm b 01 0°'9 :%HM:MMLMM

. . . 119D

96°0 ecomwo“ozmm. 0" T, 0'8  spuerh Axvumey

66°0 S%mo“czmu 01 0L anao3()

86°0 emmwMOPmem oy oL pue M“mew

66°0 meomwo“o:mm 01 0L {11

f;/;[ 66°0 Nmommo“ozmu. 0°1 0L tid

66°0 vhommchozmm 0° 1 0t i

66°0 .ﬂmmwwmwmmmm _ 01 0°6 ccﬂa“m“mm

5o A e TR

| cauv. (%001 X) | . . “

; JUDTOTJIe0D oho:oﬁuﬁuuo . poAvese angsij 2198 i e pPoUTWEXD
uoyle(erxo)d uoyivelopoypRy pozylIanros Tu h/60N Tw Hanug g,

207w eTewol r£/yg) uyhbaga woxaj poaedoad

goTdues ansey) pezyTyqnios uy Aenopoypea-[1i.] jo uoyinoloeg

2k aTqel



€8

P T Ay T

0 0310Uj3003

U¥ PoqyIosep UoF3duUN3 oyl YIfM POILTOOHSHE SONTRA HOTIPTOII0D umc:am oyy juegoxdea soanhig
P,
3

‘onesty Yyowe jo mordues 103 paujwaojop oxom obejuoniod v ge SOYJUDTIOTIIO UOTIDDIOp
~CIPPI BY3 pue SOTILI pILPURIS YEUIDIXD OY) UDIMFD( sdyysuorierox oyl *xojowojoydoazoods

UOY3IeTTTIUTOS pInbyT v uy poinseow ses L3yajioeojpex 9Tqe300319p OYL ‘PINTJ UOTIVTTIIUTIL

Yitm xoyjoehoy poppe sem ouTPTWAYI -l Jo A3TauenDh umouy e ordwes onssyy POZTTTYNTOB youo oL

‘uorjezyryqnios ojoyduwoo
3o8J3e o3 jybyos jom enssyy wueah xod poxynbox 2ozTTIqNT08 SOH FO ownfoa o943 juosoadox soinbyg
. < .

‘aopou ydwAt ([euyjseipow) [eyyouoIq ‘NIg

feepou ydwiy (Teugnbuy pue Teyyoraq ‘Axeyiyxe) texoydyaod ‘i1q fsopou ydwAy oyrojuosou Iy

w . (8930U300,1) Z*y oTquUY



B i e Eall R d oo bl d b e o e

€9

-

4.3 Distribution of radicactivity in mice receiving 3H-Tdr-labelled

lymphoblasts

Table 4.3 shows the percentage of injected radicactivity
recovered from various solubilized mouse tissues 22-24 h after transfer
of '3H—Td._r—labelle‘d MIN, PLN or BLN cells. 'Ibtal recoveries of injected
radicactivity in these experiment_s were approximately 18.9% , 11.9%,
e'iz.nd 8-.97\ fx"om recipients of labelled MLN, PLN, and BL'.\'I cells —~respectively.
¥hen compared to lymphoblasts prepared from PLN, those obtained from

MIN showed ferential migration into the small intestine. .

MIN-Gerived s showed little tendancy to localize in peripheral

1
lyzph nodes draining either mucosal or non-mucosal regions. In marked
contrast, PLN-derived labelled cel_ls returned to the PLN and were
seemingly more common in axillary, brachial and incuinal sites.
Invest“.ga.tion of other recipient organs did not reveal any dramatic
differences when comparing the distri.butions‘of labelled MIN ané PLN
donor cells.

Since the BLY drain the lungs, a major mucosa-associated organ,
it seemed likely that BLN lyvmphoblasts would show a localization
pattern similar to that of labelled MIN cells. Surprisingly, the
tissuve distribution of transferred BLN iymphablasts was not very
different from that of ‘t_:-a.nsfer:ed PLY lymphoblasts excep:t that BIN
cells seemingly awvoided recipient MLN and PLN + Radicactivity .

. .

associated with denor MIN, PLN or BLN lymphoblasts was not detectable
in recipient BLN, cervix and vagina, uterus or mammary glands.

These results suggested that cells prepared from }:hé MIN,

A . -
PLN, and BLN possessed different migration properties. This inference
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b , Table 4.3

Distribution of radioactivity'in various tisqueS 22=24 h after
adoptive transfer of [Su]-thymidine-labelled lymphoblasts

into virgin syngeneic CBA/J fgnéle mice?

Recipient. - Source of % injected’

tissues . donor cells radicactivity
examined® injected ‘ recovered®
Small intestine MIN 13.42 = 0.35
(including PP) -
PLN 5.75 = 1.44
- - n =
BLN 5.90 = 0.78
large Intestine MLN 3.06 = Q.37
PILN 2.30 = Q.43
BLN 1.13 £ 0.20
MIN MIN 1.20 z 0.46
PILN 1.40 = 0.84
BLN C.61 = 0.22
Non-mucosal PLN MLN C.66 = Q.26
PLN 1.38 = Q0.19
5 BLN 0.73 *0.20
Macosal PLN ‘ MLN 0.5% *0.03
PLN ' 1.67 =0.07
LN
BLN ‘ 0.60 .2 0.05
§ by
BLN, cervix and MIN NDt
vagina, or uterus
PLN ) NDt

BILN . . NDt



Table 4.3 (cont'd) - S .

Recipient . Source of " % injected
tissves . donor cells radicactivity
examinedd .+ injected’ recovered

Mammary glands MIN NDt

. PIN NDt
BLN NDt
a

Results shown are pooled from 3,4 or S experiments involving

transfer of BIN, PLN, and MLN cells, respectively. Tach recipient
s

received at least 6 x 10% cpm. A tofal of 12 MIN cell recipients,

16 PIX cell recipients and 6 BIN cell recipients were examined.

PP, Pever's patches, MIN, mesenteric lvmph nodes; non-mucosal

PILN, axillary, brachial ané incuinal Ivmph nodes: mucosal FLN,

lumbar and salivayh lvoph nodes: BIN, bronchial (mediastinmal)

Ivmoh nodes.

PLN, peripheral ( ilaxy, krachial and inguinal) lymph nodes.

A

3LN were obtained f£rom Soner mice previcusly immunized intra-
. "

peritoneally with tetanus toxoid and Sondezelss Deriussis

vaccines.

e . i3 s o~ - S x 5
Tissues were solubilized with NTS Solubilizer andé assaved by
liquid scintillation spectrophotomesyyv. PFicures represent the

{4 .
arithmetic mean  standard error of recovered radiocactivisy as
a percentage of injected radiocactivity.
£

NOt, not detectable.
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assumad that: the number of dpm detected in an individual tissue is

'd;rectly related to the number of radiolabelled cells in the ussue.

Un.fortunatelv. the assay method for detection of SH-Tdr in recipient

-

tissves lacked the versatility and sensitivity deemed necessary %o

best locate transferred labelled cells in recipient tissues. For

example, small nmers of . cells in a pa"t:.cula.r orga.n might have

co-x..a..'ied A guantisy of rad..oactxv:."v that was not s.mgm.‘lcantl\- abeve

-

Dackground. Moreover, cert ;ans such as the lungs, liver and

spleen could not be examined. because of excessive tissfe quenching.
Finally, the technique was cumbersome and expensive. To overcome
’ -

these p lems, an alternative method of labelling lvmphablasts by

. 128 .., A e
use of the thymidine analogue “~~ I-Udr was chosen. Because =S I=-Er

is a y—¢mitter, radiodecay detecst on was for '*‘*e MWSE pare, waffee cted JW

by chemical and pigment Jtenching, thereby allewing convenient radic-

~ ‘ .- "‘N‘.’

assay of recipient tissves. In addision, <<83- Gex is not xeutilizadle

S i by

while “H-Tdr can be reincorporated (reviewed by \an Roo;_;e.., 9Th

o o .

This pethod was also less costlv.

. . . . . - . . . . - 108 .
~ e Distribution of TAASACLIVILY In virsin mice TECRIVING =~ I-Udr-

labelled Ilvmohoblasts ’ :

L The distxibuzion of radioaciivity in tissves taken from mice
/
— =24 h after recel ving “28: 32 dr=labelled lvmphoblasts is oresented

.

in Table <.4. The Percentace ol injected <<SI-label fecovered from

-
.

Tecipients was always less than recoverable S: -.Labcl Nevertheless,

- N - o8 - - . s - -
the distzidution of +2° I-Cdr ladel in yecipients conformed cliosely

iy

! . . - .h bt -y h]
to the apportionment of radicacsi Ity in animals' receivinge YH-Tdxlabelled

» A
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Table 4.4 .
Distribution of radioactivity in various tiasuss 32=24 h after
adopc;vn'trnnufor-or‘tlzntl-deoxyugidina-icbqlled Llymphoblasts

into virgin syngensic CBA/J fumale mica®

‘Récipiont o . Bource of _ '\ injaected

Utarus

tinpunqb ‘ - donor cells radioactivity
sxamined” - . injactad racovarad®
3mall intestine’ _ MLN 9,50 1 0.30
PLN 2,30 ¢ 0,15
Largs intestine . MLN ) 1.40 + 0.17
PLN 1.00 v 0,11
Splaan R - MLN 1.0 ¢ 1,45
PLN - 3.45 v 0,27
Livet : © MIN - L0+ 0,10
PLN - 1,70 1 0,24
Lungs ' MIN 0,47 0,07
PIN 0,01 0 0,16
MLN . MLN 0.4 v 004
PN 0% s 0,07
LN ’ - MLN 0,14 « 0,01
PIN 0.97 «- 0,17
Carvix and vagina MLN Nm:dll
. CopWN ' : NDL -
: MLN | NDE:

PLy - ) NDt
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Table 4.4 (cont'd)

Recipient - Bource of . % injected
tissues donor cells - .radioactivity
axnminudb : injacted racovered
'Mihma:y glanda ‘ MLN , 0,30 & 0.14°
| PLN . NDE

Results shown are pooled from 4 or & axparimants involving
trandfer of PIN and MIN cmlls, rampactively, A total of 17
MIN cell reaipilents and 13 VLN call racipianta wera axamined,
- '| -
MIN, magantaric .lymph nodeg) PLN, peripheral (axi{llary, brachial,
and inguinal) lymph noden.
< quurqa Tapeaeant tha Arlthhntic maan ¢ atahdard error of
racoverad radionctl@iky an a parcentagn of {njacted radioactiviuy,
d

NDt, not datectablae.

Four reocipilent animali of 17 axamined had Jdatectables radloactivity

in the mammany qlnndn."’
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cells. Mlmhoblntl showed a pnduocuon to mi.qntn into the"
amall Lneuu.no whareas lnb-nud pm cnl.‘u localized primruy in thu.r

sites of or.tgin and the nplnn. The aonn.tltoncy of thems ruu.l.tn

'_proaucoﬂ by either 123 1uvdr or In-mar labelling of cells ias illuntnt-d
by tha following example. The. ratio of MIN-=associated radioactivity
to PlN=associatad ud.toncti(rity (computed from Tables 4.) and 4.4) in
the amall intestine was 2.39 and 2.33 after tranafar of '2%1-udr and : %
In-tdr labelled colla, reapectively. In contrast, thnn; ratios whan
calculated for recipient MLN, ware 0.14 (}2% 1aydr) and 0.34 (Yu-1dr) .
Transfar of 23 reydr~-laballed MLN or PLN calls did not rawwal
any impressive differenceas i{n either MLN or PLN lymphoblaat migration
into eithar large inteqtine. livar, lungs or MIN. PFurthermora,
143 tetdr-aanociated radicactivity was not datectable {n the carvix,
vagina or uterus. lHowavnr, Ln.4 of 17 qnciﬁinnt mice axaminad, a
nignificant quantity of radioactivity wan datectable in virgin mnﬁmary )

Jlande,

L4

4.5 bintribution of radioactivity in male rats receiving 75 rotdgr-

Labnllad Lymphoblantn

Since mousa DIN yielded a amall number of labelled Lympﬁoblgntn
whdn compared to rat BLN (Table 4.1}, it wan more con;nninnt to
oxplSro the migration of labellad BLN enlla in ratn. Tha objectiven
of thanpe expariments {n rats ware to corroborate the obnnrvationﬁ
obtained from mouma studien (Tablen 4.3 and 4.4). -Thé distribution
of radiocactivity in tisaues taken from ratn 22«24 h atftar raceiving

1:3i-Udr-l$bellnd celln in nhown in Table 4.4,
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Table 4,8

Distribution of :adiouet1v1t§ in various tissues 22=14 h altar

. adoptive tranafer of [125x]-dcouyuridine-labcllnd lymphoblasts

into outbred male rats® =

Recipient Bource of - . thectod
tigsues donor cellm - radiocactivity
examined® {njected : recoveredd
dmall intentine ' MLN 3,90 ¢t 0,34
PLN 2.51 * 0.5%4

BLN© 1.22 ¢ 0.1

Large intestine : MIN ' ©0.78 t 4.05
PLN - 0.71 t 0.16

BLN 0.47 ¢ 0.05

aplaen | R MLN 2.40 L 0.19
PLN 2,10 ¢ 0.06

£ ‘

BLN ' L0701 0.1y

Livar : MLN . 11.40 + 1.10
PLN : L2 LY

NLN 3,70 & 0.57

Lungs - MIN 3.90 + 0.81
PLN 2,20 ¢ 0.11

DLN 3,70 £ 0.59

LN MLN 0.27 L 0,06

PLN 1,03 L 0,21

S gl



Table 4.8 (cont'd)

” -

dburea ot

Recipient N injected
tionues _ donor calls radioactivity

examined® . - injegtad -~  recowaradd

PLN MLN 0,32 r 0.04

PN 1,03 £ 0.4)

 BLN 0.97 ¢ 0.12

Rasults shown are poolad from 2.experiments. A total of -

9 MLN coll recipients, 2 PLN facipiantu and 8 BLN

recipionts wore axamined,

brachial, and inquin;l) lymph nodas.

‘MLN, mausntaric lymph noden; pnﬁ] poripharal (axillary,

BLN were obtained from Jdonor rats previoudly immunized 14 d

pravioualy with 4 x 103 viable third atage ¥ipposirongy Lua

branilionaln larvae.

Figurad represent the arithmetic mean ¢ ntandard arror of

racoverad radiqutiq}ty 43 a parcentage of injected radio-

activity.

