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ABSTRACT

Whan murine spleen celis are :mm-dwrﬂwﬁmmm:tn(:ﬁﬂvdnA
(Con A) they eisborste a factor, interieukn 2 (IL2). which has a rumber of smmuUNo-
strmulstory effects jn yitrg L2 serves as a costmulator for the proliferstion of Con
A-stimulated thymocytss when they are cultured at iow cell density L2 slso sumulates the
t;éﬁtin.ﬁusﬁpfélifﬁ'ﬁlﬁﬁ of antigen—activated. effector T lyrrﬁmym(:

Several biochemical charscteristics of L2 were deterrrwned (1) it has 8 molecular
rachus corresponding to globular protemns of 30,000 to 4%.000 rndac:ult weight: (2) it1s
an acidic moliitule mei:“it*ﬁH 7 3 elutes from DEAE-Sephace! at a sait concentration of
0.12 to 0 14 M NaCl; (3) it is ssparable frém cclr;;ﬁy stimulating factor by hydrophobic

electric focusing pn;\fni, with pl values r,ﬁgnng trom 4 6 to less than 34 These

fractionations provide 2 caﬁvﬂ:ﬁt reproducible procedure for isolating IL2 free from

costimulator activity and ‘T cell g;awﬂ'u activity - copurify through all the chromatographic
procedures apphed '

A tughly purified preparation of IL2 was used to estimate the potency of this
tymphokine lLi-;is active st less tham 3 x 100 M

When IL2 is denatured with socium dodecy! sulfate (SDS). quantitative recovery of °
activity is obtained upon removal of the SDS A molecular weight value of 16.000 was
cbtained for SDS-denstured and &maﬁmciirgduéed IL2 based on the rasuits of gel
filtration chromatography and glycerol gradient centrifugstion The 3 species of interieukin
2 stuched 80 far — rat. human and murine - can thus all exist as polypeptide chains of
15 000 - 16.000 molecular weight The murine factor 1s normally isolated with a
molecular weight of 31,000, suggesting that itis omposed of 2 subunits

iL2 is aiso produced from a variant of EL4 lymphoma cells upon stimuiation with '
the potent tumor promotor phorbol~- 12-myristate- 13-acetata The IL2 produced is
biochemically indistinguishable from that produced by Con A-stimuisted spieen celis The
EL4 lymphoma celis produce approximately 250 fold more L2 on a per cell basis than do
Con A-stimulated spieen cells.
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a mixed lymphocyts
response is correlated with ther nability to nduce L2 production The rote of L2 in this

. The defect in the ability of UV -wracksted cells 1o stx

response appesrs 1o be m'af' converting an antigenic Qﬂ'ﬁm an rmmunogenc signal
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AFC:

Allogeneic:

Ampholytes:
Antigen:

B cell:

B5A:

Garrier:

Complement:
-~

_Qpn A:

€

ABBREVIATIONS AND DEFINITIONS

antibody forming cell
of a different H-2 type; recognized as foreign

a series of peptide molecules of _different
isoelectric points; used to form pH gradients

a compound, usually protein or carbohydrate in
nature, that can be recognized by the immune system

antibody producing lymphocyte derived from bone
mArrow

bovine serum albumin

an antigenic moiety recognized by helper T cells in
the antibody forming cell response

a complex series of serum proteins which lyse cells
that have bound antibody '

Concanavalin A; a T cell ggxogen I

cytotoxic T lymphocyte

dithiothreitol

ethylenediaminetgtraacetic acid

fetal bovine serum )
\

major histocompatability complex in mice

an antigenic determinant; recognized by B lymphocytes

in the antibody forming cell response
H¥2§hydréxy2thyipiEFFQI]ﬁE*H‘?ZiEEhiﬂSU‘FQﬁiE ;ﬁidfgfff
helper peak-1; same as |L ]

horse serum - ‘

e

associated with th§5§?%57>subregian
~
interleukin L;fi and 3
=
immgngffégéanse locus of the H-2 complex; 2 region
whigh controls the ability of the immune system to

recognize various antigenic determinants

., vill



Lyt antigens:

MHC :

Mitoden:

MLR:

mRNA:

MW

nu/nu (nude) mice:

PAGE:

PHA:

pl:

PHA :

SDS:

SRBC:
syngeneic:
T cell:
TCGF:

(T,6)-A--L:

Thd:
Thy 1:
TNP:

TRF :

a reglon of the H-2 ﬁnﬁpiex'

keyhole 1impet hemocyanin; an antigen

bacterial 1ippopolysaccaride_
differentiation antigens expressed on T i

Jymphocytes

major histocompatabllity complex; genes coding for
complex proteins and glycoproteins important in
immune reactivity

substance which stimulates a large proportion of
lymphocytes to proliferate

mixed lymphocyte response; thd proliferation of
T lymphocytes In response to }H@ggr\gié cells

messenger RNA . 7 .
molecular welght

genetically athymic mice; lack functional T cells
polyacrylamide gel electrophoresis
phytohemagglutinin; a T cell mitogen

Isoelectric point

ph@rbai-lZimyristitgil3—;cetatg

sodlum dodecyl sulfate

sheep red blood 235?

of Identical H-2 type; recognized as self
lymphocyte which matures under thymic influence

T cell growth factor; same as L2

a copolymer of tyrosine and glutamic acid residues
attached to a lysine backbone by alanine side chains

thymidine
a glycoprotein expressed on the surfaces of T lymphocytes
trinitrophenol; antigen

T cell replacing factor

ix
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A. THE IMMUNE SYSTEM

The myrune systam. sesn n its most Ntricats form in vertebratas, is a highly
deveioped. adsptive. defense mechanism designed to protect the host from foresgn
pathogens. Historically, the ef fector components of the immune system were divided into
humorsl and cell-medisted components, based on their abiiity 10 passively transfer
mrynunity from an immune individual to a susceptible one. In humoral mmunity, transfer of
mmunity was achweved by using the serum of munNe ndhviduals. wheraas with cell-
meduated mmunity, the ransfer of viable cells was required

The humorsl immune rasponse s mediated through antibodes secreted by B
lymphocytes. The maturstion of B lymphocytes in birds occurs i a specialized organ, the
Bursa of Fabricwus (therefore the designation "B lymphocytes). in mammals, B lymphocytes
are derived from the bone marrow and dif fersntiste In secondary lymphoid organs, namaely
spieen, lymph nodes, and Peyer's patches.
Cell-mediated /mmunity 15 effected by two classes of T lymphocytes, cytotoxic T
lymphocytas and those T lymphocytes which mediate delayed-type hypersensitivity. Cyto-
toxic T lymphocytas (CTLs) are an important defense mechanism sganst virus=infected
celis and may play a role in protecting the host agamst tumor growth These lymphocytes
kill celis which express foreign antigens by delivering to them a ‘signal’ which results in
their lysis. Cell-celi contact iséssential for the delivery of trus kiling signal. The T caeils
responsible for delayed—type hypersensitivity, when appropriately stimulated with antigen,
relsase chemotactic factors that attract phagocytic cells mto the area of foreign antigen
infittration. Both of thase classes of T lymphocytas arise in the bone marrow and mature
under myﬁc influence (therefore the designation “T" lymphocytas). An important charac-
teristicof T wﬂp@cms is the expression of a cell surface glycoprotemn referred to as
Thy 1 S(fmly referred to as theta) The Thy 1 glycoprotein is not expressed on either B
lymphocytes or macrophages.

The immune system also contains lymphocytes which exert a r:gﬁln’ary nfluence

over humoral and cell-meduted responses. These reguistory lymphocytes are aiso T

7



lymphocytes (Thy 1) and they can exert sither a ‘helper effect or a ‘suppressor’ effect on

g the wryrune responss At on
time macrophages weres bslieved to have only one role - that of phagocytoms of foregn
matsrisl. Recently it has become apparent that macrophages play a crucll role in reguiating

in addition to Thy 1 antigen. a group of cell surface antigens known as Lyt artigens
sre siso expressed on the surfaces of T lymphocytss. Thase antigens have been used to
distinguish between functionally diverse subsets of T lymphocytes (Cantor and Boyse
1977) in genersl, helper T celis sare Lyt 1.2 3" suppressor T lymphocytes and cytotoxic
T iymphocytes are Lyt 1-.2°.3- The precursor T lymphocytes to both of these groups are
believed to be Lyt 1-.2-.3- reviewed n Cantor and Boysa 1977) Several other Lyt antigens
have been described (McKenzie and Potter 1979)
2. MHC Gene Products and T Cell Function

The recogrtion of sntigens by T lymphocytaes 15 sagnificantly dif ferent from the
recognition of antigens by B lymphocytas T lymphocytes have the additional requwr ement
of recogruzing a product of the major histocompatability compiex (MHC) n conjunction
with antigen This restriction of antigen recognition by T lymphocytes is the basis of seif /
non-self discrimination

The major histocompatability complex. designated H-2 in the mouse and HLA in
humans. 15 8 genetic locus which codes for cell surface proteins (and giycoprotsins)
important in immune reactivity The H-2 compiex was first recognized as being respon—-
sible for the rapid graft rejection observed when skin from one mouse was grafted onto a
genetically different one. although this 1s not a physiologically E—'E‘S'E"“ function for the
H-2 complex. Over tha years many functions have been mapped in the H-2 bcus rasulting
in its division into various regions. A simplified view of the H-2 complex was recently
described (Kiein et a/. 198 1), in which the H-2 compiex has only one essential function -
that of sliowing T lymphocytes to establish self identity The products of the H-2 locus sre
then divided into two classes, Class | molecules which are responsible for the develop -
mant of cytotoxic reactivity, and Class i molecules which are responsible for the



development of heiper and suppressor T lymphocytes. Class | molecules, the K and D pro-
teing, are expressed on all somatic cells N an INdividusl and are coded for by the K and D

antigen in the response agamnst virus—ntfectad cells. Thus. CTLs whsch have been gener sted
sgainst virus—infected cells of one particular H=-2K or H=2D phenotype would not lyss
cells of a different H-2K or H=2D phenotype infected with the sarme virus (Zinkemagel
and Doherty 1974). The CTLs must recognize both the antigen and i&iﬁ K or D proteins.

Class Il molecules are coded for in a region of the H-2 complex designated the
immune response or ir locus (H-2 | subregion). Thus reguon codes for moleculas which are
sxpressed primarily on B cells and macrophages and sre desigrated la molecuies The
macrophages perform the crucial function of presenting antigen n the context of la
molecuies - a function essential for antigen recognition by both helper and suppressor T
celis la recognition by T celis 15 important. 1f not essentisl, for the development of
delayed-typed hypersensitivity and for successful B celi-T cell interaction i antibody
production (reviewed in Benacerraf 1981)

The distinction between Class | and Class Il molecules is therefore that Class |
molecules are invoived in the cytolytic function of T iymphocytes. while Class | molecules
are involved in the reguistory function of T lymphocytes. All T cell functions recognized so
for sre restricted m that they must recognize a ‘self’ component (a product of the H-2
complex) in addition to antigen.

3.7 Celi-B Cell

in 1966, Cilaman snd coworkers (Ciaman et 8/, 19686} demonstratad that two call

popuiations were required for sn antibody forming cell (AFC) response to sheep red blood

liferate. These mice serve as living test tubes' that allow one to nvestigate the roles of
various injected cell populations When either bone marrow—derived or thymus—derived
celis were injected into these mice, along with antigen, the host was only able to mount a
meager AFC rnpeﬁs;! against the SRBCs. However, when both cell populations were
injected, they synergized to give a good rasponse, indicating, for the first tima, the
importance of cell-cell interaction n immune activation Further experiments by Mitcheli

and Miller { 1968) astablished that the AFCs were bone marrow-derived and that the



" thymus—derived celis exertad a reguistory effect on antibody production

An 0 yilro system for studying tha AFC responss to heterologous eryttwocytes
(e.g. SRBCs) was designed by Mishell and Dutton (1967) They showed that when spleen
celis from normal mice were cuttured on yitrg for 4 to 5 days n the presence of SRBC s,
the B lymphocytes recognized the SRBCs as formgn and synthasized and secreted anti-
body specifically directad against SRBCs The number of responding B cells could be
were mixed with SRBCs and complement. Each plague. the result of lysis of the
surrouncing SRBCs, representsd a single cell which had secreted antibody specific for the
SRBCs. If the spieen celis were first depieted of T cells, and then challenged with SRBCs,

T N

occurred This result was an In vitrg paraiiel to the results obtained by

vt #/., (1966) jn yivo that T cells were required for the AFC response to SRBC
Ancther system used to study AFC responses used hapten—carrier complexas. A
hapten 1s a small antigenic rmoiety such as dinitrophenco! which is unabie to elicit an AFC
rgmﬂm when injected in free form Howeaver. anti—hapten antibodias are readily
produced when the hapten 1s coupied to an immunogenic carriar, such as bovine serum

albumin (BSA) or ovalbumin, before injection The requirement for a carrier In the anti-
hapten rasponse was shown to be axarted at the lavel of T cells Mitchwson 1971) The T
celis recognized the carrier as foreign and provided ‘help ' for tha B cells. The concept of
‘linked recognition’ was a result of studying the secondary response of B celis to hapten—
carrier complexes. When mice ware primad to dmitr ophenol—ovalbumin and then
chalienged with dinitrophenol-ovalbumin or dinitrophenol—BSA, a secondary AFC
responss was obtained only with the homologous carnar (dinitrophenol —ovalbumin). The
in,-:tia:i of dinitrophenoi-BSA and free ovalbumin into dinitr ophenol—ovalbumin primed
rmuce did DOt result in a secondary response, ndicating that the B cells recognizing
dinitrophenc| and the T cells recognizing ovalburmin had to be in close proxmity. A secon-
dary response to dinitrophenol-BSA could be ?bmr-d in dinitrophenol - ovalbumin primed
muce if these mice were aiso primed with freé BSA In the presence of the appropriate
hapten—carrier conjugate (dinitrophenoi-BSA). the T celis primed to BSA interactad
(provided heip) to B cells primed to dinitrophenol.
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B. THE CHARACTERIZATION OF ANT lGEN-N(SNSPECIFIC HELPER AND
PROLIFERATIVE FACTORS /
1. General Considerations :
The observation that T lymphocytes and macrophages exert a regulatory infiuence

over both B lymphocytss and other T lymphocytes has led t0 considerabie nterest m

~ -!determining the mechanism by which such regulation takes piace Two possible reguistory
interactions can be envisaged - regulstion which is mediated through cell-cell contact or
reguistion medisted by soluble effector molecules. Both T celis and macrophages reiease

soiuble effectors which influence T cell function. B cell function. and macrophage function
reviewed in Waksman and Namba 1976) These soluble effectors may be stimulatory or
inhibitory and they H\ay exert thew function in an H-2 restricted or unrestricted manner
{H-2 restrictad factors would only influence ceils which are syngeneic to the cels which
produce the factors) Finally, these soluble effectors may function in either an antigen-
specific or nonspecific manner. Antigen—nonspecific factors stimulate an immune
response to several compietaly different antigens. and their activity 1s independent of the
method used to produce them

There 1s considerable confusion as to the role of these various factors m immune
reguistion It has become apparent over the last several years that the crude vsu'pcrmunts
of lymphoid cell cuitures contan 8 variety of both stimulatory and inhibitory factors In
addition, several of the assay systems used to charggtonze these factors respond to 2 or
more different factors Thus an under standing of the role of soluble effectors in the
Immune response requires the study of biochemically weli characterized factors in clearly
defined assay systems |

Among the first reports of soiuble factors capabie of stimulating immune
responses were those of Kasakura and Lowensten (1965) and Gordon and Maclean
{1965). These investigators observed that cell—-free media from cultureg of human leuko~
Cytes stimulated other human leukocytes to proliferate Over the next several years, a wide
variety of solubie factors which had an influence on the immune systam-w e described.
The remainder of this discussion will consider those factors that are antigen—nonspecific
and which erther stimulate proliferation or supply ‘heip in the immune response These
factors could be divided into what at first appeared to be three distinct groups The first



group of factors stimulated the proliferation of lsukocytes The factors described by
Kasakura and Lowensten (1965) and Gordon and Maclean (1965) fit into thus category As
waell, Jarws and Bach (1970) described 2 factor, also obtmned from human leuk oCytas

cultured |0 Yilrg whwch in addrton to stmulsting prolif ersuon had ‘potentiatng actvity. The

proliferstion The response observed was grester than the sum seen with antigen alone

and with factor alone. A potentiating factor for mouse thymocyts responses was reportad
by Gery et a/ (1971)

The second group of nonspecific factors replaced the requirement for macro-
phages in several dif ferant immune responses. Bach er #/ (1970) showed that cuitured
macrophages produced a facter which restorad the proliferative response of T celis in
macrophage—depieted cultures Another macrophage—produced factor replaced macro-
phages n the 0 yiirg AFC response to SRBCs (Hof fmann and Dutton 1971)

The third group of nonspacific factors raplaced ] calls in the AFC responsa to
SRBCs. This activity was first describad by Dutton er 8/ (197 1) and subsequentily by
Schimpl and Waecker (1972). and othars (Doria et 8/ 1972, Feldman and Basten 1972,
Gorczynski et a/. 1972). Thasa 'ﬂ;traa groups of factors. among others. were lymphokines
non-antibody mediators of celiular immunity gener sted by lymphocyte activation
Dumonde et o/ 1969)

The foliowing discussion will consider the events which have led up to our present
understanding of the role of nonspecific helper and proliferative factors in the immune
response. In addition, antigen—spacific factors active n AFC responses will also be
discussed In genaral, the svents described will refer to the study of the murine factors
both becauss they ara the best characterized and bacause tha results presented in this
thesis mvolve the murine system axclusively

s. Responses to Heterologous Erytiwocytes

The experiments by Claman and coworkers (Claman et 8/, 1966) and Mqtchh:ad
Milisr (1968) demonstrated that T celis played an important role in B cell n:tjvitjan_g;@_
Experiments using the Mishell-Dutton t;g;ltgra system confirmed jn yitro tha requirement
for T cells in the AFC response to SRBCs In 197 1. Dutton and coworkers [Dutton et a/



1971) demonstrated that the celi-free supernstants from suitably activated T celis could
replace the requirement for T celis in the AFC response to SRBCs Shortly therasfter,
Schimpl and Wecker {1972) proposed the term T Caeli Repiacing Factor (TRF) for an activity
similar to the one described by Dutton Several other mmgitaﬂ aiso described TRF
activity Dora et 8/ 1972 Feidmann snd Basten 1972, Gorczynski et a/ 1972, Sjoberg et
a/. 1972). These reports, that a nonspecific soluble affector could replace the requre-
ment for T cells in the AFC response i\ yitiro suggested that one mecharism of T cell-B

cell collsborstion was through the reiease of a soluble medstor

TRF activity is obtamned in cell-free supernatants whert cultures of T celis sre
appropristely shmulated wrth antigen 1t 1s generally observed however. that the number of
virgin lymphocytes {those that have not encounterad antigen) that respond to any one
particular antigen is severely imited This is expected on the basis of the Cional Selection
Theory formulated by Burnet (1959), each lymphocyte has receptors for one antigen only.
In response to that antigen the iymphocyte proliferates, producing progeny with receptors
specific for the stimulating antigen (clonal selection) In the case of B lymphocytes. the
proliferating celis produce and secrete large quantities of antibody with specificity
towsrds the antigen To efficiently generate TRF it is therefore necessary to use cuiture
conditions in which a large number of T cells can be stimulated One of three culture
conditions i1s cammonly used in the first, activated T celis are generated by injecting
thymocytes into lethally' rradiated, syngeneic recipients which are then immunized with a
particular antigen (reviewed in Katz 1977, Chapter 1). The principie is that a substantial
proportion of the spieen cells obtained from these mice, after about | week. are primed T
celis derived from the antigen-stimulated thymocytes. As a result a much lar ger response
occurs when these cells are stmulated with the priming antigen than would be seen using
unprimed cells.

