The Fifteenth Midwinter Conference of Immunologists was held

January 24-27, 1976, at Asilomar Conference Groundé, Pacific Grove,

California, with Leonard A. Herzenberg and Hugh 0. McDevitt serving as
co~chairmen. The subject of the Conference "Lymphocyte Differentiation"
was discussed during five half-day sessions by invited speakers. - One after-
noon of the Conference was devoted to workshop prograﬁé,«consisting of eight
working sessions and three panel discussions held concurrently. This format
permitted smaller groups to meet and allowed for uﬁscﬁeduled‘presentation of
in&ividual‘data. The workshop programs were organized by Leonore A.
Herzenberg an& Eli Sercarz.

The secondiannual Dan H; Campbell Memorial Lecture was given by
George D. Snell, Emeritus, The Jackson Laboratory, Bar Harbor, Maine. The
lecture was preceded with introductory remarks by George Feigen (Stanford
University), a close associate and friend of Dr. Campbell's for many years.
He shared with the audience some of his memories of the colorful person-
ality that was Dan Campbell, of his many achievements, and of his deep and
abiding love of immunology. Ray Owen (California Institute of Technology)
introduced Dr. Snell, whose topic for the evening was cell surface allo-
antigens of lymphocytes.

Serologically defined (SD) alloantigens of murine lymphocytes now
number 18. Six of these are determined by the H~2 complex. Transplanta-
tion techniques have revealed 45 histocompatibility (H) alloantigens, some
and perhaps all of which probably are represented on lymphocytes, as well as
on skin. Serological demonstration of H alloantigens has proved difficult.

Only H-2K, H-2D, and perhaps Ly-4 represent unmistakable overlaps between
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theféb‘audyﬂ groups. Eﬁce§t for H-2K apde~2D;7the:SD"alioantigens
generally show,a_nérrow tissue diétribution.~ Ihe H‘;n£igéns;‘onkthe con~-
traryﬁ seem to show a wide tissue distribution. Dr.lSnell suggested that a
Apoésible function of SD.alloantigénsxis tﬁevregﬁlatioﬁ of cell interactions.
H antigens serve some other function, possibly»transport. Most cell iﬁterQ
actions and cell migrations, such as fhoéévnow‘welljdocumented for lympho-
cytes, are probably highly‘épecific‘for épécific‘cell types. The‘cell
surface components which regulate thém éhould therefore bé limitéd in their
distribution. If H-2K and H-2D are cell interaction substances, they must
regulaée interactions of a much more general nature. Thfee methods by
which‘ﬁD alloantigen may regﬁlatevcell interactions are dimer formation,
the ingeraction of complementary molecules, and the interéction of structured
islands of membrane p;oteinS'with one anothef or with single cell surface
producfs.

The first session of the Conference, convened by Irving Weissman
(Stanford University School of Medicine), dealt with immunological differ-
entiation of T cell differentiation. Ross S. Basch (New York School of
Medicine) the first speaker, discussed prothymocytes, hemopoietic thymocyte
precursors. | |

There exists in the hemopoietic tissues, a population of cells capable
of restoring tﬁg lymphoid cell compartment of the thymus of an irradiated
mouse. While the ultimate progenitor of this population seems to be the
pluripotential stem cell (CFUS) of the bone marrow and spleen, neither the

origins nor the state of differentiation of the thymus precursor or

"prothymocyte" have been firmly established. Indirect evidence indicates
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‘that the prbthymoéyte is a specializedﬂ5311; cdmmittgd,t0 thymocyte. differ-
entlation énd discrete from the precurs@ra of B‘lymphncytés.,

Dr. Basch and his associates have develépe& a quantitative assay for
this cell‘based upoﬁ its ability to reﬁopulate fhe‘thymué of irradiated
micg‘and have used this to examine the properties of this stemyéell pbpula—
tion. ’Prothyﬁécytes are found amongst the '"mull" céils of Both bone marrow
and spleen. They are 6~8 fold more frequent in bone mérrow than the spleen
and are absgnt from peripheral lyﬁph nodes.‘ Large numbers are present in
neonatal animals. These cells are~relativeiy cortisoné resistant and
radioresistant. They lack detectable surface immunoglobulins and Thyfl
alloantigens. They do bear on their surface several antigens reactive with
rabbit anti-mouse brain antiserum and heterologous anti-thymocyte sera.
These cells contain terminal deoxyribonucleotidyl transferase, an enzyme
characteristically found in cortical thymocyfes.

Treatment of these cells with purified peptide thymopoietin or a
variety of non-specific inducing agents resuits in the rapid. expression of
.thymocyte differentiation antigens on the cell surface and an alteration
in response to plant lectins.

No evidence of specific antigen recognition by these cells has yet
been adduced.

David Baltimore (Massachusetts Institﬁte of Technology) next described
two different assays used in his laboratory to define different populations
of immature lymphocytes.