¢

B P Ry PP |

e v maRak e n e an

LRy SV
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Not lqrprilinqu; laballed PLN cells rpturndd to PLN,and MLN
lyﬁphoblnltl'p:t!arnncially miqrnted intd the amall intestinae.
lnmn:knbly, pulmonary MLN-sssoclatad rndionccxvity wan approximaccly
twice thnt associated wiah :rnnuturrod PLN lymphoblastn, By compur;non,
labelled DLN cells avoided thu gut and lymph nodes but showad a
‘ . ramarkable pfopinsity to locaiizo in. the lungs. Prénumably. the
differences in recoverable hapatic radicactivity after transfer of
aither MLN, PLN or BLN cells reflectedadBo ralative proportion-o£-
qund cells in the inocula. |

The reaults ob}ainod trom both mice and rats strongly nquen:ad
that lymphoblasts cbtahncd from MLN were distinctly ditforunt, in
tarms of localization pattarns, compared to those prapared from PLN.

In add£t16n, BLN lymphoblasta aeemi?qu ponaransed locéli:&ﬁion

capabilitiag diffefunt‘rrom thonaaé;llu derivad from aither MLN or DLN.

4.0 ° Intarpratacion of radiocounting datna

Two possible explanationn woré antartained to account for tha
lack of-datqctnbld radioactivity tn some of thae tisnunn axaminad.
Either labelled lymphbblnntn of donor origin might not hawe localiznd
in tharza gltvn or the mathods amployad mighe hav; lackad the
geﬁnltivlty Necodsary to datact ﬁ amall number of labellad cells.
Moréovnr,'n large orqgan auch as the racipiant qut might have containad
only a fow laballa? MIN colla per unit of tinsue volums but asaaynd
as a graat deal of radfbnctivity per whole organ. Thua, the obun;vod
prafarmntial localization of colla in a particularly lqrgn orﬁnn might

be due to organ saize whareas such cella might actually have gréntnr

-
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praference for an organ of smaller mize. Y
One solution to these probloms was to diractly enumerata the
‘l‘

number of radiolabelled cella localizing per unit of tisaue by

the use of auto;odloqraphical mathods {(sectiona J.li‘and J.14). Thias

tachnique éreng}y incraased the aanuitiviéf-ot datection and nllowua
~one to datermine the location of labellad cells in roeciplant tisguaa.

Moreover, by combining thia technique with iﬁﬁuﬁofan:uncancn, tha

behavicr of diutlnct aubpopulations of cella, asuch as dividing plasma

®
-

call procuraors, could be examined. -

4.?' Fraquancy of radiolaballed lymphocyten xn\rncipiant tigmuan

r

Téﬁia 4.6 nhowa the fraguencias of radlolabollad colls ih
tiasuo nnc;;onu pruparnd?é;om various organa oY racipieant mica 22~24 h
aftar adoptive tranafer of Ji-Tdr-laballad MIN, PLN or DLN calin.
The prafarential unuk;nq of the varioua tinnuen by aithar MLN‘Sr L

as comparad to PLN lymphoblanty {a conventiently exprowsded hy the

‘homing indoil(nI), defined aa,

I = Mean humber of laballond enlln pnr_Lp“ IPF_in MILN or BLN reciptents

mean number of laballed eally par 107 1pE tn PN ragipinnt:

whare UPF represaenta high power microncoptc finlda each having A
‘total arma of 0.105 mm® at a magnificatlon of 400 diamoters. An HI
larger than 1.0 indicatan a qreatar tendency of oithar MIN or DBLN
¢calle than PLN cnlla to saloctively localiza in a particular tisnuc,
i.n;, homing. An index near 1.0 indicatan litglnxgifcnrnncq ?n tha

homing bahavior of laballed donor cells from aach of tha lymphoid

aourcan. ’ : .

.



Table 4.6 -

Distribution of [3H]-:hym1dinc-labolled lymphobrlasts in various

tissues 22-24 h after adoptive transfar into aynganeic

COA/S fomale mica®.

- Racipient

Bouch of Number of Hdmina
- tissuas donor calla radiclaballed indox
examined, {njectedP cells par '
‘ 103 ypre
Small MIN '93.4 + 6.0 10.9
inteatines .
_PLN 8.6 + 1.8
DLN 5.1 % 0.8 0.6
MLN MLN 123.8 £ 17.4 6.3
PLN 19.6 & 3.4
BLN 44,6 t 3.7 2.3
Lunga MLN 36.6 ¢ 3.8 3.0
PLN 12.7 £ 1.1 -
NLN 1a7.1 % 24,1 13,0
PIN MLN 42.4 ¢ 3.4 1.0
PLN 42.0 * 4.8
BLN $d.B 2 5.4 1.1




i

" proestral animals wers studied in.each experiment.

‘MLN. minonteric lymph nodes; PIN, peripheral lymph nodes

8l

Table 4.6 (Footnotes)

? .
Results shown are pooled from 2 experiments. Three to four

hN

‘(axillary, brachial, and inguinal); BLN, mediastinal .(bronchial}

-~

lymph nodas.

"HPF, high power microscopic fielda (0.105 mm?, magnification of

400 diametara). 2700-3300 HPF per tiasue per animal wara

axanined, Figuras reprouant\;ho arithmatic mean = stahaurd error.

Homing indax =

fean number 6f laballaed calls per 103 HPF in MLN or DLN rocipianta
moan number of laballed cells per 10Y HPF in PLN rocipiantg

Tha larger the homing indax, the greater the preforonce of MIN

-

cellas or DLN cells comparod to PLN calls for a particular organ.
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Indices from 3.0 .to Eb.Q ware cbserved in recipient small
intastines, MLN and lungs after transfer of labelled MIN cella. In
the gut, substantial numbers of doner MIN lymphoblasts were found .
close to tha cryptgvénd glands ;nd oé&aaiontlly withih the lamina
propria o! the vtilil Labelled MLN colln ddd not pro!nrontinlly
loclliza oichor in or n:ound tho Poy-r'l patch.- or in the opitholium
ag 1n-p.ction of more thcn J.5 x 105 uer rtvnnlod only six labelled
colls in these 1ocationn. Labelled MIN callx meloctivaly localize
in the lungu and neemed. to lodgo adjacent to, or very near the BALT
but, raroly within the BALT. Donor MIN blasts wera mott common Ly
obsarvad within the T- and B-dapendant regions of rocipienc MIN,
Although labelled MIN cells ware sean in tha T- and B-dupéndpnt-rngionu l
of roc}piéng PIN, homing per e wan‘ﬁot avident (HI = 1.0},

BLN=derived iymphoblanta nhcwé& a proponaity to localize in the
lungs (HI = 10,0}.and wara seon leas froquontly than either labelled
MLN or PLN-cnlla in tha qut {HI » 0.6). Lxamination of rocipient lymph
noden revoalad that BLN cells did have gome affinity for recipient
MLN (HI = 2.3) and worge also obsorvad an froquently in PLN ag laballed
colls obtained from MLN. The intraorqan distributions of labelled
BLN woro similar to thono of transforred MLN calla except that CLN
collz scemad to ba more dizpersed throughout. the pulmonary parenchyma
than MLN lymphoblagta. |

In marked contrast to thae loéall:ation of both MLN And BLN
celln, PLN lymphoblasts returnod primarily to their gites of origin.

It should be noted, however, that tha éLN did contain a fow cells

capable of localizing in the gut, lungy and MIN and thesa shownd an
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intra~-organ dilﬁ:ibution similar to that of transferred MIN rells.

-

. . . ‘ »
4.8. Specificity of immunocfluorescent staining reagents

In o:d.i to determine the intracytoplasmic immunoglebulin
content (if any) of radiolabelled donor calls, it was necessary to

obtain immunofluorescent ltaining roagents which wers monospecific

mouse Ig's. Aftar fluorescein conjugation and absorption (section 3.11),

rabbit anti-mouse immunoglobulin sera were tested for specificity
against oither mouse IgA, IgG or IgM by immunofluoronéent staining
mouse tissuss (section 3.12).
¢.8;l Rabbit anti mouse IgA:

| rluorquc’fh-conjugatod rabbit anti-mouse IgA stainud the
cytoplasm ct mnny calls proucnt in the lamina propria of the normal
mousa small intastine. Moreover, intracytoplasmic staining of cell
locatod in tho medullary cords and within follicles was obseorved.
Staining of colls in the PLN and spleen was rare. Intracellular
fluoresconce in the gut lamina prépria could be blocked by prior

incubation with unconjugated rabbit anti-mouse IgA but not with

fpt

of

a

unconjugated rabbit antisera gpoecific for eitbor moude IgGIb or IgM.

4.8.2 Rabbit anti mousze IgGab:
Fluorescein-conjugated rabbit anti-mouge IgG stained the

cytoplaam of-ch cells in the intgstinal lamiha propria. Howover“

groups of cella in MIN, PLN and splocn were stainad with this reagent,

Intracellular fluorescence in these tisgues was abolished by prior
incubation with unconjugated.rabbit antisera specific for mquse IgG

but not with rabbit anti-mousze IgA or IgM.

<b
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';4.8.}' Rabbit anti mouse IqH: o : _ -
L Pluo:.ocoin-conjugntod rlbbit nnti-moulc IgM stained tha,.yy
.cytopla-m o! cells Ln cho H&N, PLN and nplocn, but only a few calln .
An th. gut lamina proprin. Intrncnllula: tluornlcunca wal.aholilhod
by prior incubation with unconjugat.d rabbit anti-mouge IgM but not
with rabbit antil.ra lpccific to: either mouse IgA or Igc:b.
- The reagents used in this study worh.oriqinnlly preparnd by -
Dr. Ronn_MLlno‘(Milnq. 1976) who showed that when sither rabbit anti-
mouse IgA, IgG ar IgM yero conjugated and uled‘to'atain frohen.éinsﬁ;
gec£ionn_prepnfedrrrom Ig-mecrating plasmacytomas, thé r&agénﬁn wara
Rpecific for the appropriata Ig.hoavy;ch;in. Howaveor, in the preaent work ,
aach ot thcne fluoroncont rougnntu (an well as Eluoraucoinatod normnl
rabb;t nnrum) stainod a population cf(ffE&BACOd collu present {n all '
'tinnunn except the small intontino and-lymph.ngdpu; Staining was
deemed to be non-mpecific since prior incubation with either unconjuqatnd
jﬁtiaorum or normal rabbit _serum failod to aboliuh gqranulated intra-
cnllular flucrnscen;n. The qranulatod ‘colla ware amine-containing an
indicated by a positive argentaffin staining reaction (Prnarse, 1972)
and wern subscquenply identified as mast cells after ntaining with
alcian blup at pH 0.30 (Enerback, l966i. Accordingly, care was taken
50.55 not to confuze fluorescing mast cells with fluorescing plasmacytes.
T These reaulta indicated that the-imﬁqufluorescent reagents
:ern monospecific for cither IgiA, IgG or IgM and were suitable for

the purposes intendgd.
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4.9 I o lobuiin'ihot of raoiolabollhd cells in reci ient tissues

The 1::90 majority (50-61\) of donor MIN and BLN 1<§§§Lp%:.e- :
found in rocipient cmall intoutines, 1ungn and MLN tiulunt containod |
.intracytoplaumic IgA (Tablo 4.7). A lower parcontago-oz lnbelled MLN
cclll observed in mucosal tinuucn and MLN contained 1gG (20-29\) and
still fawar (1-7\) IgM. The majority of MLN blasts which lodged Ln)
the PLN.contained 1gG.. N | | .
Although BLN lymphoblantn demonstrated specific localization
" .4n the lungu and’ not- in tho gut or lymph nodeg,‘theso calls were algo
detactad as IgA- and IgG-containing celln in propertions comparablo'
to those obsmerved following MLN lymphocyte transfor ﬁoroovor, it was
interesating ‘t¢ note that the BLN contained a subctantial portion of
lymphoblasts which appearod in the PLN aas IgA plasmacytos

A few donor PLN blasts seen in tho intostinal lamina propria.
of rocipicnts contained primari&y JIgA or IgG. In othcr muconal sitas
and the MLN, 25-50% of donor PLN blasts contained IgG. In the lungs
and MLﬁ; 16-20% of labelled PLN colls ware Ldentificd nn'IgM plasmacyteas,

In no tinsuo examinod dio,thn paercentage of either labellod c
MIN or ?LN colls containing IgA, IgG and IgM total .1004% {Table 4.7).
These results suggested that thoe unstained labelled cells seen in
various tissuos.pight have beon ocither immature B-cells, plnnmacytco
containing othor_immunogiobulin isotopes, or T=collsa. . ‘

Collectivoly, the rosults prcsentod in Tables 4.6_nnd 4.7

indicated that tho murine MLN contained primarily IgA and to a lesszer

cxtent IgG nnd IgM plasma cell procursors dcotznod to leave the MLN

Y
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_'md nhcuwly localice honut.h t:hu mucosal -pithn:l.iu:n o! thn qut: and

1unql. and w.tthj.n _the m.N itwelf. The BLN were .Also a rich tourca

of IqA (md ch) plumcyta pmcurlorn, But unlike thou harbournd

withi.n the MLN. BLN=derived procurlorn lhowed a romarkable proponlity

ta-loc_al.tzn in the lunqn. -In'mrkod_ contrast, PLN ware a znrnila
gource of IgG plasha cell pncurn_;rl -‘which riturned primarily .to.P-LN.
It should be noted that lymphoblaat local;zat.io-n was not absolutely
restricted to certain tissues. -For oxample, although MLN lymphoblastys
localized primarily in mucosa-amgociated tianues, they ware alac found
iﬁ PLN.':Than; cbaervationa nhgqontnd that the lymph nodes may have

contained major and minor populationn of lymphocytnn with rogard to .

thalr homing proparties.

4.10 Selective localization in_ the roproductive organn

The ability of transforred lymphoblants obtained Crom MLN and
PILN to locali:e_in uzovfemaln reproductive organn are compared in
Table 4.8, Procntfal animaln wara chonen as rocxpxnnén in order to
kuép conatant any potontial offects of :ox hormone:x on ;oll migration.
An indicated by an HI of 7.9 (dencribed in asction 4.7), MIN lympho-
blantn pro:o;ﬂntially localized in the cervix and vagina when compared

to labelled PLN cellz. YHora, both labmllod MLN and PLN colla did not

lodge in any particular sito but wore diatributed throughout the

lamina propria and were occ&nionally seen in luminal material. Doth

MIN and PLN lymphoblasts were found infrequently in the uterine

lamina propria of recipients (HI = 1.5).

