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Abstract:
The membrane glycoprotein T200 (CD45) is widely expressed among functional classes of leukocytes.

Although its precise role is unknown, T200 probably participates in a number of leukocyte activities,
including the development and expression of several effector cell functions. In mice, alloantigenic
forms of T200 designated Ly-5 have expedited the characterization of structural features of the
molecule. These features, along with results of recent studies showing a specific association of T200
with the cytoskeletal protein fodrin, suggest that the role of T200 may involve transmembrane
signalling and interaction between the cytoskeleton and the plasma membrane.

The goal of the project was to relate particular structural features of the molecule to its function. Some
of these studies were performed to investigate the possibility that Ly-5 alloantigens control in vitro
leukocyte activities. Further experiments were conducted to see whether T200 associates directly with
the cytoskeleton following treatment of murine cell lines with the polyclonal T cell mitogen
concanavalin A (con A).

Using Ly-5 congenic strains of laboratory mice, immunogenetic analysis of a number of leukocyte
activities revealed that cytotoxic T lymphocyte (CTL) effector function was influenced by Ly-5
allotype. Also, using electrophoretic analysis of leukocyte membrane and cytoskeletal proteins, T200
molecules were found to undergo an inducible association with the cytoskeleton upon treatment of T
cell tumors and cultured CTL with con A.

The conclusions to be drawn from this work are that CTL function may be associated with
alloantigenic determinants of T200, and that the mitogenic effect of treatment with con A may be
mediated by direct association of T200 molecules with the cytoskeleton. These observations contribute
to the body of evidence indicating an important role for T200 in leukocyte activation and effector cell
function.
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ABSTRACT

_ The membrane glycoprotein T200 (CD45) is widely
expressed among functional classes of leukocytes.
Although its precise role is unknown, T200 probably
participates in a number of leukocyte activities,
including the development and expression of several
effector cell functions. In mice, alloantigenic forms of
T200 designated Ly-5 have expedited the characterization
of structural features of the molecule. These features,
along with results of recent studies showing a specific
association of T200 with the cytoskeletal protein fodrin,
suggest that the role of T200 may involve transmembrane
signalling and interaction between the cytoskeleton and
the plasma membrane. S

The goal of the project was to relate particular
structural features of the molecule to its function. Some
of these studies were performed to investigate the
possibility that Ly-5 alloantigens control in vitro
leukocyte activities. Further experiments were conducted
to see whether T200 associates directly with the
cytoskeleton following treatment. of murine cell lines with
the polyclonal T cell mitogen concanavalin A (con A).
Using Ly-5 congenic strains of. laboratory mice,
immunogenetic analysis of a number of leukocyte activities
revealed that cytotoxic T lymphocyte (CTL) effector -
function was influenced by Ly-5 allotype. Also, using
electrophoretic analysis of leukocyte membrane and .
cytoskeletal proteins, T200 molecules were found to
undergo an inducible association with the cytoskeleton
upon treatment of T cell tumors and cultured CTL with con
A,

The conclusions to be drawn from this work are that
CTL function may be associated with alloantigenic
determinants of T200, and that the mitogenic effect of
treatment with con A may be mediated by direct association
of T200 molecules with. the cytoskeleton. These
observations contribute to the body of evidence indicating
an important role for T200 in leukocyte activation and
effector cell function.




-INTRODUCTION

Fundamental Observations

A substantial body of'resea;ch 1lterature-suppcrts
the theory that'functional responses of leukocytes are
mediated by plasma membrane molecules; One example is
antigen recognition, mediated by the T cell antigen
feceptor on T lymphocytes and by membrane immunoglobulin
on B lymphocytes. Considerable effort has been.made to
characterize these membrane components. Good feesonsl‘
exist for seeking the qnderlying mechanisms of leukocyte
activation that control mitosis, secretion, and the
expression of other iméortant activlties.

No clear and precise knowledge of the mechanisms of
activation has been obtained. Howevef, roles for some
leukocytes can be distinguished on the basis of their
unique plasma membrene components, sqch as L3T4 and Lyt-2
on T cells. Leukocyte function also is believed to depend
on common underlying biochemical mechanisms shared among
most or all eukaryotic cells.

