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<. 7 . " ABSTRACT

This work preeente an investigation of the hehavior of cat
1ymphocytee in v1tro. The reaponaes of cat peripheral blood
ilymphocytes to phytohemagglutinin (PHA), pokeweed mitogen (PWM)
and‘concanavalan'A (Coa.A) were eramined in detail in aa attempt
to find optimal,cﬁiture conditions. cat blood 1ym§hocytee
responded well to Con A?and PWM but poorly or not at'all:to ?HA.
The.observation that eplenic‘lymphocytee responded well tc PHA

gave riee to . several hypotheses +to explain the difference between
'blood and splenic cells. It was concluded that a 1ow number of

PHA-reeponeive ‘cells .are present in cat peripheral blood.

.In addit:i_on._r the effects of ouabain, proteolytic enzymes,
- periodate and mercuric compounds upon cat lymphocytes were

investigated. e >\f’
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© - RESUME. .

Ce travoil-rapporﬁe une étudé du comportehEnt“des
-lymphocytes du chat in vitro. Les réponses dea 1ymphocytes
-circulants du chat a la phytohémagglutinine (PHA) au pokeweed
mitogene (PWM), a la concanavaline A sont examinées en detail
afin de détexrminex 1es conditions optimales de culture.: Les

- lymphocytes circulints du chat p;&oencent une, bonne réponse a la
' . Con. A'ec au PWM mais sont peu ou'pas du tout stimuleé pat-la PHA,
'L'observation que 1es 1ymphocytes de la fate répondent bien‘a la :
PHA pérmet de proposer plusieurs hypotheses pour expliquer la
difference entre les lymphocytes circulants et ceqx de la ratc;.
On conclut qu'un faible'hoobre de cellules reépondant a la PHA est
preseﬁt dans. lés lymphocytes Sanguins de'chac.- En_plus on a:’
recherché les effets de l*ouabaine, des enzymes protéolytiques;
du periodate et des composés mercuriques sur.’ les lymphocytes aar-

;chat.
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', 1. INTRODUCTION
1.1 Scope-and gg;pose-gg;the ;gveggigation'

when leukocytes of peripheral bloed are cultured in vitro

~

in uhe ébsence‘of any extraneous mitogen,'few, if any; of the
cells edl&rge*and undergo mitosis. Hungerford'gp-gl._(1959) |
found théuithtohemagglutinin (PHA) , used in the separation of
leukocyte-rich plasma from erythrocytes, caueed the appearance of
more blastoid and dividing cells in his cultures than had usually
been reported'by'p;evious investigators. Subsequently the small
lydphocyte was ideﬁéified au the cell undergoing blastogenesis .in
the presence of PHA. -
~ The advent of the short-term peripheral 1euko¢yte culture
techniqgue as developed by Hungerford et al. (1959} and Nowell
(1960) and modified repe;tedly thereafter, has provided a
convenient tool for several disciplines. Geneticists wete then
able to'prepare karyotypes without sacrificing tpe subject or
‘resortihg to skin biopsy and monolayer tissue culture.
'ImmunologiSts could'deal'directly wlth geveral of theif favourite
cell types. And cell biologists in general had a.new.
expepimental anlmal.that could be readily caged and cared for in
any laboratory. | o ‘ :S
Althouoh'simple'leukocyte'culture systems have been

described for many species; most investigators found that feline
| lymphocytes generally responded poorly if at all to mltogens
,‘under standard culture condltions (Gregson and Ishmael, 1971;
Loughman et al., 1970).2 Aside from two reports'thatla complex
medium supplemented withl30$ cig serunm and glutamine provided a
suitable milieu for stimulation by pokeweed mitrogen (PWM) or PHA

(Bilz et al., 1967; Hare et al., 1966) , there is llttle

X
"
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1literatuxe'regarding the culture:and mitogen etimuia;ion of .
feline lymphothes. |
.The relative ecarclty of published data on cat
,immunobiology ie somewhat surprising in view of the fact that the
cat is gaining wider. acceptancer;s an experimental animal.
Recently, the cat has proved valuable in toxicity atudiee,
especially of methyl mercury;.and fof general teratogenicity
testing. Furthermore, cats are Euaceptible to a defined‘viral.
leukemia,_thus providing anbther'animal modei for eancef studies_
{Pexryman gﬁ al., 1972). -
The present investigatioq .j'n.ncludes:'J
1) development of a reliable feline‘leekocyte culture
system |
2)_ Characterization of various factors affeéting the
response of ca£ 1ympthytes in cditure |
3) comparison of certain aspects of the feline immuhe
response to those .of other species. |

1.2 - Cellular compcnents of the Immune System

1.2.1 Lymphocytes

The entogenesis of the immune system cﬁlminates in
a dichotomous system responsible on one hand for cellular
imminity and on'the cﬁher.for humoral immunity. Cellular
immunity includes protectioe egainst certain-viius, fungal
and intracellular bacterial pathogens, imﬁunological
surveillance for mutant cells, transplantation immunity and
delayed skin hypersensitivity reactions. Humeral immunity'
is manifested by the production of specific immunoglobulins

or -antibodies.




| ‘T lymphocytes responsible for ceflular immunity
and B_lymphoéjtes éeéponsible for the‘humoraQ system,héve a
cbmﬁon progenitor iﬁ'the lyﬁphdid'bonermarrow stém cell
. (Ritzmann et al., 1973). Stem cells destined to become B
cells migrate thrOugh the Bursa of Fahrlcius in birds or
through the bu;sa—equivalent (unidentifled) in mammals,
eme;ée immunologically compéteht and settle preferentially
in'peripherql lymphoid organs (germinal centers. and
cortical aréas of‘iymph'nodes, medullary cords of the
hodes,‘red pﬁip of the spleen, lamina propria of the
gastroihtesﬁ}nal_tract and bone mérrow). T cells are

derived from stem cells that migrate through or are &

G
" influenced by the thymus (Goldstein, 1974) before occupylng o

v
the paracortical areas of lymph nodes and the o

‘periarteriolar regicns of the spleen (Ritzmann e‘t _;_.,
1973). '
Diffeiences between T and B lymphocyte pOpulatiOnE
'_have'been demonstrated on the basis of 1)'mitogen'
activation, 2) surface'immunoglobuling,'3) theta antiggn,
4) electrophoretic mobiliéy, 5) ultrastruéture, 6} rosette
. formation, etc. Certain differences have been éxpioited in
fhe physical separaiion of these cell populaﬁions‘(uordling
‘et al., 1972). B - N T

1.2.2 ' Macropbages | |
| Another important component of the immuhe system
is the macrophage. Although the pfecise role of the
macrophage and of other adhe;ént cells is not defined, it
‘appears that these cells participate in antigen'acqepﬁance,

antigén processing and presentation of antigen to




& @
lymghocytes (Katz and§0nanue, 1973) . The phySiCal-form of

the antigen app#irs to determine the need for macrophages -

in immune-responses'in vitro as well as in gigg. For

. example, polymerized bacterial flagellin is a macrophage'
independent antigen, in contrast to monomeric flagellin
iwhich requires macrophages (Feldman and Unanue, 1971).

1.3  Mitogens

Substances wnich struulate the growth‘and division of
lymphocytes may be classified into three groups - antigens,
phytomitogens and similar compounds, and‘miscellaneous mitogens,‘
1.3.1 Antigens | .

The in vitro activation of lymphocytes by specific
antigens is'found only in 1ymphocytes from donors who -have
been sensitized with tnese agents. Examples of commonly
employed antigens include tubercufin (PPD) , tetanus toxoid
and streptolysin O (SLO). The magnitude of the response to
antigens is generally much less . than that eliCited by
phytomitogens. The response peaks later, five to eight
days after_initiation'of'the ﬁulture.- There is an absolute

requirement for the presence of adherent cells. -

1.3.2‘. Phxtomitggens and similar CO_pounds o

| The response to phytqmitogens occurs in the
absence'of priox sensitization. In addition, the magnitude
of the response is high, reaching a peak three to four days
after addition of the mitogen.N The commonly-used
phytomitogens-are the plant extracts PHA, concanavalin A
(Con A) and PWM. A lipopolychcharide (LPS) extract
prepared from gram negative bacteria (usually . coli or S.

tzphimurium) induces a lymphocyte culture response similar

- |

P



in magnitude and time: course to that caused by the '
phytomitogens. Although LPS stimulates cells from several
'species it “does not affect human lymphocytes (Pe;ﬂ“\gg al., . |
1970) . o | | BN

I'f.3.3 iscellaneous Mitogens B f: ~

X

-This group of mitogens is characte;dzed by the
" diversity of its members. Although the miscellaneous.
.mitogens do not require prior sensitization to elicit a
"response, they have little else in common. Members ofﬁthis'
class_include Hg++, Zn++, proteclytic enzgmesf sodium-v

‘periodate and.others. Both the,magnitude and the time

course of the response depend upon the particular mitogen.

1‘3 4 Interaction of Mitoqegg_and Cells

| Current 1nformation indicates that each mitogen
reacts with specific determinants on the 1ymphocyte
'surface. Furthermore it-appears that different populations
of lymphocytes possess different determinants, accounting
for. their different reactions with various mitogens. Thus,
PHA apparently primarily stimul-ates ‘1‘ cells,_ while PWM
stimulates both T and B cells. However, possession'of
determinants for the binding of‘a-mitogen does not
_ guarsntee}that such binding will_prcduce‘blastogenesis,
For example, cortical thymus cells bind both PHA and Con A
but only COnji_induceslmitosis in these cells (Greaves et
al., 1972} . | o . | | |
. Detailed information on the binding of Con A to
cells was rapidly generated following the demonstration’
that-cells transformed bf tumor viruses or chemical .

- carcinogens are agglutinated by Con A more readily than are

'\



-‘normal cells (Burger and Noonan, 19}0); Althoﬁgh it.was
originally thought that the: specifici y of con A was
-directed exclusivgly toward a single ‘saccharide residug,
there~;s ﬁowlevidénce'of less specificity. The|binding of
Con A to cells tan be-cénﬁeniently réversed bf COmpetitioh

with algha methyl—D—glucopyranoside and other carbohydrates
| (andahl-Kiessllng et al., 1973) . '

#1ght and electron mlcroscopic 8studies with f
mitogens tagged with fluorescein, ferritin, 1281 or other
ﬁa;kers indicated that'soon'after binding the markéa
: mitogené were distributed to limited and distinct areas of
| the cell membrané (Stobo et al., 1972). This "dapéing“ was

1973). The llmited evxdence available fails to establish

followed by 1nternalization oi;the mitogen (Pau11 et al.,
conclusively a relation between cap formation and
iymphoéyte'activation. In simiiér studies-ﬁitht
radiolakelled cdﬁ A, Andersson et al: (1972) found- that the
m#ximum'ﬁumber of molecuiés which could be bound per-mousé
thymus;lymphoéyte_was in the order'of 107 to 10 élthough-
'oniy‘about 3 to 10% of the available reqeptors'ﬁre,boﬁﬁd
when thYmoc}tes are 6ptima11y stimulated bf con A. |
The k;hétics of,ﬁitogen*binding to lympﬁOCyte has
not been studied in detail. It is’khoﬁnrthat after a 1
hour expésure of cellé_to PHA, the stimtlation cannét be |
revérséd by répeateﬁ washing of - the cells (Lihdahl-
Kiessling; 1972) . what is unclear is whether any or’
sufficient PHA cah indeed'be removed by mere washing. In
other words oné.cénnct conclude that_ar1'hour exposure to

'PHA“is qll-thattis required to effect stimulation. On the

-




| other hand, since it ;sgpossrble to remove bouhd Con A with -

‘certain'carbohydrates,.the tinme sequence of stimulation can

Jbe more_convenrently‘studied‘witthon A. Aiindahlfxiesslinglﬁk

ihas demonstrated that complete inhibition can be obtained
if the competing carbohydrate is added up to 10 hours, but
even at 20 hours and later some inhipition is seen
(Lindahl—KreSsling, 1972).