N .
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| Table 4.8 -
Distribution of E"H]-thymidim-iabolled mesanteric and peripheral
lymphoblasts in the reproductive organs 22-24 ;\h aftar adoptive

transfer into syngenaic CBA/J fomale mice’

P . : Vi

Reciplent Source ofr T Number of - 7 Homin
tissues doner cells radiolabelled ~ = . index
injectadl calls per
: 103 uprc

Proaatral MLN : : 15.7 £ 1.6 7.9
corvix and -
vagina PLN 2.0 £ 0.2 .
Proantral MIN G.9 = 2,3 1.5
utaorua :

- PLN 4.7 & 1.7

Repults shown are poolod from 2 oxperimonts. Throea proaatral

animalia in oach group wero studiad in cach Xperiment.,

b MLN, masontoric lymph noden; PLN, periphorl lymph nodesn
{axillary, brachial, and inguinal). ‘

< HPF, high power microscopic fieldn (0.1Q% M , maanificﬁtion of
400 diamotora). 270Q-3300 HPF por tiznue por animal ware
examined. Figuren represent the arithmetic mean * atandard orror,

) .

Homing index =

mean numbor of labelled cella per 102 HPF in MLN rocipients
Mmean number of labelled cells pear 10° BPF in PLN recipients .

The larger the homing index, the greater the preforence of MLN

cella compared to PLN cells for a particular organ.

e e
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tho 1mmunoqlobul&n isotypes of labclled MIN or PLN colll
seen in thc famale raproductiv. organs are displayed in Table 4 9.
AAn in the gut, lungs, and'MLN. llbollod'MLN colls in the ccrvix.

vagina. and utarus appnarod chiofly as IqA-containing celln and

~

-

nocondnri;y as-calls containing IgG. No MLN lgmphoblaltn contal;iﬁgp"
IgM wara 1dont1£icd in these sites. In the ggn;éal tract, the npirnely
localized PLN lyméhqblqstn cohtainnd primarily IgG and sacondarily iqA.
No PLN lymphoblantu'containinq IgM were soon hora.

' Theze ratult; indicated that the MIN was a rich aoﬁrcﬁ of
tha. precuraorn of‘IqA {and to a lesser oxtant Iuc) plnnma tells soen
baneath the mucoaal qpithqlia of the murine qenital tract. PLN wuare
vory much doficient in thins capacity but, nuvarthaldsu. ware capablo,'

of providing theage locations with d zmall number of both IgG and IgAh ~

'plaumncyto procﬁxnors.

4.11% Influence of prognancy and the ntaqea of the eastroun cycle on

the localization of lvmphoblagtn

Significant changan in the size and ntrpcturo af the repr;duétiVG
organy occur during the courne of ofther pregnancy or “the antrous
cycle. Thorefore, it was decided to inveatigate whother'or not oitlher
prngnnnéy Oor the stages of the estrous cycla miqhg influence the
tigsue localization of both MLN- and PLN~derived iymphoblasts,
particularly in aoxmho;;ono taraet organs . “7

4.11.1 Pregnancy

T

In gestational mammary tizsue, MIN lymphoblasts were seen

nearly 3«fold more ofton than thosze of DPLN origin (Table <.10). An&loqoua
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to the gut, lunga, M&N. cirv1x, vagina, tnq'utnrun, a few PLN lympho=

»

Blantl localizod in the mammary :ipuuo on'the ich day of goqthtion.
Of the labelled donor MIN cells le;ﬁ in'tha‘mammary élindl,'53;6\,
19. 5\, and’ 17 2% containod IgA, IgG, and IgM, rnqpectivnly In contrast,
the few tranntcrrud PLN lymphoblasts localizing in rocipinnt manrmary
tisaue ware idantifiaed p:imnrily as ch plalma cella (208) and
nn%pndarily as oithor IgA (10%) or IgM (10\) containing colls. These
investigations of the mammary glanda indicated that the MLN i3 a }
' !ortilo.aoprce 6! the IgA plasma cells sosn boneath, ductal epithelium
on the 19th day of gastation. |

Just aftor the initiation.;£ this study an abatr;ct appearad
(and was subsequently published (Roux ¢t al., 1977)) which domon;trach .
scloctivp localization of MLN lymphoblasts in the mammary glands. h

-

Although invostigations of seloctive localization during éreqnancy
woere abandoned at this time, the rcsultﬁ shown in Table 4.10 (based
on a single animal in cach group) provided sjome insight into the
requlation of lympﬁoblast localization. .

Some preliminary cxpcrimcnt; indicated that the small
intestine increased substantially in mass over the coursé qf pregnancy
in mice.“ka inves that;on was initiated to determine if the {reguency
of MIN cells prefnrentigl;y locali:inq in the gqut lamina propria
would ba reduced due éo more intestinal tissue competing for a finitc.
number of labelled cells. The distributions of transferred “HeTde
labelled MLN‘cr PLN cells in varioﬁs organs taken from pregnant

m.ce are prescnted in Table 4.10. Although the small intestine had

more than doubled in weight, the ‘*cqucncv of exther labelled MLN or
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‘PIN cclll sean hcrn was not very dizfnront when comparnd o thi’qut

s

" of virqin recipients (cf. Table 4.10 and Table 4.6)- Howovnr, a 508

increase in tha size of_MLN during pPragnancy scemingly caused a
~nubﬁtantia1 increase in both the migration of MLN- and bLN-derivod
lymphoblaats into the MIN. The !roquancy of MLN- derivad lymphoblasts
found iﬁrtho PLN was unchanged although the frequency of labelled PLN
collﬁ w;u nearly doubled. The weights of the PLN wara not influoenced
by tho pregnant state. ) - -~

) Colléctively, thase resultg 3ugg§stod that for a.given quantity
of intestinal tissue a ralatively constant numﬁer of giéhcr MLN or
'PLN lymphoblnstﬁ will localize in the lamina propria, f.¢., an
‘incroased quantity of tissue does not compete for a finite numbor of
ccl;s. Howover, -thoe increasod size of lymph nodes during'prnqhancy
may hawve intlucnced lymphoblast localization at least for those cella
derivad from MLN. -
4.11,2 Stages of thoe estrouﬁ cvcle

The froquencies of la.bellec. MLN cells in the cervix ghd
vagina (and ngll Lntcatlnc) of procstrnl, estral and diestral femalo
mice are prosentad ix; Table <.11.. Due to diffezl'enccs in thé
percentage of labelled cells in the inocula (dpgcrminud after _‘ o ’
transfer}!, the proestral an%malﬁ :oceivcd_;bproximatcly two-fold more
lalwelled eélls than the estral and diestral recipient {(3.6% .into
proestral mice rersud i.d\ into estral and diestral mice). The
disparity in frequencies of labelled cells in the procst:ai compared
te estral and diestral small intestines presumably reflected this

difference. However, in the absence of evidence describing the



| Table 4.11 .. - .
Influence Bé the estrous cycle on the migration of ESH]-thymidinth_ -
labelled ﬁnlonto:ic lymph hod‘ cells into the small intestine,
cirvix and vaqina?22-24 h after adoptive transfer into

syngefiaic CBA/J femala mice®

L

" Racipient Stage Number of Tisaue
tissuas of radiolabelled - wet woight
oxamined : estrus cells por (mg)
: 10 3 uppd
4 'l L1}
Small Proestrus 93.4 = 6.2 - 805 * 39
intestines -
Estrus ) 53.9 * 5.8 784 * 74
Diestrus $6.3 & 5.1 781 + 70"
Carvix ™\ Proestrus 15.7 ¢ 1.6 95 + 117
and '\-\‘--. ..
vagina Estrus . T loed #1.2 109 = 9
Diestrus 4.0 £ 0.6 93 = ll'?.
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Table 4.11 (Footnotes)

Results lhown are pooled from 2 experimonta. ‘rhrn virgin

antmals in oach group wers ltudiod in each cxperimont..

HPF, high power microscopic fields (0.105 mm2, maqnificntion‘
of 400 diametars).’ 1800-2200 HPF per tissue per animal were
examined. Figures represent the arithmetic mean = standard >

i
arror. -

Twenty=-six cm of jejunum and S mm of cervix and vagina taken from

5 animals in either proestrus, estrus or diestrus. Tiasues

‘were blotted on filter paper and weighed immédia;cly.

ﬁatn for proastral Yecipients are reproduced from.Tables 4.6
and 4.8 for cdmparison. The percentage of labcllqg coxls
in tho inocula was 2.6\ for the proestral group and 1;4\ for

estral and the diestral group.

Groups were tested for sigqnificant differences by using
Student's unpaired t-test. Figqures marked with either * or

* were not significantly different (p = 0.95).

.
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'!:nquoncy of. 1abclled cells in a particula: tiuun. a coupo.:iaon of

r.he proutral rocipiontl to th. utro.l and diutnl :ocipiontu was
considered to be. t.ntntivn. Nnv.rthelcu, thu data lhowod t.hat |
although the transition from the utral to dd.utnl lta.te had no

effact on MIN lymphoblast 1ocalizntion .*..a the qut th'il trmnition

was seemingly correlated w:l.th-.a dramatic ;lteration in MIN cell
migration ix;to the cgrvix-ang! vagina.- only .or‘xc-_halr a8 many MIN lympho=-
bl#sts entered thae dieitral carvix and iraq.‘;.na compmd to these sites
in estral recipients. The wet weighta of the amall intestine did not

- show any sig"nilticant diffaerances (p_‘ 0.001) when coinp&red at different

st_agesX the estrous cycle. The cexvix and vagina showed a nigni:ié:nnt’

(p < 0. 1) increass in weight-during eit:uu. Ch;mgtas in the mass.

of the cervix and vagina alone did not @mar to be able to 'account. '
. .- o ,

_£or tho alteration in the froqueancy of la.belléd cells localizing in

thoe cervix and vagina during various stages of the estrous cycle.

The possibility existad that the decrease in the frequcncy_

of MLN blgscs in cervix and vagina during diestrus {(Table 4.i1) might

have been due to a selective alteration in the localization”of IgA |

plasma cell proganitors (Table 4.9). Table 4.12 :;howg the immuno--

globulin isotype of labelled donor MIN lymphoblasts in the guéﬁ

corvix, and vagina taken from recipients during various st.iges of

the estrous cycle. Bacause the data are cexpressed as pércént.ago,

the proestral groups can be compared tor the estral and diastral groups.

No change in the portion of labellad MIN cells containing the IgA

isotype was detectable in the small intestine ta.ken from either

. . - ' 'J'. . ; Lo
nlationlhipl batwean t.ho numbar of laballod c-lln t:antfcrrod and th. [ 4



‘ | Tablo 4. 12
| D.t.ction of tho immunoqlobulin isotype of. [333 thymidinc-labcllod
o mnlonto:ic lymph nodn cells in tho small inteltine, cqrvix,

‘ and Vagina 22-24;h attcr adoptivn transfer into

synqnnoic CBA/J £emalc mico

‘Recipient Stage Percentage of ridiplabelléd
tigsves ‘ © of . cells containing immunoglobulin®
cxaminfd ‘ -f.st:uq - IGA _ 149G
Small. - Proestrus® . 60.8 £3.3 (563 20.4 5 i.8 (26)
. intestine - . ~
' Estrus . 63.0 = 3.3 (33) - 40.3 £ 2.1 (22)
: Didmtrds - 60.1 £ 4.0 (33 36.9 * 4.0 (20)
Cervix = Proestrus - 66.0 £ 1.8 (11)  20.2 * 8.9 (3)
and - ' ‘ o )
vagina . Emstrug = 57.3 £ 4.0 (6) 24.8 £11.2 (2)
Diostrus 41.0 = 4.5 (2) 25.9 £14.8 (1)
3

Results shown are pooled from 2 exporimants. Three virgin animals

in each group werc studied in cach axperiment.

Figuras represent the arithmetic mean * standazd error.

Data for proastral racipients are reproduced from Tablea 4.7 and
4.9.

Figuréé in parontheses for estral and diaestral rocipients wore
computed uzing Table 4.11 and represent tha approximate numbor

of radiclabelled cells containing immunoglobulin per 103 high '

power microscopic fields (0.105 mm?/magnification of 400 diameters).
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Ve

“zﬁio.ltfal. eatral q:_di;ltrif rﬁcipi;ntn.‘ A llight:incronln in the
percentage otriasolicd MLN cells containing Ig& ﬁ;n_nopod in the guﬁ
: f;omictgral~nnd diestral mice Eompar-d to those L? proestrus. The
boréion of AOnor I@A-céntaininé MLN lymphoSiautn found in the eatral ‘
corvix and vagina ﬁpg two-fold greater than-tha boétion seen in these
organs when taken !r‘c.un diestral animals, although no change in the
parcantage of IgG donor lymphoblastas occurred. Collecﬁivﬁly{.the -
roault; shown in fablen 4.11 and 4.12 indicated a reduction in the

- cervico-vaginal localization of IgA plnémacytn progenitors occurring

during ‘diestrus, .

4.12  Localization of lymphoblast subpopulations purifiod bv velocity

andimonta%ion

\

Coll function is often correlated with physical parameters

such as coll size. Some atudics were done "to investigate whothor
. | .
or not cell populations soparated from cach othar on the bazis of aize

°

would show different tissue localization patterns. TFurthermore, it
- seamod likely that this-technique could also be used to incrmase the

sensitivicy ofﬂgotcction of 12SI--(j'dr-labollod cells in varicus tissues:

prosumably, a large number of labelled cells could be transfofred

with minimal concern for effects on localization caused by the creation

of oxtromoly hiéh, artificially induced lymphocyto numbers in
recipilanta. i ~
. ) *
The sodimentation and radiblabclling profiles of cells

. obtained from either MLN or PLN, which were pulse labelled with -

Tdr and separated from each other by velocity sedimentation.at Jnit
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gravity have aIrn_a i'bnn pregsented in Figuréa 4.1 and 4.2. As

(.

described in section 4.1, the sedimontation and 125 I-Udr-radiolabelling
profiles of either MIN or PLN lymphoblasts were very similar to those
‘obtained with 3H-Tdr-labelled calla. Table 4.13 shows the distribution

of radivactivity in recipient tissues aftor transfer of 125 1aydr-1laballed

MLN cells saparated by velocity sodin_mntation at unit gravity. Thege s

results indicato that the MLN contains at least two populations of
1ymp§oblasts in terms of tissue. localization. Lymphoblasts with s
valuas groaicr ;hnn Sr cqual tcld.o mm/h loc#li:ed predpminapfly in

the small intestine. In contrast, the small population of labelled
colls sedimcniigé it lesa than 4.0 mm/h (3.0-X.7 mm", Figure <.1)

was’' composed not only of. cells prim&rily locali:ing-}n the small
iptcstinc, but also of some lymphoblasts localizing in-tho spleen, lungs,
Lymph nodes, and geniéal tract. The difference in splenic radioactivit&
waz probably net due to transfer of radiolabelled, dead nucleated cclig
;nd debris (s % 2.0 mmsh) singe hepatic radieactivity was :iﬁilgr

in both groups. It should also be noted that since larqo~coiln

(2 ; 4.0 w%ﬂh) localized prcforspéially in t@o aut, the presconce of

small cells in the {nocula was not deeessarnt for this lecalization to

- ~

oCcgur.