One assay is for the enzyme terminal deoxynucleotidyl transferase

(TdT), the other assay is for cells transformable in vitro by Abelson mouse
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leukemia virus (A4MHLV)."TﬂT;is fognd in most thymocytes as well as in bone

marrow cells»but iskabsgﬁt in périphetalglymphoéytes. In marrow, much of it
| occurs in a populatiod of cells that can‘bé induéed hy>thymop0eitin to
express a thymic antigénw A-MuLV ttansforﬁs cells ofvtheaB—cell series

in vivo. {n vitro the cells‘trapsfo:mEd are Very immature and contain a
trace of TdT~ftheyfmay'be éellé that are ﬁot camﬁitted‘io either the B- or
T- cell pathway.

In the presentation that fcliowed'on viral genes and differentiation
antigens on thymus and spleen, Richaide. Lerner (Séripps Clinic and
Research Foundation) stéted that, in mice expreésien of the endogenous
oncornaviral genome is undervdifferentiation control. Thus, expression of
virion proteins can be studied as any.other inherited differentiation
antigen. The majorvoﬁcorﬁaviral envelope glycoprotein, gp70, is co&éd by
the viral genome and is a component of the surfacg of T-cells and sperm.
The GIX alloantigen is now known to be a type specific determinant of the

gp70 molecule and the genetics of the GIX alloantigen are, thus, applicable

. : + +
to gp70. GIx gp/0 is present on T-cells and sperm of 129 GIX and C57BGGIX
but not the congenic 129 GIX and C5736GIX mice. In addition to expression

on the surface of cells following certain pathways of differentiation, gp70
has a characteristic pattern of expression during embryogenesis and is a
prominent component of the surface of cells in the l4-day hematopoietic
liver. Of all the oncofetal-differentiation antigens yet reported, gp70
has the advantage that both it ‘and its mRNA are available in pure form. Dr.
Lerneg expects this protein to play a prominent role in studies of induc-

‘tion of gene expression leading to the T-cell phenotype.




. The first session cbncludeduwith Rgbertvﬂyﬁaﬁf(mhe;Salk Institute of
'Biologit‘:a_l 'ét'udies),‘ who spoke 'on‘ somatic -geneti:‘.:‘ studieér on cell surface
: antigaﬁ variants. ' | |

The pbjective of such studies is to undérafaﬂ& the genetic mechanisms
by which cells regulate theirvexp:éSSion of su:face antigens. Somatic
genetic analysis of variants‘of tumors of ﬁurine,lymphoid:cells is used to
enumerate the structural and regulato:Y‘genes'for several model surface
antigens and' to study the mechanisms which regulatg their expression.

Four independent variants which lack detectable Thy-1 antigen have
been isolated from cloned murine lymphomas growing in tissue culture. The
basis of the variation is genetic. The four vériants can be grouped into
three complementary classes; the variant phenotype is invariably recessive
when variant cells are fused'with parentai lines; fusions of complementary
variants derived from cells expressing alternative alleles of the Thy-1
antigen express both alleles. Biochemical analysis indicates that the
25,000 molecular weight glycoprotein bearing the Thy-1 determinant is not
present on the surface of the variant cell iines. At least one class of
variants synthesizes an altered gljcoprotein molecule. These results are
consistent with a model in which the variants are presumed to represent
mutations in genes coding for glycosyltransferases responsible for attach~
ment of sugars to the glycoprotein bearing the Thy-l determinant. The
allelic specificities may be due to differences in terminal sugars or to

alterations of the protein backbone.

A variant line which lacks detectable TL antigen has also been isolated.

' This variant has no detectable serologically defined H-2 antigens but has




parental amountsfoffihy;1;2¢;:Cell hybtidization éxﬁérimehts indicate that

_ the_structnral ggnes‘coding:for bothkTL énﬁgthe’a#tigans‘of the H~2 complex
' are present ip,the,vafiant;  Karybtypic analysis showé ﬁhat one chromosome.
has been lost from the vaiian: cell linem | |

‘The second session on differentiated functions of T cells, with
Leonard A.’Herzenberg'(Stanfqrd'Univeréity School of Medicine) as chairman,
opened with Harvey Cantor (Harvard Medical School);who discussed the
generation of fuhctiqnai‘T cgll sﬁbciasses.

Two T cell subclasses, which are products of separate lines of differ-
entiation were described. Cells of thé Lyl subclass generate helper activity
in both primary and sécondary responses to SRBC. In contrast, after priming
with SRBC, cells of‘the Ly2+'subcléssgs, in particular Ly23 cells, have
suppressive activity. The degree of Ly23-mediated suppression is directly
proportional to the amount of antigen (SRBC) used for priming. Suppression
by Ly23 cells is specific because Ly23 cells from SRBC-primed animals do not
suppress the response'to HRBC, and vice versa. Thus, both cytotoxic and
specific suppressor functions are mediated by T cells of a subclass, pro-
visionally designated TCS’ which can be distinguished from helper T cells
(TH), by their Ly phenotypes. It remains to be determined whether killing
and suppression are functionally interrelated properties of a single Ly23
subclass, or whether the Ly23 population comprises tﬁo subclasses whose
surface phenotypes are not yet distinguishable by immunogenetic criteria.