1.3.5 Selective Activation

The'selectlvity of mltogens-for T ahd B
lynphocytes has been investigated in detail in the mouse
(Greaues and Janossy, 1972). Janossy and Greaves: (1971)
pioheEred with obsersations:that PHA stimulates DNA -

synthesis in’'T but not in B lymphocytes whereas PWM

|

activates both T and B cells. ISubsequently it was found
: that Con A stimulates only T lymphocytes {Janossy and )
qreaves, 1972) while LPS actrvates only B cells (Andersson
g_gg.,w?z) I |
The selective response of lymphocyte classes to .
certain mitogens was: necessarily determined with purified-
cells. The assumptloh that the selective response would be
maintained in mixed T and B cell cultures is not entirely
'supported, perhaps because activated lymphocytes release
mitogenic and other factors which'might facilitate the
‘activation of otherwise rnactive cells'(hndersson g; ale,
.1972a) . On the other hand, mitogen adsorbed to cells. or to
- other surfaces might possess similar.properties to'mitogen
purposely insolubilrzed by hinding to‘sepharose beads or by
_crosslrgking to the bottom of plastic gpetri dishes to

prevent. internalization. Such ihsoluble'mitogen is still

‘..i.



1.4

8

- stimulatory but the'selectivity'of activation may'be~loét

or altered. Thus inscluble PHA stimulates T and B- cells |
(Greaves and Bauminger, 1972) whereas insoluble Con A.

e :
stimulates only B lymphocytes (Andersscn et al., 1972).

'Nsvertheless, for the mouse, this selectivzty is generally'

retained over a range of.B and T cell mixtures (Janossy et
al., 1973). | | | |
| Autoradiographic ascertainment of the . nuqur of

cells synthesizlng DNA has shown that, even under '_‘g--

conditions ideal fox the selective induction of a responseﬁ"

riot all the cells within the target class will respond.

This seems to be particularly true for B lymphocytes
(Janossy et al., 1973)

. Events g lymg.hocyte Activation -

1.4.1 Metabolic Activity

The earliest measurable effects of mitogens on

'lymphocytes-are changes.in'prcperties‘of the cell membrane.

Directly after PHA administration the normally high
electrical resistance'of the membrane is reduced at sites
of cell contact (Hulser and Peters, 1971). Within the
first three: minutes Fisher and Mueller (1971) found a four-’
fold increase\in_turnover of‘phosphatidyl in081tol, which
was almcst conéletely restricted to the plasma membrane.‘_

Stimulation of de novo synthesis of 1ecithin and neutral

fats is alszwgery rapid (Resch et al., 1973) and membrane

glycoprotein tuxrnover is doubled in 3 hours (Hayden et- al.,

1970) . After five to thirty minutes increases in K+
(Quasteq~£nd Kaplan, 1970} and Ca#++ (ﬂhitney and

Sutherland, 1973), glucose (Averdunk, 1972), uridine

A
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(Peters and Hausen, 1971) and amino acid (Mendelsohn et __;,
1971) transport are demonstrable foll ed by incregsed
uptake of phosphates (cross and Ord, 1971) andrlater folate
(Das and Hoffbrand, 1370).

. Activity of membrane enzymes is also 1ncreased,
including adenyl -cyclase within 10 minutes (Smnfh et-al., |
1971) and a Na+ K+ independent ATPase after 30 minutes
(Novogrods_ky, -1972)_ . The activity of, the former results in
a cAMP level in the stimulated cell that is 2-3 times that
- of resting'celis."ﬂowever, CGMP levels are soon raised 20--
50 fold this may be a more important signal (HaddEn et
‘al., 1972). Changes in carbohydrate metabolism are
detectable 15 minqtes after PHA addition (Roos and Loos,_
197oj Mitogen—induCed rrotein synthesis is first
‘measurable’ after a few hours and reaches a peak after 2a-u8

hours- (Neiman and MacDonnell, 1970)
- t

1.4.2 - RNA_Synthesis
PHA increases the combined rate of synthesis of /,fﬂrﬁﬁﬁ
all forms of RNA about 4 times. It also increases the
halfiife of the labile heterogeneous nuclear RNA, changes .
the pattern of methylation,of_tRne and increases the

intracelluiar'level of a ribonuclease inhibitor (cooper,

-

Ad

1972) . |
’ PHA affects ribosome actiVity by cau31ng more.
effiCient utilization of pre-existing ribPSOmes, Y
stimulating both the synthesis of the 455 pr or of rRNA
and the processing of this precursor into 325 and 188
subunits, and by reducing.-the rate cf' 188 RNA wastage,




10.

-*which in rgstiné-cells amounts to the loss of half oflthé

ﬁnits before complete;ribosoﬁe assembly (Cooper, 1972) .
This genéral stimulation of RNA metabolism may'ée
part;y-a‘result of gene-activation. . ACEelerétion of -
acetylation of histones and‘phosphpfylatioﬁ36f nuclear
proteins,"and”an inc;éase in template activity of isolated
ﬁdclei have beeﬁ'xéportéd;‘and the ratio of eucpromatﬂn to

heterochromatin changes from 0.56 to 10.8 in the stimulated

cells . (Cooper, 1972).
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E R Morphologiggl Changes
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1.4.3 DNA Synthesis

Mitogens cause asynchronous DNA synthesis
detectable after about 24 hours and reachinq a maximum
'several days 1ater. Then the ‘total DNA synthesis declines

but the cells maylbe restimulated by fresh mitogen (Polgar

and Kibrick, 1970). - S g8

bt the peak of PHA-induced DNA synthesis 70-90% of

the cells»undergo blast transformatiqn and synthesize DNA.

However, less than uol.of‘these lymgphocytes aetually'

proce d hrough mitosis, while 35-90% of the newly

syntheSized DNA is excreted into the medium. This release

- of DNA is appaxently selective since RNA is not lost

similarly. The process may well Le related to the
reversion of blast cells'to,small lymphocytes (Rogers et

1., 1972; sarma and Zubroff, 1973).

[y

U

QQEJ'

Morphological espects of lymphocyte transformatien“

heve,been described.in.detail by Ling (1968) and Biberfeld
(1971) . Briefly, the small-lymphoeyte, absut‘10 microns in
diameter, has a heterochromatic nucleus surrounded by a
thin rim of cytoplasm containing few organelles. The
transformed iymphoeyte or blast cell, 15-30 microns 'in
diameter,.is chsracterized by ; large iightly-staining‘

nucleus with a prominent nucleolus. There is more

: cytop}JSm rich is organelles.

1.4.5 Time Course of Response to Mitogens
- - After exposure to a phytomitogen a large
propoxtion of lymphocytes are transformed into blast cells.

The'hlast cells start synthesizing CNA after about 24

\ §




12 . . o  4 ”f

hours. Eaflieiiopinidns that the blasts sﬁarted.bNA
synthesis Synthonously'were not augpqrtéd by. Soren (1973)

. ’ _ ‘
who found cells in their i%rst S phase between 24 and 124

o hours,,with a majority of cells in their first s phasé at

72 hours after initiation of'thé'culture. Blasts may
proceed th:ough several cell pyé;es. | |

| The response of a cuitﬁre to a-phytoﬁitogen as

: measurea by radioiahéliéd thymidine ihéorporatibn peaks on.
day 3 to 4 for PHA, LPS and Con A apévon day 3 to 5, or

even later for PWM (Doﬁglas, 1972) . Culture conditions,

the number of.resbbndiﬁg cells and other factors may affect

.the time course of_the‘respdnse; ‘

The réSpgnsé of a cuitﬁre‘to an antigen follows a
slower course, reéching a peak-On,day 5 to 8. There is’
some.qﬁeation whether the number of activéted lyimphocytes
measured represents only thoae cells t:le::.’tlved‘b),'..clOnal‘i
pfoliferation of specific mitogen sensitive.cells.:or
includes a popqlatidn, possibly also clonally |
proliferaﬁng’, ‘recruited by the antigen activated cells
early in the respénse. Experimental evidence supporﬁs the

" latter theory (Mills, 1970).

Mitogens in the miscellaneous group may elicit a .-

response with a short [sodium periodate (Parker et al.,

1973) ] or a lang [Bg++ (Carcn et g;.; 1870} ] time course,
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- Immunogenetics

' The nature of the-resultﬂiof‘this reseerch, coupled with

7 the-fact-that random~bred animals were employethhrodghout; :

itates a discussion of genetic control of immune responses.

»necess\%

The immune response consists of a process of multiplication .

and differentiation of immunocytes induced by antigen '~ 7 -

stimulation. This ‘process may be genetically cd‘trolled at two

JA
different levels- antigen recognition and antibody synthesis.

Genetic contrcl of the initial discriminative phase, antigen

"recognition. is generally attributed to T lymphgcytes although

macrOphages may play a role (Shevach and Rosenthal, 1973) .. The

productive phase of antibody synthesis depends on genetic

regulation of the life cycle of B lymphocytes. _ | : i

depended upon experiments where the immunclogical system was

presented with unique challenges-(Benacerraf et al;; 1971) ..

The discovery of individual immune,reSponse.(Ir) genes

Three types of approaches have been utilized to characterize

Specific Ir genés:

1.

The study of the antigenicity of synthetic

polypeptldes with restricted heterogeneity to present

1
the immunological mechanism}with molecules with

-

limited structural diversity. . S

'The study of the'antigenicity of cowplex'natural

_“proteins 1njected in a dose Tange which is immunogenic

only for some jpdividuals or certain inbred strains- in

a species,

:The study_of immune responses’ to weak'natiye antigens -

which differ only slightly from.the-corresponding.host

— ’




W
’ pxdteine reetricting'the éoseib;e specific
. ,intetactione*with the host immune mechanism. .

. The cbntention that the‘detectidh of specific E;ﬁgenee
depends upon the'singularity of the éhallenge.was sﬂpab;ted.by
studies of the 1mmunOgenic1ty of a synthetic polypepti?e poly-L-'
'(Phe. Glu)poly-L Pro-poly—L-Lys in two different mouse . strains.
Both strains responded well but the antibodies produced were of
‘different speeifieities (Shearer, et ai., 1971) . ’

‘ Althodgh,it might be cencldded that.st;ain-depehdeht
variations in*the_antigen recegﬁé&don phase of the immune
reeponeelto complexdantigeﬁs posseesind many determinants might
not be detected due to the animals? ability to resPend to a
portlon of ‘the total number of determinants presented, it is
certainly goss:.ble to detect such stran.n—dependant var:\.atlone in

i

the phaee of antlbody'synthesis elieited by complex'antigens.

For exampie,‘inltwo lines of mice eepareted'bylselective breeding
for the character *agglutinin production . to ﬁete:ologous
”erythfocytes", an analysis in terms of rosette formind eelle
"(RFC) showed that the doubling time of RFc;was 9 hr in high
responder and 16 hr in low respondex mice. In this case, genetic 
control was shown to regulate the life cycle of RFC (Bioezi, et
al., 1972). |

Despite the complexity df the immunoiogical system, the

experimentel approaches‘mentioned above dave.identified numerous
~distinct autosomal dominant Ir genes in'guinea pigs and,mice,-the
species most intensively investigated. It is indeed noteworthy'
| that most of these'genes.have'been shown to ke very closely :
'iinked with the major -loci controlliing histocempatability

specificities (McDevitt et al., 1972).
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Williams and Benacerraf (1972) have obtained evidence
consistent with autosomal dominant non-H-2- linked, polygenic
" control oflccn A and PHA stimulation of in vitro DNA‘synthetic
response of mcuSe spleen cells. ﬁilliems et al. (1973e,b)‘found
the rat T cell respcnse;tc be similaxly contsolled. The only'
difference'in_response of two rat strains to PHA and Con A was in
‘tﬁe COﬁ A concehtratioh required fcr maximal stimulstioh. -
Gesetic control of mitogen—stimulated DNA synthesis in v1tro
could  be manifested as strain differences at many levels.
including dxffexences that affect the ability of the cells to
- function optidnally under the culturé conditions employed and
differences ih the brogortion of an essential cell type in the
ofgan studied;. ' | | |

The foregoinglsimplistic‘resiew of immunogenetics;is'
: deceptive. In reality, meny'fécets‘of the.genetics of the immune
response are .still unknown, for example: |

1. the size |of the specific Ir gene poolt

2, the identity of the cell type where specific Ir genes

are exrressed.
3. .the significehce of linkage between Ir genes amd“.'~
histocompatability loci.