Another method commonly used to efficiently generate TRF is the mixed leukocyte
reaction (MLR). First described by Bach and Hirshiorn (1964), and Bain et o/ (19 64) the
MLR is the proliferative response seen when leukocytes from two different individuals are
Cultured together. This proliferation 1s a result of T lymphocytes recogruzing as foreign the
histocompatability antigens present on the strmulator cells. The MLR can be made
uni-directional by tresting one set of cells with mitomycin C or x~irracation, thereby



ting thew proliferation In comparison to sntigernc stimulation, 8 much higher
frequency of unprimed T cells recogruze and respond to foregn histocompatability anti—
gens. The biological significance of trus ncreased frequancy may be relsted 1o the double

recquirement for antigen and self recogrnton of T cell responses.

The third method commoniy used 1o produce TRF is polyclonal activation by mnto-
gens. Mitogens are agents which stmulats lymphocyte proliferstion in 3 marnner that does
ROt invoive antigen receptors on the lymphocytes. The stimulation requires binding of the
mitogen to various cell surface components, n particulsr the charbohydr ste mossties of
various glycoprotens (Gresves and Jsnossy 1972)  Two commonly used mitogens are
hemaggiutinn (PHA) and Concanavaiin A (Con A) - plant lectins which specifically
stimuiste T lymphocytes B lymphocytes of various specificities can be stmulsted to
proliferation and antibody secretion by hpopolysaccharide (LPS), a mitogen obtamed from
Eachenichua coli Pokewsed mitogen stmulstes both B and T celis. The response to mito-

gens is often referred to as polycional because celis with many differsnt specificities are
stimulated to proliferata. -

The preiminary studies on TRF demonstrated that it was produced in all three
culture systems described above Celi-free supernatants contaning TRF activity have most
commonly been ocbtanad by MLR stimulation of T cells (Sctwnpl snd Weacker 1972 Dutton
et a/. 1971, Sjoberg et 8/ 1972). As well. TRF activity 18 produced by Con A-stimulated T
cells (Wecker ot 8/ 1975 Waldmann et 8/ 1976), T cells stimulsted by SRBCs (Gorczynski
et a/ 1972 Dora et a/ 1972). and activated T cells stmulated with the prﬁnﬁg antigen
(Waldmann and Munro 1973, Gisier et a/ 1973). Aithough T celis are clearly implicated in
TRF production, the heterogeneity of the starting spieen cell population does not allow
concilusive proof that the T celis synthesize TRF. In general, it 15 sasier to determine which
cells are important in producing a factor than it is to determme which cells synthesize it
Clearly T celis, in particular Lyt 1 haiper T cells (Pickel ot #/ 1976). are involved in TRF
production, but a requirement for r;\:t;raph:gds has also been shown (Sjoberg er o/ 1972,
Waidmann and Murro 1973)

The standard assay for TRF measures its ability to repiace T celis in the primary
Immune responss to SRBCs. Several methods were commonly used to obtan spieen celis
deficient in T cells to use n thus assay These methods are described n Table 1.
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The simpiest explanation for the mechanism of TRF activity is thet TRF stmulstes B
celis directly to produce antibody. The first experiments of Schempi and Wecker (1972)
demonstrated that TRF worked best when added 2 dsys sfter the initistion of culture. Thus
suggested thet at least 2 signais were nvoived in B cell activation, one which worked early
(antigen) and the other which worked late (TRF). Experiments by Hunig et 8/ (1974), using
an sutoradiographic snalysis of plaque forming cells, showed thet TRF had no effect on the
proliferstion of AFCs in culture. This cbservation was extsnded by Dutton (1975) when he
ch\owod that the cells which prolifersted n response to antigenc stimuistion were the celis
wfudh were subsequently responsive to T cell heip. The interpretation of these resuits. and
others (Askonas et o/ 1974), was that antigen was providing signal 1 for B cell activation
{proliferation) and that TRF was providing signal 2 (differentistion)

A shghtly dif ferent mechanism for TRF activity was proposed by Hunter and
Kettmann (1974) and Waldmann et a/ (1976). They provided evidence that TRF stimulsted
bath proliferation and dif ferentiation of AFCs. By using a8 miting dilution anasiys:s. these
Nvestigators demonstrated that both the frequency of B ceils able to respond to antigen
and the number of AFCs obtaned from sach responding B cell were increased by the
addition of TRF-contaming supernatants These effects were observed when TRF was
added on day 0. in contrast to the results obtamned by Schimpl and Wecker (1972) The
dey between these 2 different mechanisms of TRF action is partly related to the
use of crude supernatant materiai It has recently been shown thst these crude
supernatants can contain lymphoknes other than TRF and that these lymphokines can
stimuiste B cell proliferation (see Section C3). v

Up to this stage, there \zu very littie attempt to charaterize the moiecules involved
in TRF activity (for an exception see Watson 197 3). There was some subgostion that the
TRF produced by MLR stimulation was dif ferent from that produced by activated T celis
(Waldmann and Murro 1974) However, Harwel! et 8/ (1976) showed that TRF produced
by MLR stimulation, Con A stimulstion and activated T celis stimuiated with the priming
antigen, were indistinguishable in terms o: moleculsr size All three eluted from a Sephadex
G-200 column with standard proteins of 30-40.000 molecular weight In addition, the

dose response curves for TRF activity were similsr in all 3 cases.
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and Wecker and coworkers (Muller et /. 1978; Hubner et /. 1978). Using TRF which had
was 8 protein, based on its sensitivity to hast and protesses. and that it probably contaned
carbohydrate moisties. No la or H-2 related components waere apparent Different forms
of TRF were shown to have apparent molecular wewghts of 45,000, 30-35,000 and

25 000 These mvestigators aiso dﬂm that TRF activity was detectable at lass than
10-* M. Basad on the smount of TRF activity prasant in crude supernatants, 1t was
estimasted that less than microgram amounts of TRF protein were present in these

inchicating the dif ficulty in purifying TRF to hor nerty The nonspecific nsture of TRF

preciuded the use of any specific affinity resins. lévmg only standard biochemical
tachruques for purification

The culture conditions used to produce TRF were subsequently shown to produce
other lymphokinas Thase lymphokines were active in stmulsting (and suppressing) Various
wmmune responses involving T celis. B cells. and macrophages (see sections B4 and BS). An
under standing of the role of TRF in B cell activation thus carried two requirements: (1) the
isolation of TRF materal free of other immunoregulatory factors and (2), the development
of assay systems specific for TRF and not responsivg to other lymphokines. These two
objectives have been partly reslized and will be discussed in detail later (see SectionC3) h
seems likely that TRF does indesd stimulste the last stage of differentiation in the AFC
response to antigenic stimulation, as initially proposed by Wecker et a/. {1975)

b. Responses t0 Hapten-Carrier Conjugstes

T celi—B cell coliaborstion is not limited to the primary immune response of B cells
to heterologous erythrocytes. Seversl laboratories have studied the T cell requirement for
an AFC response to soiuble hapten—-carrier conjugstes (Gisier ef a/..1873 Marrack (Hunter)
and Kappler 1975; Harwell et o/. 1976; North et a/. 1977, Hunig et a/. 1977a,b; Waldmann
and Murro 1974). In contrast to the rasuits obtamned in generating an AFC rnm to
SRBCs, the requirement for T cells in the response to soluble hapten—carrier conjugstes
could not be replaced by non—specific TRF (Gisler et a/ 1973, Waldmann 1975). Gisler er

2/. (197 3) generated TRF activity from 3 separate groups of ,:Etiu'l,'!cd T celis = those



primed and stmulsted with horse red blood cells, SRBCs, and keyhole bmpet hemocysnin
XKLH) All twee TRFs sumulated the AFC response of nude spisen cells to either horse red
blood celis or SRBCs However. only the TRF produced from activated T celis primed and
stmulsted with KLH was active in stimulsting the AFC response to dinitrophenol—KLH Thus, .
the supernatant from activated T celis primed and stimulsted with KLH contaned both an
antigen-specific component for KLH and an antigen—nonspecific component active in the
response to heterologous eryttwocytes

in a series of axperiments using hapten-primed B cells. Marrack and Kappler and
coworkers (Marrack (Hunter) and Kappler 1975 Harwaell et 8/ 1976; Keller ot a/ 1980)
were able to show that the AFC responsea 10 trinitrophenot—KLH required two types of
helper T celis. The first functioned in an antigen—specific manner in the mitiation of proh—
ferstion of B celis The second typs of heiper T call acted in an antigen nonspecific manner
and appeared to famote differentstion after the initial mduction of proliferation This
second type of haiper T cell could be rapiaced by TRF. and was the only requrement for
generating sn AFC response to heterologous erythr ocytss.

In contrast to these results. saveral nvestigators reportad that antigen—
Hunig ef 8/ 1977ab, North er a/ 1977) Thus North et 8/ (1977) demonstrated that
MLR-produced TRF stmulsted the AFC responss of dinitrophenol-primed B celis to
dinitrophehol-KLH

The discrepancy between the different requirements for B cell activation in.
rasponsa to hapten—carner conjugates is not easily resolved. It is quite likely that the
particular maturational state of the B celis used in the AFC response dictates the precise

requirement for sumulation. The slight variations used by different investigators in

obtaining primed B calis could tharafore result in significantly dif ferent requirements for
activation

c. Antigen-Specific Factors in the AFC Responsa
Antigen-specific factors are products of heiper and suppressor T cells that regu-

these two groups of factors exert opposite effects, they do have saveral important
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Taussig et o/ (1980). Of particular nterest are the observations that mimfﬁ
factors: (1) bind the antigen that they are specific for, (2) lack the constant region of
mmunogiobuling but carry the variabile determinants of immunogiobulin heavy chain; and (3)
contan deterrenants coded for by the H-2 | subregion of the major histocompatability
complex These thres cbservations have lad to cmmélrth imarest n these factors both

as a mechanism of cell - cell interaction and as the possible (and elusive) antigen receptor
on T celis.

Antigen-specific heiper factors for (T.GI-A--L (Taussig 1974 Howie et o/ 1979),
GAT Howie et 8/ 1979), KLH (Tokuhisa et 8/ 1978) and rabbit gamma-globulin, human
gamma-—giobulin, BSA and chicken red biood cells (Shiozawa et a/ 19799 1980) have been
reported [(T.GI-A--L is a copolymer of tyrosine and giutamic scid residues attached to a
lysine backbone by alanine side chans. GAT is a copolymar of giutarmic acid, slanine and
tyrosinel The KLH-specific helper factor requires T cells for its activity (Tokukisa et a/
1878). The other factors do spparently function in the absence of T cells This suggests
that antigen—-specific helper factors can work through two dif ferent mechanisms - the
stimulation of heiper T celis which then provide help for the B celis, and, the stmulation of
B cellg directly. The carrier—specific helper factor for chicken red bk‘;';éd celis described
by éhiézm: ot a/. was recently shown to work only in conunction with adherent cells, or
their nonspecific soluble products (Shiozawa er a/ 1980)

" Recently, several T cell hybridomas have been reported which secrete
ﬁt?émsgpc;:ific helper factors (Hiromatsu et a/. 1981, Eshhar et 8/. 1980; Lonai ot a/.
198 1a). AT cell hybridoma is tha fusion product between a normal T cell and one which is
naoplastic. A successful pmmup rasults in a T cell hybrid which retains both the
immunological function of the normal T cell and the immortality of the neoplastic one The
subsequent cloning and grawth of a T cell hybridoma provides a homogeneous source of
T celis and T cell products. These hybridomas should therefore prove to be an excellent
source of antigen—specific helper factors for biochemical characterization

Antigen—specific suppressor factors have been reported for KLH (Tada et #/.
1979, 1980; Kontiainen and Feldmann 1978). GAT and GT (Pierce et a/ 1979, Germain and
Benacerraf 1978), and SRBCs (Taussig et / 1979¢) These factors are active in either (1)
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stimulsting the generstion of suppressor T cells; (2) inhibiting the action of heiper T celis;
or (3) suppressing the response of B celis directly (reviewed in Taussig et a/ 1979c)

Several hybridomas have been shown to produce antigen—specific suppressor
factors Kontisinen et /. 1978 Taruguch: er a/. 1979, 1980; Taussig et 8/ 1979abl. The
advantage of having a hybridoma whech produces antigen specific suppressor factor was
sxemplified in the recent studies of Tads and cowérkors (Tarwguchi et a/. 1979, 1980). The
sntigen-specific suppressor factor for KLH produced from a hybridoma was shown to be
composed of two separste chains — one responsibie for bnding antigen and presumably
containing variable determinants of immunogiobulm hesvy chain. and the other composed
of an H-2 | subregion determinant These two chans sre synthesized independently in the
cytoplasm and secreted in an associated form Thus was the first demonstration that an
antigen—specific facto.r was composed of two separate chans coded for sepsrately in the
genome.

One of the most intriguing observations reisted to antigen—specific suppressor
factors was the demonstration by Taniguchi and Tokuhiss (1980) that the antigen—specific
suppressor factor for KLH stimulsted the generstion of suppressor ceils wihnch were able
to mediate suppression in an antigan—nonspeacific and H-2 unrastrictead maonar This
observation relates both specific and nonspecific mechanisms of suppression it demon-
strates that following induction which 1s antigen—specific and H-2 restricted, suppression
can be effected by nonspecific mediators. The retention of specificity in ¥IvQ 1S most
probably schieved by complex intersctions involving macrophages, B cells and the
nonspecific suppressor celis such that ‘bystander’ celis are not suppressed

Another factor implicated in triggering B cell responses is allogeneic effect factor.
Aliogenic effect factor is produced in 8 MLR which uses as responders T celis activated in
¥ivQ by injecting them into allogeneic hosts. These in viva-activated T cells are then stimu—
isted with irradiated splnn cells of host origin. it has recently been shown that aﬂom‘c
effect factor produced by this mechanism has two components Delovitch et o/ 1981
reviewed in Delovitch and Phillips, 198 1). Component |, of molecular weight (MW)
150-70,000, is an antigen—specific factor for sllogeneic la antigens. It has been proposed
that component | stimulstes B celis by interacting with the la antigens on ther surfaces.
thus providing signal 2 for activation. Signal 1 in this situation is antigen. Component Il is 8



nonspecific mitogenic factor for T celis ncistinguishable from imecieukin 2, to be
described later).

synergize with the T cell mitogen PHA in stimulating thymocytes to prolifersts (Gery er a/
197 1). The combination of LAF-contanng supernstants and PHA stmulstad thymocyts
proliferstion 1o sn extent greater than the sum seen with PHA alone and with LAF asione (the
synergistic effect. LAF was aiso shown to be mitogenuc in itself

LAF was produced by unstimuilated human periphersl biood leukocytes However,

celis upon stimulation with LPS (Gery ef a/ 1972) PHA and Con A stimulation of lymphoid
cells also elicited LAF in some specias Ad‘ilr,iﬂ} FCIIS were responsible for producing LAF
atthough a requirement for T cells could not be :inm:ﬁitsﬁ (Gery and Waksman 1972) LAF
was reported to have a MW of approximately 15.000 as determined by gel filtration (Gery
and Handschumacker 1974)
Several investigators reported the presence of other factors in LAF contaning

supernatants. Calderon and Unanue (1975) reported that cuttured peritoneal exudate cells
(cells obtained by a lavage of the peritoneal cavity of mice) produced LAF and a low mole-

of these two factors present in the sample assayed.

A significant advance was the discovery that several macrophage—like murine
Atumor cell lines could synthasize LAF (Lachman et w/. 1977a) The cell lines P3880D,,
J774 1, WEHI3, and PUS- 1.8 all produced LAF activity when stimulated with LPS. Several
different molecuiar weight forms of LAF were generated from these tumor cell linas. In
addition to the 15,000 MW form (Mizel and Rosentreich 1979), LAF activity was observed
with MWs of 50-60.000 and 75-80.000 (Lachman et 8/ 1977a) Later studies by Mizel
and Rosenstreich (1979) suggested that the high MW forms of LAF represented
intraceliular precursors for the 15,000 MW, secreted form These experiments proved
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thet LAF could be elicited directly from macropheges and that T cells were not essential
for LAF production

LPS. P388D, ceils produced LAF in response to phorbol— 12-myristate- 1 3-acetsts (PMA)
or activated T celis Mizel er 8/ 1978a.c) The J774.1 cell line was shown 10 produce LAF
in response to 8—Br-cychc AMP (Okada ef #/ 1978)

These tumor cell lines are an excellent source of LAF for biochermcal charscter -
izstion LAF with a MW of 16.000 and which exibited charge heterogeneity as deterrmened
by 1on—exchange chromatography was produced by P388D, cells erther unstmulated or
stimuisted with LPS or activated T cells (Mizel er a/ 1978b) The LAF produced by P388D,
cells stimulsted with PMA was shown to be composed of a singie polypeptide chain of
12-16,000 molecular weight as determened by SDS polyacrylarmude gel electrophoresis
PAGE) Mizel 1979). The behaviour of LAF on SDS gels was based on the activity eiuted
from the gel and assayed after removal of SDS

The properties of LAF from muring paritonesal axudate celis stimulsted with LPS
were.most thoroughly studcked by Economou and Shin (1978). it was shown to have an iso-
slectric pont of 4.8 and a MW of 18,000 The MW was caiculated using the Svedbarg -
equation and took Mto consideration axperimantally derived values for the molecular
radius. the buoyant density and the sedimentation coefficient of LAF.

Studies on human LAF showaed it to have a MW of 13,000 (similar to mouse LAF)
and an isoelectric point of 6.8 (higher than the pl of 4.8 for mouse LAF) Blyden and J
Handschumacher 1877, Lachwman et a/. 1977b, 1978) Lachman et a/. (197 7b) were able to
purity human LAF by greater than 16.000 fold and concluded that LAF was detectable in
sub-microgram amounts.

in adddition to LAF, human peripheral blood leukocytes were shown to alsborate
factors which could replace T cells in the AFC response to SRBCs Farrar.J).J and
Fuller—Bonar 1976 Farrar,J.J. et a/. 1977). One of these helper factors. heiper peask=1,
was shown to be similar, if not identical to LAF (Koopmsn et o/ 1977, 1978) Both the
thymocyte proliferative activity of LAF and the helper activity characteristic of helper
pesk-1 were shown to behave similarly on several chromatographic fractionations
including gel filtration. ion-exchange chromatography on DEAE-ssphsrose and



17

CM-sepharose. snd PAGE under non-densturing conditions.