Leukocytes exéress unique arrays of plasma membrene
components. One feature that abpears to be e common

element in these arrays is the expression of the CD45
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molecule. This was emphasized in a recent report of a
summary conference on human differentiafion antigens, held
in September of 1986 (1). As feported, the CD45 molecule
has been 1ndependent1y 1dent1f1ed and partially
‘characterized u51ng a substantlal ‘-number of monoclonal
antibodies (MAb). |

These MAb recognize CD45 antigens generally
represented on cells of hematop01et1c 11neage. A number
_of MAb with spec1flclt1es for other antigenic determinanfs
on CD45 react with forms of the molecule unique to
partlcular subsets of 1eukocytes. These indicate the.
lineage, state of differentiation, or the extent of
activation of the ceils; Their existence has led £o a
confusiﬁg nomenclature for-specifying CD45 on various cell
types, so that the molecule is known varlously as T200,
Ly-5, Art-1, B220, L-CA, or p220 to name a few of the CD45
designations. It is not surprising that workshop"
participants would seek a unifying nomenclature. The
literature to this date still uses the names T200 or Ly-5
for £he murine forms of CD45.

The discovery of CD45 was made using alloantisera
directed against mouse spleen and lymph node cells (2) and
rat,thymocytes (3). .The.inifial descriptions of the
cellular distribution of these elloanfigeﬁs indicated that
they were restricted largely to thymocytes aﬁd T' |

lymphocytes. A more detailed analysis of murine tissues
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and tumor cell lines (4) ipdicated a broader tissue
distribution of the murine allotypes, designéted Ly;S
antigens. Cells found to express Ly—S‘included T and B
lymphocytes, monocytes, macrophages, and mast cells.

The saﬁe report indicated the distfibﬁtion of the
molecule to be restricted.to cells of hematopoiefic origin
exclusive of erythrocytes gnd proerythroblasts. Ly-5
alloantisera contain antibodies (Ab).which feact with
leukocytes in some but not all strains of miée. The
reactions of thesé Ab in various strain combinations léd
the investigators to propose'that a system of alielic
genes had been detected (2). |

The term T200 was assigned by Trowbridge’s group to a
high molecular weight antigen. recognized by anti—moﬁse
thymocyté serum (5).. At the time of its description, it
was not known that T200 and Ly-5 Ab recognized the same

molecule. The serum they described reacts with leukocytes
from all the inbred mouse strains tested. Using
alloantisera to Ly—s and xenogeneic MAb to T200, it was
then shown that Ly-5 allotypes define a biochemical
polymorphism of the T200 moiecule (6). Information
obtained from tryptic peptide maps showed that the
molecules recogﬁized by these antibodies were structurally
related.

Corroborating evidence for this relatedness was

independently obtained in experiments where




.
immunoaffinity—pufified T200 molécules were seen to
immunoprecipitate'with Ly-5 alloantiserum (7).‘ This
obsefvation indicates that ailotypes_unique to certain
strains of mice carry xenotypic determinants which are
unique to the species. |

It was also noted that Ly-5 or T200 Ab precipi;ated
molecules of different apparent molecular weighf (My) on T
and B cells (8)f Using the technique of 2-dimensional
(2-D) peptide mapping, the authors demonstrated the |
structural relatedness of the T and B celi
immunoprecipitates. The similarities between these
antigens led to the conclusion that they are isoﬁorms of
thé same glycoprotein, and thus are members of a family of
high molecular weight piaSma membrane components. |