4. the pOSSlble mechanisms of action'of Ir genes.
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1.6 Féctoré-éggectgnq the reégonse of‘lxmghogxieB 

Teba1 Endogenous_ Factors

1.6.1.1 Age |
" The iymphéid system'undergoeq markgd'agef
related éhanges'during adulthood and senéscence‘as'l
well as dqriﬁg egrlj development.- Morphological ‘
chénges with aging consist of thymic ihvolution, a .
-degree of lymphocyté depletion in peripheral lymphoid
organs and the‘éppgarance of more retiéuloendothelial
cells in tissues. Theée.changes are éccompanied 5y
decreaked immunologicai'capacity. Although the
evidence is not c0mple£e, it appeaxé that both humoral
-and cell-mediated responses may be affectedl(xishimoto
.énd Yamamura, 1371; Adler et al., 1371 Blazkovec et
‘al., 1973; Mathies et al., 1973).. |
- The.decline with age of in'vivo immunologicai
 function has been attribﬁted notJOnly to decxeésing
imminocompetence of individual celis but alsa to agé-
'ielated'factors inhfhe cellular énvironment (Walford
lahd-Tunié, 1971) . Thus in vitro assays of -immune
response‘méy'or may.not-detect age-related changes. 
1.6.1.2 Sex |
Sex differences in terms of susceptibility to
infections and immunoglobulin synﬁhesis have beeﬁ
reported for the human and some experimental species
(Washburn et al., 1970; RifKind and Frey, 1972). In
oﬁe study,‘the primary iﬁmune respodse pattérns were
compafed'in young adult male and female hamsters

injected with sheep red blood cells (SRBC). The

~
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femeles_produoea.nore oiequeeforming cells per_spleen
‘then éid thelmaies. _Tne'effecﬁs of nre- and post-
pubertal gonadectomylsuggested that'the'female
'ladvantage in terms of specific inmunoglooslin
synthesis depends primarily on inoreased splenic
' weighr, cellularity.and hematoroietic aotivity due.to
‘a relative‘absenCe of male gonaoai hormones (Blazkovec
et al., 1973; - Ravines.'1961y

| _ Sexual dlmorpﬁism of in vitro lymphocyte
responses to plant mitogens or Speciflc antigens has

not been reported,

1.6.1.3 ‘Digease State; Viruses and Leukemia

Naturally oocdrring viral infections can have
a variety of effects npon the'inmune systen,
‘conslsting of morphologic changes, 1ymphocyt0pen1a, an
altered distribution of 1ymphocytes in body
compartments, a reduction 1n the cell-mediated immune
response and resistence to stimulation‘by mitogens.
These responses are due to the 1ymphocyte's capac:l.ty
to serve both as a potential host for VLral
'repllcatlon and as a mediator Of the immune response_
to the virus {Wheelock et al., 1971).

The various leukemia viruses have drfferent
effects on the host's 1mmune mechanism. For‘esample,
the Friend and Rauscher murine leukemia_siruses
markedly depress both cell-mediated and humoral immune
responses whereas the Gross murine leukemia virus
causes thymic atrophy and decreased'cell-mediated
immunity (Friedman and Ceglowski, 1971).
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The iesponae of 1eukemic‘iymphooyﬁee to
plant mitogens have been ihveetigated in'detail in the
hOpe of identifying the cell types responsible for ‘
lymphoid neoplasms. However, lymphocytes from ‘
"patients with chronic lymphocytic leukemia generally :
show merked suppfessibn of tiansfotmatioe with PHA,
PWM and con A compared with normal celle, suggeeting
that, irrespective of their orlgin and the presence of
receptors, they may be metabolically unable to respond
to mltotlc stimulants.' The small proportion of no;mal
lymphocytes among the leukemic lymphocytes may account
for ﬁﬁeteeer-response can be elicited (Melief et al.,
1973; Sm:l.th et al., 1972).'“ S |

Feline 1eukemia (lymphosaxooma) is a vi;us-
induced-lympho—proliferative diseaaerwith e high
‘spontaneous incidence in random bxea- cats end-a latent
period of 3-4 menths ‘(Jarrett et al., 1973).
Immunologlcal function during fellne 1eukemogenesls
has been studied. Histolcgical correlates of
iﬁmunologicai impairment, i.e. thymic atrophy,
paracorticai lymphoid depletion, runiing disease,
increased susceptibility to intercurrent infeotions,
"have been associated with the preleukemic state (Eseex
et al., 1973; Hoover gg al., 1973). In add;tion,‘tﬁe
asgsessment of immunocompetence during preleukemia, as
measured by rejection of cutaneous allografts and
antibody responee to SRBC, showed thao significant
- depression of cell-mediated immunity; but not of

humoral antibody response, occurs in the preneoplastic

(N
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:‘phase oflexperimental'feline'Iymphqea;cqma'(Perryﬁan'
g;'g;;,‘1972). | |
In mice, SRBC have been shown to be thymic-
dependent antigens {(Munro and Hunter, 1970} . The
questiOn then azisee why the humoral antibody response
_was not depresaed in the preleukemic cats similarly to
the cell-mediated response. Either SRBC are not
‘ thymlc-dependent‘antigene in the cat, or these cats
~ had sufficient functional T-cells. to satisfy the
carrier recognition function, which thus allowed‘B-

cells to make enough antibody (Perryman et al./ 1972\.

1.6.2 Exogenousg Factors
1.6.2.1 OQuabain |
The cardiac elycos;de,‘ouabain, is e potent
inhibitor of the biochemical, physiological and
morphological parameters of human lymphocyte '
transformetlon.- It acts as a 8pecific lnhlhltor of
‘ Na+K+ activated ATPase to prévent the K+ influx
essential for some step(s) in the traneformetion
process (Quastel anépxaplan, 1968; wWright et al.,
.1973) . | | |
.The‘lymphocytes;of certain'séecies, e.g. rets:
and mice, are inseneitive to ouabain at eoncent:atiOns
several oreers ef magnitnde.greater than that required
to completely inhibit'transfermation of human
llympheCytes. Several explanations may be pfoposed:
1. h# influx'may not be a (necessary) step in
transformation-in eertain species.

\ i
| !
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' 2. the ATpasé mdy be inaccessible, heveilower"

affinity for 'ouabain or the complex may diSéooiate

faster (Tokin et al., 1972).

? : . . . .

3. transport enzymes may be more numerous, requiring
. more inhibitor to saturate the cell.

Curiously, cats do not maintain much of a

. gradient of either Nat or K+ acroseltheir‘erythrocyte |

'membrenes, and, correlaﬁed;with this,'cat red cells
have a minimai'amount of ATéase activateé 5y Na+ ahd
K+ and show no inhibition by ouabain (Bonting et _;.,'
1961; sha'afi and'Lieb, 1967).

166.2.2 Enzzmes :

The enzymatic removal of lfmphocyte oell'
éurface componentéfcah modify fhe_oells' response to
-mitogens, An increaeed response‘to:mitOgens followiog
treatment,of'lymphocétes with the proteolytic enzymes
trypsin and pronase was thought to be due to-removal
of peptides adjécent to or overlying the mitogen
~ binding eitee; resuiting in en'uomasking of ‘cryptic

binding site‘; inc;eased exposure of the cell to ,
mitogen ;;\37

xposure of critical sites. More recent

évidence suggests that proteolysis might facilitate

rearrangement,. eg. clustering, of sites .favourable to

cell agglutination and stimulation (Burger,‘1970;

" sharon and Lis, 1972). Although several investigators

have described enhanced responses to mltogens
following enzyme treatments (Goodall et al., 1971) the

‘'opposite has also been reported (Adler et ﬁl".1972‘

A\a..ﬁ

. mee =
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Lindaih-l-xiessn'ﬁ’g and Peterson, 1969). Since
immunoglcbulin'éaﬁches_cn the ceii burface can ne
'removed‘by trypsin (Pernis et -al., 1971 it seens
likely that mitcgen binding sites per se are also '
. susceptible to prolonged of.specific enzyme treatment. .
| . Such experiments, .yielding either enhanced or-
dimlnished mitogen responses after removal of. cell
surface components, suggest means by which the rate of
resynthesis or at 1edst réapfearance of these cell- _
components might be determined. For examéle, Lindahl-
Kiessllng and .pPeterson (1969) found the reappearance
" of PHA resp0nse to be complete in a number of hours
following trypsinization ofllynéhocytee. Simiiarly,
moleculeslwhich.naintain the normal surfaces, of ‘s
contdctfinhibited monolafer cells are kncwn to turn
over rapidiy (Baker and Humphreys, 1972) .
Paradokicelly;Ait has even been pvssible to
effectllinphocyte stimulation by enzyme treatment in
‘the absence c¢f mitogens. éeveral anthors have
deecrihed stimuiecion by mere treacmenf with
neuraminidase (Kirchner, 1969), ‘which removes sialic
acid, and proteases (Goodall et al., 1971; Mazzei gg
al., 1966a and b). A theory of lymphocyte
transfcrmation nased_on pioteolytic cleaﬁage of a
trigger peptide has been'proposed (Kast, 197“).
Recenc evidence euggects'that in the.mouse
trypsin is a'B cell specific mitogen and that pronase
,affecte both B and T lymphocytes (Kaplan and Bona, |

1974; vischer, 1974) . The evidence is derived f;oﬁ

NN
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.expe;imehts in ‘which cells were exposed té proteases.
for 3 to 5 days iﬁ serum-free medium. Lymphdcytes
treated wiﬁh-proteasesrfor only 30 minutes and ﬁhen
" cultured in medium with éefumlgaﬁe iéss'clear-cut |
results. | | |
Endogenous proteolytic enzymes have also been

impliéated in the cbmplex cell interéctions and
release of vaxious solyble mediators‘during delayed‘
hyﬁefseﬁsitiviﬁy reéb'ions;l Havemann et al (1973)
presénted'evidenCe hat in the‘presence of circuléting
aﬁtibody and antigen, proteasé release occurs from
adherent cells, leading to local activation of
§ensitized lymghocytes and migration inhibition of
macrophages. |
1.6.2.3 Periodate

. ‘ ;Ymphoéytes can,be'st*ﬁaiated_to transform by )
treatment with sodium periodate (NaIO,) at s
- concentrations ranging from 10-¢ to 5x10<3 M’
{(Novogrodsky -and Kaichalski,'1971l. The mode of
action is presumably by oxidation of carbohydrates in
surface glycoproteins or glycolipids. fThe ;esponée to
periodaté is reported to depend fo q?me extent upoh:
' the presence of macrophages (Biniaﬁinov et al., 1974).
only a brief exposure to periodate (approx. 10
éecoﬁds) is réquired to stimulate lymphocytes. In |
fact exposures longer than one hour are to;ic, but
only to those cells that ihitially resbond té the
. treatment. ‘Afte; the killing of periodatefsensiﬁive

cells, the femaining cells retain responsiveness to

A
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PHA. and PHM. Thus the periodate-responsive

subpopulation is distinct from or overlaps. minimally

.with the PHA and PWM responsi® pulations (Parker et
al., 1973) . | |
1.6, 2 4 Mercu ‘2
The toxicity of mercury is- ‘cu

considerable interest because of the wi

symptoms of chronic mercury éoisoning in man ar®. the
result of proqressiue neuiolcgical damage.. Mercury
poiscning in the cat is a'uorkable uodel for the human
disease since the symptomatology and pathogenesis are
similar in the two species. (Charbonneau et a _;., 1974) .
Furthermore,-analogous to human exposure conditions, '
cats will readily:consuﬁe a diet‘cdhtaining £ish h
naturally contaminated with mercury.