‘i " - r.N

“.13 Localization of lvmphoblasts from MLN, PLN, Pever's natchen

and intestinal lamina propria of cuineca nigsn

The forecoing results indicated fhat the MoN werse 1 ery
fertile source of the procursors off IeA plasmacytes sceen benecath the

various mucosal epithelia.,’ However, it was alse possible that o



- . lo4 ‘ .-
o Table 424 RN
Distribution of rndionctivity in variouartinnuol 22=-24 h attor
adoptivo transfex of [1‘5I]-d.oxyuridinn-lablllod 1ymphoblaltl

into qu;nna pigl

Recipient Source of : % of total recoverable

tissues donor cells radiocactivity in recipient
examined injectedP tigsuas® :
' Hartley strain Strain 13
. racipients raciplents
Small MLN 4.4 £ 3.7 9.8 & 2.3
intestine '
- Lp 34.4 £ Q.2 9.8 = 1.1
PLN , 8.2 * 0.6 1.4 0.4
PP 5.8 20,1  15.0 % 0.9
Large MLN © 13.6 £ 0.9 9.0 = 2.5
intestine . :
LD 8.5 % 1.2 4.4 * 0.3
- : - d
PLN - | 6.5 £ 0.7 NDt
PP 3.2 2 0.9 22.9 % 3.7
Spleen MIN 9.8 = 1.1 T 2 0.8
b 6.8 * 1.1 11.3 = 1.5
DIN .9+ 1.3 L.d 2 0.4
D = 18.6 2 0,3 8.8 + 0.2
Liver MIN 18.5 * 1.4 63.0 % 0.3
LY 35.6 * 2.4 65.4 * 0.8
PLN . 1.7 = 1.5 58.8 + T.9
P ©o81.T 2 2.9 9.9 = 1.7
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Table 4.14 (cont'd)

P s

e

B e

Racipient Source of . Vv of total recoverable
tissues donor cells y radicactivity in racipient
examined . injected® ] tissues®
- H'.'.\rtley atrain Strain 13
racipients racipiaents
Lungs . MIN .. 18.5% 1.4 63.0+ 0.3
LPp 5.82 1.6 6.4 + 0.8
PLN 3,7 2.9 2.1 0.7
- PP 20.3x 4.0 14.3 £ 2.3
MIN MLN 10.0 £ 1.4 1.9 ¢.1
LP l.d2 0.4 ° 0.6 £ 0.0
N
PLN 702 LT 0.5+ 0.2
rP 0.2z 0.1 0.5 0,1
PLN MLN . 6.5.x 1.8 <. 20,2
P 0.7 & 9.0 2.0 0.4
LN LU S 0.9 = 0.5
re 0.1 =+ 0.0 Lo 0,7
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Table 4:14 (Footnotas)

a

Rosults shown are pooled from 3 experiments in Hartley atrain
guinea pigs (6 animals per group per experiment) and 2
axperiments in Strain 13 quinea pigs (3 animals per group per

axperiment) . - o ' S

MLN, mesenteric lymph nodea; PLN, peripheral {(axillary, brachial,

and inguinal) lymph nodes; LP, lymphocytes obtained from the

lamina propria of the small intestine; PP, Peyer'a patches. '

Figures ropresent tho arithmetic mean * standard error of the
radicactivity in an organ as 4 parcantage of thae total

racoverable radiocactivity.
) L}

NDt, not determined.
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por@ion of Fhotﬁ calls in these sites arocse by clonai expansicn of
pracursors‘Sitannd beneath mucosal surfaces. Some cvidence was
obtained to show that a portion of cells derived from the intestinal
lamina propria were capable of DNA synthesis and é;sncsse@ a specific
pradilaction to saelectively local;:b in the gut. Because mothods
wore not available to mechanically isolate lymphocytas from the mouse
intostinal lamina propria, either 3 month-old Hartlov strain or 8-9
month -old btrain 13 guinea pigs were used.

The diastributions of cc;z—associated radicactivity in variéus
guinea pid'tissués 22=-24 h aftﬁr adoptive transfer of syngencic or
alloqcnéic lymphoblasts are presentod in Table $.14. As.expegted.
MLN lymphob}asts preferentially lochli:qd in tﬁc qut, lungs and MLN
of eithor allogeneic'fﬂartlcy strain) or syngencic. (Strain 13)
recipients, Thd smaller éc:ccntaqc of organ-associated radicactivity

fter syngencic adoptive transfer compared go allogeneic tranafuf
presumably reflected a larce fraction of Jamaced donor cells boang
trapped by the liver. Svngencic and Alloccncic Iymphoblasts deorived

-

from gut lamina propria showed a seomingly prof o*onylal localization
in the small intestine and avorded other tissues when compared so
iabelled MLN cells.  In contraset, allogenexe PLN lvmphoblasts
rétu:ned primarily to their sitesn of oricin. Howcv;:, label}bd
PLN éells used in ﬁhe synqoncic-trdnsf rs did net show a predilection
éo lbéali:e in any site including rbcipienﬁ‘PLN. A similar sype of
ont:qst between alloceneic and syngencic recipients was cbse:vvd‘
fter transfer of labelled Pever's patch éclls. in the allocencaic

system, Pever!s patch lymphoblasts did not show a_preferentia

C o bt ke ——— ———— -
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‘were inv-stiqgtad. A2 great deal of radicactivity was found in both .

108

localization in any tissue except perhapl'the lungsf' Pulmonary
radioactiviﬁy might have been dus to a large number of ei;her d(ad
or damaqod'cnlls in the inocula since considerable Hepatic radicactivity

Lo

was also detectable. However,when 8-9 month-old Strain 13 animals
1

the large and small intestines.

These oxperimnntﬁ indicated that DNA-synthesizing cells exist

in the gut lamina propria and showed a rather specific localization

in the gut upon either syngeneic or allogeneic adoptive transfér.

Furthermore, these lamina propria cells showed a distribution similar
. . .
to MLN-derived cells and dissimilar to ‘those prepared from Poyer's

patches Sy PLN.




CHAPTER 5

DISCUSSICN. OF THE ENPERIMENTAL RESULTS
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The contents of thi: chapt.er will be concernad primarily
w:.th the movements of lymphobluts. Considarable info:.:mation about
this subject has appeared in the literature during the co;rse of
the work’ i:reson:ad in C-hapt:er 4 and the experimental results will
be discussed in view of these new findings as well as those.

surveyad in Chapter 1l.

5.2 Technical considerations - : T

Soma important tachnical cénside:ations have emerged from
.t.his study. Tha use of radiocounting methodalogies for the detect;‘.cn
£ radiolaballed ceils in recipient tissues was suitable only for
those tissues containing a substantial ﬁcrtion of the labelled cells
transferred. Comparisons of Tables 4.3 = 4.5 with Table 4.6 clearly
show that if the numbers of lab;lled <ells in certain tissues was
small (e.é., genital tract ﬁnd mammarny glands) ‘radiocolnting

.

erocedures. were unable to detect these cel-s. O£ equal significance,
high speed autoradiography revealed that d;;o: lymphoblasus we:&
re abundant, on a tissue volume basis,. than was evident by radio-
counting (cf., Tables .3 - 4.5 and T lelé.ﬁ). Clearly, high-speed
utoradiography :—ov*ded the greatest amount of informatien.

When combined with *mmuncf_uo*esucncc, autcradiography has

proved o be a powerful tool ‘c- detecting B-lymphocvte subpopulaticns
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in recipicnt- tissues (Dolezel & Bienens.tock. 1971, Guy-gra_nd et al.,
1974) McWilliams @t.al., 1977; Roux ¢t ai., 1977). However,
autoradicgraphy usually requires several weeks foé performance.. In
the present work, high-speed autoradiography using a toluene-basad
scintillation fluid {Panayi & ﬁqill.'1972: Durie & Salmon, .1975)
‘was successfully combined with immunofluorescencs without loss of
either autoradiographic or immunofluorescent resolution. The drastic
reduction in autoradiographic exposure time (from 4~6 wk to < 24¢ ﬁ) has
made this technique quite useful. Furthermore, by combining double |
immunofluore;cencc (using both‘rhodamine-'and fluorescein-conjugaéad
roagénts) with high-speed Iutoradiography, both the Ig isotype apd
antigon specificity of t:ahsfe;rcd lymghoblas;s might be detected.
Therefore, it was cencluded that high-speed autore graphy combined
with immunofluorescence might, in ma.n; cases, be tie method of choice

for dctecting' subpopulations of radiolabelled cells in tissues.

5.3 | Qricins of lvmphoblasts in nucosa-associated tissues

Humoral immunity at mucosal sh:fac_os is effected by slcA
antibodies in external secretions (Chodirker s Tomasi, 1963; Tomas:
¢t al., 1965). The sIgA ..'3 cxoc;-ine sccretions is believed to arise
from IgA-containing cells which are remarkably abundant beneath
Aucosal epithelia (Tousville ¢t al., 1969, 1970). In the rabbic, \j
85% of all plasma cells in mucosa-associated tissues contained IgA
whercas 2.5% of all ':.:las::-.a cells in peripheral Lyvmph nodes and
spleen contained IgA (Crandall ¢z oo,

s 2967)., The mechanism of

Doth establishment and maintenance of this differential IcAa
»
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. plalmacytn diutrihution ha- only bcgun to be un:avalcd. and the MALT
appca:t to- play a contral :ola. e ' -
A vtry persuasive body of avidence indicatas that the GALT

il a productivn aource of the ng-containing cells found beneath

mucosal epithelia. in rabbits, PP were found to be a rich source of

the p:iqurlors of'Iga plasma cells appearing in the.mucoﬁa.of the

gut (and bronchus) saveral days after adoptive transfer into .allo-

geneic or autologous irradiated hosts {(Craig & Cebra; 1971; Rudzik
et al., 1975b, ). In this regard, similar studies revealed that the
rabbit appendix functionally resembled the PP (Craig & Cebra, 1975) and,

recently, Cebra and colleagues (Cebra et cl., 1977) have demonstrated

-~that gP were the sole source of IgA plasﬁ; cells several davs aftar
adoptive Eransfer into syngeneic recipient mice. In these sorts of
.atudies, periSheral lymphoid sources were very deficient in IgA
plasmacyte progﬁnitors. Thus, it seé#s that PP and appendix are a
major source of the precu:sérs of IgA plasmacytes_found beneath the gut
(and bronchial) mucosa. However, thesc Drecursors r;quire a long
period of time to differcntiate. The observations by Zatz & Lance
(1970) that within 24 h after adoptive transfer PP lymphocytes showed
little tendency to localize in recipient tissues including the gut
and PP is consistent with. the notion that PP OCCuUpyY an early positicen
in the differentiation ségﬁg generating IgA plasma cells that mediate
oucosal immunity.

If the PP and appendix harbour a subpopulation of cells which

are in the process of differentiating, where are these cells located

just before differeantiation is completed? "Although cne might predict

-



)

that thnso cella would be aither in tho PP or in mucosan of the’ -
intastinal nnd :alpiratoxy t:ucta, ampl. ovidano. indicatea*that thia
is not tho calc._ In rodants, transferzod Iymphoblasts derived from
MIN had, the p:oporty ol selectivnly looalizing-within 24 h in both
the intestinal lamina propria and MEN-o! recipients (Griso;lli et .
al., 1969; Guy-Grnnd et aZ., '1974; Parrot & Fargoson. 1974+ Mowilliams‘
et al., 1975, 1977: Rose ¢t aZ., _1976a, b; Roux et cl., 1977) The
majority of MIN 1ymphoblasts belonged to a B- lymphocyta subpopulat;on
which was committed to the synthesis of IgA (McWillxams et aZ.,
1977) ,.and, appaa:eo in the gqut as IgA-containing. cells (Guy-Grand
€t zi., 1974; McWilliamo é: al., 1975, 1977; Roux ¢t al., 1977) In
‘ contrast, when PLN lymphoblasts were transferred, most were found in
roc;poont_?LN and only a :ew wete detocted in the gut mucosa. Other
Ig iéot&pes were not studied ond PiN lymphoblosts were not examined
for any cytopiasﬁic isotype. | .
The present ﬁork has confirmed and extended these findings
(Tables 4.3 = 4.7). Following adoptive transfer, labelled MIN cells

were always found more frequently than those of PLN origin in the

gut lamina propria and MLN. Fifty to 60% of the transferred MLN

~

lymphoblasts that appeared in the MIN and gut of mice cootaincd IgA
{Table 4.7) whereas only 28-38% of PLN lymphoblasts appearxng xn
these organs contained IgA, These fxnd;ngs are consistent thh the
éie‘bthat the MIN harbours IgA plasmacyte progenitors more .
. differentiated than those ‘in the PP. .

It is intercstiog that.tho MLN aloo contained an additional
lvmphoblast subpopulation.whioh appeared as IgG plasmacytes in‘the gut

-
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PLRR

and MLN (Tablo 4.7 . ‘The eqxiy,proginitora‘éf,xgc plasma cells have

Y

been identified in the PP-o!_;Sbbits-and mice (Craig & Cebra, 1971, 1977;

'Rudeik ¢t al., 1975b, c), and a small percentage of MLN lymphoblasts

were shown to have surface and/or intracelluli; IgG (Guy-Grand et al.,

‘1974), Mogreover, d'aigniticaat number of-IgG*cqntiininq colls were

° .
' obseryud;!ﬁ both the mouse and human intestinal mucosae (Milne et ale,
1975;§Milnn, 1976:_Crabb6 Jt.az;u 1965; Crabbe & Hereﬁans, 1966: also

{ see section 4.8.?).{‘Thus, the presence.of the ;mmahiate precursors
éf.intostinal IgG- plasmacytes in the aLNﬁiSLjOt improbable.
| The BALT has been showA to behr a remark;ble morphélcgic .

and functional rqsemblagCe'Eo the PP (Kledin,. 1875; Bicnenstock_gé.