The second speaker, Robert D. Stout (Stanford University School of

Medicine) pointed out in his presentation'on the Fc receptor on thymus




‘derived 1§mphoc§tes that a high~dagiee of funCtionél heterogeneity‘exists
within the thjmus*dérived:(T) lymphocyte‘claSS. ' |

T lymphocytes ha&é'beenvshown‘tq initia;evgraft~vs-host reactions,
generaté proliferative and cytotoxic iesponsesFFo~alloantigen, and to exert
amplifier, helper, andfsuppressbrveffecgs on'both'aﬁtibody produdtion and
qéllular_immunity, A large number bf cytotoxic and fluorescent probes
reactive with T cell membrane components have beeﬁ prepared’in attempts to
delineate T cell subpopulations and their maturationalystages. They.ﬁave
used, as such a probe, flﬁoresceinated antigen-antibody complexes (F*AgAb),

- to define two distinct éubpopulations of peripheral T cells--Fc receptor
positive (Fc+) and Fc receptorvhegative (Fe™) T cells. Functional studies
on populations of Fé- and,Fc+ T cells, purified on the fluorescence-
activated cell sorter (FACS),»revealeﬂ that. the Fc T cell subset was not
responsive to concanavalin A (Con A), and contained both the helper T cells
involved in collaboration with B cells in generation of humoral immune
responses and the precursors of cytotoxic lymphocytes generated in the cell-
medi;ted lymphocyte (CML) resﬁonse'to H-2 allogeneic cells. In comntrast,
the Fc+ T cell subset was responsive to Con A, did not contain helper T cell
activity, but did contain both the differentiated cytotoxic lymphocytes (CL)
and the amplifier T cell involQed in amplification of CML responses.

Arther Kimura (University of Uppsala) reported én studies, by himself and
his associates, Leif Andersson and Hans Wigzell, that analysed the function
of membrane determinants on cytotoxic T lymphocytes.

A variety of antisera have been used against effector T lymphocytes in

attempts at interfering with specific recognition and lytic activity of




these cells. The results of these'studies~have érbventtoghave~little, if
any, impact on T cell-mediated killing 1n':hefébsencefof complement. One’

A approach to the study of killer relevant structures on effector T cells has

.been by the production of heteroantisgra iﬁ rabbits against purified popula-
tions of both mouse and’rat‘effector‘T lymphocyteé;‘ These sera have been
consistently powerful .in inhibitiné effector T cells in pretreatment, wash-
out assays not involving complement. The blocking capacities of“these sera
have been. interpreted aé the presence 6f reactive,antiBOAy against killer
relevapt structures present on the effector T cell membrane. 'The‘membrane
structure(s) have been further defiﬁed by é gel-pfecipi;ation reaction
agains§ NP-40 solubilized meﬁbrane.preparations_of cytotoxic T lymphocytes.
‘The reievance of the mouse membrane precipitate was established by making a
second antisera in rabbits against the mouse component of the ﬁrecipitin
line. 'Sudh sera was tested and found to be efficient in bloéking killer T
cell activity in a dose-dependent manmner.

Another membrane structure found on a proportion of activated killer
T cells which is currently of considerable interest is the Fc receptor.
Although unnecessary for "classical" T cell-mediated killing as measured
in vitro, the Fc positive killer T cells. can be shown to function quite
efficiently in the killing of antibody coated target cells whereas Fc
negative killer T cells are not. This type of T cell-mediated killing may
represent an efficient pathway for target cell damage under conditioms
that would not favor the more "classical"” type of T cell killing.

Separation of helper and éuppressor T lymphocytes on a ficoll veloéity

sedﬁmeﬁtation gradients was next described by Richard Dutton (University of

California at San Diego) from studies by Harley Tse and himsel¥,




A 5-20% Ficoll velocity‘sedimentation;gradientyﬁas-éuccessfully used
to separate Con A-induced helper and supprassor T cells. When titrated in::o‘
a constant number of fresh normal spleen cells responding to SRBC, cells
from thg top pool shQW'stimulatory effects while those from the bottom pool
showAinhibitory‘activity; Both activitigs were fdund to be Con A dependent
and anti-6 sensitive. They concluded that‘Con,Aéinduced helper and
suppressor T cells are distinct subpqpulétions;'vSuch separatioﬁ’will allow
further characterization of these cell types.

The last speaker in the second session was William E. Paul (National
Institute of Allergy and Infectious Diseésés). Hé spoke on the genetic
control of T lymphocyte activation.

Immune responses to a series of specific éntigens are controlled by a
group of immune response (Ir) éenes which are encoded within the major
histocémpatibility complex. Since all responses controlled by Ir genes
are dependent on the function of T lymphocytes, it has been postulated that
a major site of expression of Ir genes is within the T lymphocytes.
Unfortunately, it has been difficult to study this directly in mice as a
simple antigen-specific T lymphocyte proliferation assay has ﬁot been
readily available.