Few immunological effects of mercury
poisoning have been reported. Iﬂ general‘hematologic
parameters in. mercury porsoned animals are within )
!normal ranges. However, as with many chemicals, it is
-pOBSlble to develop contact hypersensitivity to
mercury compounds., During’ lymphocyte culture studies
~on a patient with allergic contact dermatitis from
mercury, Schopf et al. (1967) discovered that HgCl, at
7.4 x 10-SM caused blast trahsfcrmation cf normal
human peripheral lymphocytes from individuals.who
showed no. evidence of allergy to mercury as well as
causing transformation of.sensitized'lymphocytes.

This finding placed mercury in a group of
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‘miaeel;aneeus non;peCific miﬁogehs-alqngside‘an+ and
" Nalo+, | | |

Three mercuric salts, the chloride, acetate.
end nitféte, proved to'be mitOgenic in huiman
lymphocyte cultefes. Of the two complex‘organic
mercurials tested, merbromin (Mercurochrome} was
- effective Lhereas thimerasol (Merthiolate) was toxlc
at the c0ncentrat1ons tested (Caron et al., ]970;
'Yachnin, 1972). Since.the mercury in merbromin is
covalenhiy bcund:aﬁd does ndt iehize.in eolution,
there is some. quesfioh whether its mode-df action'is
s;milar to . that of theisimple mercuxic salts. ‘}

The toxicity of mercuric 1ons\eppears to be
‘ dﬁe te thelr afflnity fox sulfhydryl (SH-) g;peps-of o
.biologicallyfachive'molecules, and can beyheutralized
with SH-containing chemicals such as cxé;eine‘and 2,3~
dimercaptogropanol (Ramel, 1969) Itnis'not known
whether these chemicals will also abol;sh ‘the
mitogenic activity of mercury. f' .7 .. W

1t is dlfficult to accept'mercur} as a
"nonspecific" mltogen for two,reasons. To begln with,
feince mercury is ubiqqitous.in:ihe ehﬁironment,-all
individuais are .exposed to eeme extent, although’
eensitizatioh may. not be deteéeable; 'Secondly, ehe-
DNA 5ynthetic response to mercury peaks on t e sixth

day. of culture as ‘does the res;onse to antlgens (Caron

et al., 1970). In contrqst, the response to plant

mitcgens peaks two to three days earlier.
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'é ' MATERIALS AND METHODS
2.1 Techniques for Lgmphocyte cultu;_
(/ 2.1.v | egiggeral Blood L _xgphocytes .
\L Random bred adult cats (Felis catus) served as blood

donors.’ Feline lymghocytes were separated from blood drawn
f from different anatomicel 8ites depending upon tne blood
volume required to yleld the number of cells desired (Table

2.1¢1.). If a 1arge blood volume was desired the cat was |
killed by exsanguination under nembutal or €O, anesthesia.

‘ When human lymphocytes were required for comparative

pdrposeé, bleoed was ootained'from‘the perlpheral_

anticubital_vein and processed in the same manner as cat

blcod.
c " Table 2.1.1. |
| ". c0Lr§gg;pn'or BLOOD FROM CATS | ‘
Blood Volume {ml} - “ Apesthetic | . Venipupcture Site -
1«5 _ none E - » -cephalio or saphenous ve
_ 5-26 ' ' - nembutal " ' cardiac puncture .
. 20-200 o inembutal or CO; posterior vene'cava

2.1.2° Defibrination'

- The blood was collected into a syringe wlthout
anticoagulant, quickly transferred tc an Erlenmeyer flask
containing‘glass beadsl(approx.- 5 mn diameter) an%
defibrinated by roteting either by hand or on a New
Brunswick rotary snaker for 20_mlnutes; Clotting of the

blood during the defibrination procedure was a hazard to be

avoided since lymphocytes tended to adhere to or be trapped'

['
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within the‘Llotf To mimimize clotting it was'necessarf to

. use a flask of sufficient volume with enough glass beads,

_rotated with vigor to. quickly remove the fibrin. For
example 5 ml of blood would be defihrinated in a 26 ml
flask with 5 beads whereas 50 ml of blood required a 250 ml
flask and 30 beads. Furthermore when successive syringes

. ﬁull of blood were taken from the same animal (eq. for
gfcomplete exsanguination),‘it was found necessary to put

’ eachlin a~separateldefibrinating flask otherwise the risk

of clotting was greatly enchanced.

2.1.3 Lympgocyte Separation |

| Lymphocytes were separated from whole blood by the
method of Coulson and Chalmers (1?6“). Defibrinated blcod
‘was mixed with a 3% weight/volnme soluntion of gelatin in
physiological saline (Fhree velumes of blood‘to:one vclume
of gelatin,solution);f”?he mixﬁurelwas allcwed tc.stand in.'
a graduated cylinder for 1/2 hour at 37°C. At this time
the clear supernatant contained primarily‘lymphocytes. The
lympnocyfes'were7b;shed_twice with PBS. _ : : 3

i
f
r

2.1.4 -Lzmghocxtes from Other Sources

- Lymphocytes were prepared from mesenterib lymph
' nodes, spleen and thymus by renoving the tissue

‘aseptically, mincing in PBS. and washing to eliminate red

-

~ cells. ,

o

2.1.5 - Cell Counting

1

| neutral red solution (.OBS). A dr0p of the mixture was,

examined in a hemocytometer under the microscope.. Viable

r

d 1 ml of cells in PBS was added to 1 ml of' L

Ere-y
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cells (stained) were readily distinguished from déad . celle'
‘(unstained), as were 1ymphocytes from neutrophils.

2.1.6 - Culture Conditions and Medium

\Ccells were grown in liquid tissue culture medium
.-5359; {Connaught Medical Reeearch Laboratoriee, Toronto)
containing fetal calflserum (#61@, Grand Island Biological’
Company,‘new York)_which'had been Qiat inactivated‘at_56°c:.
for 30 ninutes.i For-most'experiments the nedium‘wge {- ‘
euppiemented‘with 10$jeerum; For uniformity and-stetiiity
~disposable pIastic culture veeéels were used. 0.2 mi -
_cultures were set up in each of the wells of the'96 well
microplate (#30&0, Falcon Plastics, Oxnard California) and .
- covered with the 8olid 114’ (#3041, Falcon Plastics)
Cultures were maintained in a humidified atmosphere of 5%
'coz in air at:37.5°c.. The usual culture duration'was 72
hourst  ‘ | li- | |
2.1.7  Mitogens

| The mitogens were reconstituted according to the,
directions of the euppliet (fable 2.1.2) and stored frozen
in small aliquots. Unless otherwise: stated, the final
concentrations of mitogens in culture were PHA 5110“3m1/m1,

PwM 10-2ml/mi and con A 20ug/ml.
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Table 2, 1.2

Source of Mitogens

Mitogen o cataloque No. o ‘f-’§ugglier
Phytohemagglutinin M 0528-57  Difco Labs, Detroit, Michigar
. Pokeweed Mitogen i .536 frand Island Biological.Co;,
\ : ' : : ' | ~ New York
Concanavalin A - ' 234567  calbiochenm, La Jolla,
| | california
2.1.8 g;evehtiqn of Contaminaiion

‘To reduce the risk .of contaminatiqn of cultures by
micro-organisms, normal brecautioné'wépg‘taken.. All
manipulations were carried out in a laﬁinar‘fléw hood
‘(COnn. Environmental R 8 D Corp., New Eritain, conn.) .
quUldB were sterlllzed by autoclaving or by filtration

" (type HA, pore size .45u, Millipore Ltd., Montreal). 'in
ladditian‘the culture medium contained.ZOO ug/ml
streptomycin, 10 ug/ml neomyczn and 40 units/ml polymyxin.

261 Methods with Radioactive Tracers

2.2.1. Measurement of;;ncorporation of 3H-TAR into-

DNA by Scintillation Counting
.The in vitro response of lymphocytes to mifoéens

was assessed by means of tritiated thymidine (3H-TdR)
incorporation into newly-formed DNA followed: by llqu1d
scintillaticn counting. 'Calls wexe incubated with 1 uci/ml

thymidine #methyl-3kg¢ (20 Ci/m mole, NET-027X, New England

[ N

Nucleai, Boston, Massachusetts) for 3|to 5 hqurs.
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Fgllowing thé isg#ppé-ihcérporaﬁioh;‘cqltureé were
harbested.onﬁoﬁglasdﬁfiber filters.jgrgée_QaﬁAH, Réeve
iAhgle, CliftOp, ﬁéﬁfaersey) by a semi-automatic mﬁltiplé i‘
sahplé predipitatq? (Otto Hillef,.Madison, wisconsin). The
use of this machinet%sidgécribed'in detailiby Hartzman et
.g; (1972) . Each filter was placed in a scintillation vial
" (Minivials, Pickér Nucleaxr, Montreal, Quebec) to wﬁich was
added 3 ml of scintillation fluid (Aquasol, NEF-934 or’
Econofluor,,NEF§?41, New hnglgnd Nuclear). The #ials were'
counted in a 1iquid scintillation specfrdphotometer (LS—
i233, Beékman Instrugents Inc.; fuilerton, Califdrnia)
equipped with plexiglass holders (P%cker Nuclear). to

accommodate the minivials. .

2.2.2 Expréésion of Data ;

| There are several modés of_exp£essioﬁ.for Lsc
data. Raw CPM can be converted'té‘DPM and/or the.#guare
root transformation can be used since the Poisson
distribution describes.thé ;éndqm‘deéay of radioéctive
.Tatpms. Data from reglicate saméles are reduced to a mean
énd an indication of variability; -Diffene#% treéfment |
groups with their respective cohtrols can bé-compared by 1i
_preeénting both treatment and control data, 2) subtracting
cbnﬁrol'CPﬁ from treated.groub CPM, or 3) taking the.
ireatedvgroﬁp CPM as a ratio of the control CPM.' Since
there appears té be nolconsensus as ﬁo Qﬁich method‘of data
expression is mdsi'valid (Schecﬁtef and McFarland,'1972) )
and since certain mazipulations:have beenlshown to lead to
incorrect-conplusioné, ibaﬁiels et g;;, 1970) it seems |

preferable tc present both control and treatment data.

N
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Data inCPM'weré-Cquértéd'to.thEir éqpa;e roots to
equalize.tﬁe variapce‘(Bach et al., 1970).

Analyses of .variance were conducted on several
ééts‘of square root transformed_data. The‘errbr mean
sqﬂafe was used to coﬁpute.the standard error of a
" difference bgtwegh means. Meahs were cdmpared‘by'ﬁhe least
significani‘differehce (1sd) method which ia'basically:&'
Student's t test using a pooled error'varignce (Steel and -

‘Torrie, 1960).
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3 i;nsolﬁb;e PHA

: 2.3.1‘. Coupling of PHA to. agarose ‘beads
| PHA was coupled to agarose beads using ‘methods
.simtlar to those of Porath et al. (1967) and Greaves and
‘Bauminger (i972). One'gram of cyanogen bromide,activated
Sepharoseé 4B (f9787 Pharmacia, Uppsaie)'wae swollen and
washed for 15 minutes on a_oleeé.filter with 250 ml 10;,@3
HCl. 82 mg of PHA in 20 ml 0. 1M :NaHCO, buffer, pH 8.5,
containing 0.5M Naél was mixed with the oel for 2 hours at
‘xoom temperature.f Unbound PHA wes_washeﬂ awey with the
coupling buffer and remaining aotive groupe were allowed to
' react with 20 ml 1M ethanolanine at pH 8 for 2.hours.
After removal of the ethanolamine, the gel was washed twice
alternately.with acetate buffer (0.1M,‘pH 4,.containing M
NaCl) and borate buffer (0.1M,_pﬂ 8, containing 1M NaCl).
Finally the gei was washed with Btetile medium HB 597,
resuspended in 20 ml HB 597 and stored at uoc. |
* Control beads were prepared similarly without PHA.
- The final products proved to be free of microblal
contamination. #

2.3.2 i Attachment cf lj!mphocvtes to_beads-

10¢ lymphocytee in 1 ml HB 597 contalnlng 10%
fetal cailf serum were mixed with 0.5 ml of Sepharose beads
and incubeted for 50 minutes. The mixture was then layered
onto a 5 ml column of HB 597 containing 10% serum in a testi

1
tube In 5 to 10 minutes the beads. settled to the bottom

drfifzeaving most of the unbound cells neaxr the top. The,beads

were examined by light microscopy for the presence of

- attached cells.
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2.3,3 Responee of lymphocytes to insoluble PHA.
| Lymphocyﬁes'uere cultured‘with*seversl-
conqehtrstiohs of'Sephatose beads'and'sspharesefPHA to
assess the mitogenicity of insoluble PHA. The actual -

' quantity'of‘PHA (free and bound) in these preparations was

_+ unknown. :
_.,"l’ . ) Ll ' ,
2.4  Eicoll-Hypaque (F-H) separation ‘ ' ‘ .