Somewhst samilar stuches by Wood (197S8ab and referances contsined within)
demonstrated the similarity between LAF and B cell activating factor

In the Mouse system, similar events took place Hoffmann et a/ (1979) described a
macrophage—produced factor from LPS-strmulsted peritonesl cells wiwch stimulsted the
AFC response of nude mouse spisen celis to antigens bound to heterologous erythro-
cytes This factor was referred to as B tell dif ferentiation factor and |ater as T cell
replacing factor — macrophage Hoffmann and Watson 1979) it was shown to have an
approxmmate MW of 15,000 and was proposed to be similar. if not identical, to LAF
Hoffmann and Watson 1978)
duced By T Calls

4. Mitogenic Factors Pr

a. Thymoeyte Stimuisting Factor

in 1975, s thymocyte stimulating factor which was apparently not produced by
macrophages yas reported (DiSabato #r a/ 1975) This ‘thymocytes stimulating factor’ was
produced by PHA- stimulated spieen cells and it conferred upon thymocytes the ability to
respond to PHA ‘Thymocyte stimulating factor’ was different from LAF by several criteria
As siready mentioned, macrophages were not required for its production In addition.
‘thymocyte stimulating factor’' was not mitogenic in itself 1t required the presence of PHA
for mitogenc activity DiSabato et o/ 1975). Most importantly, however, ‘thymocyte
stmulsting factor’ was shown to have 8 molecular weight (as determined by gel filtration)
of 30-32,000 (Chen and DiSabsto 1976)

In most of the early iterature on these and other thymocyte stimulating f;étars a
distinction was made between ther mitogenic snd synergistic properties. Some of these
tactors. notably LAF, were both mitogenic and synergistic Other thymocyte stimulating
factors were only synargistic. The synergistic response. however, 1s usually many fold
greater than the mitogenic response. Therefore, at a particular dilution a factor might
sppesr to be synergistic but not mitogenic Complicating this problem is the fact that the
assay systems used by various investigators were significantly different in terms of cell
number. concentrstion or presence of mitogen, incubation time. and labelling time (for the

incorporation of tritisted thymudine) The difference between mitogenic and synergistic



thymocyts maturstion (Chen and DiSabsto 1976, 1977) The majormty of thymocytas are
generaily accepted to be functionally immature T celis. whsch must undergo some form of

dif ferentiation within the thymus before lasving it as mature T celis Chen and DiSabsto
(1976. 1977) observed thet ‘thymocyte stimulatng factor sliowed thymocytes to proh-
ferate in 8 MLR, to respond to Con A stimustion, snd to participate in a graft-versus=host
response - functions characteristic of mature T celis. Belier and Unanue (1977) demon-—
strated that a similar factor (30-40,000 MW) aisc allowed thymocytes to respond in an
MLR. snd in addmonm:m-d the amount of surface H-2. and decreased the suscep-
tibility of thymocytss to anti—thymus —ieukemia antigen treatment - further characteristics
of mature T cells.

in addition to 1ts production by PHA-stimulsted spieen celis. ‘thymocyte stimuiating
factor' activity was aiso generated during a MLR and by KLH-primed spleen celis in
responss to KLH ‘Thymocyte sbmulsting factor’ was not produced by nude mouse spleen
celis (Chen and DiSsbato 1976, DiSabato et #/. 1978). Furthermore, ‘thymocyte stemiating
factor’ was shown to require Thy- 1 positive T cells, RNA and protein synthesis. but not
DNA synthesis for its production DiSabato er 8/ 1978)

* b. Costimulator -

A tactor which sllowed thymocytes to respond to PHA was described by our
group and referred to as costimulator (Paetkau ef o/. 1976, Mills et a/. 1976 Shaw et a/.
1978a.b). Its biochemical characterization is the subject of this thesis. Seversl
characteristics of costimulator will, however. be described here s0 that its relstionship to
other soluble off'octon can be spprecisted.

Costimuiator is produced by Con A-stimulated spieen cells and it allows thymo-
Cytes to proliferate in response to Con A and PHA, it is therefore a costimulstor for
thymocyte mitogenesis (Paetkau et a/. 1976 Mills et o/ 1976). Normally, costimulator
requires both macrophages and T cells (Thy 1 cells) for its production (Paetkau et a/.
1976. Shaw et a/. 1978a). and its activity s directed st T cells. Mouse costimulator s a
proten (trypsin sensitive) or glycoprotein with a molecular weight of @pre:mmy
31.000 as determined using the Svedberg equation (Shaw et o/ 1978b)
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assay for costmuistor was devised (Shaw et o/. 1978a.b). Thvs was actweved by cutturing
thymocytes at a cell density of less than 1 x 10* celis/mi At thus concentration, the thymo-—
Cytes are no longer responsive to stamulstion with Con A and ther proliferation is totslly
dependent on the amount of costimulator added to the culture (Shaw ef 8/ 1978b) This
assay facilitated a quantrtative sstimation of costimulator and allowed a comparison of its
potency N stimulating various wmMMmune responsas”

Another mmportant aspect of the work on costumuistor was the demonstration that
it was active in stimulating several ymmune responses in Yitro Costmulstor stimulsted the
proliferstive response of thymocytes to both Con A (the standard assay system) and PHA.
More importantly, CTLs specific for alloantigen could be generated from thymocyte pre-
cursors N the presence of costimulsator (Shaw ot o/ 1978a)

As mentioned previously. CTLs are lymphocytes which mediate the lysis of cells
besring foreign antigens. In 1975, Cantor and Boyse (1975) demonstrated that two sub-
classes of T cells were involved n the generation of CTLs One subclass medisted the
effector lytic function and the other amplified the development of killer activity The celis
which mediated the amplifier effect were Lyt 1* heiper T cells. Probably the moet direct
avidence for the involvement of heiper T celis in generating 3 CTL response de ved from
the demonstration that thymocytes are poor responders in generating CTLs because they
lack differentiated heiper celis Pilarski (1977) showed that when helper cells obtained
from permpheral lymphoid organs were added to thymocyte cultures, CTLs wers efficiently
generated Thus, thymocytes contain the precursors which can mediate CTL effector
function. but they lack the amplifying effect of heiper T cells. The observation that
costimuiator allowed thymocytes to develop cytotoxic reactivity suggestad that it over -
came the requirement for heiper T celis (Shaw et 2/ 1978a, 1980) M

Costimulstor aiso stimulsted the CTL response of spisen cells to plutar sidehyde -
fixed stimulator cells (Shaw et a/. 1978a) Material which had been purified by gel filtration
~ and isoelectric focusing (and detectable at less than 10-1* M) was active n all of the
responses described above. This suggested that these responses were induced by similar,

if not identical, factors



These experiments led to the proposal that costimulator was a second signal for
the stimulstion of various T cell responses Milis sr a/ 1976, Shaw ef &/ 1978a), in snalogy
to T cell replacing factor bemg the second signal for B cell responses. Antigen or mitogen
functions as the first signal in both cases

c. T Cell Growth Factor

In 1977, Gilhs and Smuth (197 7) demonstrated that Con A-stmulsated spisen cells
elaborated a factor which allowed T lymphocytes to grow continually in culture Morgan et
a/ {1976) demonstrated that a factor (in this case produced by PHA - stimuisted human
leukocytes) stimulated the continuous proliferation of human 7 lymphocytes in cultre
Gillis and Smith (1977) extended these observations to the murine system and showed that
cytotoxic T lymphocytes could be maintained continuously in culture in the presence of
this factor The factor responsible for this activity was called T cell growth factor (TCGF).
TCGF was subseqpently shown to be produced by Thy 1° T cells n response to Con A
stimulation in both the murine and rat systems TCGF was also produced during a MLR. and
its activity was removed by proliferating T cells (Gilis a7 8/ 1978b).

A quantitative rmicroassay for TCGF activity was designed by Gillis ef a/. (1978b)
which made use of the CTL lines which had been grown continually in culture for greater
than 1 year. These CTL lines were totally dependent on TCGF for thar contirued proli-
feration - cell death occurred within 24 hours after its removal (Gilhs et 8/ 1978b)

d. The Interieukins

By 1978. a large number of tactors was known 1o be present in cultures of Con
A- or MLR-stimulsted spieen ceiis. As mentioned previously, TRF (Section B2), ‘thymocyte
stimuiating factor' (Section B4a) costimuistor (Section B4b) snd TCGF (Section BAc) were
all produced in spieen cell cuitures by either Con A stimulation, MLR stimulation, or both
Aiso present in these supernstants were factors which (1) repiaced the requirement for
heiper T cells in the generation of CTLs from spleen cell cultures Plate 1976, 1977), (i)
sliowed spieen celis to produce CTLs in response to non-stimulating tumor cells (Talimage
et 8/ 1977). (iii allowed thymocytes te serve as stimulators in the generation of CTLs by
spieen cells (Finke ot 2/ 1977) and (iv) stimulsted the secondsry response of CTLs to allo-
antigens (the ‘'secondary cytotoxic T cell-mnducing factor’) (Wagner and Rollinghoff 1978)



in 1978, Farrar and co=workers Farrar ) J et a/. 1978) proposed that a single
medistor was responsible for both T cell and B cell activation it was demonstrated that 3
activities present in Con A supernatants co-purified through ammonum sulfate precp:-
tation snd several chromatographuc procedures (gel filtration, hydroxylapatite and
Phenyi-Sephsose chromatography). The factors responsible for these actiyties were
called thymocyts mitogensc factor (stmulsted the prolifersuon of thymocytes), killer cell
heiper factor (stimulsted the generation of CTLs from thymocyte precursors) and T cell
aiso suggestad that more than ona T cell replacing factor was present in supernatants
from Con A-stimulated spieen celis. One T cell replacing factor was associusted with
thymocyte mitogenc activity, and the other was the late—acting active when added on day
2 of the 5 day assay) TRF as described by Schimpl and Wecker (1972).

The conclusion that one factor was responsible for all 3 activities described above
was aiso raached by Watson a1 »/ | 1379;1 who showaed that the material responsible for
the 3 activities co-purified through ion—eaxchange chromatography and 1soelectric
focusing. as well as sait precipitation and gel fitration A further dimension of this paper
was the demonstration that these factors acted in tha same concentration range,
supporting the contention that the same antity was responsible for them TCGF sctivity
also co-purified with costmmulator activity, killer helper factor activity and T cell replacing
factor activity (Watson et a/ 1979b)

Thess observations, snd the equivaient ones regarding the mitogenic factors
produced by macrophages (Section B3) led the pﬂc;:ipm\: of the Second international
Lymphokine Workshop in Ermatingen. Switzeriand to propose the terms interieukin 1 (L'
and Interiaukin 2 (IL2) for tha macrophage- and T cell- produced proliferation and helper
factors respectively (Aarden et 8/ 1979) The term Interleykin’ indicates that these factors
are a mechanism of communication between leukocytes. -,

intarisukin 1 is the macrophage produced factor praviously referred to as LAF,
heiper peak - 1. TRF—macrophage. B cell activating factor and B cell dif ferentiation factor

{(for referances see Aarden et 3/ 1979, and Section B3) IL 1 has a molecular weight of
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interieukin 2 is s factor produced by T cells and previously referred to as
‘thymocyts stimulating factor . costimulstor, TCGF, thymocyte mitogersc factor and killer
cell helper factor. Murine k.2 has a mobcult weight of 30-35,000 and an 1s0electric
point of 35-5.5 L2 activity is antigen—nonspecific and H-2 unrestricted Unike L 1
activity, IL2 activity is partly species restricted

An important distinction between IL 1 snd L.2 s that only L2 has the TCGF activity
described by Gillis and Smith (1977) IL1 does not stimuiste the continuous protiferation of
T celis. The importance of thus assay Gannot be overstated The ceils used for the TCGF
assay can be derived from a singie cell (Le.. cloned) As s resuit. these celis cannot be
influsnced by secondary effects contributed by ‘bystander celis as can sil of the other
assays described so far. This assay is only responsive to factors which will directly stmu-
late the proliferation of these T cCelis. they are no longer responsive to antigen In sddition,
the TCGF asssy is quantitative and sensitive.

L2 aiso stimulstes the AFC response of nude spleen celis to heterologous
erythrocytes. It is clear. however, that IL2 i1s distinguishable from the late~scting TRF‘origi-
naily described by Schimpl and Wecker (1972). The term TRF refers to the late—scting
factor. and TRF 1s different from IL 1 and IL2 afthough ail 3 have heiper activity for AFC
responses (Swamn et o/. 1981)

By all available criteria. the activities associated wrth IL 1, snd those associated with
IL2. sre mediated by s singie entity each.

Recently. Mizel and Mize! (198 1) reported the purification of IL 1 to apparent
homogeneity It was active at a concentrstion of betwen 10-'* and 10-!! M, as measured by
the mitogenic response of thymocytes. No resuits concerning helper activity for AFC
responses were reported IL 1 was shown to have a molecular weight of 14,000 and to
exhibit 8 microheterogeneity of 3 charge species as determined by tris—glycina‘to PAGE.

C. THE POLE OF ANTIGEN-NONSPECIFIC HELPER AND PROLIFERATIVE FACTORS IN
IMMUNE REGULATION
1. Interieukin 1

A variety of activities have been associated with IL 1. In addition to stimulating

thymocyte proliferstion. i 1 replaces macrophages in the generation of CTLs (Farrar, WL

-
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ot 8/. 1880), and in the proliferstive response of antigen—stimuisted heiper T cells Mizel
and Ben-Zui 1980). These 3 activites can be @ d by the observation that L1 will
stmulste the production of L2 n macrophage—-depieted cultures Milis of 8/ 1976; Smith
ot o/ 197Sa. 19800 Farrar.J.J ot 8/ 1980b; Shaw et 8/ 1980) Srwth et o/ (1979a,

1980b) demonstratad that IL 1 could restore the mitogen—nduced production of L2 n
spieen cell cultures depieted of adherent cells By using the TCGF assay. they were able to
distinguish IL 1 from L2 it was subsequently demonstrated that a murine thymic iymphoma
produced L2 n response to IL 1. thereby showmng that the effect of iL 1 was mediusted at
the level of the T cell productivity of IL2 (Smith er o/ 1980a)

To explain the observation that IL 1 stimulates IL2 production. Gilhis and Mizel (1981)
proposed that the role of IL1 was to strmulate the maturation of a subset of T celis.to the
pomnt whers they are capable of IL2 production This proposal was based on the study of a
T cell lymphoma which was unresponsive to PHA stimulation in the absence of added IL 1
Gillis and Mizel demonstrated that a brief exposure of the lymphoma celis to IL 1 allowed
them to produce IL2 when they were subsequently exposed to PHA In addition, it could be
shown that IL 1 was adsorbed by these lymphoma cells suggesting the prasence of IL1
receptors on them Thus. a major role for IL1 in the mmune systam may ba to stimulate
the maturation of IL2 producer calls '
factor for AFC responses to heterologous erythrocytes (Section B3). Hof fmann et a/
(1977) showed that IL | contamring supernatants stmulated the dif ferentiation of B ceils
{(measured by ths increass of surface la antigens). Thus, IL 1 may stimulats the maturation of
both B cell and T cells With regard to B celis, it has been proposed that IL 1 stimulates
them to become responsive to TRF (Hoffmann 1980)

Another maturational function of IL 1 1s suggested by the observation that IL 1
prevents the suppression of bone marrow colony formation by glucocorticoids (Rl
Mishell. personal communication) This activity is not observed with IL2

IL1 has also been shown to increase the membrane lipid viscosity of T celis This
NCrease in viscosity was correlsted with an increase n antigen binding by the T cells (Puri
et 2/ 1980) Lonai et a/ (198 1b) extended these observations by showing that the binding
of antigen by a T cell hybridoma was dependent on IL1 This hybridoma has been shown to
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produce sn sntigen—specific heiper factor for AFC responses Lonai ef o/. 1981ab) L1
thus serves as a second signal for both L2 production and antigen—specific heiper factor
production

Finally, it sppears that human L 1 and human leukocyhc pyrogen are identical
Rosanwsasser and Dinarelic 198 1). Both are adsorbed by sntibodies directad against
human leukocytic pyrogen. and both activites are detectable at a concentration of 102 M
twhich for mouse IL ’ﬁs homogenesous [Mizel and Mizel 1981).
2. Interieukin 2

interleukin 2 has besn implicated in the stimulation of a number of immune
responses both 0 yilro and in ¥ivo As previously mentionad (Section B4) L2 sppears to
function as a second signal in T cell activation for both thymocyte proliferstion and the
generation of CTLS Mills of o/ 1976, Shaw et 2/ 1978a). the first signal beng either

U2 stimulates the generation of CTLs in a variaty of expermental situstions, as
detailed in Table 2 Of particular interest is the ability of IL2 to restore the immunogenicity
of stimuistor celis. Only ntact, metabolically active cells stimulste CTL generation, snd

antigen (Wagner 1973, Table 2) The observation that IL2 restoras the immunogenicity of
these stimulator cg'h; suggests that they are non—immunogenic bacause thay are unable to ‘
induce IL2 production

In addition to augmenting CTL responses. IL2 is continually required for the man-
tenance of the CTLs generated in the standard CTL assay (Pastkau etal i_QBOm, The
requirement for IL2 in maintaining CTLs was first shown by Gillis er a/. (1978a.b) with their
demonstration that T cells could be grown continually in culture in the presence of IL2 IL2
also stimulates the growth and cytotoxic rasctivity of natural killer cells (Kuribayashn er a/.
198 1; Hannay ot a/. 1981). Recently, Farrar and co—workers (Parrar, W.L er 8/ 1981)
demonstrated that the induction of CTL responses was reguiated by interferon, the
production of which was mediated by IL2.

The proposal has been made by several investigators that IL2 represents the
physiologically relevant 2nd signal in T cell activation Several observations support this

L



TABLE 2

GENERATION OF CTLs WITH L2

Conditions where IL2 stimulates

CTL generation

I. From thxﬁgéytesl in partlecular
Lyt 1*2%3* thymocytes

2. From spleen cells, In the
absence of helper T cells

3. In situations where the Immuno-
genicity of the stimulators s

compromised

a) after UV Irradiation, -

N
w

References

Shaw et al. 1978a
Wagner et al. 1979,

Plate 1976, 1977
Shaw et al. 1980

Shaw et al. 1978a

gluteraldehyde fixation, or ’ Okada et al. 1979
sorication Wagner et al. 1980c
Paetkau et al. 1980a,b
b) using membrane fragments Rulon and Talmage 1979
c) using non-stimulating tumor cells ’ Lafferty et al. 1978
d) using syngeneic tumor cell lines Mills and Paetkau 1980
e) using H-2 antigens in |iposomes Weinberger et al. 1981
k. From spleen cells obtained from Gillis et al. 1979¢c
nude mice Wagner et al. 1980b
Gillis and Watson 1981
¥
:‘i t
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Rollinghoff 1978; Shaw et /. 1980). which are known to be invoived in CTL generation
(Cantor and Boyse 1975, Pilarsk: et a/ 1980) Thase helper T celis were further shown to
belLyt 1-2-, 5%, 6, 7, (Shaw et a/ 1980; Pilarski et a/. 1980) The second observation
involves situstions i which the mmunogenicity of stimulator cells in CTL generation is lost
The inabiiity of thesa cells to sumulate a CTL responsa is correllated with their mability to
stimulate IL2 production (Okada et 8/. 1979, Pastkau et a/. 1980al. The addition of L2
restores thair immunogenicity (for raferences see Table |I).