Recently, such an assay has been developed based on the use of T
lymphocy;es purified from induced peritoneai exudates in immunized mice.
Using this procedure, Paul and his associates studied the responsiveness
of a series of mouse strains representing a large number of distinct MHC
haplotypes in response to eight individual antigens, responsiveness to which

is controlled by MHC-linked Ir genes. 1In each case, the responder status
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_previoualy’aésigﬂed'S§ ahtiBody reSﬁoﬁaivéaéss~ﬁasﬁéénfirmad,by the T
lymphncyte‘pralifé:ation.éssay.‘,This:indicates ihat-none-of fhe Ir genes
under study'can‘be exélﬁsively ekpreséed in B lymphocytes.

Alloantisera_directed'atugeue pr§ducts of the I-regiqn of the mouse
MHC were found to be powerful inhibitors of T‘lymphocyte activation by
specific antigen. Such sera blocked acti&ation in Ir gene'cbntrolled
responses in both a "region~épecificﬁ and "héplotyperpecific"'mannér
indicating a close phenotypiq reiationship ﬁetweén Ia antigen and Ir gene
products. A model in which thesé two. gene ﬁroducts are represented as
separate domains of a siﬁgle polypeptide was propose&. It is envisloned
that these domains are the products of separéte, but linked genes joined by
a translocation mechanism akin to that involved in the synthesis of immuno-
globulin H and L chains.

- The subject of the third session, with Hugh 0. McDevitt (Stanford
University School of Medicine) the'chairman, was the 17th chromosome aﬁd
cell recognition.

Rolf M. Zinkernagel and Peter C. Doherty (Scripps Clinic and Research
Foundation and the Wistar Institute) presented data on H-2 compatibility
requirements for virus specific T cell-mediated cytolysis: the altered
self hypothesis.

For virus-specific cytotoxic T cells to lyse infected target cells,
both must be compatible at the K or D but not the I regions of the H-2
gene complex. A similar constfainf operates in vivo as demonstrated in
adoptive transfer experiments. These findings suggest that effector T cells

»may be specific for virally altered self markers coded in K or D. This
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conclusion is'basad-oﬁ circumstahtial,evi&énbe.darived‘fromfexperiments
1ncluding‘¢old target cbmpétitivg ihhiﬁizion in;viira,,8e1éctive prolifera-
tion in'Viva with F1 ﬁybrid and~H*Z,recémbinanc ﬁicé and from cytotoxicity
experiments with H-2 mntégt mice. Aléo, alloaniigen reactivity could.be
easily explained within this model. | o |

| Cytotoxic T cells seem‘tokbe-concerned mainly with immuﬁnsurveillance
of self-markers éoded;in_g or D and‘g:é,diffe?ent-frqm‘ﬂoncytolytic helper‘
T cells (and at least some DTH efféctor chells), which may be sensitized
to altered Ia or structures coded in/thell region of H-2. |

An alternative explanation for this resﬁriction of effector T cells by
the H-2 gene complex proposes the need for two interactions, an immuno-
logically specific recognition plus a "physiological"” self-self interaction.
' To accommodate the experiment findings, this model requires complex genetic
mechanisms that regulate the phenotypic exprgssion of such physiological
interaction structures but its existance cannot be excluded as yet.

"Next studies on cell mediated lympholysis of chemically modified auto-
logous cells by Gene M. Shearer, Anne Marie Schmitt-Verhulst and Terry G.
Rehn (The National Cancer Institute) were given by Gene M. Shearer.

Thymus-derived splenic lymphocytes from normal mice were sensitized
in vitro to trinitroﬁhenyl—(TNP) or N-(3fnitro—4~hydroxy—5—iqdophenylacetyl%
B-alanylglycylglycyl-modified autologous spleen cells. Cytotoxic effector
cells were generated which specifically lysed only 51Cr-labelled modified
spleen target cells treated with the same agent used for sensitization and
which shared E:gg.and/or H-2D alleles with the cells of the sensitizing

phase. These results are éompatible with either the intimacy or altered
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. gelf mbdels.~ Experiments using Fl hybrid~ieé§bndin§ lymphocytes‘sensiiized
| and assayed with TNF—modified parental cells indicated the H-2 homology
’required for lympholysis was either between modified stimulating and .
‘modified target cells (altered self) or between responding and stimulating
cells during the sensitization phase,and betWeenreffector and target cells
during the lytic phase (a two-stﬁgé intimacy model). Results of blocking
experiments usihg anti-H~-2 sera and anti?TN? antibodies indicated that the
effector cells are directed against specificities associated with sero-
lbgica}ly detectable regien‘products, and that some TNP groups are very

close to H-2K and H-2D region products. Dominant, H-2-linked Ir genes were

detected in the responding cell populations. Expression of these genes was

1

'necesséry for generation of cytotoxic responses to altered self. Thus, the

generation of a cellular immune response in this type of system is dependent

on the modifying agent, the major histocompatibility complex'product altered,

aﬁd expression of the relevant Ir genes necessary for reactivity.

Michael Bevan (Salk Institute for Biological Studies) addressed the
question "How are the products of major and minor histocompatibility
expressed at the cell surface?".

Murine cytotoxic effector T cells can be generated by immunization
with minor H antigens following an allogeneic immunization when responder
and stimulator bear identical major H (H-Z’ genes. As in the viral and hap-
ten modified systems, only targets which bear the same H-2 alleles are
susceptible to lysis by such,éffector cells.