Gelatin-sedimented lymphocytes were further purified on
‘Ficoll- Hypaque gradients. Ficoll, a nOniomc synthetic polymer'
of sucrose, MW=400, 000 uas‘obtained from Sigma Chemical Co., St.
iouis, Mo. Nine percent aqueous Ficoll was mixed with 34%
Hypaque (505 sodium diatrlzoate, wlnthrop labs, Aurora, ont.) in
a ratio of 4 volumes Ficoll to 1 volume Hypaque. he spec;fic
gravzty, as measured with a hydrometer (#sﬂ18&ﬁG, and F Sargent
Welch, Montreal, range 1. 060 11130 and 1. 000 -1. 070), was about
1.075. Mixturesbyith sPe01fic grav1t1es xangin. from 1.055‘to_
1.095 in 0.005 increments were prepared by varying the F-H ratio
or by adding ﬁates. The solutiOns were sterilized by filtration.
stored at 49C and used within a month of preparatzon. |

The gradient was prepared by gently layering 1.5 ml F-E,
specific grsvity‘I.bss, on top of an equal volume of.F4H of
specific gravity 1.085 in a 16x125mm tube. Abeut 1b? gelaein~
sedimented lymphocytes in'0.6m1 mediuﬁ'Without.serum were-
carefully layered on top. The gradient was centrifuged for 40
minutes at HOOg.‘ This procedure-was édOpted after expe;imehting
briefly with a number of gradients of ‘continuous and
discontlnuous densitxes._ It was modified from that described by

- Thurman et al. (1973).

Y
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3. RESULTS

ﬂ 3.1 | "Response of perigheral blcod 1zmmgcgtes +0. mitogens-

The response (measured by 38-TdR incorporation) to a range

of concentrations of mitogens, cells and serum was miseured in
~order to determine optimal culture conditiOns. Within the
’ framework of these experiments, optimal culture coqditions were
defined as those conditions consistent with'maximal 3H;TdR
:inobrporation by 3 daf old cultures. Since the dose—response
_relationehips investigated here yielded more or leea bell shaped
graphs, the optimal conditions as defined above were also those’
_conditions at which minor.technicei inaccuracies were least
‘likely to i:>1uence the response. |

3.1.1 Cell Dose Response

If the lymphocyte concentraticn is varied while'
the mitogen and serum concentratione are held conatant it
- is found that .a minimal concentretion of cells (104-105/ml)
is required in order to initiate a reSponse. 1t has been
suggested that at_low cell concentratiOns the time course

of the resPonse is 'delayed so that the peak occurs lat/x
(Melief gt'g;., 1973) . For the cat as well as for most
species a cell concentration of about 108 lymphocytes/ml
gives an optimal response to mitogens at.thtee days (fio.
3.1.1) . Higher cell concentrations limit the response
ptesumably because of rapid_nutrient depletion, e;nauetion
of the buffering capacity and pollution of the medium with

_cell wastes.

3.1.2 Mitogen Dose Respopse
, . -

In the absence of ‘mitogen, lymphocytes incorporate

eery littie 3@-thymidine. As the mitogen concentration

"



Fig:'B.l,l, Cell dose responée.' The optimal respohse of.

blood lymphocytes occurred ‘near 10° cells/ml.
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increases more ‘and more cells reapond. As discussed

previously (Interaction of Mitogevs and Cells), either

‘critical binding sitea must be saturated or the total

membrane mitogen binding must reach a certain level before

.the cell is stimulated to transform and eyntheSize-DNA. At
| higb concentrations of mitogen the response is abolished as
a result of'cytotoxicity'(Milthorpe'and Forédyke,\iQ?O)'or
E‘guppression without oeil‘death (Andersson et al.., 1972).

| The available ccmmercialgpreparationsIOf PﬁA,'PWM
and Con A differ inlpuritg-and activity partly because the

oompounda'have not been fully characterized (Uchida; 1972)
Thus comparison of quantitative data between laboratories
using different mitogen pre;arations and culture systems is
fraught with difficulty. Nevertheless, the optimal con A
and PWM concentrations found'for feline lymphocytes under
the present culture conditions (Fig;n3}1.2) are comparable
‘to thoee reported for other species and other culture
situations. on the other hand, feline peripberal blood
iymphocytes consistently responded either poorly or.not at
all. toc PHA under a number of experimental conditions..

‘ The pocr reaponse of cat perigheral blood
"lymphOCytes to’ PHA ie an unusual‘finding.‘ However it'is
iinteresting to note that McIntyre and Segel (1966) reported
that PHA‘did‘not'stimulate human thymue cells, and several
years thereafter confeSBed that their results.were due‘to\
the failure to consider the dose response curve to PHA.
The importance of constructing a mitogen dose response
curve when dealing with refractory cells was furtherf

emphasized by Ron et al. (1973) who found that lymphocytes
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Fig., 3.1.2.

Mitogen dose response. Cat blood lymphocytes
were cultured in the preseénce of different

concentrations.of Con A or PWM. 'The Con A

stock solution contained 1 mg/ml. PWM was
reconstituted according to the manufacturer's
instructions.
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from hamsters: required 10 to 50 times more PHA for’ optimal

"stimulation than cells from other rodents. In their hands

the dose responses "to Con A and PWM were eimilar in

. hamsters, guinea pigs, rats end ‘mice. In_addition, ac
geneticelly ccntrolled-intra-epecific.difference in octimal

Con A concentration has beenireported between Lewis and |

[

Brown Norway rats (Williams et al., 1973).- B
several PHA dcee re8p0nse curves with cat

lymphocytes failed to elicit a large PHA response from

peripheral blood cells although aplem.c lymphocytee from

.the same individuals gave gcod responses at PHA

concentrations effective for other epecies (Flg. 3.1.3).

Some variation between cats was noted in the PHA . ‘ "

concentration for optimal stimulation of splenic

lymphoéytes.

3.1.3 Serum Dose ReSponse'

Protein—free cﬁemically defined synthetic media
are of ‘great use.in analyzing the effects of certain
substances on cells, especielly in cases where the
: eubetances may firet interact with serum proteins ih the
media. Although many'studiee'hauelbeen carried out, a
limited'numcer of kinds of cells have- been grown in
protein-free media (Kateuta and Takaoka, 1973) -Defined
tissue culture media is. usually supplemented with serum as
a eource,of lipids, vitamins, hormones, trace metals,
peptides, etc., not cthetwise providédifcr (Waymouth, 1972;
Temin et al., 1972). The routine;supplement, fetal calf

serum, is high in K+ (16 mﬁ) ehich,may be a contributing

|\

——
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3.1.3.

PHA - dose response. The response of blooa“and

usplenlc lymphocytes to a range of concentrau

tions of PHA was assayed in 4 cats (#406, 420

18 and X). Blood 1ympho¢ytes'résponded poorly

- to concentrations ‘of PHA which stimulated

spleen célls. Splenic lymphocytes from dif-
ferent cats exhlblt maximal responses at dlf—

ferent PHA concentratlons.
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factor in its.effeﬁtiveness in media (Scott'and‘Fisher;

1970) . Media intended for short term cultivation can be

'less complete than those fot‘lOng term studies since the
absence of. certain elements may nct produce significant

fmetabolic or growth deficiencies for several weeks.

The origin cf serum is an important consideration.

-., st

Claims have been made for the excellence of autologous,

' homologous and heterclogous sera,- Since Bilz et al. (1961)
-indicaféd that pig serum supported mitogen—induced

"transformation of feline lymphocytes, various

concentrations of pig, cat (homologous),‘horse and fetal

. . . b .. . e
calf sera were tested. Fetal calf serum proved superior in

- terms of cell response, convenience and expense,

For lymphocyte culture as well as for most other

'tissue-culture applicstions-serum ccnstitutes 5 to 204 of

the medium. The optimal response to mitogens is reported

y-

to occur at a wide range of serum concentrations. The

‘results for feline lymphocytes are not exceptional (Figs.

3.1.4 and 5; 3.3.3-5). The stimulation of lymphocytes in
"serum-free" media- observed with feline-lympnocytes and '
witnﬂthose of otherlspecies is intriguinc (Forsdyke, 1973;
dovogrodsky and Katchalski..1%71l. Such observations'have
been questioned on two counts- {1} the cells‘might not‘have~‘

been adequately washed free of serum components, - and (2)

the cell response was assessed after several days in

culture during_which.time serum components or substitute

molecules could be secreted by live cells\o;'réleased'from

. degenerating cells (Forsdyke, 1973).




Fig. 3.1.4. Serum dosé response. Cat blood lymphocytes

s

were cultured in different concentrations of

fetal calf serum, Note the response to PWM

in serum~free medium.
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Fig. 3.1.5. Serum dose response. Splenic lymphocytes
' " from the same cat as in Fig. 3.1.2. were’
cultured in different concentrations:of-

fetal calf.Serum. In this case there was

no response in serum-free medium.
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Two substances inhibiting mitogenesia have been
identifled in serum. First, serum complement has a
detrimental-effect on cultnred cells which can be avoided = .
simply by routinely heating.setem at 560C for 30 mitutes R 2
(Milthorpe and Forsdyke, 1970). Second,'earbohydrete-

-containing jgl§c0proteihs'bihd hitogene tpus reducing the
amount of mitogen availeble to stimulate celle‘(Chase,
1972) .. The latter circumstanée‘eeggests the existence of
an optimai mitogen/serum ratio which may be deriﬁed ftOm a
range of ebsolute concentratiOns of mitogen and serum. The

work of Forsdyke (1973) supports this theory.

3.1.4  Time Course

. The time course of response of lymﬁbOCytes to_ 
mitogens,_es measured by 3H-TdR iﬁcorporatiqn, veries with
" the mitogen used. For instance, cultures tteated with PHA
or Con A usually show maximum.reapense en day 3 or,ﬁ while
PWM is often reperted to induce a peak response;a day or'so
 l1eter. On the other hand, the response to antigens peaks
on day 5 to seven. Why cu}tgreeﬂtreated with different
mitogens might require varyin;‘periode-of time betore'
showing ﬁaximum IH~-TdR ineorporatioh is not definitely
known. Although inherent qualities of different respondlng
cell populatlons may be a factor, consideratlon must be
given to the actual number of resgponding cells and the
culture conditions. Mélief et al. (1973) presented ‘data
1ndicat1ng that dlluted lymphothes responded to PHA with a
delayed time course. 'In ancther study however,. a delayed

response to PWM, peaking on“day'7, wag merely ascribed to
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culture methodology, the mitogen preparation or possibly
related to the blood donor (Wu et _;., 1973) . .