Aifhough thé,majority.of these stﬁdies wére
undertaken in rodenté, it is imporﬁant to nété that CD45
probably has a broad phylogenetic distribution. It has
been identified also in humans (9), sheep (10), and '
chickens (11). The designations of thé allotypegt(for
example Ly-5 antigens in thé mouse) are coﬁmonly used
within the context of speciés, while the designations of
xenotypes (for example T200 antigens) are typiéally used
in referring to Cb45 molecules inhone or more species
under discussion. Within app;opriate context, the |
designations can be ﬁsed:interchangeably. According to

the new international nomenclature (1) the antigens are
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indicated as having a general (CD45) or restricted (CD45R)
ceil‘lineage specificity. . -

| In the mﬁrine system, the analysis of these molecules
has been facilitated by the production of Ly-5 congenic’
"strains. The basic procédure for produéiné a congenic
strain is to introduce an allotype'unique to one strain
onto the genetic backgrdund of anofher strain that differs
genetically at the locus under investigation. The
Memorial Sloan-Kettering Cancer Center in New York is the
source- of such a congenic étrain‘fof the ing system.,'
The sfrain is designated C57BL/6-Ly-5.2 and carries the
Ly-5.2 allotype on the genetic background of the C57BL/6
-, strain, which has like most inbred strains of laboratory
mice the allotype designated Ly-5.1 (2; 4).

The allotypic variation of CD45 has been described so
far only ip'rodents. Aléo, the full range of the speciés
.distribution of CD45 has ﬁot been addressed. However, it
may-be determihed that CD45 is é ubiquitous cqmponént'of
vertebrate immune ceils. The phylogenetic range thus far
identified and tﬁe tissue distribuﬁion of the molecule
suggest.that CD45 may play a fundamental role in leukocyte

function.

T200 Biochemistry

_ Soon after the Ly-5 systém waS'serologiéally defined,

it was discovered that Ly-5 molecules exhibit a number of
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molecular weight isoforms (12). These isoforms can be
v1sua11zed by detergent solublllzatlon of radlolodlnated -
cells followed by 1mmunopre01p1tat10n with Ly—5 |
alloantlsera and electrophoretic analysis. By these
methods, the murine isoforms are found to be..
characteristic of hematopoietic lineage, with T cells
exhibiting isoforms of lower M (180 kDa) compared to B
cells (220 kDa).

A question for several years was Whether the basis |
for ythe My 1soforms reside in protein or carbohydrate
moieties. It was unknown whether the B cell form is more
heavily élycosylated or has a larger protein’structure
-thah the T cell form. The 2-D peptide mapping and |
'serological studiee lndicated a‘great deal of structural
similarity between them. |

Lineage specific isoforms had previously been
observed but not identified as T200 on T and B cells (13)
and on T cells and thymocytes (14). In the latter case
the isoforms were seeh_to differ in their carbohydrate
structure. Glycosyl residues are often incorporated into
proteins following peptide synthesis but prior to
expression of the mature glycoproteins at the cell
surface. .For the T200'molecule, these carbohydrate
additions include manhose and glucosamine residues (15).

In human B and.T lymphocytes, evidence was obtained

that the hich‘molecular weight isoforms differ in
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carbohydrate moieties. Using MAb which specifically
recognize branched or linear polylactosaminyl structures

of lecoprotQins, both B and T,ceils.were found to carry

polylactosaminyl residues of the bfanched type (16). B

éells additionally express the linear type. It was
concluded thét differential.glycqsyiation occurs in plasma
membrane molecules, believed at the time to be T200. This
intefpretation was corroborated when other investigators
found B and T cell forms of T200 to differ in
susceptibility to changes in eleétrophoretic mobility
following digestionvwith neuraminidase (17). It was
thought that these results indicated differences in'sialic
acid content between the various molecular weight
isoforms. |

A further indication of the complexity of the

carbohydrate differences between T200 isoforms was.

obtained by more extensive analyéié of the
oligosaécharides releaéed from B and T cells and tumor
cell lines by alkaiine borohydride treatment folloﬁing
pronase digestion‘(lS). Evidence was obtained thétA
differences'in both N- and O-linked glycosylation ﬁay
account in part for the molecular weight heterogeneity of
T200 molecules. In addition, B énd T cell tumors were
observed to diffef to some extent from normal E and T
lymphocytes in their respectiye glycosylation pattéfns.