- “

al., 1973a, b; Rudzik et 2., Z.L97S.a.: Bienanitock & Johnsten, 1976) . 1
Like the PP, theo BALT has bean identif%ed as a’ majoer preéiﬁct of tha
carly pracursors of IgGA plasma ccils,'and, to a smallér extaent,
IgG piogcni;ofs.‘ Six davs aft&f adbpt%vn ‘eransfer into irradiated
allogencic rabbits, ¢ells derivcd'from“BaLé ware ;PES,Eo roepopulate
the gu§ (and bronchus) mucosa pri;na'rily with g&_glasma\cokl_.l‘s: a fewr
IgG-containing ;clls.wcra ahsp:obsorvcd.(Rud:;k'ct Qoe, 197S5¢) . Indeed,
it.scems‘thagfpae'BQL? also céntains‘IgA proq?nitgrs at a very early
stage of'ﬁifféiqptiation. Accordingly, one might predict that t&e,
BLN would:gcnésiﬁ BALT-derived cells which had achiewved s;mgré
advanced state of differentiation and that these cells (as lympﬁ@—
" blasts) would sclectively loealize ;n the gué mucosa and raéidly.
develep into IgA plasma cells. Igé plasmacytés.did develop £rom
BLN lymphobiasts within 24 h after transfer (Table 4.7). Howe\'cr,-
results sh?w;that BLN lymphoblasts‘did net localize in the intestine

. -
.\.

v
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any greater q;tent than did PILN lyﬁphoblasts (Table 4.3 - 4.6).
Unlike PLN lymphoblasta locali-ing in the gut, the percentagas of BLN

lymphoblasts seen here containing IgA (68%) and IgG (368) wera

’ slmilar to these cbserved after MIN lymphoblast transfer (Table 4.7).

Moreover, the frequency of BLN lymphoblasts loéali:ing in recipient
MIN was intnrmediate‘be:wnen those observed after MLN apd PLN lympho-
blast‘ transfer and the proportions of BLN lymphoblasts containirig
IGA and IgG were also intermediate (50% Iga, 38% IgG). It seemed,
therefors, that BLN lympheblasts differed functionally from those

propared from q&:ﬁer MIN or- PLN. Although the BLN does seem to

_conta;n many BALT B-lymphocyte subpopulatzons which ¢ Tapidly

d;‘fercntlate, thcre is a significant differonce in the BLN lympho- :

blast localization pattern. The “reasons for this difference are not

. ' ~

clear. Perhaps the BLN does not contain many BALT B-lymphocyte
subpopulations agt a later staqé of differentiation. Alternatively,
B-lymphocytes erfigrating from the BALT might hawve undergone a uhique
developmental alteration in the BLN which did not provide them

with the abilityrto selectively localize in the gut mucosa. This

v,
deveiopménéal c¢vent might have been circumvented by.adoptive
transfer of BALT ce;lﬁ {Rud=ik ¢¢ al., 1975¢) which avoided theirx.
passage through the BLN. Unfortunately, the available information
does not'gllqw a firm choice to be mﬁdc between these hypotheses.
It should‘be notc§ that in rodents the BALT is neot néarly as

-

organized as in the rabbit (Bicnenstock ¢ ai., 1973a). Thus,

- comparison Of rodent BLN to rabbit BALT must be viewed with caution,

+
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Evidence i};xd:i;catbs that although adgptive &@sfer is an
amﬁcial :uleu. ©of cealls from lyn'@ho:.d sources, this. experimantal
technique is closaly ruprusogt;tive of the in pivo situation In'

.rodehts; a popula;t'_'i.én of t!ioxjaci;.dv-.\ct (TD) B'-lymhcblasts (collected
by cannulanon) did not recirculate but very qm.ckly locali zed
select.ively in the intestinal lamina propria (Gowans & Xnight, 1964-
Grisgell:. Qj“ ;., 1969; Hall & Smith, 19‘70~ ‘Hall et @l., 1972
Guy-Graﬂd et al., 1974). When compared to MIN cells, the propo%t;on
of TD cells which were dividing was substant.:.ally reduced vot the

. numbcrs of TD lymphoblasts bearing and/ox containing IgA was more
than doublod. Thus, these findings suggest that t.he TD contains

_‘ populations of MLN B-lymphoblasts which have differentiated even

.‘furthcr toward ‘Igi\-cbntaini.ng' cells. Furthermore, the observations
that l}'mphoblaslts derived from ‘e c¢fferoent lvmph of MLN in sheep
behaved like MLN and TD lyn.\phob_lasts a_fter adeptive transfer
(Hopkins &/Hall, 1976) indicates that releasc of lymphocyte\s from
lyvmph nodes by mechanical means, as used in the present study, has
little cffect on their natural migratory propertices.

As a_lrcady mentioned, both the PP and BALT werc found to
be rich sources of the early precursors c;'f IgA plasma cells seen m
the mucosae of both the intestinal and respiratory tracts (Craig &
Cebra, 1971,1975; Rudzik ¢¥ al., 1975b,c). Since the MLN secemingly

gontain.s more differentiated precursors of IgA plasmcvtes. one
could predict that MILN lvmphoblasts would select vclv poepulate the
bronchial mucosa Qithin 24 h after adoptive ﬁ:aﬁsfc:.' The results

e . . ,
indicated that this was indeed the case. When compared to PLN lymphoblasts,
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cells derivad féom Qmu selecéiveiy localiﬁed-in the lungs ana tﬁese
contained IgA and IgG in proportxons similar to labelled MLN cells
locali_lng in the gqut (Tablea 4 .6 and 4.7). Quite éurﬁrisingly;
BLN lymphoblasts hgd an even greater propnn'sity than labellod MLN
.cells to lécali:e in the lungs anﬁ these contained Iga and IgG in-
proportxons‘sxmilar to the few BLN cells locall-lng in the gut.
These observatxons further emphas;-ed the dissimilarities between MIN,
PLN, and BLN lvmphoblast subpopulatlons.
' An.explanation for the high‘frequency of BLN lymphablasts in
the lungs and not in the’ small intestine and MLN mlqht be that these
“cells we—e clther dead or damaged when injected or shqrtly.thereafter, . . ey
an& were non-speciztically trapped in the pglmonary vasculature,
.Sevnral.obse rvations arcgue aga;w*t this possxbxllhv Greater tha§ Qém
of BLN cells injected were not stainable with trvpan blue. .Furthdfmorep

L.

exr of 135 7-0dr-labelled BLN cells

-

hepatic radioactivity after trans

Cry

amounted to only S0% of that dete

7]

tad afteritransfcr of labelled MLN
‘cells; one would have predictid much more rddioactivity in the liver
if the transtferred BLN cells were éither dcad or damach (Table 4.5).

In addition, no labelled SL\ cells were seen in the Pulmenary
vasculature; a labelled MIN cell was cbserved in pulmonary capilluries
on two occasions. Finally, the fregquency of labelled BLN cells in
recipient PLN did not decrease as sne would havq prealctcd had o =
trapping in the lﬁngs-reducod zthe nﬁmSc: of labelled cells entering
he arterial bloodst:éam. fhus, fon-=specific trapping of BLN..
lymphoblasts in the lungs is unlikely to account for the failure of

BLN lymphoblasts to localize in the -gut and MLN.



. 118,

The current findings suggest that the Ig-contiiﬂing cells in

the lungs are from both the MIN and BLN. Morcover, the BLN is

- gseemingly restricted to a specific pulméndry defanse role. Both

intratracheal (I.T.) and I.P. immunization have been shown to lead to

s humoral response in the mouse BIN (Nash, 1973; Kaltreider ¢f ai.,

Gerbrandy & Bienenstock, 1976; McLeod et &Z., 1978), whereas no
response was evident after oral immupi:ation (McLeod e Sle, lé?a).
The observation that BLN lymphoblasts were more distributed through

the pulmonary parénchyma than were labelled MLN cells (saction 4.7)

suggests that porhaps BLN lymphocytes f£ind their way into distal

'pulmonary sites. Thus, it is interesting to speculate that the PFC

recovared from mouse alveolar washings after ecither I.T. or I.P.

immunization (Nash, 1973; Kaltreider ot 2li, 1974; MéLeod et ai.,
) ’ - .
1978) might have been sconsitized in, and emigrated from, the BIN, and

that thoe BLN are the source of IgA plasmacytes infilerating the lungs

after Mycoriasma rulmenis infection (Cassel o2 j}f? 1374d) . It is
possible that the GALT might provide lung defenfes mainly in the

. ~

»ronchus and not in theo alveoli. This view 1s consistent with the ~
] ] !
\

recent observations by Montgomery and co-wofkcrsl(Montqomery T Qe

1978a) that oral immunization led to the appc;rance of ;pccific sIgA

antibodies in bronchial washings. 6n the other hand; the BLN might

confer a more genexalized defense which is restricted to thd'lungs.

The cgllu;ar-and molécular determinants of this restriction are unknown.
In rodents, as in humans and rabbits, IgA ié the predeominant

Ig in milk‘(Amﬁhnn & Stiehq. 1966; Guver ¢t 2l., 1976). The most

likely source of IgA in mammary secretions is the plasmacytes which

lic bencath the ductal epithelium in the breast (Tourville ¢t a0,

— _ | -
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1965, 1970). In mouse mammary-glands.-Ig# plasmﬁ coils incre#se
d;amatically in numb@r in late gestation and during lactation
(Waisz-Carrington ef qi;, 1977, | | |

The present work has donnnsﬁ:ated that IgA-centaining cells
in the gestational mammary gland most likely originated in the MIN-
(Table 4.10 and section 4.11.1) thus confirming the work of Lamm &
colleagﬁes_(Roux ¢t al., 1977). These results provide an explanation
for the findings thag S:tef oral immunization, sIéA angibédieé
specific for the antigens of the gast:qihtcstinal tract can be fduﬁd
in milk. (Bohl b:‘al.a 1972;‘Montgomcry et al., 1974. 1978a;: Allardyce-

. . .

¢t ai., 1974; Ahlstelt Gt_ai., 1975, 1977). 7Indeed,‘cells containing
Iéi antibodies specdific for the antigens of the gu; microflora could '
be found in the mamma:y-secretions of lactating humans (Ahlstelts o2

ai., 1975; Goldblum ¥ al., 1975). Thus, intestinal humoral immunity

»

in the mother could be passively transferred to the neenatal

!

.

intpstine which has sIgGA receptors on enterocvtes (Guver ¢t al.,
1976; Nagura ¢ a2l., 1975). The function of cells from mamma:§,
_;edrc;ions in the newborn- gut is unknown.

Unﬁil néw, no information has existed as fo the origin of
plasma cells in tho reproductive fract. The results presented in
Tables 4.8 andié.S/indicqte that the MLN are a fertile source of

i ' ' ' . € . .
the IsA and IgG plasmagytes seen in the proestral cervix and vagina.

The PLN were quite deficient in this capacity. Th roportions of MLN

7]
s

lymphoblasts containing IGA and IgG in the cervix and vagina conformed
closely to these proportions of labelled MLN cells in the intestinal

tract (ef., Tables 4.7 and <4.9). "Although a similar conclusion may
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-

_ be drawn from studies of the proestral uﬁerus,,an'insufficiQnt.number
of labelled cells was seen to substantiate this.

-

In health, th;re is a re;ative paucity of plasma cells in the
ifamale genital tract compared to some other mﬁqpsal sitcs.and IgA
lavels in éorvical and vaginal seqrations'are quité low {Tourville ¢t
al., 1970; Waldman ¢t al., 1972; Chipperfield ¢t aZ.,l1972: .
Chipparfield & Evans, lQ?S:_Hu:limann et al., 1978). The current
fiﬂdings are in keeping with these reports:'only a few labelled MLN
calls w‘em seen in the_ cervix and vai;ina. Moreover, the étrikinqu_
low freqﬁency of labelledlMLN ccllé in the uécrus is consistent with
the observation that intrauterine immunization produced primarily
.an Ig& response (Ogra & Ogra, 1973). These re;ults indicate thst the
MLN can supply the immediate precursors of IgA plaipa cells to a
mucasa=-associated orgah which does noﬁ pOSZesSs 6rqani:ed‘lympho§d
aggregates similar to PP and BALT.

F;nally, iz should be mentioned that althougY‘IgM-containing. o
lvmphoblasts were identified in thé various mugosa—associated tissues,
n§|co§clusion as to their origin was secured because insufficient
numbe?s of labelled IgM-containing cells ﬁere observud.' ’

fhe notion thgt all Ig-containing cells bencath mucosal
epithcli; migrated.from extarnal soufces has no foundations.
¥or example, it is possible that a portion of the plasmacyte; seen
- in mucosa—assoéiatcd tissues arose by clonal cxpansién of precursors
in this site. This hyﬁothcsis has been examined to some cXxtent in
the gut. fhé ?esults préscntcd in Taglc 4.14 guppo:t this latter

idea. Clearly lvmphocytes which were mechanically isolated £rom
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the.guinaa'pig intastingl lamina propria we#é'capable of iﬁbéréorating
DNA precu:sors {Tables 4 1l and 4. 14 also see Rudzik & Blenenstock
974) - Although these ;ymphoblasts behaved very-much‘like MLN=-derived
lymphoblasts in that they selectively localized in the gut mucosa,
the fact that they did not localize in'the lungs suggests that gut
lam;na proprxa lymphoblasts are dissimilar to labelled MLN cells.
Certainly, gut lamina propria lvmphcblasts wero functlonallv unlike
eitdhier PP or PLN lymphoblases.

-

Adoptive transfer of -Strain 13 guinea pig PP or PLN lvmpho-

blasts' showed a remarkable disparity with those results obtained

~—’

usiﬁg Hartley strain cuinea pigs (Tablei4.14). The reason for this
difference is unknown but the resﬁlt mAv roflect the fact th#; the
;train 13 animals werc three times older than those of the Hartley
stxain’ {section 3.1}, Certainly, the vield of lymphoidt:issuc taken
from thaese aniﬁdls was unequal (Tabl;.4.l)" No information is
availablé in the literature as to the influences of ﬁgc on lympheocvt
locaiizstionf' .
It is generally assumed that mature plasma ccllsldo not
proliferate. Howeveg} Clafton & émiphics(l96?):cpo;tcd that cells
beg;nning LC secrete Ig were still capable of division., More recently,
.Husband & Gowans (1978) showéd that a portion_of MLx—deriveq .
.IgA-containinq céils écen in the cut mucosa incc:pératod SK-Tar.
It is[ ﬁﬁercforé, conccivabi that the péélife: tiﬁé gut laming
Topria ¢ells which selectively localized in thc-in:cs:inal wall

of guinea pigs were beginning to secrete IGA. However, withour

apepropriate immunoflucrescent investication, this point cannot be
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decided. II;;hese calls arﬁ diviging plasmacytgs; do they return
to the lymph in vivo? A receﬁt report has indic&ted that they do
not migrate from the gut but probably die in the lamina propria
(Husband- & Gowans, 1978).