The antigen—-nonspecific and H-2 unrestricted nature of IL2 activity is not a strong
argument against IL2 being a physiclogically relevent signal IL2 will strmulste the generation
of CTLs n an antigen—nonspecific manner, yat antigen—specific heiper T celis sre required
for CTL generation (Pilarski 1977, 1979). Howaver, Farr et a/ (1977) demonstrated that

batween the T celis and the macrophages As IL1 is required for IL2 production, IL2 will
only ba gaf:tsrltod in an H=2 rastricted manner The generation of IL2 has also been shown
to be antigen—specific. Thus IL2 is produced by KLH=primed spleen celis only when they
are stimulated with KLH and not sn irrelevant antigen [DiSabato er 8/ 19781

Antigen-specific production of IL2 has also been shown by Okada et o/ (1979) and

(1979a.b) demonstrated that the suppression of T cell proliferation by glucocortico-
steroids was mediated at the level of IL2 production Glucocorticosteroids were shown to
inhibit IL2 production, and the effect of these steroids on T cell proliferation was abro-
gated by adding IL2 It is known that glucocorticostaroids injectad iﬂE mice prolong the
survival of skin grafts. This may, therefore, represent an In yivo mechanism for gcﬁtralliﬁg
the level of IL2 production

Another mechanism for controling IL2 activity i YIYD is suggested by the obser=
vaton that the serum of normal mice. but not nude mice, contains an inhibitor of IL2
activity (Hardt et a/ 198 1) Thus inhibitor was shown to be a 50,000 molecular weight

compound produced by Lyt 2°.3* T caells



Lastly, a physiologically relevant role for IL2 is suggested by the observation that
only T cells stimulated with antigen or mitogen are responsive to L2 Thus. only activated T
celis sdsorb IL2 activity from the culture media This was first shown for the continuous
CTL line of Gillis ef a/. (1978b). Smith et a/. (1979b) extended these cbservations and
showed that spleen celis stimulated with Con A, PHA, or alloantigen. and thymocCytes
stimulated with Con A, adsorbed out IL2 activity. Unstimulated spieen and thymus cells, as
well as LPS— stimulated spleen cells, did not adsorb out IL2 activity These resufts were
confirmed by several other investigators Bonnard et 2/ 1979, Coutinho et 8/ 1979.
Paetikau et a/. 1980a)

These observatons argue for a physiologically reievant role for IL2 in the acti-
vation of T celis and therefore in immune rgﬁuﬂtim
3, The AFC Helper Activities of L1, IL2 snd TRF

The 3 soluble effectors described so far replace T celis in the AFC response of
nude spleen cells to heterologous erythrocytes. The distinction between the ability of IL1
and IL2 to help an AFC response was clearly demonstrated by the experiments of
Hoffmann and Watson (1979) and Hoffmann (1980). In these experiments it was shown
that IL 1 and IL2 exerted a marked synergy in their stimulation of the AFC response. This
synergy was most evident when IL 1 was added aarly and IL2 Iste. Evidence was presented
that IL | increased the number of B cells responsive to the heiper activity of L2 Hoffmann
1980 ’

As mentioned previously, there is aiso a distinction betwsen the heiper activity of
u.z and the Iste—acting TRF originally described by Schimpl and Wit:k-r (1972) The :
experiments of Harwell er /. (1980). using IL2 produced from & T cell hy‘bﬂﬁﬂfﬂl in
response to Con A stimulation. demonstrated that IL2 did not have TRF activity when the
TRF assay was rigorously depleted of both T celis and macrophages Supernatants derived
from Con A-stimulated spleen celis did howaver have TRF activity in this assay, suggesting
the presence of a TRF which was not produced by the hybridoma and was therefore
different from IL2. Harwell et a/. (1980) proposed that the helper activity of IL2 in the
standard assay system used to measure TRF activity was mediated through the stimulation
of residual T cells. By eliminating these T cells, IL2 was no longer active in the AFC

response. Further evidence for the distinction between the helper activity of L.2 and mlt
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ation by Swain et &/ (1981) of synergy between TRF and L2 in

these experiments the TRF was produced from a T cell ine wiuch did not produce either
L2 or L1 Using an assay system thouroughly depleted of T cells and thew precureces
Swain ot #/. (198 1) demonstrated that TRF produced from the T cell kne exerted a marked
synergy with L2 in stimulating the AFC response of nude spieen celis to heterologous
erythrocytes. The suggestion was made that TRF stimulsted activated B cells mto mmuno=
globulin secretion, as mitislly proposed by Wecker ef a/. (18975)

Ancther proposesd mechanism for the heiper activity of IL2 derives from the work
of Parker and Prakash (198 1). Using B cells stimuisted by antibodies directed aganst
various immunogiobulin classes. these investigators demonstrated that IL2 (in this case
from the T cell hybridoma) stimulsted the proliferation of activated B cells but did not
stmulate ther final dif ferentiation nto antibody sacretion The supernatants from Con A=
stimulated spleen celis did both The B cell growth activity of IL2 may. however. not be due
to L2 at all. Anderson and Meichers (198 1) have demonstrated a 30,000 molecular weight
B cell growth factor which is produced from a cloned T helper cell lina. Thus B cell growth
factor has no TCGF activity and is apparently present in Con A-stimulsted spleen cell
supernatants (sithough no data was presentsd) It is, therefore. conceivable that the B cell

supernatants and not due to IL2 (Farrar. Immunological Reviews [in press).

Recently, a T cell hybridoma which produces TRF activity was described (T ;k;tsu et
a/. 1980). Tha TRF was shown to be adsorbed by a human B blastoid cell ina which was
subsequently stimulsted into mglabdm production (Mursguchi et #/. 1981) This B cell
line was not able 10 adsorb IL2 activity. This supports the idea that TRF diractly stmulstes B
cells into immunoglobulin secretion and that other lymphokines which act as helper factors
for B cell responses work through other mechanisms.

The proposed mechanisms by which all 3 factors exert their helper activities in the

AFC response are summarized in Table 3.
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Il. MATERIALS AND METHODS

A. ANIMALS AND TUMOR CELL LINES
Various strains of nbred mice. as well as outbred (Swiss or ICR) mice. were used

for L2 production All mice were mantaned at the Ursversity of Alberta Health Sciences

¢ _Animel Center. Breeding stock for the nbred strans of mice was originally obtaned from

the Jackson Laborstories. Bar Harbor, Maine.

Tumor celi lines Pé 15 (H-2d mastocytomas. EL4 (H-2B lymphoma). snd a variant of
EL4 which produces IL2 (Farrar.J.J ef a/ 1980a), were maintained by passage in e
culture

8. PASSAGE OF EL4 LYMPHOMA CELLS IN MICE IN THE ASCITES FORM

The iL2-producing EL4 lymphoma celis were routinely passaged in mice in the
ascites form for use in the production of IL2 2 x 10¢ cells n 0.2 mi of serum-free
r_nedn(:m were injected into the peritoneal cavity of C5781/6J mice After approximately 2
to 3 weeks the mice were sacrificed by cervical disiocation and the EL4 iymphoma ceils in
the peritoneal cavity harvested Typicaily, between 2 - 5 x 10’ ascities cells were obtained

;rom esach mouse originally injected with 2 x 10* cells

C. TISSUE CULTURE MEDIA AND INCUBATION CONDITIONS

RPMI 1640 medium was obtained from either Fiow Laboratories, Rockvilie. Md., or
from GIBCO Laboratories, Grand Isisnd. NY . and supplemented with 20 mM sodium
bicarbonate, 0.34 mM pyruvate and 0.02 M HEPES pH 7.3 (Sigma, St Louis. Mo., Cat
#H-3375). Antibiotics. either 40 micrograms/mi gentamycin sulfste (Garamycin, Schering
Corp. Ltd, Point Cisire, Quebec) and 50 micrograms/mi Penicillin G potassium (10 x 10*
LU.7litre, Ayerst Laboratories, Montreal, Quebec), or 50 micrograms/mi Penicilin G
potassium and 74 milligrams/litre streptomycin sulfate (GIBCO). were sdded to the medium
This medium is referred to as RH. Media contaning either 5 x 10-*Mor 1 x 10*M
2-mercaptoethanc! are referred to as RHM, and media containng 10% fetal bovine serum
(FBS) as RHF The FBS was obtained from either Flow or GIBCO Laboratories and was
inactivated st 56°C for 30 min. RH medium contaming both 2-mercaptoethanol and 10%

/// e
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FBS is referred to as RHFM Some media wers supplamented with hest—nactivated,
gamma giobulin-free. horse ssrum (HS, GIBCO) Medis were sterilized by Milipore
fittration
Celi cuitures were ncubstad n a humidifiad stmosphere of 5% CO, in air at 37°C.
Some experments were performed in mewnal essential medwm (MEM) suppie—
mentsd with 36 mM sodium bicarbonats, 043 mM pyruvste snd 0 025 M HEPES pH 7.3
Incubations with MEM were done in 10% CO,

D. PREPARATION OF SPLEEN CELLS AND IL2 PRODUCTION

Mice were killed by cervical disiocstion and their spleens removed into tissue
culture media To obtain a suspension of spieen celis. the spleens were minced with
scissors and teased through a stanless steel grid Clumps were allowed 1o settie out for
5= 10 mun The spieen cells were then washad twice In tissua culture medium by pelieting
the cells st 750 x g fcr 7 min, decanting the supernatant, and resuspending the cells in
fresh medwm Cell viability was deterrmined with 0 14% sosin Y m saline

For L2 production, the spleen celis were cultured at a density of 12 x 10¢ celis/mi
in RHM and stimulated with 1.5 micrograms/mi Con A (Calbiochem., La Jolla, Ca) for 1810 ©
24 hr. 200-250 mi cultures were set up in Blake tissue culture botties (surface area

250 em’). After incubation, the cells were pelistad at 750 x g and the supernatant

E. IL2 PRODUCTION FROM EL4 LYMPHOMA CELLS

The EL4 lymphoma cells used for IL2 production were harvested from the
peritonaal cavity of mice (see section B), washed twice in tissue culture medium, and used
immediately for IL2 production unless otherwise indicated The celis were cuttured at a
density of 1 x 10* celis/mi in RH madium containing 4% HS and stimulated for 18-24 hr

with PMA (Sigma) at a concentration of 10 ng/mi. Cell-free supsrnatants are referred to as

crude IL2.
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CBA/ ) spieen cells were cultured at a concentration of 1 x 10¢ cells/mi and
stmulsted with 1 x 10* gamma-wradisted (2000-2500 rads) DBA/2J spieen cells/mi. The

cells were cuttured n MEM sur od with 5 x 10! M 2-mercaptoethancl snd 10%

FBS for 72 v in a final volurme of 250 mi After incubastion tha cell-free supernatant was

assayed for costimulator activity

G. BIOLOGICAL ASSAYS FOR L2

The proliferative response of thymocytes cyltured at iow cell density (<1 x 10
celis/mi) in response to Con A requiras exogenous IL2 (Paetkau et 8/ 1976, Shaw er a/
1978b) CBA/J thymocytas. prepared as described for spleen calis (see Sectior D) were
cultured at a density of 0.5 x 10¢ calis/ml in RHFM n 96 well, round bottom, Linbro trays
ncluded the m-rp#a of IL.2 to be assayed All samplas were assayed in quadruplicate The
cultures were incubated for 67 to 72 hr at 37°C and labelied during the final 4-5 he-by
adding either 100,000 cpm/well '*3|-UdR ([Edmonton Radiopharmacy Center, 1850
Ci/mmolel or 0.05 mM *H-thymidine (Thd) The *H-Thd was from New England Nuclesr
{20 Ci/mmole) and was adjusiad to a miﬁé activity Qf 350-500 cpm/pmole with
uniabelled carrier. Cultures were harvestad onto glass fibre fiters with a Titertek multiple
sample harvester using either isotonic saline or distilied H,0 For 'H-Thd labelied cultures.
the filter papers were counted using a hquid scintillation system '*1-UdR samples were
counted directly in an LKB Rackgsmma gamma counter.

2. Generation and Assay of CTLs

Spleen celis from CBA/J mice were cultured for 5 days in RHFM with
gamma-irradiated (2,000-2,500 rads) DBA/2J spleen cells as stimulators All cultures
were performed in quadruplicate in round bottom microtitre platas in a volume of 0.22 mi
The concentration of stimulator and responder celis 18 given in the Figure legends.

For the assay, 3 serial 1:2 dilutions were made in round bottom microtitre plates
and the target cells were added st 1 x 10* celis/well The target calis usad were P8 15
labelled with *'Cr (New England Nuciear) for 2 hr at 37°C_ After 5 hr at 37°C haif the
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supernatant was removed and the fraction of #iCr specifically released (F) was

The total lysis was deterrmned by adding 1.2000 (V/V) “Zap-isoton” (Coulter Electroncs.
Hialesh. Fi) The data are expressed as % specific release at a particular ratio of effector to
target celis, as incicated n the Figure legends.

in some -m-rm: thymocytes webe used as responders and EL4 lymphoma
celis as both stimulstors and targets In all cases, the targets were the same H-2 type as
the stmulator cells.
3. TCGF Assay

The TCGF assay, performed according to Gillis et a/ (1978b). measures the
requirement of certain types of T cells grown continually in culture for IL2 The cells used
for the TCGF assay were MTL 2.8.1 (Bleackley o 8/ 1982) These ceils were obtained by
the repeated restumulst i
gamma-irradisted (BALB/cCr x CBA/CaJ) F, spieen celis MTL 2.8 1 was cioned by kmiting

v 0 yitro of in yivo primed CBA/ J spieen celis with

dilution The characterization of MTL 2.8 1 cells has recently been described (Bleackley er

#/ 1982)

Before use in the TCGF assay. celis were routinely cultured at 40.000 cells/mi for
3 days in the presence of 30 TCGF units/ml IL2 During the 3 day cuiture period these celis
increase in number 10-15 fold and deplete the madium of IL2 They are then ideal for use
in the TCGF assay as they die withwn 24 hr if placed in medium lacking IL2.

For the assay. 1 x 10* cells/weil were cultured in flat bottom microtitre plates in
0.2 mi RHFM. The cells were cultured for 24 hr and labelied for the last 4-6 hr with
1151-UdR as described for the costimulstor assay. The labelling mixture contained 0.1 mM
deoxyinosne and 5 micrograms/mi fluorodeoxyuridine. Only very low concentrations (ca
10-'*M) of 131-UdR were present in the assay and it was observed that hydrolysis of the
15-UdR occurred in cultures ofMTL 2.8.1 cells. The combination of deoxyinosne and

thymidine triphosphate, both resulting in enhanced uptake of label



To harvest the cells, the supernstant was asprated and the cells resuspended n
20 mM EDTA in phosphate—buffered salne. The cells were incubated for 5 min at room
temparature and then harvestad onto glass fibre filters as described for the costrmulstor

harvestad unlass first forced nto suspansion

Some of tha TCGF assays were.performed using uncionad cells at various stages
of in Yitro cuiture. in these assays labelling was with '%-UdR in the absence of
deoxyinosine and fluorodeoxyuridine. Comparable results were obtamed in all cases

H. PURIFICATION OF IL.2 PRODUCED BY NORMAL SPLEEN CELLS
1. Amm n Suifste Precipitation
Ammonium sulfate precipitation was performed at 80-90% saturation Ammonum

sulfate was added siowly to the culture supernatants with gentie stirring After 15 hr at
4'C, the precipitate was collected by centrifugstion for 15 rmin at 10,000 x gor for 1 hr

st 4,000 x g The preciprtate was redissotved in a small volume of distilied H,0

A 25 x 90 cm column (500 mi) of Saphadex G- 100 Pharmacial was equilibrated in
buffer A = 0.05 M NaCl, 0.01 M HEPES pH 7.3 Tha void and total volumes of the column
were determined using Biue Dextran 2000 and 'H-Thd respectively Samples appled to
the column ranged in volume from 10-50 mi. Chromatographic runs were done at 4°C.

A 0.9 x 100 ecm column (130 mi) of Sephacryl S-200 (Pharmacia) was equilibr ated
in 0.25 M NaCl, 0.01 M HEPES pH 7.3 The void and total volumas of the column were
obtained using *H-DNA and “C-Thd respectively Samples of 1-4 ml were applied to the

column Chromatographic runs were done at 4°C.

Preswolien DEAE-Sephacel (Pharmacia) was equilibrated in buffer A (section H2)
contaning 0.2 mM EDTA and transferred to 2 0.9 x 15 cm column (B mi) Fraction 3 L2
(purified by Sephadex G- 100 chromatography) was applied to the column and the column
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0.0% M to 0.35 M NaCl Fractions of pask activity were pooled and are referred to as
fraction 4 L2 Chromstographuc runs were done at aC

I. PURIFICATION OF IL2 PRODUCED BY EL4 LYMPHOMA CELLS
1. Ammonium Sulfste Precipitation

Ammonium sulfste precipitation was performed as described in Section H1 except
that 1-2 hr at 4°C was sufficient 10 precipitate the proten The precipitate was

redissolved in a small volumne of buffer A

N
2. Sephadex G-100 Chromatography N,
Sephadex G- 100 chromatography was performed as described in Section H2
3. Phenyi -Sepharose Cwomatograph

Preswolien Pheny!-Sepharose (Pharmacial was equilbrated in buffer A contarmng
2.5 M NaCl and transferred to a 2.5 x 20 c¢m column The packed bed volume was 100 mi.
Fraction 3 L2 (purified by G- 100 chromatography) was made 25 M in NaCl by slowly
adding solid NaC! with stirring at 4°C After application of the sampie. the column was
washed extensively with starting buffer Activity was eluted from the column with a inear
grackent of buffer A containing 25 M NaCl to bufter A containing 50% ethylene glycol In
sOme experiments activity was eiuted f_réﬁ;! the column by washing with buffer A
containing 10% ethylene glycol Chromatographic runs were done at 4°C
4. DEAE - Sephacel Chromatography

DEAE - Sephace! chromatography was performad as described in Section H4
except that 3 much larger column (total bed volume of 80 mil was used iL2 was purified
by Sephadex G- 100 and Pheny!-Sepharose chromatography and dialyzed aganst buffer A
before being appled to the column

8. Chromatofocusing
Chromatofocusing is a technique recently developed by Pharmacia which separates

resin and ampholytes. Uniike isoelectric focusing, no electric current is requred The
chromstofocusing technique 1s described n a pamphiet supplied by Pharmacia

The anion exchange resin PBE 94 was obtsined preswollen and was equilibrated in
0.025 M piperazine-HCi pH 5.5. and transferred to a 1 x 40 cm column. The packed bed



volume was 25 mi Before use the resin was equilibrated by washing with 10 column
volumes of 0.025 M pperazine—HCI pH 5.5 The L2 used for the chromatofocusing was
apphed 10 the cokumn in 8 volume less than 10 mi i low sait butfer, typically 0.01 M NaCl,
001 MHEPES pH 7.3 _

To fractionate the IL2 according to its 1soslectric pontis). the chromatofocusing
column was sluted with ampholytss. The smpholytes used were Polybuffer 74 which had
been titrated 10 a pH between 2.8 to 3.5 with 0.5 M HCL After titration the ampholytes

) "wﬁg diiuted 10 foid Approximately 10 column volumes of diluted amphoiytes were

required for the chromatofocusing run After the eiution with ampholytes, any remaining
materisl bound to the resin was washed off with 1 M NaCl

Typically. the fractonation was performad at a fiow rate of 10-15mi/br 45 mi
fractions were coliscted and the pH of each fraction was measured After its pH was
measured. asch fraction received buffer with apH of 7.3-7.4 to ruse tha pH.