Specificity in the cytotokic assay for the immunizing minor H allele

has been shown using Snell's minor H congenic mice the H-7 pair, the H-8
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,'pairwand.the H-3, 5513 pair. In‘vivo'priming'£0t a Secandary«cytdtbxic

‘type to be complex consisting of both shared and unique specificities. A

13

>, 13, B-13%).

resbanse 1s‘also‘apecific‘£or'the minor alléig'BlOQLf (H~2
Mice injected with B10 @-22, H-32, H~133) ce11s_ﬁre1prﬁmed for a respoﬁse to
B10 but are‘not.primedwfor a response to~LP/J(H;2b;'H%3b; H-le). 'Cytotoxicity
is specific for the H-2 alleles also‘bﬁt‘H~2 diffe:ent3célls do cross-prime
for a respoﬁse to‘thg same minor allele on differeﬁﬁvﬁ~2 hackgroun&s. Dr.kBevan
stated that (1) it is impossible that\hundredé of minoﬁ H genes modify the
45,000 molecular weight K and D antigens‘as suggested in‘the'élteréd self
hypothesis; (2) if H~2 products modify minor H gene products as suggested, then
the immune system still detects some cross~reaction between the same minor H
éntigen in association with different H-~2 alleles. - |

The third'sessién terminaﬁed with Karen Artzt (Cornell University Medical
College) who spoke on seroloéigal dgtegtibn of cross-reacting antigens
specified By 3T/t complex haplotypes. |

Antisera raised against three kinds of mutant T/t-complex sperm were

2

rendered specific for the to, t¥“ and t9 haplotypes by absorption with T/+ sperm.

Absorption analyses with these three cross-reacting reagents showed each haplo-

minimum number of specificities defined by these three haplotypes is six. More-

0 and th are lost when these chromosomes

over, the unique specificities for t
undefgo exceptional.recombinational events indicating there are at least two
serologically detectable genes at the T/t complex separable by recombination.
This, together with the serological complexity, supports the hypothesis that the

T/t-complex may be an evolutionarily old,embryonic analogue of the adult MHC.

Marian Koshland (University of California at Berkeley) convened the

4th session on early events in B cell differentiation. The first speaker
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was Samnal Blamk'who,discuasﬂdlsﬁudies_bﬁ‘G;rJgiﬁa@mgiling;;C, Berek;‘K.
Eichmann, K. Rajewsky aﬁd hi@self-anfi&ibtypeﬁjon:Baand T 1&mp§ch£gs;

ﬁsing two separate[idiotype‘systemsﬂtheyvfﬂund‘that,B,and,T lymphocytes
with specificity for Grbup‘AxStreytococcal carﬁbhydraﬁe (A.CHo) share the
same idiotype on their aﬁtigen'teéeptor‘sites.v’Furnhermore,>cglls express—
ing these idiotypes caﬁ’bé'specificaliy primed Sy exposure to anti-idiotypic
sera. S ’ |

Guinea pig anti-idiotypic sefa were raised against didiotypes expressed
on the A5A antibody clone of A/J miceband«sll7 antibbdy clone.of BALB/c
mice. "A5A and S117 antibodies ﬁre speéific for‘n-acetyl glucosaﬁinevthe
major‘gntigenic determinant‘éf'A.CHo. The ‘anti~idiotypic sera’were frac-
'tionat;d in the IgG1 and Ing dlasses-‘ Passive administration of anti-AS5A
idiotype sera of the IgGl clasé to mice which express the ASA idiotype
(e.g., A/J, DBA/2, RF and ASW) primed both B and T cells of these animals so
that they cduld generate a secondary immune response when challenged with
Streptococcal A. type vaccine (Strep. A). Passive administrative of anti-
S117 idiotype sera of the IgGl class to mice expressing the S117 idiotype
(e.g., BALB/c, RD, DBA/2, 129 and BAB 14) also primed A.CHo specific'B and
T cells to give a secondary response on challenge with Strep. A. Strains of
mice not expressing the AS5A idiotype could not be primed with anti-A5A
idiotypic sera and mice which did not express the S117 idiotype were not
primed by exposure to anti-S117 idiotypic sera. Extensive In vitro analysis
demonstrated that the anti-idiotype primed B and T cells responding to Strep.
A. challenge were A.CHo specific and carried the appropriate idiotype. These
experiménts strongly suggest that B ;nd T cells recoghize antigen in the

same fashion, i.e., by the products of Ig variable region genes.
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in contrast pretreatment of A/J Qice with'guinea pig anti~AS5A idiotype
sera of the Ingfcléss resulted iﬁ thé~g&nerationfof‘a population of T
cellsiwhich could suppress ASAJpositiﬁe-antibody responses. These
.SUppressor I cells expreséed Ia antigens and?cohld;be tfaﬁped'on a
histamine column. ’

Allbtype‘specific cooperator T‘éélis and suﬁpressor'T cells was
subject of the next talk by Leonore A; ﬁerzenberg (Stanford ﬁniversity
Schbol of Medicine). A

T.lymphocyteé exert opposihg types of‘regulétion of antibody responses.
Coﬁper;tor (helper) T cells (Tc) facilitate the differeptiation and
expans%on of B lymphocytes t6 antibody producing cells. Tc are essential

for IgG production. Suppressor T cells (Ts) on the other hand, reduce

/’

‘primary and secondary antibody responses to specific antigens, antibody
production in a specific class of iﬁmunoglobulins and total production of
iﬁmunoglobulins carrying one of the parental allotypes in an allotypically
heterozygous mouse. Since in most of these cases the suppressed response
is T’dependent, the net effect of T cell suppressipn is essentially the
negation of T cell cooperation.