On the other hand, some evidence has demonstrated that the
intestinal laminh propriaﬂ like PP and BALT, contains precursors
of IgA plasmacytes appeafing in the gut ‘mucosa. Apprpximately 3048
of the B-lvmphocvtes séaring surface Ig bore surface IgA; only 0.4%
of éhese'lymphbid cells were IgA plasmacyvtes (Rudszik & Bienenstock,
1874;: Rudzik ¢?% ¢l., 1975a). When tranéfcrrg@ into alloqeneic_
irradiated rabbits, Igut lamina propria é-lymphpcytes» repopulat.cd
recipient guts ‘with IgA—cont;ining cells (Befus e ai., 19§S).
These B-cells did not appear to be IgA progenitorg from PP that
were more diffcrcntiated ;incc.gut repopulation was not observed

prior to € days post transfer.

Taken together, these results sugébzt tAat the S-ceiis -- . .=
located benecath mucosai epithelia,_at least_in the in;estine, arc .
a mixture of several subpopulations. One of these subpopulations
may clonally expand and give ;ise to Ig-secreting cells. - "Whather
or not these cells can seed‘distant-mucosae rgmains to be explored.
. Not all radiolabelled doner.cells appeared to be the

irmediate progcnito:s_of cither IgG, IGA or IGM plasma cells since
a portion of these cells in recipient tissues did not stain with
Zfluorescent antisera specific for these Ig's (fablcs <.7 and #.9).
qgcsc unstained lymphoblasts might Eeprcscnt non-lymphoid cells

such as accessory cells, other B-ceoll isotypes, T-cells or a
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mixture of these; Studies gmployinqrvalocity sedimentation at unit
_ gravity have revealed that all labelled NMLN and PLN cells were
morphologically large cells (s 2 3.8 mm/h) (secgion‘4.l). ‘Only
investigation of‘cell surface markers can dacide_what probortion of
these cells represent non-lympﬂocytic éell Types. -
It seems likely that the precursors of IgE plasmacytes can
be found in greatest nﬁmbers in lymﬁh nodes d:;iﬁing mucosal sites
such as the lungs (Gerbrandy & Bienenstock, 1976) and gut (Waksman
& Ozer, 1976). Therefore, some oflthe labelled non-fluorescent
cells in muéosal tissuos might be of the IgE class.
A more attractive altarnative might be that the unstained
lym?hoblgsts in recipient tissues were T-cells. In the MLN, 0.S%
of all lymphoblasts were T-cells; in the PLN this figure was 0.9%
{(Guy=Grand vz 3l., 1974). MIN T—lyﬁphoblasts have been shown to -
ﬁcl¢ctivel? accumulate ia the gut during health aﬁa with paras&;ic

¢ al., 1976a,b, 1978).

c,

infestation (Parrot § Ferguson, 1974: Rose
Cne report indicates that T-lyvmphoblasts localize in the qut to a

.y L97H) -

[ S

lesser extent than B-lymphoblasts (McWilliams ¢

144

Furthermore, Guy-Grand arnd celleagues (Suv=Grand c::al., 1974)
observed that T-lymphoblasts derived from MLN tended to localize
in tﬁe sut epithelium and Sprent (1976) has shewn thas some TD
T-lymphoblasts (H-2 activated) localized in the epithaiium-of the
gut.. Indeed, both athymic_(nude) and neqnatalif thymectoﬁi:éd
mice haq_far fewer intraepithelial ce;l lymphqcy:cs“:han'no:mﬁl
mice (Ferguson & Parro:, 1972; Parrét & de Sousa,. 197<¢).. Cus

of all the gut tissute s¢ctions examined in fhis study, a total



S gt -”:«-ﬂn T Sy

*

124

of onlyl2 NLN lymphoblasts were found in the epithelium. In this

respect, the present_ findings are similar to those of -Parrot and
’ Sl

Ferguson (1974); MLN Wbhcblakts were not cbserved between epithelial

cells of the gut, The available data allow‘no firm conclusioﬁ as
to the identity of the labelled, non-fluorescent cells which were
observed in the various mutQsal tissue.

In summary, evidence has been présentéd which.indigates that
the-ﬁLN and BLN aée the sources of the immediate precursors of
mucosal plasmgcytes. prinéipally those s&nthesi:ing IGA. The MIN
Appears to be a wversatile source capasle of providing IgA plasma
cell progenitors to a variety of mucosal surfaces. On the othex
hand, the BLN is a moée restricted source and supplies chiefly the

lungs with IGA plasma cells. In addition, such precursors might

-

arisc in intesi::jf mucosa itself. These results are consistent

with IgA being e predeminant ‘Ig isotvpe. in mucosal secretions.

Some factors which might-influence sclective lymphoblast localizatior:

are discussed in section S.d4.

\

S.% Factors affecting selective localization of Lvmehoblases

S.4.1  Numbers of lymphoblasts injeczed
. . An explanation for the high frequency of localization of

MIN and BLN limphoblasts relative o PLN lymphoblasts in the various

ouecsac=associated tissues could Se the diffgrences in aumbers cf.

laﬁelled cells present in the respective donor sell sources; in

mice, app:cxﬁ. Tely 1.5% of xi: cells, <.0% of BIN fells and (.S%

of PLN cells which were transferzed incorporated “H-T¢r (Table <4.1).

L]
13
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‘One might predict t.hat the relat:ionsh:.p betwaen t.he number of
labelled cells in the donor.- :Lnoculmn and the frequency of labelled:
cells appearing in a particular recipiqnt tissue tould be linear
wit.hl a slope of unity. Accord;.ngly. t'.he results {e.g., Table 4.6)
could be normalized. Recent evn.dence (s. L:.nk M. McDermott &
J. Bienenstock, manuscript in Preparation) has indicated that for
MLN-derived lymi:hoblasts .entering. the mouse gut this relationship v
is indeed linear and it has a slope of 1.0. Whether or not this /
:elati.onsl;ip holds t:uep for® lymphablasts derived from the various
lymphoid sources Entering'thé gut and other n;\icosal sites has vet
to be invest:".ga'..:nd. In the present study labelled cells from
. both the MLN ;nd BLN were observed up to 1l times more often than
PLN bigsts in mucesal sites. t was concluded that the differences
_in the numbers of labelled cells in the inocula :N:e unlikely to
acoount for the selective localization chNLx— ané BLN-derived
lymphoslastslcompa:éd to PLN cells. Nevertheless, kncwleége of
the relationship éescribeé &pove for cach cell source and cach
:eéipicné tissue is requi:gd for a more precisé interpretation of
the results, .Fu:thermo:e, the possibility exists that various
subpopulations of lvﬁnhoblas-s are represented _w \a*v_“c pTro-
. ]
portions in the different donor Iyvmphoid sources. For ‘all of the
reasons listed above, it is not pcssible‘to nermalize the data
obtained in the present szudy but it_is possible to draw general
conclusions as tolthe :enécney 0f cells to localfze in different

tissues. -
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5.4.2  Antigen T ‘

A larga body of evxdence has lndzcated that antigen can
-cause localization of lymphocytes 1n peripharal lymphoid. tissue
(revzewe&‘by-rord, 1975).. However, the role of aqtigon in selgctive'
1ocalization-of 1ymphobl£sts in mucosa—assoctated tissuos is unclear.
Sonme studxes suggest that MILN 1ymphoblast locali.ation is antigen
lndependent. Both 'BALT and” GALT‘were present in transplanted fetal
gut and lung; presumad to be antigen-free (Ferguson & Parrot, i972;
Ferguson, 1974; Milne ¢t cl., 1975), and thoracic duct and MLN
lymphobiashs localized in t;anspl&nted fetal gut (Moore & Hall,

1972: Parrot & Fergusocn, 1974; Guy;Grand et al., 1974). IpdgFé,
1y§phcb1$sts in sheep intestinal 1yﬁph selectively localized in the
qut of fetuses in utero (Hall gt al.; 1977) . - Similar findings

were obtained when ;ither_suckled or unsuckled nepngtal rats were
injected with TD lymppoblastsf(ﬁa}steadrs Hall, 1972). In fact,

even when sheep intestinal lyﬁphoblasts were t;ansferred xeno-
gensicalLy into rats, enhanéed loc;li:atiop of lvmphoblasts occurred .
in the-gut of‘recipiegts (Moore‘& Hall, 1872). Recently, Husband

& Gowans (1978} demonstrated that cells (likely f;om the PP}

which made anti-éhélefa toxoid IgA antibodies coufld selectively
lpcali:e in the gut mucosaof'recibientsindependent of ;he presence
of cholera toxoid. _

The preseht work is consistent with thesé findings. MLN
cells localized in the bréast tissue and uterus, the former organ
being\appa:eﬁfly free of engerically absorbed antigens (Montgomery
‘ct Qiey 1974; Goldblum et &E., 19%5), while thé %atte: is considered

\

<
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' the presence of antigen. _ o B

MLN lymphoblast localization, both in madhitnde and persistence.

o
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to be'aseptic (Ogra'& dgra, 1§73) Mcrecver. BLN lymphcblasts,

.the majority of which were presumably generated in response to

immunization with Boractella pertusszs and tetanus toxcid.localized )
in the lungs of unimmunized rec;pients. ,Thu; MLN and BLN_lymphoblast

select;ve localization might be,at least in part, .independent of

On the other hand, antigen may have a profound effect on

In immuni:ed'rnts, the frequency of cells in the intestinal lamina

- »

propria synthesizing Iga antibodies against cholere-toxoid'was

always greatest in that region cf the gut wh;ch had been’ challenged

with antigen (Pierce & Gowans, 19751. Slmllar cbservatlcns have

n,

been made in dogs (Pierce ¢t cl., 1978). When Thiry-vella  --

" intestinal loops prepared in rats immunized with cholera ‘toxoid

were challenged the number of anti- tox;n-conta;n;ng cells {ACC)

in the‘loop lamina propria always exceeded that seen in unchallenged
looPs (Husband'& Gowans, 1978). A tlme_ccurse study revealed | .:-:
that ACC continued to accumulate and persist in the challenged

loop but only appeared transiently in unchallenged loops.  The
persistence of ACC in challenged loops might have been due %o

pgcliferaticn of ACC and/or their precursors in the lamina propria;
a .

both the present work (section 4.13) and Husband & Gowans (1978)°

- demonstrated that some cells in the gut lamina propria could

-

incorporate radiolabelled nucleotides. These results suggesc,that

selective localization and proliferation of MLXN lymphoblasts chiefly

» .

requires the presence of antigen.

o

7
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Several models can be proposed to explain both:antigen;
independent and antigen—dependont locafizaéion of MLN'lymphoSlasté
and three points, at which regulation of this phenomenon mighﬁ

occur, can.be consid;red: 1) entry in;o-mucosa—associatad'tissues.

.

2) retention in these sites, and 3) emigration from such locations.

5.4.2.1 Entry

Taken together, the results éesciibed above suggest that a
MLN B-lymphoblasts might possess two types of receptors on their
surface; one type specific for Ehe-sorts of antigens éncountcring
mucosal sites, i.e., ahtiggn-dependent'receptors: the ather tyée
specific fdr A non-antigen %tructure present cn the surface of cells
in mucosal sites, i.e., antigen-independent receptors. - In this model,
antigen-independent receptors would be crucial for ent;y_into the
mucosa. .fhe absenée of antighnfin§openAQnt éecaptors on PLN lvmpho-
blasts could be postulated to eéglain their lack of affinity for

. . . o

mucosae. It is not known exnctlyiwhere or how lymphoslasts centeyr ’
muccéa-aséociated tissues. MiN lymphoblasts might-havc to pa$3
through gﬁé PP to gain access to the intestinal lamina pfopria.
Husband & Gowans (1978) have shown that the prescnce of a PP in a
Thiry-Vella intestinal loop was an absolute requirement for ACC
localization in“the-loop micosa. Aftcf adoptive transfer, donor
_ PP cells tended to repopulatg recipient gut in.areas closer to
tﬁe PF (Rudzik ¢¥ a¢i., 1975b) and transferred MLN lvmphoblasts®
were f:cquentlr.seén AAjagen; to PP (Guy=Grand e:’al;, iSTiS.
Moreovcr,. ng;containing célls are moOsSt common in regions close

) )
to PP (Crabbe ¢2 &l., 1965). These results suggest that the PP
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" might be one avenue for MLN lymphoblasts to enter-thg gut. -A

: sxmmlar funct;on could be postulated for the BALT. "Since structures

- .

analogous o the PP and BALT are absent in the qenmtal tract and
mammary glands, these organized lymphoxd structures would appear

not to be essential for MIN lymphoblast lpcali:atiopjhere.. However,l
unorganized, discrete l&mphoié aggregates ;n uucosu;associated
tissuesfﬁight serve as eutry pathways to:the'mamﬁa&y‘ahd éérYico-
vaginal mucosae. Lastly, MIN lymphoblasts might entér mucasal

. '
sites in the absence of any lv59h01d st:uctures, either orcanized .

or otherwﬂke. Appropriate experiments have not been done to ~
identify the sites at which lymphoblasts enter mucosal sites
although post capillary venules, the'sitss of entry of lymphocytes

? _ .
into lvmph nodes, are known_tp be pmisent in BALT and PP,

. 5.4.2.2  Retention : .