All buffers used n the chromatofocusing run were degased before use. The
experiments were performed at room temperature and required overnight elution

After use. the resin was re—equilibrsted by washing extensively m 0.025 M
piperazine~HCI pH 55 It was then ready to be re-used '
J. DENATURATION OF IL2 WITH SDS AND RECOVERY OF ACTIVITY

IL2 was treated with 1.0% SDS Bio—Rad, Richmond, Ca, electrophoresis grada) at
the tamperstures and for the timas indicated Typical conditions were 70C for 10 min
After densturation the samples were diluted 10 foid to give a concentration of 0. 1% SDS.
and cooled to 0°C. This procedure precipitated free SDS The samples were then centri-

K. SDS-PAGE

Partially purified IL2 was fractioned by SDS-PAGE using either the sodium phos-—
phate buffer system or the Laemmii discontinuous buffer system (Laemmii 1970).

Using the sodium phosphate buffer system, IL2 was fractionsted in a siab gel with

an acrylamide concentration of 10% The stock acrylarmude solution was 30% by weight



acrylamide and 0.8% by weight N.N —~bis—methylens acrylarmde. The final concentrations in
the gel were 0.05 M sodium phosphate pH 7.2, 0.1% SDS.

Laemmii gels consisted of a 3% stacking gei n 0 125 M Tris-HCIpH 6.8. 0.1% s0s
and a 10% separating gel n 0.375 M Tris—HCI pH 8.8, 0.1% SDS. The electrode bufter
contaned 0.025 M Tris, 0.192 M glycine pH 8.3, 0. 1% SDS

in all cases, the acrylamide was polymerized with 0.025% by volume TEMED and
0.1% ammonwm persulfate Electrophoresis was performed at room temperature for
6-7 hr st approximately 300 volts. Samples were denatured as inchcated n the Figure
legends -

The behaviour of IL2 was determmned by assaying the material which was eluted
from the geis (as described in the Figure legends) MW markers used were bovine :gniﬁ
slbumin (67,000). ovalburrwn (43,000), chymotrypsinogen A (25.000) and cytochrome C
(13,000).

L GEL FILTRATION CHROMATOGRAPHY OF IL2 AFTER SDS DENATURATION
A 0.9 x 100 em cohurmn (60 mi) of Sephacryl S=300 (Pharmaca) was equilibrated in
buffer A containing 0.2 mM EDTA, 0.1% SDS and | mM dithiothreitol (DTT). The column

was calibrated with the molecular weight markers as described in Section K. and including

of 1% SDS and 10 mM DTT before being spplied to the column The void and total volumes
of the column were determined using Blue Dextran 2000 and *H-Thd, respectively.

IL2 was incubsted at 70°C for 10 min in the presence of 1.0% SDS and 10 mM
DTT Either 1,000 costimulator units of IL2 from Con A-stimulated spieen celis or 14,000
TCGF units from PMA-stimulated EL4 lymphoma cells were used After being cooled to
room temperature, the samples were applied to the column and eluted with buffer A
containing 0.2 mM EDTA, 0.1% SDS and 1 mM DTT. in experiments performed without DTT
trestment, DTT was also omitted from the siution buffer. All chromatographic runs were
performed at room temperature. Free SDS was removed as described in Section J.



M. GLYCEROL GRADIENT CENTRIFUGATION OF IL2 AFTER SDS DENATURATION

5-20% glycerol gradients were prepared in 0.02 M HEPES pH 7.3, | MM EDTA.
0.1% SDS. and 2 mM DTT. Gradients were run in polysiiomer tubes n a Beckman SW-65
(swinging bucket) rotor at 60.000 rpm for 16— 17 hr at 15°C. Sampiles were denatured and
reduced before beng apphed to the gradient BSA was present in all gradients as a marker.
The gradient fractions were assayed for costimulstor activity after a 5-foid dilution into '
RHF medium

N. GAMMA IRRADIATION OF CELLS )
Celis were irradiated in 2 1¥'Cs source (Gamma cell 40. Atomic Energy of Canada

-

Ltd) at room temperature. The dose of wradistion given to celis was either 2000 or 2500

rads. Cells were irradiated n plastic tissue culture tubes in RHFM

O. UV IRRADIATION OF CELLS
Spleen celis were UV irradiated in 32 mm petri dishes for 2 min st a distance of
10 cm from s UV germicidal lamp (General Electric. 15 watt bulb). The cells were at a

density of 10 x 10¢ cells/ml in a volume of 1 ml.

P. PROTEIN DETERMINATION

Protein determinations were carried out by the sensitive Coomassie Blue dye
method Bradford 1976). Samples ranged in volume from 0.02 mi to 0.1 mJ and reagent
from 0.5 mi to 1.5 mi. The absorbance at 595 nm was determined



G s mame oo

A. INTRODUCTION
When murine spleen cells are stimulated in yitro with the mitogenic lectin Con A
they sacrete a number of mmunostimulstory factors, one of winch sllows thymocytes
cultured at k:m; cell density to proliferste n response to Con A This factor does not. in
itsalf, stimulate ﬁ"\y’l:ﬁacyfta mitogenesis but rather serves as a costimulstor w'rﬁﬁé:aﬁ Al
was therafore raferred to as costimulator (see Chapter |, Section B4b).
“ in addition to costimulator, other factors with various immunostimulatory activities
Qﬁgra present in the supernatants of Con A-stimulsted spieen ceils. When these factors
weare c:hr:ctaq;éd biochemically, the similarity between several of them became
apparent it was subsequently reslized that several of the activities n supernatants of Con
A-pactivated spleen cells were madiated by a single antity. This entity was namead Interieukin
2 (IL2) based on its ability to serve as a signal between lsukocytes (see Chapter |, Section
B4d) The designation IL2 inciudes the factor initially referred to as costimulator. The ability
of IL2. in the presance of Con A, to stimulate the proliferation of thymocytes cultured at
low cell density will be referrad 1o as costimulator activity. o
Using the costimuiator assay, experiments were initiated to purify IL2 from the
supernatants of Con A-stmulated spleen celis. The mitial fractionstion of IL.2 in this lab
was performed by Dr Jennifer Shaw and invoived concentrating the si
lyophilization, Sephadex G-25 chromatography snd then Sephadex G- 100
chromatography. A procedure for puritying large amounts of supernatant material is

stants by

reported in this chapter. Also reported are studies on the properties of IL2 denatured with
SDS, and experiments to study the role of IL2 in the MLR.

stimulator

e e e

iL2 can Bbe measured by its ability to stimulate low dansity cultures of thymocytes

Assay for |L2
to proliferate in response to Con A. This acuvity is referred to as costimulator. The assay
1s dascribed in detail in Materiais and Methods Briefly, thymocytes are cultured at a density

of 0.5 x 10* celis/ml in RHFM and stimulated for 68 to 72 hr with 3.0 micrograms/mi Con

39
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A snd the sample of L2 to be assayed During the last 4 to 6 hr of Mﬂ:iﬂiﬂﬁyﬁﬁcﬂﬁ
are labelled with either *H-Thd or #3-UdR, the incorporation of which is a measure of the
extent of celiular proliferstion This assay has previously been shown to provide a quanti-
tative measurement of the amount of L2 present in a particular sample Paetkau af &/,
1976. Shaw et a/ 19780

it can be seen in Figure | that over a certain range of concentration there is a direct
relstionship between the amount of partislly purified IL2 added to the cultures and the
amount of thymocyte proliferation observed Identical results sre obtamed when either
sH-Thd or '»I—-UdR is usad to measure the extent of proliferation Samples labeiled with
11-UdR can be counted without the addition of scintillation fluid thus facillitating therr

The dilution curve depicted n Figure 1 can be used to determine the number of
units of IL2 present in the sample assayed The concentration of IL2 which will induce 1/3
maximum response in a particular assay has been defined as 1 unit/mi. in Figure 1. 1/3 of
the maximum response occurs at a dilution of approximately 700 There are. tharafore,
700 units/mi IL2 in this s.;n"%la

The amount of costimulstor activity present in a particular sample can be
expressed in one of three ways: (1) pmoles of *H-Thd incorporated /hr/ 10¢ colls; (2) %
maximal stimulation at a particular dilution, with maximal stimulation being determined in the
presence of optimal IL2, and (3) units of costimulstor activity. All 3 designations facilitate a
direct comparison within and between experiments.

Two other systems used to assay IL2 activity are the continuous proliferation of T
differ in their sensitivity to IL2. The TCGF assay is the most sensitive: approximately 4 fold
mora than the costimulator assay and approximately 8 fold more than the assay measuring

the éﬁr-ﬁgn of CTLs. (data not shown).

2. The Production snd Purification of IL2

For the large scale production of IL2, murine spleen cells were cultured at a
concentration of 12 x 10¢ cells/mi in RHM medium (no serum) containing 1.5 microgra

mi Con A for 18-24 hr at 37°C. After incubation, the celis were pelieted by centrif,g

ant decantad This supernatant 5 referred to as crude IL2
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Eg _1 - The costimulator assay for iL2 Comparison of #31-UdR and ‘H-Thd incorporation
CBA/J thymocytes were cuitured at a density of 0.5 x 10¢ cells/mi in RHFM and stimulated
with 3 0 micrograms/mi Con A and various dilutions of IL2, as described in Materials and
Methods. The cultures were incubated for 67 to 72 hours and labelled during the last 4-5
hours with either 100,000 cpm '#-UdR or 460.000 cpm *H-Thd Results are expressad
as a percent of the maximum stimulation observed with an optimal amount of IL2 in this
ex‘?onmem, maximum stimulation resuited in the incorporation of 17,000 cpm of '#i-UdR
(17%) and 68.000 cpm of *H-Thd (15%). The IL2 used was purified by ammonwum suifate
precipitation and gel filtration chromatography as described in Materials and Methods
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Crude IL2 was ususlly obtained in volumes ranging from 1-5 litres. These
supernstants were precipitated with ammonium sulfate at 90% saturation and the proten
collected by centrifugation This procedure brings down the majority of proten and L2
present in the crude supernstants. Precipitation with ammonium sulfste was easier to
handie on a large sCaie than was freeze drying Following ammonium sulfate precipitation
the IL2 was dislyzed (fraction 2) snd chromatographed on a Sephadex G- 100 column
Costimulastor activity eluted with protemns of apparent MW between 30.000 and 45.000.
Active fractions were pooled to give fraction 3 material

Fraction 3 L2 was further purified by ion—exchange chromatography on
DEAE-Sephacei. A representstive experiment is shown in Figurs 2. Activity siuted at a sait
concentration of 0.12 - 0.14 M NaCl. with no more activity eluting at salt concentrations
up to 1 M NaCl. Active fractions were pooled generating fraction 4 IL2.

Figure 2 also illustrates that the costimulator activity of L2 and sn activity which
stimulstes the generation of CTLs from thymocyte precursors co~purify through ion-
exchange chromatography. This supports the conclusion reached sarlier (Shaw et &/
1978b) that the same entity is responsible for both activities.

A summary of this purification protocol is given in Table 4 The most ef ficient
purification step was the DEAE~ Sephacel chromatography. Typically 8 5- 10 fold increase
in specific a.ctivity was observed with essentially quantitative recovery of activity.

3. Studies on SDS-Denatured IL2 j(\

Quantitative recovery of IL2 sctivity was observed after SDS denaturation if the

free SDOS was precipitated at 0°C (see Table 5). Previous experime tigta not shown)
suggested that free SDS killed the thymocytes used to fity. The precipi-
tation of free SDS by cooling the sampies to 0°C. followed into medium

containing FBS thus efficiently removes the free SDS. When IL2 was denastured in the
bruonce of 10 mM 2-mercaptoethanol or 10 mM dithiothreito! (DTT). a lower recovery
of activity Qvas observed (about 50%). However, this may refiect the carryover of the thiol
into the assay at inhibitory concentrations and not a decreased smount of IL2 (results not
shown).

The ability to assay IL2 after SDS denaturation aliowed us to perform experiments

on the properties of SDS-denatured IL2 Figure 3 shows the results obtained when
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Eig. 2 - Chromatography of fraction 3 IL2 on DEAE-Sephacel Fraction 3 IL2 was_
prepared from spleens of outbred (Swiss) mice and chromatographed on DEAE~Sephacel
s described in Materials and Methods The point at which the sait gradient (0.05-0.35 M)
was spplied 1s indicated with an arrow. Fractions (4.4 ml) were assayed for both
costimulator activity (at a 1/50 dilution) and for activity in generating CTLs (at 1/40 dilution).
The generation and assay of CTLs was performed as described in Mater ials and Methods
using 3 x 10° CBA/J thymocytes as responders and 3 x 10° gamma-irradiated EL4 tumor
celis as sumulators.
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SDS-denstured IL2 was fractionsted by PAGE using the discontinuous buffer system of
Laemymii (Lasmmii 1S70). IL2 had a mobility charactenstic of proteins of 25.000 MW

somewhst mgher MW of 30,000 was obtained when SDS-denatured IL2 was fractionated
by SDS-PAGE using the sodium phosphate buffer system, as illustrated in Figure 4
Activities stimulating the generation of CTLs (Figure 3) and the continuous proliferation of
CTLs in long term cultwre (TCGF activity, Figure 4). co-purified with costimuiator activity In
both experiments IL2 was denatured by treatment with 1% SDS at room temperature for
1 hr. Whaen IL2 was denstured in 1% SDS at 70°C for 10 min, and then fractionated by
SDS-PAGE (again using the Lsermmii buffer system). it had a ﬂ'w;;bnlitv characteristic of
protens of less than 20.000 MW (Figure 5) The precise MW of IL2 in this experiment

' could not be determinad as proteins with MWs as twgh as 13.000 (as iliustrated by cyto-
chrome c) ran with the ion front and did not seperate out according to MW . in all 3
SDS-PAGE experiments, less than 10% of mwﬂd to the gel was recoverad
(data not shown) This observation, along with the dif ferent results obtained in the 3
experiments. made 1t dif ficult to assign 8 MW to SDS-denatured IL2 A further problem in
determining the MW of IL2 by SDS-PAGE is that IL2 1s a glycoproten Glycoprotens give
anomalously high MW values when characterized by SOS-PAGE (Segrest and Jackson
1972, see Discussion).

To overcome the problems associated with SDS-PAGE experiments the molecular
size of SDS—-denatured IL2 was determined by gel filtration chromatography. Figure 6A is
the elution profile of SDS- and DTT-trested standard proteins and IL2 from a Sephacry|
$-300 column. The siution buffer (0.05 M NaC!l. 0.01 M HEPES pH 7.3, 0.02 mM EDTA)
contained 0.1% SDS and 1| mM DTT to ensure that no renaturation or cisulfide bond
formation occurred during the run. A linear relationship was obtained between the partition
coefficient, Klav), and the log of the MW of ail 5 standard proteins (Figure 6A) The
standard proteins, and IL2, were treated with 1% SDS at 70°C for 10 min in the presence

of 10 MM DTT to ensure compiete denaturation
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Eig 3 - SDS-PAGE of IL2 using the Laemml: buffer system Fraction 4 IL2 was denatured
st room temperature for 1 hr in the prasence of 1% SDS and fractionated by PAGE in a
10% acrylamide slab gel using the discontinuous buffer system of Laemmii (see Materiais
snd Methods) After electrophores:s the gel was siiced into 5 mm pieces and sach piece
was minced in buffer A containing 20 micrograms/ml hemogiobin as carrier protein The
minced gel shces were incubated overnight at room tempersture to allow diffusion of the
IL2 into the buffer After centrifugation to remove the residual acrylamide, the supernstant
was cooled on ice 1o precipitate free SDS. The samples were assayed for costimulator
sctivity at a8 final dhiution of 1/10. and for CTL sumulating activity at a final dilution of 1/5

{ @ ) MW calibration curve, markers are bovine serum albumin (BSA). ovalburmin (OVA),
chymotrypsinogen A (CHYM) and cytochrome ¢ (CYTC C) The markers were denatured in
1% SDS for 1 hr at room temperasture in the presence of 10 mM 2-mercaptoethanol CTLs
were generated from 25 x 10! CBA/J spleen cells stimulated with an equal number of
gamma-irradiated DBA/2J spleen cells CTLs were assayed on 1 x 10* target cells/well

i
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Eig 4 - SDS-PAGE of IL2 using the sochum phosphate buffer system Fraction 4 IL2 was
denatured as described in Figure 3 and fractionated on a 10% acrylapmge gel using the
sodwm phosphate buffer system (see Materials and Mathods) Aftar/esiectrophoresis the
gel was shiced into 5 mm pieces and each piece was placed in a sealed eppendorf tnEE
conuaining a siicdnized glass wool plug The gel siice was minced in buffer (0.01 M HEPES
pH 7.3, 05 M NaCl. 0.2 mM EDTA) containing 20 mncrc?raﬁs/ml hemoglobin. and
ncubated overnight at room temperature and then for | br at 37°C After incubation: the
tips of the appendorf tubes were cut, the tubes were centrifuged and the supernant
collected The presence of IL2 was assayed in the costimulator and TCGF assags at a final
dilution of 1/10, after the removal of free 5DS by precipitation The TCGF assay was
performad using a continuous cell hne which had been in culture for 10 days. ( @ | MW
calibration curve, markers as in Figure 3
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Eig 5 - SDS-PAGE of IL2 using the Laemmii buffer system Experiment 2 Fraction 4 IL2
was denatured by haating at 70*C for 10 min in the presence of 1% SDS and then
fractuonated by SDS-FAGE as described for Figure 3 IL2 was sluted and assayed for
costimulator activity at a final dilution of 1/10 (& ) MW calibration curve. markers as in
Figure 3 The markers were denatured in 1% SDS for 10 min at 70C in the presence of
10mMDTT
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Eig 6 - Gel filtration chromatography of IL2 after SDS denaturation SDS-denatured IL2

was chromatographed on a Sephacryl S-300 column in buffer containing 0.1% SDS with
or without 1 mM DTT (see Materiais and Methods). A. Fraction 4 IL2 was denatured with
1% SDS in the presence of 10 MM DTT for 10 min at 70°C ( @ ) MW calibration curve,
markers as in Figure 3. and including phosphorylase a (PHOS). ( @ ) costimulator activity at
1/20 dilution after removal of free SDS by precipitation at 0*C B. IL2 was denatured in the
absence of DTT. ( @ ) protein concentration. ( ® ) costimulator activity at 1/50 dilution
after the removal of free SDS C. IL2 was denatured in the absence of DTT. (@ )
generation of CTLs at 1/30 dilution after removal of free SDS 5 x 10* CBA/J spieen celis
wers used as rc:?quqrs and 5 x 10° gamma-irraciated DBA/2J spleen cells were used as
stimulators. ( @ ) TCGF activity at 1/20 dilution after removal of free SDS. At the time of
assay the celis used for the TCGF assay had been m culture for 1 month
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The costimuiator activity of L2 chr omatographed with protens of 16.000 £ 1,500
MW (average of 3 experiments). There was no indication of costimulator activity in the
molecular weight range of 30-45,000 Figures 68 and 6C illustrate that DTT trestment had
no effect on the elution profile of SDS-denatured IL2. Helper activity for CTL generation
and TCGF activity co—-purified with costimulator activity (Figures 68 and 6C). All 3 activities
co-purifiad whether or not DTT was pressnt The recovery of IL2 activity after gal
filtration was typically 50%.