_The presence of celle other than 1ymphocytes in
the culture milieu is also reported to. affect the time
course. GajlfPeczaleka et al.’ (1969) compared the time
course of the responselof purified and non—purified cell

.'culturee to PWM. They found that the removal of |
macrophages and neutrophiles shifteo the peak response from
day 3. to day six. The maghitudes of the day 3 impure and
day 6 pure culture respoases were similar. |

_Regardless of the identity of the major
contributing factors to the course of the response with
time, it is apparent that a time course study is_indicated

_ eSpecially when 1y@phocytee fail to respond under routine |
conditions. -

¢ cat bloodllymphocytes responded best to con'A-end ‘

PWM on days 3 and .4 cf culture. The PHA response did not

_improve with longer culture-times (Fig. 3.1.6).

3.2 oOrgan Differences . :
Although. the bulk cf the ' present work co:;::;ed cat
_peripheral blcod lymphocytes, cells from,otﬁer lymphoid organs

‘were used occaeionally. The re IHEES of cells from blood,
spleen, lymph node and thymus of three cats are shown in Figure
3.2.1. 1In spite of considerable inter-individual variebility,
several trgpds_emerged; Splenic lymphocytes were generelly
responsive to PHA (see also Fig. 3.1. 3l. Cells from mesenteric

lymph nodes responded inconsietently to all mitogens. Thymic

lymphocytee usually responded poorly to all. mitogens. The serum




Fig. 3.1.6

Time course of response to mitogens. Cat

blood lymphocytes responded maximally to

mitogens on days 3 ‘and 4 of culture. No

mitogen o; PHA e; -PWM x; Con A O.
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Fig. 3.2.1..

density of 10

Organ'differences.' Lymﬁhocytes from cat
blood, spleen, lymph hode and thymus were
cultured in 10% fetal calf serum at a
6,cells/m1{ o



102

\/Cpm

10

oe

IJD_-.

o Nd Mitogen

D o

® PHA
A PWM . -
0O Con A

o Coe

opo e




46 : ‘. o 'I

o L
2dependence of the response of lymphocytes;from different organs
is shown in Figure 3. 2 2a, b, c. |
The most striking .and consistent observation from

b

experiments with central-lymphoid organg is the_superior,response

to PHA of splenic cells ccmpared to psripheral blood lymphocytes.'

A similar pattern of response to PHA has been reported for the

rahbit (Mansfield and Wallace, 1973 Sell and Sheppard, 1973),
but the converse appears to hold for mice (Fowler et _l., 1971)

_3.3 Inter- and Intra individual Variation

Variation in mitogen—induced thymidine uptake by
lymphocytes was examined at three levels. 1) -among different

1ndiv1dua1s, 2) among replicate cultures established at the same

time from one individual and 3) among cultures initiated from the.

same individual at different times. The responses of 24 cats_l
assayed in a single experiment (Fidure 3.3.1) allow several
generalizations. The-magnitude of the response to_phytomitogenS'
was, in descending order, Con A>PWM>PHA. BAll cats responded to
Con A and_PWM. The response to PHA varied from moderate to nil.
Thus, although the responses to Con A and PWM showed considerable
quantitative variation, the responses to PHA varied qualitatively
as well. The data from Figure.3.3.1; summarized in Figure 5;3.2,
reveal considerable inter-individual variation in mitogen-induced
1ymphocyte thymidine uptake. | | _

The variation among replicate cultures established at the
same time from one individual_was usually-negligible.

Others have\reportedmajor'variation in repeated
experiments using/cells from'the same donor (Hagen and Froland,
1973; Hinz and chickosky, 1972).‘ To determine the extent of

variation in mitogen responses of cats threevindividuals were




2
Fig. 3;2.23,5,5. Organ differenées in serum require-
‘ ' ments.’ Cat ‘lymphocytes from spleen
-(a), lymph node (b) and thymus (c)
were _grown in medlum with dlfferent
-concentrations of calf’ serum. Splenlc
and lymph node . lymphocytes were max-
'1mally stimulated by PHA and PWM at 5%
or .greater serum concentratlons. The
response to Con A requmred more serum
and the shape of the dose response _
curve differed between the organs. Thé
" response of thymic déllslwas masked by
a High‘backgrdund, B '
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2
Fig. 3.3.1. Inter-individual variation. The raw data are
- shown from an experiment, in which the bhyto— '
‘m'itogen‘respohses of 24 cats wereldéter‘mined. r
Although considerable variation is evident,
+ cat lymphocytéé_consisfently responded poorly
' to PHA, better to PWM and best to Con A. No
mitogen o; PHA e; PWM x; Con A 0. The -'pe.sponse
to PHA of cats #Y4, 7, i4-18 and 20 is signi-
ficant at the 5% 1evei. . ‘
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Fig. 3.2.2. Inter-individual variation. The dat§ in Fig.
3.3.1. are expressed:by the ratio method.

The mean of the rpsponse to each mitogen are -

shown.
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testeh 6 timeg at threé_sefum concentrati;ns.(Figures.5.3.345).
T?ij%‘me iﬁtervals between‘bleediﬁgs are'given in Table 3.3.1.
The, greatest variation occurred in serum-free medium, suggeéting-
tﬁat‘some plasma components ihdigencﬁs té the'donor were not .
cqmp}eﬁely removed from the'lymphocytes'during the preparatory
_washing p:ocedgres; , The same éxplanation was 6ffered by.Fowler
lgglg;. {1971) té explain thé marked va;iation of the influence of -
- serum éoncenJratioh on_PHA'stimulation bétwéen'individual mice of

an inb;ed Btrain;

Table 3.3.1

Time Intervals Between Bleedings

Ccat Number

: g;éedinq interval. . 6 18 - 406
A-B 14 days  wa 1@
B-C , . 2044 ua 254
c-D 6 months  6m ém
o-E ' | 394 39 -394
E-F - 274 59d 424
3.4 Effects of Miscellaneous  Treatments

‘The charactefization of feline lymphocytes was extended to
include a c0mparison among'several species of the effects of a
varieﬁf of'aggnts. In geheral the results obtained here par;llel'.
those putlished for other sgecies.

‘B.Q.1. Quabain' . |

Mitogen indﬁced lymphocyte transformatlon was

“completely inhibited by ouabain at 3.5 x 10-8M and

unaffected by concentrations lower than 3.5 x 10-M. The

|\



'Fig. 3.3.3. Intra-individual variation. Cat #u06& was

bled on & occasions. Each time the resp hse .
to mitogens was assayed in 3 concentrarfions |
of fetal calf serum. No mitogen o; '
PWM x; Con A o. None.at the res
are significanf,af the 5%.level.
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Fig,

.

3r3. b,

Intra-individual variation. Cat #18 was.
bled-on<6 occésions. Each time the response
to mitogens was assayed in 3 éoncentrations
of fetal calf serum. No mitogen o; PHA e
PWM %3 Con A o, '
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Fig. 3.3.5.

L
t

Intrafindividual variation. Cat #6 was
bled on 6. occasions. - Each time the response

to mitogens was assayed in 3 concentrations

of fetal calf serum. No mitogen.o; PHA e;

PWM x; Con A a.

L
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" responses eyokedrhy Con A,'PHA and EWM in spleen ang/bloogd
.lymphocytes were inhibited similarly (Eig. 3.4;1_and/é}.

The inhibitory action of ouahain was okbserved at -
.c0ncentrations slightly 1ower.than those employed'by -

Quastel and Kaplan (1968) to inhibit transformation £ b

human peripheral blood 1ymphocytes..'
Most cat tissues have relatively low ﬂ

. » . :
activated AIPase levels. However the cillary body has a

comparatively high enzyme act1v1£y which 18 1nh1bited by
ouabain at the same concentratxon as human red. blood cell
AIPase-(Bonting'et al., 1961). Although cat lymphocyte
ATPase activity has not been measured this enzyme activity

.18 essential for mitogen stlmulation of cat lymphocytes. N -

C3.4.2 Enzymes )

| The treatment of lymphOCytes with enzymes has been ]
reported to activate lymphocytes in the absence of mitogen’
(Mazzei et gl., 1966a and bj.and to modify the response of .
lymphocytes to‘mitogens tGoodall.gt g;.,.19;1{'Adler gﬁ
al., 1972). Emperiments with cat lymphocytes were done in
an attempt to effect stimulation in the absence of mitogen
and to expose mitogen binding xites. Feline peripheral
blood and Spleen‘lymphocytes treated‘with-the proteolytic‘
enzymes trypsin and pronase were.not activated in the
absence of phytomitogens. However pretreatment with
‘enzymes did affect the response to.mitogene. Although in . .
most cases the mitOgen response was dimlnlshed by enzyme'
' pretreatment, the response of the spleen cellssof one cat

was consistently enhanced by pronase. The mitogen

.responses after enzyme treatment appeared to follow no . -
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'Eig. 3.4.1. Inhibition .of feline peripheral blood iympho@J,”
' cytes’by ouabain. .Quabain was added at the '
initiation of 3 day cultures. . Total inhibi-
3.5 x 107°M ouapain.
i

T

tion was -achieved with
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Fig., 3.4.2.

A

Inhibition of feline splenic lymphocytes‘byl

ouabain. Ouabain was added at the initiax

- tion of 3 day cultures. - Total inhibition

was achieved with 3.5 x lOTSM cuabain.
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recognizable pattern, except that, as teported by Goodall
‘et al.; (1971), pronase was the more effective enzyme
(Figs. 3. 4.3-6) . | ‘

Attempts to effect stimulation by incubatlon of
iymphocytes.with tryesin alOne in serum-free medium for-' 3
. to S-days'were unsuceessful.(Table 3.4.1). The
phytomitogen response in thelserum-free'mediuh used.in this
stpd} wae never ideai.l |

Lymphocytes frem most Eats show l;ttleieﬂ<no
response to PHA. cCells that were :efractory to PHA
stimulation did‘not.GOnsistently gain‘:esponsiveness after
proteolytic enzyme treatment. Nevertheless the‘results |
subpért the concept that removal of cell surfaee components

-~

can unmaskfmltogen blndlng sxtes and/or aliow rearrangement .

of sites fb facilitate mltogen—lnduced act;vatlon.

3. u 3 Periodate
| Although periodate is reported to be mltogenlc fgr
human lymphocytes, the responee of cat cells to perlodate
was not strikingt In some cases a ten minute periodate
treatment fnduced slieht stimulation at concentrations of
5X10—4 to 10-3M. Periodate followed by phytOmitogen
. treatment y;elded results illustrated in Figure 3, u 7. }
fPe}iodate_at 10-2M abolished the mitogen responses but
-seemed to augment these responses at lower cdncentrations.‘
The results show that periodate is a poor mitogen f r cat
lymphocytes possftly because the oxidizable sugar is absent
‘or inaccessible or that ats oxidatlcn does not f;%i*t in

- Y
stimulation. L : ey

.". ‘



Fig. 3.4.3. Effects of enzyme pretreatment on mitogen

?

response. Following the 30.minute’enzymé
treatment (0.1% trypsin; .0.05% pronase),

féling péripheral blood lymphocytes wefe

washed and then cultured in medium with

serum ‘for 3 days. Note the apparent depres-
sionﬂof the PHA response and enhancement of

Con<A and PWM responses.

ﬂﬁ/



CPM

10°

10.

[ ° No Mitogen,
~ e PHA ¢
. X PWM
o - BConA 0
o
X -~
B x
i ° o
B Ce ®
- e
PBS Trypsin Pronase
»
. ‘,J" _ \




Fig. 3.4.u4., Effects of enzyme pretreathent on mitogen
- response. When the data from Fig. 3.4.3.
are éxpresséd by the ratio method, the '
apparent depression‘of the PHAjresponse-
and enhancement of the Con A r?&yonse
‘disappear. | ' )
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a Flg. 3.u4.5. Mitogen responsé'following enzyme treatment.
' Blood iymphocytes_from 2 cats (#12,#236)
" were treated for 30 minutes with saline (S),
0.1% trypsin (T) or 0.05% pronase (P} prior
to culture in medium plus serum. The _
hitogen response was'coﬁsisfently dépresééd
except in the case of cat #236 where the

'PHA response was enhanced by enzyme pre-

treatment.
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Fig.