Once in the mucosa, an appropriate number of antigen- | : -

dependent and antigen-indepénéent réceptors might'bé necessary for
MLN lymphoblgsts to be retained in this site. Gowans (seu
transcribed discussion following Husband e al., 1977) has
suggested that ;cme MIN-derived cells might proliferate once in
the mucosa and be retainéd through this mechanisin. Thus, the
purpotted‘MLN localizgkion in Presumably antigen-free envi:ohments
might be meciated by antigen-independent receptors. Here, tue -
lack of antigen woulh account for the éaucity of donor MILN lympho-
blasts (Fercuson & Parrot, 1972; Guy-Grand ¢* 2Z., 1974) and

IgA-containing cells {Milne e% qi., 1975) compared %o conventional
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in:estines._ Since most MIN lymphoblasts .would likely posseés

receptors specific for gastro;ntest;nal antxgens, MLN cells would

be expected to localize in the gut in the larqest“numbers ‘(Table

-

4 6).; The lungs and genltal tract, having . a lesser Lntestxnal type

gntlgenic load, could be predicted to have-proportionately fewer

_cells iocali:ing. This hypotHesis is consistent with.the present:

results (Table 4.6).  The relative restriction of BLN lymphoblasts

to the lungs might be due to a unique antigen-independent receptor

. ¢onferring upon these cells the ab:.l.;t:y to e"xter only ..he r:esp:.:atorv

tract. Such unique receptors m;ght exlst in ‘individual tissues-.
The results Qf this study.have clearly shown that MLN lvmphoblasts
tended to returk primarily to the gut, BLN retu:ned'ﬁrimarily to

the lungs, and PLN returned to PLN. One could predict, therefore,

- that BLN would net selectively localize in the genital tract and

maﬁmary glands but that lyﬁphcbiasts pfcpa:ed from thé pargaortic
and renal lymphinodes (which drain the genital tract) would exhibit
selective loc&lization beneath the epitﬁelia og the ccfvix, ﬁagina;:
uterus and perhaps t%c mammary.glands.‘ Experiments to suppor:

or refute this speculation have net been -conducted.

v
&
F
[
(5]
’
L)

Emigration .
It scems possible that dnﬁigen might retain lymphoblasts
in mucosal sites by caﬁsing‘thc closure.of departure pathwa%s.
Lgmphoblasts entering the gut by virtue qf their Qntigen-indcpcndent
Teceptors might e unable to leave and thus couid intcfacﬁlwith

gcn and'comnle.e d;ffe“en tiaticn in the mueesa. Such a
—

A}
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®
mechanism cf lymphccytn trapping seemzngly exlsts in lymph nodes

(Ford 1975) Thls possmb;l;ty remains to be explored in mucosa- . .

assoc;ated tissues.

r

Whether ox not lymphoblast surface receptors play a role
in selective lymphoblast localization is unknown. Some evidence

suggestc that such receptors may in fact exist. . i )

5.4.3 Cell surfacs receptors .

One approach to determlne whether or not "localiz ation“
Teceptors exist on lymphocvtes has been to enzymatically alter’
GeTtain lymphocyte surface molecules. Eithey trypsin or neuraminidase

D lymphocytes dramatically reduced the extra=

vascularization of these cells into lymph nodes (Gesner s Ginsberg,

1964; Woodruff s Gesner; 1968: Gesner ¢ al., 1969; Woodruff, 1974
reviewed by Schlesinger, 1976). Similar findings have been
obtained using an £ »<ins model of 1vmpho c;tc localization

(Stamper & Woodrufs, 1976, 1977: Woodruff ov Seay 197TY. §l:houch
these results Mlustrated the importance of intace surface membrance
‘structures, no B-lymphocyte subpopulation was studied.

»

vever theless, it is clear from these inves ions ~hac receptors
~

\ , '
on lymphocvtes can lnte ract with a ccmpleﬁen.a*v st:ucturc on
hlgh-ualled endcthellccvtcs of the post-capillary venules in
.. . .

lymph nodes. This sort of biochemical approach micght be suit le

for detection of antigen-independent Scceptors’ on lvmnbcblas

entering mucosal tissves. Since high-walled endotheliocytes are

Y

Sfound nowhere cutside of lymphoid tissye, it seems likely that
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such receptors on MLR lymphoblasts are hot specific for thxs

type of. ‘endothe lium. o '.f ' , -

-

Antibody molecules attached to the surface of lymphoblasts
are the most likely candidates for ant;gen-dependent receptors. -
Iga, of endogenous origin, was certa;nly present on the surface of
MIN lymphoblasts (Guy-Grand et al., 1974- Ncwxllxams -3 a..,

1977). Thus, IgiA might serve as an ant;gen—dependent localx-atlon
receptor. It is interesting tnat recently Strober ;ng co;leagues
(Strobex et a¢l., 1978) have ideﬁtified mouse lymphocvtes with
Igé receptofs; Their tissue distribution is not known. _ )
sc, aﬁ epithelial cgll.prBAuct (Poger & Lamm, 1974¢) possiblf
associated with the transport of dimeric IgA: into secretions .
(South €T ai,, 1966; Tourville e &:;, 1969: Brandt=aeg, 1973;
Crage ¢t al., 1979) mighé sexrve as an qntigén-indepeﬁdent receptoxr
for MIN qnd'BLN'lymphoblasts displaying surfaca IgA. In support )
of this hypothasis, a patienﬁ with absolutg SC deficicncy had no
IGA plasmacytes in the intestinal lamina propria but pdSSéSSQd
circulating Ig# (Stxoboxr ¢ é:.; 1976). Some evidence, howeéeé,
argues acalws.\5hls idea. Pirst,-q-chain is n;cessa;y for dimeric
IgA binding to SC (Eskeland s Brandtzaeg, i974)'a5a J-chain ﬁaé
not been identified on circulating lymphocyécs'(unfortunately
MLN <ells were not examipcd ) {Brandtzaeg, "1376). Sccoﬁdly, both
nonomeris IGA and IgM had gé mea;u:ablelaffinity forrsc (incker
&- Undexdown, 1275} although the pelyvmeri ic forms of oth of .these
Ig isotypes had similar affinities for SC. Since IcA (and IoM)

antibodies are expressed as monomers on the .cell surface and non -



ﬁs polymers (Sigal 5 Klinmaﬁ 1978), is unlxkely that cells

bearlng either monomaric IgA orx igM would recognize SC as a

-eceptor. Fxnally, p:ocadures calculated to’ xnterfere with SC as-
& receptor had no effect on select;ve localxnatxon of MLN 1ympho-'

blasts in the gut (Mcwilllams c* al., 197%). These findings offar
& no support for SC as a "localization” rece;ptor. °
| At present, thé roles of antigen, Ig and receptors in
explaining the selective lymphoblast localx-atxon of lumphoblasts-
are unknownl but all might cont:ibute. gzcen is seem;ngly very
‘fxmportant ln development ‘and naxntenance of the IgA dlst:ibu;ioﬁ.

Howcver, MLN lvmphoblasw localx-atxon in ant‘geﬁ—defLCLent '

gestati iofal marmary glanas is lﬂCOﬁSLStent thh this idea. Lympho-

blast local;-at*on in sex hormone arget oxsans appears o be under

unique regulation and this topic is discussed in section 5.4.5.

-

5.4.¢4 Lymphoevte chemotaxis ahd blood flow

The selective localization of lymphoblasts in mucosal _
{ '4’\ -
tissues might be, at least in pare, due to a chemotactic stimuelus.

However, investigations attempting o look at khig Guestion have net

"met with much success (Parrot o® 3o., 1976; wilkinson oz 2.,

1976) . Thus, chémotactic attrﬁction of lymphobias:s doés not
aAppear to be an ‘ﬂnunologlcallv specxhlc mechan*sw for induc}ng
. : -z
'ce*ls to enter mucosal sites, althoughrz mustfbe con;iderod in
anv ¢iscussion £ this guestien. | |

one factor which might iafluence- 50¢LC ive lyvmphoblass

localization in mucoesal tissues could be the number of lympheblasts



&rriviag at sntxry sites via the circulation. Hay “s Hobbs (1577)

~have claarly shown that hype:amic 1ymph nodes have an enhancad

lymphocyta output. Prostaglandzns (PG} of "the E'type‘were shown
to be potent. ihducers of hype:emia‘(Johnséon_et ai., 1976) . It
has been suggested that PGE-may increase blood flow tof the gut

(Norﬁstrom. 1972) and q‘hmary glands (Dhondt gt al., 1977). Thus;

considarat;on of blood flow on lymphoblast local;-at;on in mucosae

deserves fuxther study, particularly in light of "the fact that

the proestrous and estrous genital tract is hypercmic.
5.4.5 Influences of sex .hormones . ) .

In.the presentlwork, IgA precursor localization in mouse
cervix and vagina was .Greatest during proestrus and estrus and least
dur;ég diestrus.  Several explanations for thgse Qbservﬁtions have
been en;ertained. Possibly, the inereased wet weight of the Eervix

and vagina during estrus reflects more, tissue capable of trapping

MLN lvmphoblasts. However.-Table <,10 shows that although the

small intestine doubled in wet weight by late gestation, the

*ccoverv of rad;oact*VLBv < h “ollowxng transfer of labelled MILN

'lvm hoblasts was egual, per wg of t, te that in virgin recipients.
g

’

"This suggests that for a given quantity of tissue a constant

aumber of MLN-lymphoblast will localise. Lam and co-workers
T - :
reached a similar conclusion after tudvine MLN localization in

the developing marmmary clands (Roux o2 ale, 1977Y. It seems

unlikely that ¢ervieal and vaginal size is the -sole factor

centrolling lymphocvte localization du:;nc the estrous cvcle
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between est:us and diestrus - these organs decneased 15% xn wet wexghe
while the frequencv‘of labelled cells was reduced by more than 50\
Alternagively, the hyperemia and endotheljial perﬁeabilitv may have -
been altered since vascular permeabxlxty ohanges durzng pregnancy;
One of the factors responsxble for-this phenomenon n;ght be estrogen,
wh;ch reaches a maxlmal serum concentration in proestrus (Austin &
. Short, 1972) and could cause degranulatlon of local mast cells
(Spozini & S;ego( 1958) with a concomit ane locallned hyperemia (A
and an increase in vessei Permeabilicty. Al.hough hyperemia is =
‘certainly a major ‘acto_ Ln the lvmphdcvte traffic through lvmph
&
nodes (Hay & Hobbs, 1917), Rose & Parrot (1971) have demonstrated
a iack of simple dssociation between vascular pe*meablll.v and lvmpho—
blgstximmigration into tissue sites. brel*n¢na*v ev;dence abtained
in the present study (data not ehown) bor:oborated_:heso findings.
s ’Alterations in mucosal immune functions by sex hormodes

in target tissues warrants careful investigation. Wira & Sandce
(1977) have reported sex steroid :cgnlaEion of‘IgA'ano IgG in.:a:
uterine secretions. It is‘known that women are more’ susceptible
to bacte*lal genital infections such as oonorrhea Eu:}ng menstruation
(\lGVlSu, l°f6) a time wh ch correspondé.to the reduction in
cervico-vaginal IgA plasma cel;s in mice. =f receptors for B-
lymphoblasts oes‘.:;neci o make IcA are ‘-‘ox.nc to be ondc_ the
infludnce of sex Ho—mones, ohcse aicht be open o nar pul a:;on to
Daximire host :esis:ance o rotential pahhogena..

In mice, the aumber of IgA plasma cells in mammarylglends
inc:eases.diamntically in late gestation and_du:ing-lactation,.and
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deciines after weaning (Weisz-éarrington-et al., 1977).' In contrést,
equiﬁﬁlent changes were not observed_iﬁ Eh; numbeérs of IgM- and iéG-
‘containing cellS i; the breast. Evidently, the immediaéa prechrsors
. 0f IgA plasma cells arrivipg‘from the MLN are responsi$le for the-“
predominance of igA'plasma;ytes in éhe breast (Roux ¢t al., 1977;
Table 4.10 and section 4.11.1). Moxeover, treatment of virgin female
mice wi;h estrogen, progesterone gnd prolactin caused the deveiopment
of mammary tissue with concomitant increase only in MLN—defived Iga
.plasmalﬁells here (ﬁeis:—Ca:rington et ai., 1978). These authors
suégested that tiséue cells in developing'hamma:y glands' possess
a rece;g;tor for MIN _;.ymphoblasts destined to ért?duce Ig#.
The-presence of an antigen—independent receptor for Iga . )

.preéurgor lymphoblasts in the cervif and vagina could be postulated.
If present; the display of this feceptor might be influenced by
the estrous cgcié and thus affect iymphoblast localization in sex
hormone target organs. Because there is a dramatic change in
cd'&ico—vagin&l epithelium during the estrous ?ycle. perhaps such
2 recepter could be an epithelial cell product such as secretory
componeng. ,Moreover, a small subpopulation of HLNIlymphob;asts
might be especially, senﬁitive to t."x.e presence of such a receptor.
Inspcctioh of Table‘4.13 suégests that'a'subpcéulation of scome
lyvmphoblasts ﬁqy hgve affinity for the genital tract.

. It sedms unlikeiyv:. t hormone induced recebtors are the
mai; factor determining the localization of lvmphoblasts in
the small intestine; the‘numbe: of :aéiolabelled cells localizing

in the cut renained unchanged over the course of £he estrous cyvele
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('i‘ablel 4.11) and the gut ié not known as & sex hormone target t.xssue..
Whether or not an analogous situation exists in the male intestinal

- and gen:t.a.l tract remains” to be investigated.

It is possible that sex hormones influex;ée cell surface

'

characteristics. Whether or not v:.he putat:.ve recept.or in the
MAmMATY giands is the same as that in the genital tract ig not known.
Whether or not the factors responsible for locali:ation of Iga
élasmacgte preéursors in both the mammary gland and repreductive
AZract are the sa.me, or even totally dl.:.. rent from those *espons:.bie
for localization in the bronchus and gut cannot be dete:mxned at
this point. As mentioned previously, the lymph nodes draining the

genital tract may contain B#£lymphocytes, destined to make IgA,

which localise specifically in the reproductive organs.,

5.5 Model of mucosal immunitv

The rosults of this study strongly support the concept of
a common rhucosal immunologic system (Sienenst tock €% 2o., 1973a)

in which the precursors of IcA plasma cells sensitized at one
-

R

mucosal site may migrate to a variety of mucosal siteé. ‘A model,
of this system is presented in Figure 5.1 ané will bde described
below.
The GALT and BALT appear o de two cf the primarv sources
of the. early precursors of IcA plasmac*_;'tt‘as, How these precursors
Te genexated is unknown bu:z “hey “‘gh* arise frcm an external -

stem cell pool, presumably bone-marrow de:ived. Regardless, IgA

Precursors begin to differentiate and at some point are found in
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Figure 5.1

Model of a common mucosal immunologic system. GALT,

gut-associated lvmphoid tissue; BALT, b:onchui;gssociated \W
v . ’ P

e : . e . 43
lymphoid tissue. The mucosa-associated lvmphoid tissue, mainly -

“the GALT and BALT are two of the major source prlecu:so_rs of IgA
.pl.e.sma cells. These precu:sor.s migrate primarily throuch mucosal
lymph nodes although a few may pass t.‘u:oughlperiphe;al ly:ﬁph
nodes. Precursors leaving the mucosal lymph nodes ultimately
take up residence in glandular mucosal’ tissues. A porticn of
these cells may return to their sites of _or:'.c_::‘.:‘.‘.‘ In contrass,
peripheral lymph nodes contain few IcA plasmacvre pre-'cu:so:s angé
provide mainly systemic immunisv. However, some IGA plasma cell
progenitors in peripheral lymph nodes :.;.ay take up residen in

oucosal sites. The systemic anéd mucosal lvmphoid syvstems are

integrated to maximize host resistance o intruders.
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mucoSal’lymph nodes. Here , IgA precursors are neaxly completely

d;fferentiatad.and quxckly enter the ™ and c;rculatlon. Ult;mately,-

most of ‘these cells localize beneath a varlety of mucosal ep;thelaa.