The antagonism between suppressor and cooperator T cell activities is
directly demonstrable in adoptive transfer assays with allotype (Ig-1b)
suppressor T cells found in allotypically heterozygous SJL x BALB/c mice
(Igb/Iga) exposed perinatally to antibody to Ig-1b immunoglobulins. When
co-transferred with carrier-primed Tc from non-suppressed mice and dinitro-

phenyl (DNP) hapten-primed B mémory cells, the allotype Ts specifically

suppress the appearance of cells pro&ucing Ig~1b antfbody to DNP (Ig-lb
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| DNP-PFC). This suppression.is»teverSQd'by~increasing Tc; however, as Ts is

increased, proportionally more Tc are required to achieve the same degree

|

of reversal. Thus, the quantitative Ig—lb”DN?FPFC»response is controlled.

‘by the relative activity (prbportional,tO'number);of Ts and Tc‘trahsferred,

rather than by the~absblute,amounc of either.

This can be expressed as: Ig-1b PFC/B—cell =='k('l”c - asTs), where the

constants k and o are empirically_determined."This-showe an excellent fit

with the observed responses. Since this suppression is'specific for Ig-1b,

this data implies allotype spécific Tc.

1)

2)

3)

4)

In recent experiments she and her associates have found:
Thﬂt Ig=1b memory B cells iﬁ SJL x BALB/c hybrids réquire Ig~-1lb specific
Tcﬁ The Tc.are not presént in carrier~primed mice congenic to SJL x
BALB/c but homozygous for 152;
That in vitro pretreatment of spleen cells from carrier-primed non-
gsuppressed SJL x BALB/c donors with soluble "féétors", produced by
cultured séleen cells from Ig-lb suppressed mice, selectively removes
Ig-1b Tc;
That spleen cells from carrier-primed suppressed mice have no Ig;lb Tc
in adoptive transfer when tested aftér removal of Tc either by size
separation or cytotoxic treatment with anti Ly-2 and complement; and
That hapten<-primed suppressed mice have normal numbers of functional
Ig-1b memory cells.

Thus, she concluded that suppression of Ig-lb production by allotype

suppressor T cells results from removal of specific Tc which help in Ig-1b

memory expression.
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Changing patterns of immunnglobulin receptors during B lymphocyte
differentiation were describad by Ellen S. Vitetta (University of Texas
Southwestern Medical School)

" Recent studies from her laboratory héve shbwn that murine-B 1ympho-
cytes express ﬁwo classes of cell snrféce immunoglobuliﬁ, IgM and an IgDh-
iike molecule. The latter is identified‘by its:structufal similarities
with human igD and its predominance on fhe cell surface. vThe‘IgD analog is

synthesized and slowly turned over by the cells on which it resides and

precedes IgM during both ontogeny and diffefentiation of B cells. Biochemi-

cal and immunofluorescence studieS~have establsihed that three classes of

Ig-beaying B cells exist; those with only IgM or IgD and those expressing

‘both iéotypes. In the spleen, approximately 20% of the B cells express

only IgM, 30-40% express only IgD and the remainder bear both isotypes. In
contrast, in the lymph nodes and Peyer's patches, 60-70% of the B cells
eﬁpress only IgDh and 10% only IgM. During ontogény it appears that IgM-
only cells give rise to double bearers and then to IgD-only cells.

>Recent experiments demonstrate that neonatal B cells, which are
predominantly IgM-only cells are tolerized with 0.1% of the tolerogen
requied to tolerize adult spleen cells.  After stimulation of adﬁlt B cells
with LPS, IgM bearing cells (u—only or u + §) give rise to IgM secreting
plasma cells. In contrast, IgD-only cells proliferate but do not secrete
IgM. It was therefore suggested that IgD-only cells will eventually give
rise to IgG bearing lymphocy;es and/or IgG secreting plasma cells.