On the other hand, evidence was building for protein
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differences between My isoforms. The T and B lymphocyte
isoforms of T200 have intracellular precursors missing at
least some of the carbohydrate structure of the mature’
glycoprotein. These precursors also differ in size,
indicating thaf they may differ in protein structure (15).
As the resolution of these questions p;ogressed, more
-rigorous biochemical analyses were extended to the
allotypic forms of the molecule (19, 20) in addition to
fhe My isoforms (8, 21). Both kinds of va;iants were
shown ultimately to differ by the method of 2-D peptide
mapping. _ | | |

Chymotryptic digestion followed by electrophqretic
analysis initiélly showea that thé Mr isoforms have the
same peptide structure (8). However, under a different
set of labeling conditions, uﬁique peptides were found in
the 2-D maps for the B and T cell forms (21). These
results indicate that the cell specific isoforms share a
number of sequences, and that the specific oligopeptides
seen to differ bétween the B and T cell peptide mapé are
accessible to radiolabeling only undér particular
treatment conditions.

Biochemical analysis of the protein structure of Ly-5
alloantigens shows that they too differ in protein
structure, as revealed by patterns obtained with Cleveland
mappiné (19). Within each aliqtype no difference is seen

between the B and T cell M, isoforms by this method.
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These findings indicate that the allotypes differ at the
level of émino aéia sequence, but within a given allptybe
there is at least some common protein struéture.
Additional isoforms deteéted in cloned Ly-23* murine T
cells exhibit the same appafent properties (20). Iﬁ
conjunction with analyses demonstrating the differéntial
glycosylation of B and T celi T200 molecules, the results
of the protein structural'comparisons for the isoforms and
fhe allotypes indicate an extrao;dinary biochemical

complexity in the CD45 family of membrane glycopfoteins.

Molecular Genetics

The confirmation'éf the apparent differences in
" protein structure between M, isoforms of a given allotype
or between allotypes awaited the biochemical analysis of
information moleculés encoding the amino acid sequences of
| 'Cb45. The initial report of the cloning of Ly-5 cDNA (22)
presented evidence that the two LX:E alleles of the
. C57BL/6 and congenic C57BL/6-Ly-5.2 strains of mice
differed‘by restriction fragment length polymorphism
(RFLP) analysis. The RFLP analysis was accomplished
using a specific probe fér Ly-5 to screen mduée liver DNA
fragments generated by a number of different restrictioﬁ
endonucleases. |

RFLP analysis detects gene differences by virtue of

the site specificities of the restriction endonucleases
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used to cleave genomic DNA. Gene differences are
indicated when the gene-specific probe idenfifies
fragments of differing size in DNA digests from different
cell sources. The size differenées derive from changes in.
the relative locations.of endonuclease cleavage sites.
The technique may not disfinguish whether structural
-sequences differ between the alleles, since the cHanges in
locations of cleavage sites may reflect Vafiations in
nonéoding portions of the DNA. However, the results maf

imply that the allotypic differences between the proteins

are reflected in observable differences at the nucleic
acid level. | |
In the same study and a subsequent report (23), these

investigators similarly analyzed a number of other inb;ed
mouse strains, showing that the RFLP patterng accurately
distinguish the Ly-5 alleles éeresponding to the
serologicalvidentities of the strains. Intefestingly, the
RFLP analysis of the strain designated ST/bJ shows unique
RFLP patterns indicative of a third Ly-5 allele, l
consiétent with the observation in this strain of unusual
serological reaction'patterns obtained with Ly-5
alloantisera. The RFLP analysis thus supports the view
that the Ly-5 gene of the ST/bJ strain repfesents a uﬁique
~allele. _ | '
The ability to distinguish alleles of the Qxié.system

by RFLP analysis led to the determination of a number of
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allelic variants in a survey of natural (noninbred)

populations of mice (24). In the absence of cdﬁplete

nucleic acid sequence data for the alloalleles in
noninbred mice, it is not possible to state defihitively

which of these RFLP differences represent amino acid

. sequence variations in Ly-5 molecules.