73IL+l6.

Mitogen response following'enzyme treafhent.

Splenic lymphocytes from 2 cats (#12,#236) .

were treated for 30 minutes with sallne (sy,

0. l% trypsin (T) or 0.05% pronase (P) prlor

to. qulture in medium plus- serum. Although

the responses of cat #lé'were'usually depres-

sed, the responses of cat #236_were enhanced

by pronase.
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"Table 3.4.1,

Lymphocyte response to tnyps;n\and mltogens
in Serum—free medlum Cat lymphocytes were
cultured in serum—free medium w1th trypsin
gor mltogen for ;3-or 5 days. - In- only one case
(blood, 5 days, 1ncubat10n, 0.3 ug/ml tryp51n)
was there any .indication of stimulation by
trypsin. Lymphocytes responded normally to

. PWM «but not tc PHA or Con A in serum-free

medium, ‘ o ¥ : ijSQ

sl




Table 3.4.1.

-

'nmmﬂrdﬂxaremimsefn ﬁqpshxamﬁxdiomam in serum-free medium.t

Crigin of i . Days of . S
lymhocytes ~  Incubation Treatment e
‘ CT : . 0 C 10.4
' . o oWl . 9.6
o : «3 ug/ml 12.3
4 : 46 trypsin_ 12.7
3 .9 -~ 10.0

) 8.6
R ) . 8.4
ug/ml 11.3
' ' . +6 trypsin 8.3 -
5 ‘. . . 09' ' 8-8
'PHA 8.3
PWM 14.6
Con A 7.5
7 — ; _
0 S . 10.5.
A1 14.9
.3 ug/ml 10.6
, ' .6 trypsin 11.2
3 L., .9 9.6
‘PHA  16.1 N
_ ‘ PWM . 24.0 !
~ -\ Con A ' 9.1
/) Y 1
- 7.1 } ‘9.9
.3 ug/ml 9.8 -
A <6 trygsin 9.0
5 . .9 11.2
PHA 9.8
PWM | 17.6
Con A 8.7

1. Cat lymphocytes were cultured in serum-free mééium
with trypsin or mitogens for 3 or 5 days. ‘
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"Effect of perlodate on splen c lymphocyte

stimulation. Responses to mitogens were
sl;ghtly_augmented at’ low -and abolished at
high 1§IOu conqentrations; Periodate alone
was weakly mitogenic, Identlcal results .
were obtalned with blood and splenlc
1ymphocytes from another cat.
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The response of human and cat peripheral blood
lymphocytes to mercurx was compared Mercuric chloride
consistently stimulated lymphocytes from both species at
._'concentrations ranging from 4 x. 10-6M to 16 5 '(Fig. 3. 4 8
"and 9) .. concentrations of 2 x 10-5M or higher were toxic.
The effective mercury concentrations in this study are
‘slightly lower than those published by others for other

pecies (schopf et al., 1967 earon et al., 1970",'TW9"
r_explanations may be advanced. First, culture mediug(and
serum Hg-seqguestering agents (eg. cysteine and various.
proteins) could reduce the amount of mercury available to
interact with lymphocytes; Secondly,-it has been
'demonstrated recentl} that'if dilute mercury solutions are:'
filter-sterilized a significant proportion of the mercury
may-remain-bound to the filter.' In the present study a 10~
.3 stock solution was. filter~sterilized ‘then diluted,
minimizing the proportion of mercury lost.

‘The response to mexcury is reported to peak on the
6th day of Sg;ture (Carénﬁet al., 1970). In the present
study‘cultures were harvested on days 3, 5 and 7. feak-
responses were found to be divided evenly between days 3 -
and 5, indicating a somewhat shorter time course than
reported by others. The finding of an abbreviated time .
"course ‘tends to djscount the hypothesis that mercury might
‘be acting as an‘;ntigen% Further studies on the mechanism
of Hg-induced 1ymphocfte transformation are required.

Attempts to stimu;ate human 1ymphocytes with

methyl mercuric chloride were unsuccessful (Fig. 3.4.10a

A




Vo ” o Lok ; .
. c ; . .
!

- D

—
. Fig. 3.4.8. Resbonse'of cat Blood lym?hgcytes to mercuric )
chloride. Cat lymphocytes responded well to .
HgClzj'the'response reacheﬁ‘g peak at';OfSH
' HgCl '
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' Fig. 3.4.10a anc

'methyl'meréuric chloride. MMC
failed to'stimulate'cells at. con--

e

centrations well below ' those in-

~hibiting the Con A response at

either qéj 3.(a).and day 5 (b) of
culture’ - '

o !

Response of'Huhan‘lymphocytes to
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_and b). ‘Methyl mercury‘toxicity was'evident-at 2 x,10-7M,
| a’ concentration 100 times louer than that at which the o
inorganic mercuric chloride was toxic. Organlc mercuriale>
have been reported tc be more cytotoxlc in. tissue culture _..
than inorganlc compounds (Umeda et al., 1969). 3.5
| “Insolub;e PHA . : o \‘ '
3,5.1 . Attachment of cells to Sepharose-PﬂA—.‘

”

&

Ihe binding of mitogens to cells has been

ko
demonstrated repeatedly with radic- or fluoresceln-labelled
mitoqens. Such\studies have 1ed to the conclusion that

- both responsive and nonresponal ls blnd mltogens

‘-equally, except in the case of. PWM which does’not bind
" detectably to‘either‘B or ?ggells.-_ imilar experlments'can
be performed-with mitogéns coupled to Sepharose beads
(Greaves and Baumlnger. 1972; ;oor, 197“".

" In four experlments. using human blood lymphocytes
and cat blood and Splenlc lymphocytes, cells attachéd in
‘greater numbers to Sepharose—PHA than to agarose beads
alone (Fig. 3.5.1-5). One can readily conclude that PHA-
%i?ding cells were present ln all samples tested.
| ‘Although cat and human perlpheral blood
lymphocytes appeared to bind equally well to Sepharos - PHA
the concluslon tnat equal number of PHA—blndlng cells pere
present is not entirely justified in the absence of |
information on the ability of ‘the systemuto.détect‘p

guantitgtive differences in reactive cell numbers.

3,5,2( Response of lymphocytes to_insoluble PHA
' Inso}ubie PHA has been reported to stimulate both.

B and T lymphocytes of those'species:for which soluble PHA

N
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 Fig. 3.5.1. Photomiérégraph of cat blbod.lymphocytes*"/V , 1
¢ attached to Sepharose-PHA (top). The lower
photograph shows a control bead with -

- | adjacent lymphocytes. .
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Attachment of human blood lymphocytes to

SephérosenPHA. _Lymphocytes.in medium con-
taining 10% fetal calf 'serum were incubated
with Sepharose beads or with beads coupled
to PHA for 90 minutes prior to examination:

by microscopy. Beads coupled to PHA bound .

more lymphocytes than did beads without
attached PHA. o

N
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Fig{ 3.5.3. Attachment of cat blood lYmphocytes'to
Sepharose-PHA. See Fig. 3.5.2.
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Fig. 3.5.4. Attachment of cat splenlc lymphbcytes to
Sepharose-PHA See F:Lg. 3.5.2.
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3.5.5. Attachment of cat blood lymphocytes to

Sepharose—PHA. See Flg 3.5.2.
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‘is T cell specific (Greaves and Bauminger. 1972; loor,

,from two cats as well as human blood cells with Sepharose-
'-PHA failed. Although a wide range of concentratiohs +of
beads was tested the possibility remains that a suitable '
ncentration was not employed. The human blood and.

splenic lymphocytes from both cats were responsive to

\
soluble PHA while the cat peripheral blood 1ymphocytes were

not.

3.6 gg;l;separationl

' Very recent reports have emphasized the imhortance of
.'lymphocyte separation methcds.l Particularly xelevant to the
present work is the demonstration that one population of cells
might inhibit the mitogen respcnse of another groug of
lymphocytes. 'In addition it has been suggested that routine

'separation methods such as gelatin or dextran sedimentation might

: purify one -lymphocyte class at the expense of others.

3.6.1  Suppressor cells

Tardieu et al. (197“) reported that rat thoracic
duct (TD) lymphocytes did not respond to PHA in medium
-supplemented with 10% agamma (gamma globulin free) fetal
.calf serum. However, in agamma calf serum or donor calf
serum thesE\cells responded well to PHA. Incubation,of e
,hlymphocytes uith bovine serum albumin (BSA) for 30 minutes
abolished their ability to respond to PHA. Tﬁ)/f
,experiments suggest the ‘existence in unfractioiitgd_
ymphocytes of a ceil which in the presence of BSA or

‘calf serum inhibits the response of T lymphocytes to PHA.

Ihese supgressor cells were isolated by density gradient&

s ¢t e A A Ak <A S

197&). Attempts t? stimulate blood andgfplenic 1ymphocngsg‘

-

/




: centrifugation and identified as relatively dense small

lymphocytes. ' :on ‘

To ascertain whether ‘a similar situation might be
responsible fof ‘the low- response of feline peripheral blood

cultures to PHA, cells were cultured in different

© mmramg— -

concentrations ‘of fetal and donor calf serum. The
responses,to PWM,and Con A were_clearly higher in medium
supplemented with fetal calf.sexrum. The.re8ponse to PHA
was similar in fetal and donor calf sera .(Fig. 3.6.1),
suggesting that the suppressox cell if indeed\ggesent, did
not reguire'activation_byka component of fetal calf serume.
A related phenomenon in an unrelated specigs; the
nurse shark, weslxeported by sigel et alt (1973). 1In this,

case unpurified ‘shark blood lymphocytes responded to Con A

but not to PHA. Fractionation 1 ukocyte populations on

a Ficoll—lsopaque gradient yielded 3 lymphocyte-containing
bands. One layer responded to both Con A and PHA but. the

) onse to PHA could be inhibited by cells from either of A
the two other layers. These results can be explained by
invoking a Suppressor cell not requiring actiVation.'

3.6.2 Enrichment in B cells by segaration methods

Gelatin and dextran se mentation techniques have

been emgloyed routinely.by ma y investigators to prepare
" lymghocytes from,whole blood r diverse purposes,
including the estimation of th§> oportions of T and B-
cells, Recently Singh et al. (197“) reported,that'these
sepatation methods result in a selective sefaration of B
lymphocytes and a considerable dest:uction'of'i cells,’

Table 3.6.1 shows the data of singh et al. (1974) on the

/ .h
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‘Fig. 3.6.1. Response-to mitogens in fetal and donor ‘
' calf sera. Feline blood iymphoéyfes
L. respondea similarly .or- better in fetal
' | caif serum (FCS) thanlln donor calf

serum (DCS). \\‘\h///
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‘ \ _' - TABLE 3.6.1,
L

Enriﬁhmént‘in B cells by separation methods.

k - . % B fymphdcytes ) '
: N".."‘r‘" ' . .

' ' pefore separatioi*. ~—after separation

60-72
67-69 *
62-74

25-300 ..
49-53 S
32

mouse blood
: spleen
rabhit blood
\ " . - .
1. Data from Singh.et al. (1974). _
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'Bl ' S * : ‘ g . .
percehtaQe ot B cells'in unseparated cell sdspensions and
after separation in gelatin, dextran or Fiooll-Triosil..

. " In the present work, cat blood lymphocytes,
.separated from defibrinated blood by gelatin sedimentation,
reSponded poorly to PHA whereas spleen cells, prepared4{
‘rdirectly‘from spleens, responded well to PHA. ~Since PHA
night‘indeed be a T cell mitogentfor cat 1ymphocytes.andn
sincde T cells riight be selectively lost inkthe routine
seéaration method, it was'necessa;y'to compare the_Pﬂs
. response.of'oells*purified‘by sei@fal sethods as shown in
"Figure 3.6.2. The results (Fig. 3.6.3) do not support the
hypothesis that PHA' responsive cells were destroyed by the

detibrination and gelatin sedimehtation p:ocedures.