This session concluded with Irwin Scher's talk on work done in qollabora-

tion with A. Ahmed, R. Wistar, S. 0. Sharrow and W. E. Paul (Naval Medical
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Research Institute and Naftianal' It;atitu»tés 6£ Health) delineating
chatacteris;icsfgfvéubpoyuig;idnscoﬁ B lyphocytes. |
- They have dnalyzéd'thé_maturation of«B-lymphﬁcytes in the mouse by

studying the density of total immunoglobuiinf(lé) and IgM'and‘the,presence
of the minor lymphocyte stimulating (Mls)'antigens‘on thg surface of these
cells. Lymphocytes from the spleens of neonatal and mature immunologi-
cally normal and abnormal mice were examined. Using the teéhniques of‘
rapid flow microfluorome;ry, they showed that aduif ﬁouse splenié B
»lymphocytés include a large subpopulation 6f cells with a relatively
homogeneous density of totél sﬁrfade Ig. These B lymphocytes, which have

a low—to«interﬁediate densit& of surface Ig, are not seen in significant
pumbers in the spleens of neonatal mice. Moreover, their numbers are
_markedlj reduced in the spleens of adult CBA/N mice, a strain with an
X-linked defect in B lymphocyte function. They also showed that as B
lymphocytes from normal mice mature (in contrast to the CBA/N strain), the —~
density of their surface IgM gradually decreases, so that in the adult mice
the majority of these cells have a very low-to-low density of surface IgM.

Previously, they demonstrated that the MLC defined non-H-2 Mls antigens

are present on Ig-positive cells from the spleens of adult micé but

absent from cells derived from the spleens of neonatal mice. B lymphocytes
with a high density of surfaée Ig from the spleens of adult normal mice
also lacked the Mls antigens as did all the cells from the spleens of adult
CBA/N mice. These studies defined three surface membrane characteristics
that distinguish subpopulations of B lymphocytes which differ in their

- maturational development.

—
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The fifth and last session of the Conference was éoncérned:with
receptors, triggering and maturatidﬁ»ofﬂB cellﬂQ_'Howard Grey (Natiomal
Jewish Hospital, Denver) was the chairman.  Studies on‘simultaneous expres-

sion of multipleyimmunoglobulin classes at different points in B cell

~differentiation by A. R. Lawton, J. F. Kearney, H. C. Morse III and R. M.

Asofsky were given by Dr. Lawton.

The most readily approachable questiéns on;thevgenetié regulation of
B cell diffe#entiation involve thé mechanisms'thrOugh which IgM%éynthesizing
precursor cells "switch" expression of CH genés in giving rise to progeny
which synthesize other immunoglobulin classes. Without attempting an
explanation of this phenomenon, observations in threg different systems
which relate to this general problem were presented.

LPS, a polyclonal B cell Qitogen, is capable of stimulating either
newborn or adult mouse lymphocytes to differentiate to mature plasma cells
synthesizing IgM, IgG, and IgA immunoglobulins. Using combined techniques
of direct immunofluorescent observations and suppression of the response by
anti-p antibodies, they determined that (1) precursors for IgG are
probably derived from a small subpopulation of p-bearing cells which also
express surface Yy, and (2) restriction is accomplished by loss of'cell

surface IgM as cells begin to synthesize IgG at a high rate. These observa-

" tions are consistent with the idea that precursors for IgG synthesis,

although they bear u receptors, are already precommitted to make this
switch.

The second system is one in which "switching'" appears to be regulated

differently. Fl mice immunized with pneumococcal pdlysaccharide and
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simﬁlﬁaneousiy giveﬁ paréntﬁl spleen célls (gl1oga$eic effgtt) dévelop
substgntial,xgﬂ gnd'IgA plaque;fbfming‘ceila(PFC)»respanses;..Thisvfesponse '
has béen anélyzed by diffarehc techniques‘fof,detéction oflindiréct éFC,
and by double immunofluoresceg: staining for gli‘dqﬁbinations*of M Y5 Yoo
and o heavy chains. Their results iﬁdiCate»that a very high pfoportioﬁ of
IgM: PFC atrthe}peak'of»the respﬂnse gléo secrétéfIgGl, &hile IgMéIgA
"doubles" are rare. Immunofluorescent aﬁal&sis'supports these-conclusioné,
and also indicates a‘surprising ffequéncy»of plasma cells synthesizing
other gombinations (v; + YZ"Yl or Y, + a).

Tﬁeir final bbse;vation inVolves‘an induced mouse myeloma, TEPC 609,
2b and IgA immuno-

globulins. These two paraproteins have been shown to have the same light

which after repeated cloningvpaSSéges produces both IgG
4 ;

chain class and idiotype. By immunofluorescent staining, more than 90% of
tumor cells in several geherations produée both Ig classes, although
"singles" of both classes have always been found as well.

The most important generalization to arise from these observations
is that B cells at several distinct stages of differentiation may simul-
taneously express multiple immunoglobulin classes. This data seems -
incompatible with models for V-C joining in which a single V gené is
sequentially joined to differént C geﬁes.

Samuel Strqber (Stanford University School of-Medi@ine) next discussed
maturation of B cell subpopulations in rats and mice.

Maturation of bursa-equivalent (B) lymphocytes can be divided into two
stages: (1) antigen independent and (2) antigen dependent maturation.