This gel filtration column vﬂs also used to determine the MWV of the low-MwW
form of IL 1 produced from LPS-stimulated P388D, cells The Mwlabunﬁad was 18,500

. (data not shown), somawhat higher than the MW of 12-16,000 reported by Mizel (1979)

The behaviowr of SDS5-denatured IL2 during giycerol gradient centrifugation was
also determined Figure 7 ilustrates that SDS- and DTT- treated IL2 sedimented with
proteins of MWs centered around 18,000 (average of 3 experments) This value was
obtained using a 5-20% glycerol gradient in buffer contaiming SDS and DTT The sedimen—

tation velocity of SDS—denatured IL2 was daterminad relative 1o that of BSA which was

molecular waights of the 5 standard proteins and therr relative sadimentation velocity
Figure 7). This 18,000 MW value agrees reasonably well with the values of 16,000
obtaned from gel filtration studies These two techniques, taken together, provide s MW
vaiue for SDS-denatured IL2 which is ndependent of shape (Siegel and Monty 1966, see
Discussion).
4. The Production of IL2 During » MLR and its Abrogstion by UV Irradiation
demonstrates that the costimulator activity derived from both Con A- and MLR-stimulated
spleen cells behaves similarly during Sephacryl S-200 chromatography

When the ;t'irﬁul;tar celis in the MLR are UV irradiated the amount of IL2 produced

is dramatically decreased (Figure 9). At 96 hours after the initiation of culture there is a 10

open circles in Figures 10A and 10B) The addition of exogenous IL2, in this case fraction



o o o
L§ L)
1
-
|

WEIGHT x 10~ 4
a

MOLECULAR

A

05 06 OT 08 09 10
S/S psa

q 7 - Sedimentation velocity of IL2 after SDS denaturation. Samples were trested with
SDS and DTT as described in Materisis and Methods and applied to a 5-20% glycerol
gradient Centrifugation was for 15-16 hr at 60.000 rpm at 15°C. The positions of marker
éﬁ;:‘tgm; are expressed relative to that of BSA, which was present in each gradient

Viarkers as in Figure 3 and including immunogiobuiin light chain (L.C.) and alpha-lactalbumin
(aipha-LAC). The range of sedimentation values for IL2 was obtained from 3 separate

centrifugation runs.
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Eig 8 - Gel filtration chromatography of IL2 produced by Con A- and MLR~-stimulated
spleen celis IL2 was prepared from Con A-stimulated spleen cells and from an MLR
between CBA/J and BALB/C spleen celis as described in Materials and Mathods. The crude
supernatants were ammonium suttate precipitated and then chromatographad on a
Sephadex G-25 column to remove saits and Con A After lyophilization to concentrate the
samples, they were chromatographed on a calibrated Sephacryl 5-200 column. *H-DNA
and *C~Thd were used to determine the excluded and included volumes, respectively
Fractions were assayed for costimulator activity at 1/10 dilution
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E‘g 9 - The effect of UV irradiation of stmulator cells on IL2 production in the MLR
CBA’J and gamma~-irradiated DBA/2J spleen cells were co-cultured at 1 x 10* cells/m!
each in 1 mi cultures in 16 x 100 mm glass tubes ( @ MLR ( © ) stmulator DBA/2J ceils
were also UV-irradiated (see Materials and Methods) Three separate cultures were set up
at each time point Samples were assayed for costimuiator activity at a 1/4 dilution Results
are expressad as the fraction of the maximum stimulation seen with optimal L2
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Eig 10 - The affect of UV irradiation of the stimulator celis, and the addition of IL2. on the
proliferative response of the MLR. CBA/J ‘5"‘“ cells and gamma-irradiated DBA/2J
spleen cells were co-cultured as in Figure 9 axcept that microtitre plates were usad
instead of glass tubes Incorporation of *H-Thd into DNA was measuredn 6 raplicates by
2 4.5 hr puise at this times indicated (x standard deviation) A. ( o) cells alone, ( @ ) cells
plus 6 costimulator units/mil fraction 4 IL2 B. ( o ) stimulator DBA/2J cells UV—irradiatad
for 2 minutes, { ® ) UV-irradiated DBA/2J cells plus 6 costimulator units/mi fraction 4 IL2,



4 IL2, enhances the proliferative response seen with both UV-iradisted snd normal
(gamma-irradisted) stimulators. Thus. the lack of L2 production in 8 MLR using
UV-irradisted stimulator celis is correlated with the lack of proliferation, and this

response is restored with IL2 ,

C. DISCUSSION
1. A Purification Protocol for IL2

A convenient, reproducible. purification protocol for IL2 was designed using the
costimulator activity of IL2 to follow its biological activity This protocol i1s summarized in
Table 4. in the first step IL2 was precipitated with ammonium suifate A 50-100 fold
concentration of the crude supernatants was typically otained Foliowing ammonium
suifate precipitation, the IL2 was dialyzed and chromatographed over a Sephadex G- 100
column to remove some inactive proten and the majority 31‘ nucleic acids and salts. This
step also removed residual Con A and thus ayé)wed L2 activity to be studied in the asbsence
of a mitogen known to have significant lMIOQ!C&I effects in yitro

Following Sephadex G- 100 chromatography. fraction 3 IL2 was purified by ion-
exchange chromatography on DEAE-Sephacel (Figure 2) A purification of 5-10 fold was
typically observed. with quantitative recovery of activity Large volumes of fraction 3, up
to the equivalent of 10 litres of crude material, could be applied to the DEAE-Sephacel
column as 80% to 80% of the protein did not bind to the resin (see Figure 2)

Fraction 4 IL2 typically had a specific activity of 1-2 costimulator units/microgram
protein IL2 purified by isoelectric focusing has a specific activity of approximately 30
costimuiator units/microgram protein (Shaw et a/. 1978b). The roéovery of activity after
isoelectric focusing was, however, only 10~ 15% in the major peak, making it impractical
to routinely purify IL2 by this procedure. The ion—exchange chromatography on the other
hand gave excellent recovery of activity with a 10 fold increase in specific activity IL2 has
been purifed to a level where 1 microgram of protein contains approximstely 500
costimulator units (Chapter 1V) Thus, fraction 4 IL2 is less than 0.2% pure

IL2 purified by Sephadex G- 100 chromatography sllowed thymocyte precursors
to generste CTLs in response to slioantigen (see Chapter | Section BAb). Both costimulator

activity and helper activity for generating CTLs were present in material purified by



isoslectric focusing. it was therefore expected that these two activities would co—purify

through ion—exchange chromatography. as illustrated in Figure 2. This resuit supports the

contention that the same entity is responsible for both activities

2. Properties of §
When IL2 was exposed 1o rigorous densturation conditions. most. if not all. of the

wed L2

activity was recovered (Table 5 To assay the IL2 after SDS denaturation it was necessary
to remove all traces of free SDS. so that the celis used for the assay would not be killed
This was achieved by cooling the samples to 0°C thereby precipitating out the free SDS
Any residual free SDS in the supernatant was reduced in concentration by dilution into
medium containing 10% FBS prior to assay The s;rurn protens in the FBS probably bind

activity after SDS awt;‘maﬁ indicates either that denatured IL2 is fully active or that it
r'udily renatures to its active form. Tha various assays Q‘ iL2 all nvolve at least & 24 hr
incubation at 37°C in the praesence of medium c(:ﬁtmniﬂg 10% FBS This may allow it to
rensture through the exchanging out of SDS
Since IL2 activity was recoverabie after SDS denaturation, the MW of
SDS-denatured IL2 could be determined. Both gel filtration chromatography and
SDS-PAGE were used Ge! filtration chromatography separates proteins on the basis of
molecular size, directly yielding the Stokes radius and dif fusion coefficient (Andrews
1970) A MW determination based on gel filtration chromatography assumaes that the
protain in question has the same molecular shape as the proteins used n tha calibration
w;ﬁan proteins are denatured in SDS, they probably adopt a random coil conformation
The retisbility of MW determinations by SDS-PAGE is partly due to the uniform confor-
mation of proteins after SDS denaturstion (Shapiro ef a/. 1967, Waber and Osborn 1969).
When IL2 was rigorously denatured with SDS, in the presence or absence of reducing
agent, and fractionated by gel filtration chromatography, activity eluted with proteins of
“ié,DDD MW (Figure 6) 3 activities previously associated with IL2 - costimulator activity,
’-TC'GF activity, and helper activity for CTL generation - co—purified thrcmgh gel filtration
chromatography (Figures 6B and 6C). This supports our previous contention that the same
entity is responsible for all 3 activities (Chapter | Section B4d). The recovery of activity

after gel filtration chromatography was typically around 50% (data not shown) and
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inchcates that these results are representative of a majority of L2 molecules

The assumption of uniform molecular shape would not be valid for a proten that
retainad a compact structure after trastment with SDS. Fractionation of such a proten by
gel filtration chromatography wouid yieid an apparent MW smaller than the actual value By
using sedimentation velocity centrifugation in conjunction with gel filtrston chroma-
tography. the MW of a protein can be determined without any assumptions sbout its over -
all conformation (Siegel and Monty 1966) The sedimentation behaviour of SDS~denatured
and DTT reduced IL2 was consistent with IL2 existing as a proten of 16.000 MW (Figure
7y If after SDS denaturation the IL2 retained s compact structure. it would have a
sechmentation coeffecient comparabie to proteins of greater than 31,000 MW (the MW
of native iL2). Thus, the actual MW of SDS~-denatured IL2 1s probably 16,000, half that of
native IL2 |

The MW of SDS-denatured IL2 was aiso determined using SDS-PAGE In different
experiments, IL2 had a mobility characteristic of proteins of 30.000 (Fig 4). 25.000 Fig

was obtainad and it was tharefore possible that these results reflected a small proportion
of IL2 moiecules incompletely denstured Recently. Mochizuki ef a/. (1980b) and
Granalli—Pipernc et a/ (193 1) also characterised SDS-denitured IL2 Mochizuk et
2/.(1980b) fractionated IL2 by SDS—PAGE using two dif ferent discontinuous buffer
systems. IL2 sctivity migrated with molecules of 27.000-31,000 daltons (Mochizuk: et &/
" 1980b). In contrast to this, Granelii-Piperno et a/ (198 1) obtained an apparent MW for IL2
of 23.000 using SDS-PAGE. The validity of these MW values may, however, be
compromised An accurate MW determination by SDS—-PAGE requires the protein of
interest to have a charge—to—mass ratio equivalent to that of the proteins used as MW
markers (Reynolds and Tanford 1970a.b), and to adopt a red!ikg‘cmﬁgur:tign (Reynolids
and Tanford 1970b). Protains in general bind constant amounts of SDS per gram Reynolds
and Tanford 1970a.b) but glycoproteins do not (Segrest et a/ 197 1. Segrest and Jackson
1972). Glycoproteins contamning more than 10% carbohydrate do not bind as much SDS
per gram compared with standard proteins (Segrest et /. 1971, Segrest and Jackson
1972) Consequentily, thay have a lower charge—to-mass ratio than proteins and give
anomalously high MW values when characterized by SDS-PAGE. This problem is partly
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overcome by increasing the acrylamide concentration of the gel thereby rmirsmizing the
effect of the charge—to-mass ratio (Segrest and Jackson. 1872). From a curve of
spparent MW versus gel concentration, an asymptotic mrwmal MW can be obtained
(Segrest and Jackson 1972). Desialated glycoprotens Qive even more anomalous MWs.
when characterized by SDS-PAGE. due to the decrease n negative charge which, when
present, compensates partly for the decreased SDS binding. The MWs of 23,000
(Granelli-Piperno et a/ 188 1) and 27.000-3 1,000 (Mochizuk et &/ 1981) obtained for
SDS-denstured IL2 by PAGE may be asnomalously high due to the giycoproten nature of
IL2 The MW of IL2 calculated using the resuits from gel filtration chromatography and
glycerol gradient centrifugation required no assumptions atfout charge-to-mass ratio This
MW value of 16,000 for SOS~denatured IL2 suggests that native IL2, which has a MW of
spproximately 31,000 (Shaw et o/ 1978b) 15 composed of two subunits

Mizel has observed that IL 1 activity could aiso be recovered after SDS-denatur-
ation (Mizel 1979). and that SDS-denatured IL | had a MW of 12,000 A vaiue of 18.500
was obtsined for SDS-denatured IL 1 using gel filtration chromatography (data not shown)
The MW of native IL1 is 12,000~ 16,000 Mizel 1979). and thus IL 1 1s composed of s
single polypeptide chan

The apparent MW of both rat and human IL2. as determined by ge! firation
chromatography was 15.000 (Gilhs et a/. 1980b). All 3 species of IL2 studied so far - rat,
human. and now mousé - can all exist as polypeptide chains of 15,000-16,000 MW
The Role of 1.2 in the MLA to UV -irradisted Stimulator Cells

One of the major functions ascribed to IL2 is to confer immunogenicity 10 T cell
rnpc:n;:’i (Chapter 1, Section C2). When spleen Celis are stimulated in 2 MLR they
proliferate. If, however, the stimulstors are UV-irradiated no proliferration occurs. These
UV-irradisted stimulators do express recognizable antiren on thair surfaces yet they are
no longer immunogeneic (see Table 2). Figure 10 illustrates that UV irradiation simost
completaly abrogates proliferation in the MLR. This response is restored when exogenous
IL2 is added. UV-irradisted stimulators are also unable to elicit IL2 production (Figure 9),
thus suggesting a correlation batween the lack of proliferation and the inability to stimulate
IL2 production Similar results have been obtained by Dk;d: et &/ (1978 and Pastkau et 8/

(1980) in the CTL response against UV —irradiated stimulator cells A correlstion between a
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lack of IL2 production and s decressed level of cytotoxicity was observed That the
missing ‘signal’ with UV -irradisted stimulators is IL.2 is suggested by the results in Figure 8
and those of Pastkau et #/. (1980a) and Kern ot a/ (1981). Thus suggests that the role of L2
IS 1O LM an antigenic signal Nto an Immunogenic one k.2 has been shown to convert anti-
genicity into immunogenicity in several other situstions These are described in Chapter 1,



IV. STUDIES ON iIL2 PRODUCED FROM EL4 LYMPHOMA CELLS

A. INTRODUCTION

in the previous chapter. IL2 was charscterized by several purification procedures
Several properties of SDS—-denatured IL2 were aiso described. These studies were based
on the sbility of IL2 to stmulate a particular immunological responss. Homogeneous
preparations of IL2 were unavsilsble for study dus to the paucity of materisi produced by
Con A-stimulsted spleen cells Recent estimates suggest that IL2 is active at 10 1’ M (see
bnsc&ssoonl Based on the amount of IL2 activity produced by Con A-stimuiated spieen
celis (typically 10-50 units/mi). only nsnogram amounts of IL2 protein were produced per
mi. Total protein was in the range of 0.1 to 1.0 mg/mi, thus necessitating a purification of
over 10¢ foid to yield homogenesous material

An spproach to obtaining homogeneous material is to use cells which produce a
much higher titer of IL2 than do spleen cells S Gilis, J Watson and coworkers (Gillis et &/,
1980a) screened over 40 established T cell ieukemias and lymphomas fgr IL2 production
One. LBRM-33, when stimuiated with the T cell mitogen PHA produced greater than 1000
fold the amount of IL2. on a per cell basis. than did Con A-stimulsted spieen celis. T, el
ine provides an excellent source of IL2 for biological experiments and a clonal sotrce &
IL2 for biochemical characterization ‘

Another- T cell lymphoma shown to produce an extremely high titre of IL2 1s a
variant of EL4 discovered by Dr. J Farrar (Nationsl institute of Heaith, Bethesda, Maryland)
These EL4 lymphoma cells, when stimulated with PMA produced 500 fold more IL2 than
cid spieen celis (Farrar, J.J. et o/, 1980a). This cell ne was kindly provided to us by Dr.
Farrar. The experiments in this chapter describe conditions forA IL2 production from the
EL4 lymphoma celis. In addition, the IL2 produced was fractionsted by the chroma-—
tographic procedures established in Chapter lil. The preliminary characterization of the IL2
produced by the EL4 lymphoma celis has been reported by Dr. Farrer (Farrar, JJ. et a/..
1980a) )

4 -
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B. RESIATS

| The majority of resuits presented in this chapter are based on the TCGF activity of
L2 TCGF. and the assay system for it. were first described by Gillis, Srruth and coworkers
(Gillis &t a/. 1978b)

The TCGF assay was performed as describsd n Materuls and Methods A
continuous. cloned mouse T cell ine. MTL 2 8 1 Bieackiey er a/ 1982) was used Briefly,
celis were cuitured in flat bottom microtitre piates st a density of 1 x 10* celis/well In
0.2 mi of RHFM containing the sampie of IL2 to be assayed After 18-24 hr incubation the
cells wers exposed for 4=6 hr to 4~UdR and then harvested Results srs expressed as
either (1) % maxsmum stimulation at a particular dilution with maximum stimulstion deter -
mmned at an optimal concentration of IL2, or (2) umits of TCGF activity. based on the
concentration of IL2 required to give 1/3 the maximum response. as described for the
costimulator assay (Figure 1)

, The results obtaned with the TCGF assay were similar to those of the costimulator
assay Smilar dilution curves to the one depicted in Figure 1 were routinely obtained (dsta
not shown) and were used to caiculate TCGF activity The TCGF assay 1s approximately 4
fold more sensitive to IL2 than is the costimulator assay snd can be made sven more
sensitve by decreasing the number of celis used (C. Havele, unpublished observations)

2. Production of IL2

The conditions for L2 production from the EL4 iymphoma cells were deterrminad

using sither celis as provided to us by Dr. Farrar. or obusned from cloning the EL4

l'ymphem line (see beiow) Table 6 illustrates that EL4 lymphoma cells stimulated with PMA

produce I%Z The optimal concentration of PMA was 10 ng/mi Con A stimuiation of these
celis. at concentrations mitogenic for murine spleen cells. neither stmulated IL2
production itself nor influenced the amount of IL2 produced upon PMA stimulation

12 X 10* Con A-stimulsted spleen cells produced 10-50 costirmulator units of IL2;

1 X 10* EL4 lymphoma celis produced 1,000-5,000 TCGF units of IL2. On a per cell bass,
with the TCGF assay 4 fold more sensitive than the costimulator assay. this represents an

average 250 fold increase in the amount of IL2 produced.
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TABLE 6

EFFECT OF CON A AND PMA STIMULATION ON 1L2 PRODUCTION?

ELh Cells Stimulated with: TCGF Activity?
_ (unlts/ml)
- <10
| ng/ml PMA - k 20
10 ng/ml PMA 7 1,200
50 ng/ml PMA ’ 800
3 micrograms/ml Con A o A <10
3 micrograms/ml Con A ’
+ 10 ng/ml PMA . 1,200
6 picrograms/ml Con A _ <10

6 micrograms/ml Con A
+ 10 ng/m]l PMA ' 1,200

FELL - E) cells were grown in the ascities form in mice before use.