Although this study has emphasxzed -the role of MIN in T

——

mucosal defenses, they may not be an absolute requirement. Husband

& Gcwans (1978) ropoxted that the presence of PP was an absolute

. requ;rement not only for the generatlon of AcCc but for thelr local-

ization as well; removal of the MLN had little effect on the appear-
ance of ACC in the gqut as'long as PP were present. Perhaps, cells

programmed to selectively localize in the gut, briefly enter the

‘PP so thev can examine the antigenic enﬁironment'through raeceptors

rand then localize outside of the PP. These findings suggest that

both the MIN and BLN moy be merely a staging ground for.cellsi
committed to IgA synthesis. . - ' - =y i e
A saiieot feature of the l?mphocyte mioratioﬁ pot* rns.
observed in thi; study is that selective locali:a;ion-in mucosal.;
sites is et tﬁe sole property of MLN or BLN cells nor is hominév
restricted to PLN cells. though the MLN contained ioA anéd IgG
plasmza cell progenitors.destined to lodge in mucosae-associated

organs, and BLN blasts demonstrated an impressive migration into

the lungs, a few labelled cells from each of these lymphoid sources,

nevertheless, were found in “eC1p1eut PuN Similarly, the PLN

r
contained a small number of lymphoblasts appearing in mucosal
. @ .

sites as IgA plasmacytes. These results suggest, not surprisingly,

that mucosal and peripheral immunity are not totally separate

systexms; each contains a portion of the cellular elements fownd

b



M
.

in tho othar. Thus, as shown in Flgura 5.1, some exohange of cells

oocurs betwoen mucosal and- systsm;c IgA precursor streams, _ﬁﬂhe""

-,

dogroe ‘that one system overlaps thh the othe: may be 1nfluencod
by the phy31ologxc state of the muoosae. Integration of perlpheral

and mucosal immunicy would be oonsxstent thh the observatlons of

Blandford & Heath (1974J that’ ‘although IgA-oonta:nAng cells .

_ predominated in the lungs shortly after a prlmarv Sendax virus

51nfectlon, thex_ number was ‘soon equalled bv the appea:anoe of

.

local IgG plasmacytes, as well as by a dramatic-incdrease in the

~

number of IgM-containing cells. Similar observatlons have been made

in humans with genital and resplratorv tract inf ectlons (Hu_lzmann

-

et ca., 1978; Callerane ev alv, 1971). The p:esent “esul;s suggest
that, in health, some oulmonarv IgG and IdM olasmacvtes may

originate in the PLN (Table 4.7). In chronic lung disease_ig.humans

N .

{¢cystic fibrosis) the gaumbers of pulmonary IgA olasma cells are

d.amat;callv ncreased (Martinez-Tello e% ci., 1968) Perhaps

.
. -

either pulmonary immunization or infection causes expans;on &ﬁd
L

“ec*uloment of this population lnto the lungs. Cells-already in -*

.

the bronch;al lamina propria mav orol;_erate Jn St¥u as discussed

ea:l;e‘ in regard to the intestinal Iract. |

In human inflammatory bowel disease, a substantial increase

* *

in the number of mucosal I6G and IgM plasmacvtes occurs and i

has been proposed that this Tepresents the inability of the Iga

L

s¥ysten, as a firs:t line of Cefense, to hals the ingress of.

.anticens (Saklein & Brandtzaeg,. 1976)'. However, an alternative

explanation ¢an be offered o explain the results in Table 4.7.
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[ - - -
. .

7.PLN lymphob;asﬁégappearing as IgA plasma cells in’the gut lamina
‘prépria might hcﬁﬁhlly represent circulating MIN lymphoblasts
(committed to IgA syﬁfhgsié) coiricidentally located in':ha'pLs

it the time oflgnimal sactifice.‘ The apparent migraééon_of.some
MLN lymphdbl&s;s to‘PLs‘could be explaineé in a similar way. Iﬂe
d&ta‘alloﬁ no firm choice between these two possibilities and,
therefore, both ideas have_beeﬂ‘ihclnded in Figure 5.1. It does _

seem that a model of integrated peripheral and mucosal immunity is

[

most consistent with the available l:.teiature.
Some cells local;-;ng in mucosal tissues might not vet de
'differentiated. - The proliferation and localization of ;;;;;:;;I\E\“

‘wamina propria cells (Table 4.14) e‘empllfxes this possxb&lltv

These cells might leawve the mucosa but.it i; likely that this

-
-

departure is a minor component of their t&affic. Moreover, Husband
& Gowans (1978) obtained some evi&ence which' suggested that once in -
the mucosa, even in the absence of antigen,TD-derived Iga-
containing lymphoblaéts did not depart. Thié dbservaticn discredits
the poss;b.xl:.tv that antigen c2uses c:losx..:c of ex:‘..é.t passages

(see section S5.4.2.3).

.

This model of muegsal Lty lacks one criticks component.

Althouch early studies indicatpd that little dimeric TeA ime

from serunm (Tomasi ¢ 2I., 1965;

- . - - &L .
South ef Qo., 1966; Stiehm € 2l., 1966; Hawor:h s Jikling, 1966;:~

mucosal secretions originates
- - . N " , . . . -

Stxober €T al., 1970), recent investications indicate that dimeric

IgA can e selectively wansported into saliva (Montgomeny €%

Qi., 1977; Mestecky et al., 197S), and bile (Lemaitre-Coello

- _ . v

Rl ‘ ' ~
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et &Z.,‘l938: Orlaﬁs~etkc2.,-1978}; Thus. it seems that selective
-transport of ant;bod;es derlved from one mucosal site may Play a
role in prov;d;ng pass;ve ;mmunlty to d;stant muccsal sxtes. Since
both the salivary glands-and liver are devoid'of o anl-ed lympho;d
structures analogous to GALT and BaALT, selectlve ‘transport of Iga
makes a significant cont:ibution to immune defenses in these sité&.

Possibly, the number of Iga élasma cell piogenitors in §u¢h
mucosal sites might be proportional to the extent of:antigenic —
stimulation the site receives. Thxs might explald the pauc;*v éf
IgA plasmacvtes in the healthv genital tract and bronchus. It would
be interesting to investigate whether or n§t selective IgA'transport‘
into either cervico-vaginal or breast secreticns océ:;;T\\$pe»
Possidbility that this sort.of transport mechanism might be common to
‘all mucosal clandular tissues has only begun to be éxplored.

The existence of a common mucosal lmmuncloc¢c svshem lnteg ted
with the peripheral system has profound 1mpl1catxons in terms of
harnessing these svstems to best achieve effective mucosal immuni;y.
The zrotocols Aecessary %o accomplish this arc.vet to be delineated
but might be aép:oached using a combination of musosal and peripheral
immunization :oﬁ:es. inﬁebd, Plerce & Gowans (1975) :epa:ted'thgt

-

?

H

an

't

-

Timany immunization followed by oral challence resulted

-
-~

128

o the greatest ACC #espcnse in the gul: oral priming was no more
effective than Parenteral griming. ;mmunl_a:;01 of the luncs and
female genital tracs night require analogcug combinations. Moreover,
such an example would allow a rational strategy for immuni:gtion

of the intestinal ang respiratory tracts and, in particulayr, the
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T ma.le and fonale genital tract.s aga.:.nst mfections such as gonorrhea, R
g cand:.dzasis. , tr:.chomnusis and Herpes Swplcz viruses.
-
- :—{-
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-on the particle is given by

‘cell will reach a terminal velocity, Hence, when

When a sphericq.lﬁbody Such as' a cell is. susrdnded in a
fluid of lesser density, it will- sink  (sediment) under the influence 'Eaf

gravity. Aésuming that the environmental conditions are such ';r.:at_

the density of .a particle remains constant, then the downward force

. = LY
F.=ng (1)
- ] - - ‘
where Fg, mand g represent the gravitational force, the particle
mass and the acceleration duve to gravity, respectively.
Since the nass of a parti&e is related to its density,p,
and volume, V, then 7 )
T = poVg ) : : ()

is the

Ch

However, the effective density of a particle of flui
difference between its actual density, o, and 2', the b\.ilo-y#nt

density of the‘mediu:: in which zhe pai-‘:‘..c;le is positioned. Therefore,
the net downward force is given by

= :(\

T
1
T
=
-
£}
—
L
-

As the cell accelerates, it is subject o a second retaxding force:
. . . r
due to friction which is in the opposite divection. When the

-~ e

Iricticnal force, F, eguals T_, accelerstion will ccase Aand th

—
Fi
‘.J

where { Tepresents the coefficient of friction, then s, the .

terminal wvelocity, is given by,

s = =2 0% S - : (5)



If the cell is taken as a sphere of radius rh,_f is -defined by,

‘_ © . f = 3nme?) . (e
 where n represents the viscosity of the medium and, 2wz, the
ci‘oss—sectiomi'a:ea of the sph_ere. Since the volume of a sphém )
is given by, B
v omd a3 - (7
- - s 3 i
. then,. B
‘ o w20 = otgr .- '7 S
s =gt oder .8 - ®

defines the limiting sedimentation velocity of a spherical particle
le.g., a cell) falling through a fluid und
J, ,

In theory, it is possible, therefore, £6 use differences in terminal

er the influence of gravity.

sedipentation velocities to Separate cells on the basis of size
{volume) .
L
. b
o~ )
N
.-
A Y
b
)
K
. //
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APPENDIX II - .

Determination of Mean Sedimeritation Velocity of Cells in .

Fractions Separated by the STAPUT System

|
[
~J
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'Ihe. follcw.uxg program. entxtled SVAL 3, was prepared bv

Dr. Da.v:Ld Al Clark, Depart:nent~c>__£ Medicine, McMaster University

a.nd used to compute the mean sedimentation veloc:.tv s, of cells

3.n fract:.ons collected after separati

SVAL 3 was des::.gned for use in a Texas Instruments SR=52

en by the STAPU‘I‘ system.

Programmable calculator (Texas ,Ins‘.::uments. inc., Dallas, 'Dewas)

In ca.lcu.lat:.ng s values of ce
sedipents is related to the wvolume
this calculation requires several cor

Vvariables are involved. For example,

1lls, the d:.smce a cell

rough wh;.ch iz 4.83»1.5 However,

rections because a number of

the equations presented in

Appendix I assumed that all cells hegin sedimenting from the same

location at the same time and individually recovered after a

- Known period of time. Chvicusly, it was impractical %o achieve

these sets of circumstances. Cells were loaded in a thin laver

and began to sediment while the sradient was beinc formed.

Moreover, f£ractiocns containing groups

of cells were Tecovered, nos

individual cells. A complete discussicn of shese '\roblr_ns has

beeu provided by Miller (1873 . svar

-

3 coxrected:for these

c:‘efic{iencies and computed s values under a constant set of

circumstances. ~



o SVAL 3
Input. : Disgla.x . - Input (cont'd) Display (cont'd)
lrn . 00 . i A Co32
2nd T - 00 . . 8sTO 33
LBL ‘ 1 o) 34
A 2 . 6 . 3s
STO 3 _ © HLT | 36
o] 4. :
r > 5 © 2ma. 36T
HLT ' 6 : 1BL’ 37
' . 2na 37
2nd 6 B ‘38
. LBL 7 STO 39
B T8 0 - 40
STO N 9 _ 7 ‘ ‘4l
0 10 . HLT 42
2, 11 . o :
HLT . 12 2nd a2
' . LBL : 43
2nd 12 2nd 43
LBL 13 c 34
c 14 STO ‘ 35
'STO . 15 @ Q .46
o) : 16 _ 8 . 47
3 7 HLT . T 48
KLY 18 . e
2nd 48 SR
2ng 18 LBL : 9 TR
LBL 19 2nd 49 W%
D. 2 - D ) 50
STO -2 STO 51
o’ 22 0 ' 52
4 23 ' ' 9 53 -
HLT /—u 24 . HLT 54
2nd / 24 ) RCL . S5
LBL 25 o 56
E 26 8 57
STO 27 - 58
0 25 . 59
5 29 X 60"
HLT 30 X 61
{ &2
ané 30 RCL 63
LSYL . 31 - 0 64
e 31 6 65
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F - . .
|
g . -’ .
H Input (cont'd) Display (cont'd) Input (cont'd) Display (cont'd)
: ( 150 Volume (ml) of . . :
. ¢ 1 L st . . PBS top layer o
. ' RCL ‘152 ' . plus one half - .
r 1 153 the volume (ml) - N
' h 0 154 . . of cell susp. _
v + 155 loaded 18
( 156 E - 181
RiL ' ig; . Elapsed. time *
1 159 ‘ (min) to chamber )
_ < 160 ¢cone rim - - : is2
o 162 . -A . 182
C 163 : Elapsed time .o
) - le4a . (min) to beginning .
) 165 - of draining .
o 166 ' chamber cone . 183. R
6 - 167 _ 2nd 183
o 168 3 - 183
- Ao | ciwsedisiee
wr.T 171 : (min) to bggxnn;ng
' GTO 152 _ . of coI-Llecm.ng
1 173 fraction 1 C 18<
; 173 . a ) 184
0 175 - < 184
" Elapsed time
LN 175 | {min) to end p£f
collessizs 1dse
At this juncture the.measured fraction 135 .
parameters from the separation . 2nd . 185
in question were added to memories D 185

A throuch D'.’ ]
' t this point, the calculator
Fraction : will autcmatically compute
volume (ml} 1 . the fraction number containing
A 1 . . the centre of the unseparated
chacmhe s . cell input laver. . This number
- ‘ will be displaved. Te mean

~] «]
~1 ~)

constant (ml/zm) 178 . ) .
B 155 sec;nen:at;oq velocities, s
" {mm/h), of tXe indivicual
Nunber of . fractions can now be computed.
last fraction 179 '
c- 179
volume of

last fraction(ml) 180
vl 180



152, \
Input (cont'd) " Display (cont'd)’
Run o St Pigu:es‘displayed :egreseﬁf'the_

fraction containing the centre
of the unseparated cell layer

Run o _ number of first fractiaﬂ

Run _ B . ‘s v&;ge (mm/h) of first fraction

Run . ) . number of sécond fractieon

Run '_ - . § v@iuér{mmzh) of second fradtio;‘ _;\)A

Continved pressing of Tun key alternately causes display of successive
fraction numbers and s values. (mm/h).

" To reset and check all .s values, press

Q
STO
o]
0

The calculator will display the fraction number of the unsepasated
cell input laver. The mean sedimentation velocities of the individual

fractions can be computed again. '

——
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