Virgin and memory B cells are the prbducts of the antigen independent and
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antigen dependent developmental sequences respectively, These two sub-

~ populations of‘B.cells differ with raspeﬂt'to~migration.pattern, tissue

distribution, turn—ovgr raﬁe,'and class and quantity of céllféurface
immunoglobulin. | » ,

| Virgin B cells in thefﬁeriﬁherél lyﬁphoid,tiSSué of adult animals are
renewed rapidly and continuougly by prgcﬁrsor éells in'th&,bonermarrow and
spleep. Memory cells are renewed sldwly, ahd arékfdund'bfedominantly in
the pool of recirculating lymphoc&tes;~ Small B:cell precursors in the v
bone marrow are capable of'migrating td the spleen, and transforming into
large virgin ﬁ cells with IgM on the cell surface.. Upon contact with
antigen the latter cells_are.capable'of‘giving rise to progeny which
secrete IgM but not IgG antibody. However, the more mature virgin B cells
(predominantly small cells) gi&e rise to progeny ﬁhich secrete both classes
of antibody. The tfansformation of small precursor cells in the marrow to
large virgin cells in the spleen suggests that there is an antigen-
independent clonal expansion of B cells in the peripheral lymphoid tissues
which may be-involved in the regulation of clone size and renewal.

Joan L. Press spoke on the expression of Ia antigens on hapten specific
clonal precursor cells based on experiments done in collaboration.with
Norman R. Klimman and Hugh O. McDevitt.

These studies were conducted to determine whether the expression of
I region associated antigens (Ia) can be used as a marker to delineate B

cell subpopulations, and whether Ia antigens play a role in T cell-B cell

- interaction. Spleen cells from primary and secondary donor BALB.K (H—ZK)

mice were negatively selected by pretreatment with an A.TH anti-A.TL
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'(énti-lagj antisetuﬁ»énﬁ cdmplemant; then aﬁélyzedﬂforfpfeﬁﬁtsor.cell activity
by an in vitro s’plenm focus technique fgr»a aeil gionmg ; which maximizes
carrier help for B cell ‘;:ez';:{mﬁlation."v 'I'he splenic focus tacht’xitme" allows the
enumeratioﬂ,of clbn&lipreﬁufsor‘célls~iqythe«populatibn,with and without
bnegative‘ selection, and permits .t.he;a’né;lysis of snéh selectibn at the level
of individual'B cells and their ¢loha1 progeny,  Thefresultsfof these-gxperi~
ments indicate (a) th,a-ﬁ almost every éecondary precﬁrsor cell is Ia posii:ive;
(b) that while the majority‘of prﬁnat?;B:cells éfe”Iéapositive, a small but
finite sﬁbpopulation of Ia "negative"'primaty precursor cells exists in the
spleen of non-immune mice; and‘(c) that the’Ia "negative" primary B cells
constitute those precursof cells which givé rise solely to IgM antibody pro-
duction, whgreas the 1a poéitive B cell subpopulation contains precursor
cells capable of giving risé to IgG, as well as IgM, antibody production.
Primary precursor cells can also be stimdlate& by allOgenéiC~T cells, but
then give rise only to IgM antibody production. Since the majority of
primary B cells are Ia positive, and have the capacitf to give rise to IgG
production upon stimulationywith syngeneic T cells, it would appear that
the Ia positive B cell can give rise either to IgM or to IgG antibody, depend-
ing on the stimulatory conditions employed; and that Ia antigens may play a
role in the ability of the precursor cell to switch from IgM to IgG antibody
pfoduction. However, Ia recognitive interactions between B cells and T
cells are not obligatory for stimulation to IgM antibody production.

The conference terminated with Marian E. Koshland's discussion of the
role of J chain in B lymphocygé differentiation. The studies were done by

Veeta Ewan, Elizabeth Mather and herself.
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The relationahip between J chain synthesis and B cell differentiation
was iuvestigated by fractionating rabbit and human lymphoid populations and
‘ analyZing their J chain content using radioimmunoassay. ‘When rabbit
precursor B cells were separated fram‘narmai:splegn‘cellsuby Sephadex G-10
filtration, an average of 1,300 Jiéhaih mniecules were fouﬁd per Ig bearing
- cell, one~tenth the amouﬁt‘present‘pef B céll“in*the~unfra§tionated>popula~
tion. This decrease iniJ chain conteﬁt*was,accompanied‘by a 10-fold
decrease in PFC;aé assayed on TNP;SRBC.~ A.siﬁiiar‘depletion was observed
with hgman péripheral blood lymphocytes SEparated"b&\l x g velocity sedi-
mentation. The smallest cell ffactions contained 1 000-1,500 molecules of
J chain/B cell compared to 1—2 x 10 /B cell in the large cell fractions.
'Cytoplgsmic fluorescent staining showed that the low levels of J chain
presenf in precursor populations could be accounted for by a few contaminat-
ing activated cells (1 in 300). These results indicated that antigen
signals de novo‘synthesis of J chain to effect the differentiation of
precursor B cells to- 195 IgM producers; The repression of J chain synthesis
was  investigated By examining PFC from rabbits immunized with Lac-BGG.
Whereas 907 of direct PFC stained positive for J chain, the percentage of
IgG PFC (Con A inhibited, anti-rabbit IgG developed) varied. During active
immunization 60-70% of the IgG PFC contained J chain, but after rest and
boosting, none were positive. These results’ suggested that J chain
synthesis is turned off in IgG memory cells and perhaps serves as a signal

for their dedifferentiation..