4 ml cultures were set up in plastic T flasks in RH medium containing 4%
HS. Cells were cultured at a density of 1 x 100 cells/ml and stimulated
with the indicated reagent for 24 hr., Cell-free supernatants were
assayed for TCGF activity.

bResults are expressed as the average number of units in duplicate
samples.

»



A time course for L2 production from the EL4 lymphoma cells is illustrated in
Figure 11. The EL4 cells were grown m the ascites form in mice (see Materials and

stimulated with 10 ng/mi PMA for the times inchcated Optimal production of L2 ocoured
between 9 and 18 hr after stimulation with little or no change in the amount of IL2 present
after up to 72 hr of cultura.

Experiments which studied the effect of the medium used during IL2 production
indicated that the presence of sither HS or FBS in the culture medium increased L2
production (Table 7) Between 2 and 25 fold greater levels of IL2 were produced by EL4
cells stimulated in medium containing serum Optimal serum was a combination of 4% HS,
1% FBS (Table 7). Further experiments demonstrated that 4% HS :TDﬁG gave comparable
results (data ngtishgwn!

The Eanéitnani used to grow the EL4 celis prior 10 stimulation siso had an affect
on IL2 production (Table 7). Celis grown jn yitrg for several weeks in medium containing
10% FBS (Table 7, Experment 1) This increase in IL2 was observed in all combinations of
media present during PMA stimuistion The most efficient production of IL2 occured when
cells were used immediately after being grown in the ascites form (Table 7. Experiment 2)
That the increase in the amount of IL2 activity produced actually represents IL2 and not an
effect of diffif;ﬁt sera, or other components present in crude supernatants, on the TCGF
assay 1s demonstrated in Table 8. The difference in the apparent level of IL2 activity
produced was mantsined through various stages of purification. including gel filtration
chromatography and ion—exchange chromatography (Table B8).

These experiments established the conditions for generating high titers of IL2
from the EL4 lymphoma celis. The celis were grown in the ascites form in mice and
harvested from the peritonesi cavity prior to use in iIL2 production. They were washad
twice, cultured at a density of 1 x 10¢ celis/mi in RH medium containing 4% HS and
stmulated for 24 hr with 10 ng/mi PMA
3. Cloning of the EL4 Lymphoma Cell Line

EL4 lymphoma cells were cloned by hmiting dilution Cells were cultured in micro-

titre plates at an average 0.25 cells/well. Most wells in which cell growth occurred thus
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Eig 11 - Time course of IL2 production by EL4 lymphoma celis. EL4 lymphoma cells were
grown as ascites in C578 1/6J mice as described in Materiais and Methods The cells were
cultured st 1 x 10¢/mi in RHM maedium containing 5% HS and 10 ng/mi PMA. At the times
indicated, the 4 mi samples were harvested and dialyzed. They were then assayed for
costimulator activity at a 1/100 dilution. The resulits from two separate axperiments sre
shown (@ . @ ). as well as a control, ( @ ). which consisted of EL4 lymphoma cells cultured
in the absence of PMA 1o which 10 ng/ml PMA was added to the celi-fres supernatant
prior to dialysis



- e . "pIujwi3I3p ION  (P)
2 "00L/1 40 uolIN||p B 3B 4Oy pIAesse sem AJ[Allde JoIe|nw)}sol (2)

3 "AYiA13o® 4p)) Jo) paAesse Iuam sjueleusadns CEFY!
-1133 "3A0QE P3Q{IISIP S@ PIINI NI PUR PIYSEM IJUIM S| (I Y] ‘SH th Bujuiejuod wnipaw Ky Ul OJ3IIA Ul umoab
40 SPOYIaIW pue S|elJ3leY U| PIGIIISIP SR I W 'g/|G/GT) Ul SIIIDSE SB umouB 9J9m |3-473 JUO(d O S|[3) (q)

*AJIA11OR J0JR|NWI3SOD U0y
palesse jueleusadns 33u4-| |39 ayl pue sinoy hZ 404 ¥WWd |w/Bu Q| y3Iim pale|nWils Jam sIUNI NI |w &y 31edy|dng
‘e|paw Ilejidosdde Ayl ui jwss| 9 o0f X | 40 UCIIBJIUIOUOD @ J@ PIPUIASNSIL pue WNIPAW HY u| Sawll T paysem

F4M S92 Yy "s@4 3G 40 SH 3G Y113 BujuieIuod wWNipaw WY Ul SHIIM |BIIAIS 404 p34n3|Nd i3amM S| {13 ()

008 009°1 h° 0l g €n .- S84 %L “SH 3%

"Q°N "a°N 85l Ty S84 Th “SH 31

00§ 00Z°1 £ ni £ty SH %S

05¢ 008 "Q°N . ‘"N SH %2

00€ 008 Ls €21 SH 21

00€ 009 QN _ (p) ON . | s84 201

"a°N Q"N . T L2g S84 %S

0o% Y 00l 9°S 9751 sg94 31

of 00€ 9'9g g€l wniag OoN
SH gy U] OJI]A Uy s1123 S84 3§ Ul O13(A Uy SH S Ul OJ31A Uy
! paany {ny s 1197 s31y Sy pRJany (LY | |93 peJany {3 s TN

{lw/s3jun) (uojlepnwiyg |ew|xey %) ﬁ@mﬁﬁ_nu;ag wn | pay uj

A3iap3oy 4931 . (3) A31A130y Jore|nui3so) OJI{A Ul pRlIe(NWIIS S{[3]

?:a Juawyiadx]y A3_ Juauw sadxy -

NOILINA0Y¥d Z11 NO 3¥NLIND DYLTA NT OGNV VIGIW ININIVLINOI-VHIS 40 123443
*$7732 VWOHIWATY 413 A8 Z11 340 NOILINQO¥d .

: L 3evi



67

N

*aanpadosd uo)ied

1and 104 IX®3 395 (q)

"yoea |w Qg7 49M sjuereusadns IPnJud Iyl “WWd 1w/Bu 0| YItm “ay 47 104 pITE|NWIIS pue

"PRIRI|PU WNPIW Y U] [WSS| R0

01 X | 1@ paini nd ‘saljose se umoib Iuames| (33 ewoyduh| 13 (e)

9
000'g ool "1 7 AydeuBoyewoays
~ (92eydas-3v3Q y 1004y
00L°St 001 ‘Y . Aydesbojewolyd
001-9 xopeydag € 15014
000°‘¢H oon‘L uotjey dyoaud
3jej NS wn)uoumny 7 1d0e4y4
000°G¢ 00,6 . - apnJ)
SH %S S84 201 S
Bujuiejuod wn|paw u| . 2
OJ1fA Ul pale|nuils S|([32 413
(s3jun |ejoy) 34npadouy ’
ISTLYRELAF L)) uQjledyyiang abe1s

:Sd4 Y0 SH

*n NOIL1vd141dnd 40 S3IIVLS SNOIYVA ¥3LdV Z11 40 A¥3IA0IIN
Y3IHLII ONINIVINOD VIQIW NI OYWLIA NI QILVINKILS ST1T3) VWOHJWAT #1713 WOYd Acvzo_._.u:ooxm fall

g 318vl



68

represented clones Theseciones were tested for thew ability to produce IL2 The cloning
and subsequent testing of the clones for IL2 production was done by Dr C Havele

A correistion between the growth characteristics of the clones and their ability to
proliferats did not produce IL2 whereas those that stopped proliferating did (C. Havele.

Of 24 randomiy seiected clones. 14 (approximately 60%) were shown to produce
tugh levels of IL2 in response 1o PMA. 6 of these clones were grown in the ascites form in
mice and then tested for IL2 production One clone, designated EL4E 1. produced 4 times
more IL2 than did the uncioned line and was thersfore used in all subsequent experiments.
4. Purification of IL2

The techniques established for the partial purification of IL2 produced from Con
A-stimuisted spleen celis were applied to the L2 produced from the EL4 lymphoma cells
A major difference in the production of IL2 from thase two sources 15 that the latter
source of IL2 is produced in madium containing 5% HS, whereas the IL2 from spleen cells

1s produced in serum-free madium As a resuit, the purification of IL2 from the EL4

lymphgma cells requires handiing much more proten
B EL4-produced IL2 was ammonium sulfate precipitated at 80% saturaton (see

Materiais and Methods). The efficacy of this procedure was shown by the observations

that (1) quantitative recovery of activity was obtained after ammonium sulfate precipitation

and (2) precipitation of material previously precipitated (and then dialyzed) had no e
the amount of L2 recovered (data not shown) Thus, ammonium sulfate precipitated afl
the IL2 with no adverse effect

Following ammonium sulfate precipitation, the IL2 was dislyzed (fraction 2) and
concentrated by lyophilization A total concentration of 50-100 fold was achieved by
Sephadex G- 100 column TCGF activity sluted with protens of apparent MW around
30.000.

Foliowing Sephadex G- 100 chromatography, the iL2 (fraction 3) was further
purified by hydrophobic interaction chwomatography on Phenyi-Sepharose, as illustrated in
Figure 12 (see also Hilfiker er a/ 1981) The .2 was spplied n hugh salt (2.5 M NaCl) which
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Eig. 12 - Phenyl-Sepharose chromatography of IL2 Fraction 3 IL2 was chromatographed
by Phenyl-Sepharose as described in Materials and Methods Fractions were assayed for
TCGF activity at a dilution of 1/2000 The gradient was monitored by conductivity.
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favors hydrophobic interactions, and activity eluted with a grackent from 2.5 M NaCl to
50% sthylanse glycol 50% of the applad activity was siutad with 10% sthylene giycol,
which siso sluted the majority of protein present n the sampie (data not shown). The
Phenyl-Sapharose fractions were sisoc assayed for colony stimulating factor activity for
granuiocytes and macrophages. Colony sumulating factor promotes the dif ferentiation of
macrophages and granulocytes from bone marrow precursors (reviewed in Burgess et a/

1978). Tha colony lating factor assay was performed by M Wong and Dr. K. -C Lee

Under the conditions used, the colony stmulating factor did not bind to the
Phenyl-Sapharosa column and was therefore completely seperatad from L2 (data not
shown, Hilfiker ot a/. 1981)

Phenyi-Sepharose—purified IL2 (fraction 4) was dialyzed against buffer A (see
Materials and Methods) and then fractionated by DEAE-Sephacel chr omatography 90% of
the applied activity aluted at a salt concentration of 0.12 10 0 14 M NaCl. This iL2 1
referred to as fraction 5 A significant amount of the TCGF activity did not however bind
to the DEAE-Sephace! rasin. Typicaily, about 10% was observed in the DEAE-Sephacel
run—through fraction This ‘DEAE run-through' material stimulated the TCGF assay to only

30% of the maximum response seen with optimal IL2. As illustrated in Figure 13, the DEAE

(and all other preparations of} IL2 In addition, both thymocyte proliferation n response to
Con A (the costimuistor assay). and the proliferation of an astablishad natural killer cell line
(Dennart 1980), were aiso stimuiated to only 30% of the maximun response with the DEAE
run~through material (dsta not shown; G Dennert, personal communication) This material
behaved as a protein of 30,000 MW through gel filtration chromatogr sphy on Sephadex
G-100 and had a higher isoelectric point than IL2 (as determined by chromatofocusing,
see below) Preliminary experiments with the DEAE run-through material ndicate that-
lymphoid cells can be grown continually in culture in its presence (C Havele, unpublished
observations). These lymphoid cells are morphologically dif ferent from the cells which are
grown in IL2. This DEAE rum-through material is similiar to the lymphokine recently
describad by lhie and coworkers (lhle et 8/ 1981, Hapel et 8/ 1981) and referred to as
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Eigura 13 - Titration of IL2 after DEAE-Sephacel chromatography Fraction 4 IL2 was
chromatographed on DEAE-Sephace! as described in Materials and Methods The material
which eluted in the run—through fraction (DEAE run-through, see text). and that which
eluted at a salt concentration of approximately 0 15 M (F=5) were titrated in the TCGF
assay.
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Fraction B IL2 was further purified by a second fractionation on Sephadex G- 100
Figure 14), to further increase specific activity. From its behaviour on this column, most
of the contaminating protein was probably horse serum alburmin, the major component of
the horse serum used during IL2 production

A summary of the resuts is given in Table 9 Overall. close to 30% of the activity
was recovered, with an increase in specific activity of approximately 20 fold Fraction 6
L2 had a specific activity of 10 TCGF units/microgram protein The most effective purifi-
cstion step was the final fractionation over Sephadex G- 100 Over B0% of the activity In
fraction 5 IL2 was recovered, with an increase in spacific activity of over 10 foid

The fractions obtained from this purification procedure were assayed for
costimulator sctivity in addition to TCGF activity The recovery of costimulator activity was
essentially identical to that of TCGF activity. supporting the conclusion that both assays
measure the same entity.

Fraction 6 IL2 was further characterized and purified by chromatofocusing
Chromatofocusing separates protens on the basis of their isoelectric point (see Materials
and Methods). It involves binding the protein of interest to an anion exchange rasin st high
pH, and subsequently eiuting the protein from the resin with ampholytes titrated to low pH.
Proteins elute from the column in buffer close to their isoelectric points When fraction 6
iL2 was fractionated by chromatofocusing (Figure I5), it was resolved into 9 pesks of
activity ranging in isoelectric pont from 4610 34 A peak of IL2 actvity also eluted from
the column when the resin was subsequently washed with 1 M NaCl. The majority of the
protein present in the fraction € L2 eiuted at a pl of batween 4.4 and 4.5 This is consis—
tent with this protein being horse serum albumin. Several different preparations of IL2
gave essentially identical results to those illustrated in Figure 15

The specific activites of the various isoelectric forms of IL2 are given in Table 10.
The fraction 6 IL2 applied to the chromatofocusing column had a specific actvity of
10 units/microgram protein. and that eluted with 1 M NaCl had 2.000 units/microgram - 3
200 fold increase. This IL2 typically represented between 15-20% of the IL2 appliad (see
Table 10). Total recovery of activity was usually 70-80%

When re-fractionated by chromatofocusing. the IL2 which eluted with the

1 M NaCl wash again eluted with this high salt wash (data not shown) Tha most likely
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Eigure 14 - Sephadex G- 100 chromatography of fraction 5 L2 Fraction 5 IL2 (see Table
9) was lyophilized, resuspended in a final volume of 8 mi and apphed to a Sephadex

G- 100 colsmn, as describad m Materials and Maethods. Each fraction (7.9 mi) was assayed
for TCGF activity at 1/1000 diution The amount of proten in aach sample was éetar—

rnnﬁad by the Coomassie Blue dye method
]
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: 1% - Chromatofocusing of fraction 6 IL2 Fraction € L2 (see Table 9) was
Characterized by chromatofocusing as described i Materials and Methods Fractions (4 1
mi) were assayed for TCGF activity at 1/500 dilution ( @ ) “The number above sach pask of
activity represents the isoslectric point of that peak as determined from the pH of the

most active fraction The 0D,,, of sach fraction was aiso determined ( o )
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. oxpmoonismvisroprmll.Zwmmbuth'm34. which would remain bound to
the anion exchange resin throughout the elution protocol Indeed. when L2 was
fractionsted by chromatofocusing using ampholytss titrated to pH 3.0, a species of 1.2
eluted with a pi of 3 1. and a significant decrease in the amount of L2 in the 1 M NaCl wash
was observed (data not shown)

This 1 M NaCl wash material is not homogeneous. Analysis by SOS-PAGE showed
a major band of protein in the MW range of 70.000. and several other protsin bands
around 20,000 MW (data not shown) On the basis that the TCGF assay can detect
0.1 unit/mi IL2, k.2 15 active at less than 3 x 10-1? M (see Discussion).

Figure 16 shows a comparison of the chromatofocmm}roﬁlcs obtained with I.2
from spleen celis and from EL4 lymphoma celis. The TCGF activity of each traction is
expressed as a function of the pH of that fraction The L2 produced from Con
A-stimuiated spleen celis is very similar to that produced from the EL4 lymphoma celis.
Neither preparstion contained L2 with isoslectric ponts greater than 4.6 Both
preparstions contained IL2 which had p! vaiues of 45 .44 .42 41 and 37. and IL2 which
eiuted with the 1 M NaCl wash

The fractions obtained from chromatofocusng were also assayed for costimulator
sctivity and an identical profile of activity was obtained (data not shown). supporting the
conciusion that both assays measure the same entity.

When fraction 6 iL2 was denatured with SDS (see Materiais and Methods) and
fractionsted by gel filtration chromatography. it eluted with proteins of 16,000 MW

Figure 17). The pro?ile illustrated in Figure 17 shows that the majority of proten remaining
. in fraction 6 material does not have IL2 activity. This proten, with a MW of approximately
67.000, is probably horse serum albumin

4

C. DISCUSSION
1. TCGF Assay:

The experments doocﬂbod h:!tis chapter deal with the biochermical
characterization of IL2 derived from Q«A—st»mulated EL4 iymphoma celis. Throughout
these experiments, the behaviour of IL2 was mainly determined by its TCGF activity.'The

o~
" major advantage of the TCGF assay over the costimulator assay is that the T celis used are

v
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Eigure 16 - Comparison of L2 produced by Con A-stimulated spieen cells and
PMA -stimulated EL4 lymphoma cBlls Chromatofocusing profiles Spieen cell-produced
IL2 was purified to fraction 4 (see Table 4) and characterized by chwomatofocusing
Fractions were assayed for TCGF activity at a 1/100 dilution. The IL2 from
PMA -stimulated EL4 lymphoma cells was purified to fraction 6 and similarly characterized

’—Qﬂﬁ?mt@fﬁﬁuilﬁﬁ (Figure 15) The TCGF activity of each fraction s piotted against the
pHYof that fraction, ther eby allowing a direct comparison of the results obtained with
these two preparations of IL2.