3.6.3 Ffaoll-nypaque gseparation |
Cat lymphocytes uere subjected to centrifugation
on a discontinuous F-H gradient after routine defibrination
and gelatin sedimentation. Lymphocytes were located in
three areas‘(Fig. 3.6.u). Lymgphocytes in these bands were
recovered and cultured at a density of 108/ml wits.PHA;'PHM
and Con A (Table 3.6.2). Five ooncentrations of PHA were
" used since it has been reported that purified cells may'be
responsive'to.mitogen over a narrower,dose range than the
" a?parent cell mixture (sndersson ét ale, 1972e)._
COnoentration "he (5x10-3ml/ml) is the,PHAddose used for -
'most of - their previous experiments. PHA concentrations -a-e
| coirespond tb 10-2, 5x10-3, 3.3x10-3, 2.5x10-3 and-
1. Bx10-'ml/ml respectively. '
The data 1n Table 3.6.2 and 3 indicate that:

cultures of lymphocytes from fraction B incorparate more

A



. . ) . . . . l
Lymphocyte separation techniques..

{ - . L

i

defibrinated . S . ' heparinized
blood . ‘ blood -

gelatin , : - ‘ centrifuge

sediment - Co ‘ ' . . buffy coat-

culture

*

1. >Cat peripheral blood lymphocytes were purified
by several methods prior to culture. The mitogen
responses are shown in Fig. 3.6.3. :

Q. A .




Fig. 3.6.3. Effect of separation method on mitogen
response.. Gelatin éedimented'cells from *
defibrinated'blood fesponded'as well as
.or better than_éells prepared from cat
blood by other methods. '
(A=gelatin sedimeﬁtea; B=buffy coat; .
0=no mitogen; ;=PHA; x=PWM§ O=Con A).
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- responded to PHA.

Bl | | N y -

' 3H-7dR than cultures of_éells from other fractions or cells

prior fo F;H ééparatiod. In thg¢ same expefimenta,

‘ lymphocytes from different actiohs'were mixed Bf a 9:1

' ;ngo—aqs¥cultured at a d nsity of 108 cells/ml. Only
-those cultures containing mostly.cells from fraction B

e ' . -




Fig. 3.6.4.

Ficoll-Hypaque separgtion“of cat peﬁipheral
lymphocytes. To prepare the column (a)

. 1.5 ml of Ficoll-Hypaque (F-H), specific

equal volume of F-H of Spe01f1c grav1ty

gravity 1. 055, was layered on top of an

1.095. AbOut 10 gelatln-sedlmented

_lymphocytes in 0. 6 ml medium without serum

were 1ayered én top. After centrifugation
T 40 minutes at 400g the cells were.

 loYalized in three aréas (b). Cells were
- regovered from these areas and designated

fyactions B, & and b.- Gelatin- sedimented

cells prior to F-H purlflcatlon were desig-’
nated Fraction A.
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TABLE 3.6.2. .

Mitogen résponse of Ficoll-Hypaqué separated ceils.l
- . . © pHA
Fraction 0 a - b .C . d e PEM Con A
A 6.6 7.9 8.2 8.7 9.2 ..7.7 {22.7 38.5
B 12.7 20.6 23.4 27.2 28.0 -27.3 B1.3 78.1
¢ 7.8 6.3 8.6 10.2 9.5 11.5  28.3 15.2
D 6.4 7.7 8.0 8.0 7.6 8.4 20.1-30.2
9:1 ' | .
C:B 6.4 8.9 12.9
c:D -8.1 6.6 8.0
D:B 6.9 11.0 12.9 .
"D:C 7.0 7.8 13.0
‘ - 27.8

B:D 1ll1l.6

29.7

Cat periphéral lymphocytes were separated on a Ficoll-

Hypaque cqlumn and the fraétiops were designated'as'shéwn_

in Fig. 3l6.4. cells prior to F-H separation were des-
ignated fraction A.

at. a densitf of 106
5 concentrations of
in sguare root CPM.

the response to PHA o©

different fractions
from fraction B.show a dramatic respon

In all cases lymphocytes were cultured

per ml. The fesponses to no mitogen,
PHA (a>e), PWM and Con A are expressed
‘The lower portion of the. table shows

¥

f cultures cdhfaining cells from ..

combined at a fatiz/pf 9:1. cells

e to. PHA and im—

_proved respohses to PWM and Con A.

e
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* . TABLE 3.6.3.
' Mitogen response of Ficoll-Hypaque separated cells.l
- | E PHA L
Fraction o} . a. . b c d e PWM Con A
A 5.0 9.2 . B.3 9.4 11.3 10.9 43.2 © 57.8
. ‘ | . . . .
B 11.3 25.0 23.8 31.2 36.4  33.7 115.9 167.6
¢ 5.9 '4.9 5.6 5.5 5.6 5.9 7.4 - 5.3
D 5.1 6.0 5.5 4.9 5.5 - 4.5 4.9 " 6.9
9:1
C:iB 5.8 5.9 7.3
] ~
C:D 5.7 ’ 5.1 5.2 ' -
D:B 5.4 6.2 5.5
D:C 5.2 5.0 5,4
B:D 7.4 17.4. 23(;3
B:C 9.2 25.5 24.8 -
Cat périphéral'lymphbcytes'were separated on a Ficqll—
_ Hypaque column and the fractions were designated as shown
. e

in Fig. 3.6.4., Cells prior to F-H separation were designatéd

" fraction A.  The responses to no mitogen, 5 concentrations of

PHA‘(a>e),_PWM and Con A are ekpressed in équare‘foot CPM.
The 1ower portlon of the table shows the response of PHA of
cultures contalnlng cells from different fractions comblned at

a ratio.of 9:1. Cells from-fractlon B show a dramatic response

. to PHA which is not suppressed by cells from fraction D or 4.




e -
88

q, Discussion .

401 'gggerai discussion

| The initial objective of the présenr investioaéioh was
readily attained. The developmeht of a reliable cct lymphocyte
culrure systégjwas accomﬂlished simolyrby'using the mitOgeu‘éon.A
in place of PHA, The stimulation of cat lymphocytes by PHM as
advocated by Bilz et al. (1967) was invarlably inferior to _
stimulation by Con A. Inc1dentally, the mitogenic pxoperties of
. Con A‘were not recognlzed until 1968 (Leon and Powell, 1968).

' The cbservation that cat peripheral lymphocytes responded
poorly t0 PHA was intrlgulng slnce lymphocytes of most -species:
respond well to ﬂhis mitogen. |, Suspicions that culture condltions
might not be optlmal were not confirmed since varying the culture

_parameteré;'cell‘ serum and mitogen oo ntration failed to

1mprove the respcnse to. PHA. rtheless, other experlments

concerning dlverse aspects of lymphocYgz behavior, mercury
'etrmulatlon, ouabain.inhibltion of mitoqen.stlmulation, etc,
'demonstruted‘that cat lymphocytes readted_under.these conditions
similarly to cells of other species. . _
Experiments showing that peripheral lymphocytes of some
cats.do respond . while:similar cells from other indiuiduals do not
led to an hypothesls of inter-lndlvzdual differences in PHA
respon81veness, possibly genetlc in origin. This reasoning was
rejected when it kecame evident that the response to PHA of -
spleen cells was coﬁsiderable even from cats whose bIood cells

were unresponsive, However, a suitable explanation for the poor

PHA responsivenels of peripheral lymphocytes is lacking.

|
|
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| * A number of hypotheses can be_advapced‘to“explain the
slight-or negligible‘response of cat pexipheralllymphoojtes to
fHA: ' | o ) | |
_‘_1) aﬁatomicei oompertmentalieetion of.fﬂAﬁresponsive
cells. | _ b - t
2) cryptic PHA recepto;s op'cixCuiating ceils.
:3) ' destruction ofiPHA4reactive cells during separaploh.
'u;. presepce in blood of PHA euppreesor cells.

1) Anatomlcal compartmenteiization”ofwPHA-reSponsive‘
cells. The data gathered in the preeeﬁt‘-
investigation appear to ke entirely_consistent'
with the contention thatﬁoaﬁ PHA-reacti celle

~ are present in‘dow'numbers in the periphéral blocd
and'are more concentiated in thelspleen and/or
other oxgans. A similar situation ﬁay exist in
:the rabbit where sPleen cells respond much better
‘to PHA than do. perip?eral blood cells {(Mansfield.
and Wallace, 1973; Sell and Sheppard, 1973). on
the other hand compartmentalization of PHA—
responsive cells may be less pxonounced in some
_other species such as the mouse (Fowler.gg al.,
1971). |
-This hypotheSLS would be invalldated 1n the event
of‘Substantiation of any of the following
hypotheses. j>
2) Cryptlc PHA receptors on c1rculat1ng cells. Two
| llnes of evidence tended to discount this

hypotheses. FlIBt blood and Bpleen lymphocytes

attached equally well to PHA coupled to egarose

Fd

\
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4)

'blood did not support this b
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beade,‘altﬁougﬁ the ability of this teéhnique to
distinguish quantitative differences was. not
established. In‘addition,lthe'inabiliey-to
consistently improve the éﬂe response of

peripheral lymphocytes by pretreatment with

proteolytic enzymes pravided no evidence tha£ the

difference between spleen and blood cells is based
on cryptic PHA receptore} |

pestruction of PHA-reactive celle'during

'~ separation. Experimente to c0mpare the mltogen

response of gelatin sedimented and buffy coat .

rinated and heparlnizedp

lymphocytee f;om_both defi
. | the31s.

Presence in blood of PHA suppres cells;, The
concept of a cell populaticn present in blood but
not spleen thap suppresees.the response to%PHA
could account for the differentlal response of

blood and spleen cells to PHA. The data in Tables

- 3.6, 2 and 3 do not support this hypothesis.' Iu-

theee partlcular experlments cat perlpheral

lymphocytes were eeparated into three fractions*ou

‘Ficoll-Hypaque columns. Cultures of cells from

onlY’one fraotion-respohded to PHA. Cells from

the- two PﬂA-unresponsive fractions d:Ld not

suppress the response of the responsive cells.

Hypothesis number one is a reasonable explanatlon for the

pcor PHA reeponslveness of cat peripheral lymphocytes. It is

supported by the data in Tables 3.6. 2 and 3 which appear to show

)

an en:ichment of PHA reactive cells in fraction B. The alternate

‘

PR o | -ﬂ.“f
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hypotheses, numbers two.tc'four, rec%iwe little support from this
- B . ' ' ‘ - » - .

.etudy,

4.2 Conclusions
N A réliable‘culture method for cat ljmphocytes-ﬁes .
developed.

b}
2. The stimulation of cat lymphocytes uas inhlblted by 3.5 x
. " 10—°M ouabain. ) C h
3. Attempts to modify the respohse of 1ymphdcytes to mitogens
by p;oteelytic e32Yme txeefment gave‘Variable‘results.
‘Trypsin‘was ﬁoﬁ'mikogeqic to cet cells cultured in-seruﬁ—‘
free HB 597;
4. Periodate wes a poor.mitogeh for cat lymphdcyteﬁ.
5. cat and humenlemphocytes'were,etimplated'by mercuric
,ehloride;‘cellﬁ\dia not respond to ﬁethyl mercuric
chloride. | . | ‘
'6.7 cat peripheral dymphocytes responded well to Con A and PWM,
but §oor1y'to PHA. . |
7. Splenlc 1ymphocytes, even from cats whose blood cells were .
unresponsive, responded well to PHA..':
8. The poor response‘of peripheral blood cells to PHA was’

explained an the baels of a low c0ncentration of

circulating PHA - responsive cells.

|

4.3 Future directions sugqested
“ Research in several areas seems indicated. First, breeding’
programs with PHA responders and non-responders to develop lines

' would provide ‘enough animals for further investigation of various

aséects of the PHA xesponse; In addition, atteppte ehpuld be



- 92

\

made to distinguish cat T'and B lymphocytes

surface characteristics. '
F
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