TCGF ACTIVITY ( % Maximum Stimulation )
3 g.3 8 8 3 8

ABSORGANCE AT 280 nw

Eigura 17 - Gel filtration chromatography of EL4 lymphomaproduced IL2 after SDS
denaturation Fraction 6 L2 (Table 9) was denatured with 1% SDS and 10 mM DTT for ,
10 rrun at 70°C. The sampie was then chromatog aphed as described in Figure 6. Fractions '
were assayed for TCGF activity ( x ) at 8 1/1000 dilution after precipitation of free SDS.
The elution positions of the MW markers are indicated by arrows, markars as in Figure 3
The 0D,,, was aiso determined ( @ )



clonal and are responsive only to medistors wiuch directly stimulate T cell proliferation
Throughout the fractionations the TCGF and costimulstor assays gave identical results,
indicating that they measure the same entity. Both invoive the proliferstion of activated T
celis - in the TCGF assay the first activator is slioantigen and in the costimuistor assay. it is
Con A It is therefore not surprising that a single entity stimulates both assays.
2. Production of iL.2 from EL4 Lymphoma Cells

High titers of iL2 were produced from the EL4 lymphoma cells when they were
grown in the ascites form in mice, cultured at a density of 1 x 10* celis/mi in RH medum

containing 4% HS, and stmulsted with 10 ng/mi PMA for 24 hr The resuits which

established these conditions suggested that there wWas an inverse correlstion batween the |
proliferation of these celis and their ability to produce L2 The EL4 iymphoma celis. grew
batter in medium contaning FBS than they did in medium contaning HS The cells grown n
FBS produced significantly less IL2 than those grown in medium contaning HS (Table 7,
Experiment 1). Cells harvested directly from the peritonesl cavity of mice were under even
lass favorable conditions for proliferation due to their extremely high density (greater than
10" celis/mil Thase celis were the most efficient n producing IL2 (Table 7. Experwment 2)
Further support for the inverse relationshup between proliferation and L2 production
were the results comparing iL2 production n chf ferent medha EL4 lymphoma cells
stimulated in medium containing FBS produced less IL2 than did cells stmulated in medium
contaming HS - the pi;:iflf growth medium Furthermore, only those EL4 ciones whose
proliferation was inhibited by PMA produced IL2 (C. Havele, unpublished observations)
That is, those clones which continued to grow in the presence of PMA were unable to
elaborate L2 Although other interpretations of these results are possible, they establish
conditions for the production of high titres ofNIL2 — typically greater than 250 tmas the
amount produced from Con A-stimulated spleen cells

Phe mechanism by which PMA stimulates the EL4 lymphoma cells to produce L2 is
unciear Farrar and coworkers (Farrar, J.J. et o/ 1980a) have argued that the EL4
lymphoma celis :Qr:!ti’tutivlly produce IL2 during the G, phase of their cell cycle and
subsequently utilize the IL2 for thewr own proliferation during S phase. These invastigstors
proposed that significant accumulation of IL2 n the culture medwm occurs only after PMA

has inhibited the EL4 cells from leaving G, Data supporting this argumept. and showing a
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relationship between cell cycle and recovery of L2 activity, has recently been reportad
(Stadier et &/, 198 1). However, we have obtained evidence that the synthesis of IL2

probably does increase in response 1o PMA Messenger RNA (mRNA) for IL2 has been

isolated from EL4 lymphoma cells and transisted in frog oocytes into biologically active
material Only EL4 lymphoma ceils stimulated with PMA contsned detectable levels of
transistable MRNA for IL2. This suggests that PMA induces a dif ferentiative event in these
cells such that thay produce high levels of IL2 MRNA | subsequently IL2) and itéﬁ:
proliferating

Several other cional sources of IL2 have been described As previously mentioned,
Gillis et a/ (1980a) have reported the production of high titers of IL2 from LBRM-33 celis
stimulated with either PHA or Con A The LBRM=-33 cell line is clearly dif ferent from the
EL4 lymphoma cell line. The EL4 lymphoma celis were derived from a dif ferent strain of
mice -n? do not produce IL2 in response to Con A stimulation (Table 6. Farrar. J1J et a/.
| as do the LBRM-33 cells. The LBRM~-33 celis do, however, respond to PMA

. but only n tha presence of sub—optimal amounts of PHA or Con A (Gills et a/.
IL2 from the EL4 lymp

ma celis. and that from the LBRM-33 cells, are bio-
chemically ncistinguishable from the L2 produced by Con A-stumulated spieen cells
(discussed below, and Farrar, J.J et a/. 1980a. Mochuzuki et o/ 1980a).

Two groups of nvestgators have recently reported the generation of T cell hybri=
domas which produce iL2 infw-ll et a/. 1980; Schrader and Clark-Lewis 198 1) Both

hybridomas produced L2 in response to Con A st n Nabe! &t #/. (198 1b) have

recently characterized a cloned helper T celi line Lyt 1°, 2°) wiuch produces L2 The
production and reiease of L2 aearr-dhﬁ-tnmnéf any apparent stimulstion

The majority of the cloned T cell sources of IL2 described aibove have been shown
to produce lymphokines other than IL2. Seversi have been shown to produce colony
stimulating factor, including the EL4 lymphoma cell line (Hilfiker et o 198 1). the heiper T/ °
cell ine of Nabel et 8/ (198 1b) and the hybridoma of Schrader and Clark-Lew:s (198 1) and
Schrader et a/ (1980). The other cloned T cell sources of IL2 have not beerrtested for

colony stumulating factor production The EL4 lymg a call line, and probably the hybri—

personsl communication). Thus, even though IL2 is available from a homogeneous
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populstion of T celis. these Celis produce lymphokines other than IL2. It ﬂir,ifg-i remans

important to perform expermments with preparstions of IL2 which have been at laast

partally purified

3. Purificstign of L2
The purification prqia;al for the L2 produced from EL4 lymphoma celis was

ban:ﬂ on the t-efrngxs ntizhsh-d for thg L2 produced from Con A-stimulsted spleen

cells. This pratgcal Is sum marized i Table 9 T‘h- L2 derived from EL4 lymphoma celis

bohl\mé smilarly to that derived from spleen c-ils sumulated with Con A, having (1) the
same molecular radius (as determined by ge! filtration). (2) the same net charge (as deter-
mined by 1on—-exchange chromatography), and (3) the same heteroganeity in 1soslectric
points (as determined by chromatofacusing. Figure 16) In addition, this IL2 behaved
similarly to spieen cell-produced IL2 through hydrophobic interaction chromatography on
Pheny|~Sepharose. and gel filtration chromatography after SDS denaturatiod

Overall, the purification protocol to fraction 6 resulfed n a 20 fold increase in
specific activity with approximately 30% recovery of activity (Table 9) The graatest
increase mapecific activity occured in the second fractionation on Sephadex G- 100
which was performed under conditions favoring hugh resolution This fractionstion alone
resulted in a greater than 10 fold increase in specific activity Up until this step only a
hmited increase in specific activity was observed (Table 9) This 1s mainly due to the fact
that ht:rsa serum aibumin, the major contaminating protemn in these preparstions. I1s not
completely removed up to this point The increase in specific activity observed up untill the
second G- 100 chromatography therafore does not reprasent the efficacy of the various
purification procedures in removing contaminating lymphocyte proteins The
'Phoﬂyl'ssgphran chromatography. for example. gave only a moderate increase in
specific activity (approximately 1.5 fold) but this procedure tompietely resoived IL2 from
colony stimulating factor (data not shown, Hilfiker ef a/, 1981) The DEAE~-Sephace!
crroﬂnt;gr:phy resulted in a decrease in specific activity, yet it separated IL2 from s
lymphokine with different biological propertes (ses below) These procedures are there-
fore important in purifying and characterizing IL2, as was seen with spjeen cell-produced
IL2 from serum-tree medha (Chapter i)



The lymphokine wiuch eluted in the DEAE - Sephacel Fm*ﬁa@ fraction 1s
particularly nteresting. Thus material is different from IL2 as\inckcated by lm*um
chromatography and chvomatofocusing When fractionatad by ;rfmafmm thus
lymphokine eluted with a pi value hugher than those assocuted with IL2 (data not shown)
There was no detectable TCGF activity i the region where IL2 would be expected to shuts,
indicating that the DEAE run—through material did not contain L2 The ability fc:n‘ this materal
to stimuiste the TCGF assay to only 30% of the maximum response 1§ cif ficuit to explan
The T cells used in the TCGF assay are all derived from a single cell and thus shouid behave
identically It appears that only a proportion of these cells (3 out of 10) are able to
respond Alternatively all of the cells may be responding to this lymphokine but dif ferently
than they do to IL2. such that they do ﬁat.ihééf‘ﬁéf'!tg 113)-UdR as efficiently Evidence for
this second iﬂifnﬂuvg has recently been obtained (C Havele, unpublished observauons)
The stimulation to only 30% of the maximum response was also observed in the
costimulator assay (data not shown) and in the proliferation of a8 continuous natural killer
cell ine (G. Dennert, personal communicstion), and thus 15 not a unique property of the MTL

2.8.1 call na.

A possible identity for this DEAE run~through material is the lymphokine recently .
dascribed by Ihie and coworkers (lhle et #/ 198 ) Hapsl et ;I 198 1) snd designated
interleukin 3 (IL3) IL3 1s defifed by its ability to nduce the enzyme 20 alpha—hydroxy-
steroid alhya'w N Nude mouse spieen cells it also allows the -:tmhi.rmim of
cloned T t:alls which are Lyt 1°, 2 (heiper) T cells These heiper T cells praéuca IL2 when
stimulated with PMA (Hapel ot a/ 198 1) The DEAE run-through material has not been
assayed for its sbility toinduce 20 ﬁpcuényargxy:tra;d dehydrogenase, but it does
stimulste the continuous proliferation of cells which are morphologically distinct from
those grown in IL2. Preliminary experiments indicate that these cells do produce IL2 when
:ﬁmudrwit’h PMA (C. Havele, unpublished observations). as do the cells grownin iL3
(Hapel et &/ 1981). IL3 is similar to the DEAE run-through material in tiéms of its molecular
racus’and its behaviour during ion-exchange crfam:tagrmi;y IL3. however fioes not
have any TCGF activity as shown by Ihie et 2/.(1981). Final proof that the DEAE

run—through material is IL3 awaits further experiments
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When the L2 produced hy Con A-stimuisted spleen celis was fractionated by *
DEAE-Sephacel chromatography. no activity was obseved in the run-through fraction
Trus lack of putative _LB (wineh 15 pfm.d by mhin cells nntlun:d with Con A [ihie o1
a/. 198 1) may simply refiect a much lower level of production than is observed with EL4

lymphoma cells.

. hJ
The relationship between IL2 and IL.3 is unciear. Although functionally and physico-
[
chermucally dif ferent, these two lymphokines do have festures in common, ncluding (1)

) tmnr production by Con A-stimulated spleen cells, (2) their moleculsr radius and (3) thew

ability to stimulats the continuous proliferation of T cells.

Two further fractionstions were used to characterize fraction 6 IL2 - gal filration
chromatograplff after SDS denaturation and chromatofocusing The fractionation of
SDS—-denstured IL2 by gel filtration g;v:isimm:r results to those obtamned with the IL2
from Con A-stimulated spieen celis SDS-denatured IL2 behaved like a pritma of 1%,{3@@
MW Figure 17) suggesting that native IL2 may be composed of 2 :ubmuts of equal or
identical MW Figure 17 aiso illustrates that the majority of proten present in fraction 6
material had 8 MW f approximately 67.000. even though this preparation had been
chromatographad twice over Sephidax G=-100

Fractign 6 IL2 was characterized by chromatofocusing and a heterogeneity in pl
values was observed (Figure 15) The IL2 had p! values ranging from 4 6 to less than 34
The p! vaiues obtamed with chromatofocusing are slightly lower than the actual p! values as
woul be datgrmﬁd with isoslectric focusing Proteins eiute from the chromatofocusing
column at a pH slightly higher than ther pl due to slectrostatic interactions between the
protemn and the anion exchange resin A heterogeneity in the 1soslectric profile of IL2 from
Con A-stimuisted spieen celis has been shown by several investigators (Shaw et o/
1978b, Watson et o/ "1979ab. Farrar. J.J et a/ 1980al In our laboratory, Dr J Shaw
demonstrated that conventional isoelectric focusing resolved iL2 into several pasks of
activity wnﬂ: a major peak st pl 3.8 and activity at pl values ranging from 4 0 to 5.0 At best,
3 separate species of IL2 were detected IL2 produced by the EL4 lymghoma calis has also
been characterized by conventional isoslectric focusing (Farrar, J.J et a/. 1980a) The IL2
was resolved into 3 isoslectric forms with pl values between 3.8 and 4 4 Chvomato-

focusing resolved IL2 into 10 different forms, a dramatic increase in resolution In



8%

addition, recovery of activity was typically in the range of 70 to 80% m contrast to the
40-50% obtaned with isoelectric focusing Some of the heterogenerty cbserved in L2 by
isoelectric focusing reflects a dif ferent pattern of glycosylston Farrar has shown that
trestment of IL2 with nin;-m:hﬂ raduces thus hater ogenaity 10 a singQle fr.rrn with a pl
value of 49 (J ‘F:rtg personal communicaton)

The IL2 which eiuted from the chromatofocusing column with the 1 M NaCl wash
had s specific activity of 2000 urvts/microgram protein This value can be used to ceter=
mine the potency of L2 The TCGF assay can datect 0.1 unit/mi IL2 (3% maxmum
stimulation). If all of the proten praesent in thns ™ NaC| sampie were IL2, the TCGF assay
was detecting 0.05 nanograms / mi IL2 Based on a MW of 16.000. 0 05 nanograms/m
represents approximately 3 x 10" M iL2. The 1 M NaCl wash material was not. however.
homogeneous SDS-PAGE showed seversl protein bands of approximately 20,000 MW
(which may represent IL2) and 1 band at waxnﬁ’\ﬁaly 70.000 MW (data not shown) The
70.000 MW protein represernted about 2/3 of the protein present in the sample as
estimated from the intensity of staining after the PAGE Pure IL2 therefore would have
approximately 6 000 TCGF uruts/rmicrogram of proten and be active at 10-1 M Farrar has
racently estimated that homogensous IL2 is active at approximataly 10°1* M (J Farrar,
perscml Emnutnan) .

An estimate of what percentage IL2 represents in terms of the total proten
produced by EL4 cells can be made We have observed that 1 x 10°* EL4 lymphoma Zells
weigh approximately 1 gram It 10% of this weight i1s protein. 10¢ celis produce about
0 1 mg of proten The 2000 umts of IL2 produced by 10¢ cells represents 0.3
TUCr Ogr ams of proten (based on purity beng 6.000 units/microgram). Thus approximately
0.3% of the total proten is IL2. The observation that the EL4 lymphoma cells :tc;p
proliferating in response to PMA and therefore stop producmg structural protein,
suggests that this percentage might be significantly underestimated Even so. ﬁhl;t 0.3%
total protein and therefore probsbly 0.3% of the total mBNA 15 IL2 The mamnan of a clona
of MRNA for IL2, after insertion into a plasmid as complementary DNA. shouid therefore
require screening through less than 300 bacterial colomes MRNA purified by size would
significantly increase this frequency An attempt to 1solate a Clone of DNA for IL2 15

underway in our laboratory.



V. CONCLUDING DISCUSSION

The results presentsd in this thes:s establish several biochermcal characteristics of L2 and
detail 8 converven. reproducible protocol for its prtul purification Murno‘ L2 (1Yhas s
molecular radius corresponding to globular proteins of approximately 30.000-45.000
MW: (2} is an acidic molecule which st pH 7.3 eiutes from DEAE-Sephacel st a sait
concentration of 0.12 to 0. 14 M NaCl. (3) can be fnctoonatod})y hydr Sphobi¢ nteraction
chromatography on Phenyl-Sepharose. thus separating IL2 from colony stimuisting factor;
and {4) is heter ogeneous wiMegrd to pl wrth values rangmg from 4.6 to less than 3 4.
These characteristics. among others. provide 8 basis for comparing L2 with other .
immunostimuiatory lymphoknes Through this comparison. one can begin to resolve v:rhich
" activities observed in the crude supernatants of stmulated lymphoid celis are due to IL2
and which are due to other Iymphoklnos’ ' . o~ .

The supernatants of Con A-activated splec;n celis are presently known to contain,
i addition to ILZ T L1 {Farrar. J.J et af 1978, (2) IL3 tinle er 2/ 1981), (3] interteron
(Simon et a/. 1979), (4) 'lcto-,/cting TRF (Wecker er sl 197!:), (5) ‘B cell growth tactor (J
Farrar, personal comwucaﬁon) shd (6) colony stimulating factor (Hilfiker et 8/ 198'1) The
recognition that these factors represent unique entities is a resuit of beng abie to
characterize them S:ochumcally, and the dgvolopmem of well-defined assay systems in
which these factors sre-active ‘

in sddition to definng severai b«?\c\mcal characteristics of IL2, this purification
protocol provides s conveient and reproducible procedure for isolating IL2 from other
lymphokines present in cru‘da supernatants This protocol may provide the basis for
purifying L2 to homogeneity. The purest preparstion of IL2 indicated that activity was
detectabie at less than 3 x 107 M with the only detectable impurity being horse serum
sibumin Thus. a highly specific interaction occurs between IL2 and 1ts receptor It 1s only
through the use of homogeneous preparations of IL2 that the role of this lymphokine in

the immune system can be defined in moleculsr terms.

N

IL2 is produced from ’Con A-stimulated spleed cells snd from a variant 9f EL4
lymphoma cells stimulsted with the tumor promoter PMA (Chapter IV, Farrar J'J et 8/
1980) The IL2 produced from the EL4 lymphoma celis 1s biochemically indistinguishable
from that produced by murine spieen cells The EL4 lymphoma celis produce

86
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approxmately 2591"0&! more L2 on a per celi b.sas than do Con A-stimulated spieen cells,
These celis, therefore, are an excelient source of IL2 -for bigiogical experments as well as
tor biochemcsl d\ractonut»on n addit»o;w. these celis are a source of L2 MRANA This
mRNA huboon tru:ismodnm nto biologically acﬁvo L2 Bleackiey ot 8/ 1981) The
subsequent cloning arfd isolstion of the genetic materisl for IL2 should provide a probe for
studying the rog;u(»on of L2 production on s genetic level. as well as providmg a source
of IL2 absolstely free of any other ouur_youc protens s

The bioiogical activity used to monior IL2 during the various chromatogr aphic
procecdures was the prdluformon of antigen—activated 7 ceils Two dif ferent assays. the
costimuiator assay and the TCGF assay gave essgrjtsaliy identical resuits The T cells usec
the TCGF assay are a homogeneous source of T Lelis which can be used in studying
immune activation snd reguistion at » hevel These Celis may be valuable in defininc
the role of T cells in the immune respohn, as B cell myelomas have been in defining the
role of B cells:

The recovery of L2 activity sfter SDS-denaturstion has sliowed further
characterization of this Iynphok'mi SDS-denatured iL2 has a MW of 16,000 as Aotor—
mined by go? ftitration chromatography and glycerol gradient centrifugation This provides
a MW vaiue independent of the shape of the moiecule (Siegel and Monty 1966/ Native
murine IL2 exists as a protein of 31.000 MW (Shaw et a/ 1978b) approximately twice )
that of SDS-denatured L2 With the MW of 16,006 tor S;OS—donaturpd murine L2, all 3
species of IL2 studied so far - rat. human and murine — can exist as polypeptide chains of
15.000 to 16.000 MW (Chapter iil: Gillis et a/. 1980b) Both rat and human .2 wil
stimulate the continuous proliferation of murine T cells (Gillis et 8/ 1980b), but murine IL2
1s inactive in stimulsting human T cells. Thus, there appears to be some conservation during
evolution of the molecule responsible for IL2 activity 0 terms of structure and function. as
mndicated by the dosc~rmtivity observed in the assays. -

A monocional antibody with specificty against IL2 has been described (Gillis and
Henney 1981, Gillis er 8/ 1981). This antibody inhibits the ability of IL2 to (1) stimulate the
continuous proliferation of T celis and (2) to stimulate tho &ifferontmion of CTLs against
allosntigen. it should be 8 power ful tool in defining the role of IL2 n immune reguistion i,
yitre sndin yivo it may alsq prove to be vsiuable in screening thelproducts of D@A clones

®



for IL2 determinants. Although generated aganst murine L2, the monocional sntibbdy
dm-ftmmb!aﬂ‘\rlﬂii\ﬂfﬁlizmttfiﬁéﬁiﬁiﬂiwgmmﬂ
3 species (Gillis and Henney 1981, Gillis er o/ 1981) A clons of DNA for L2 cbtaned
from mouse cells will therefore probably serve as a probe m both the human and rat

systemsg, -~
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