- However, the results of the survey show that the szg.
system mdy be considerably more variable amopg'mice than
previously indicated by serological anaiysis based solely
on testing inbred mouse strainé (24). Thg physiplogical
significance of this extensivé allotypic variation o£ the
role that the allotYpic determinants may play in
biochemical proéesses is essentially unknown. A portion
of the work reported in the present study has'a bearing on
these questioné. | | |

Evidence now exists at the nucleic acid level that
the My isoforms also differ in protein structﬁré._ It was
found that a size difference between Ly-5 mRNA molééules

from murine B and T cell leukemia lines corresponds to the

‘difference in apparent mplecuiar weight of the B and T

cell forms of Ly-5 glycoproteins (22). The nature of the
difference in transcript size which reflects cell
type-specific differences in protein structure of Ly-5 was
examined by Sl‘nuclease mapping (25). By hybridization

to Ly-5 cDNA probes.and S1 nuclease digestion of

unprotected single stranded sequences, an additional
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sequence not present in T cell transcripts was identified
near the 5° end of the B cell mRNA, probably adjacent fo
the leader sequence. This indicates that the B ahd T cell
glycoprotein 1soforms not only differ in amino acid
sequence, but arise by selectlve use in these cells of

specific portions of the Ly-5 gene. The results imply

'that B and T cells have in common a large portion of their

amino .acid sequence but dlffer at the N- termlnal end of
the proteln. |

It was shown recently that in B cell cDNA prepared by
primer egtension, there exist sequences co:responaing to
at least two exons located near the 5° end ef the gene

which are not detected in T cell mRNA (26). It was also

indicated by this study that other exons elsewhere in the

gene may be used alternatively by both B and T cells.

Similar results were independently obtainedA(27)

'1nd1cat1ng that alternative mRNA sp11c1ng 1nvolves exons

encoded near the 5 end of the Ly-5 gene. The selective

use of exons results in the differential expression of

alternative amino acid sequences in specified domains ef
the protein. Tﬂis type«of control.allows isoferms encoded
by a single gene to~have both common and unique amino
acid sequences. - Reetriction enddnﬁclease mapping of
overlapping clones spanning over 60 kilobeses around the
Ly=-5 locus supports the-hypothesis that a single Ly-5 gene

encodes the various isoforms of Ly-5 molecules (25).
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Similar schemes for fhe flow of biological information in
this genetic system have been proposed for the rat (28)
and human (29) forms of T200;

Important information_regarding the structure of Ly-5
'glycoprdteins and their disposition in the leukocyte.
plasma membrane also is revealed by nucleic acid analysis.
'Earlier results obtained at the protein level ﬁsingr |
protease treatments of BW5147 murine tﬁymoma cells
indicate that the major porﬁion of‘the T200 molecule is
exposed at the cytoplasmip éide of the blasma membrane
k30). In the mouse, the cDNA sequence data are
consistent with the model that Ly-5 molecules are
1transmembrane glycoprotéins having an N—terﬁinél domain of
'-370 aminq acid.residues located on the.outside surface of
the T cell plasma membrane (25). A single hydrophobip
transmeﬁbrane sequence of 22 residues is indicated.

The-same study showed that the remaining 730 residues
constitute a cytbplasmic domain unusually large for an
integral membrane protein. This agrees with the
conclusioﬁs drawn from an earlier examinatién of the rat
T200 cDNA éequence (31). For murine T200, partial amino
acid sequence data have confirmed the identity and |
locations of residues assigned on the bésis of thé cDNA
sequence (32). This study confirmed that the cDNA in
question encodes Ly-5 molecules and validated the

conclusions drawn from the nucleic acid sequence data.
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Multiple cysteine residues were.identified in the
extracelluiar domain in both rat (31) and mouse (25) T200.
The locations of most or all of these residues appear to
be c¢onserved. However, the external domains show
substantially less overa11 amino a01d sequence homology
than the h1gh1y conserved cytoplasmic domains which
approach 90% homology between the mouse, rat, and human
forms of T200 (29). The-amino acid sequence homology was
deduced from comperiscn-of the DNA sequences.

In discussion of the broader implications of the
- sequence data for human T200, it was hypothesized by
others that the cytoplasmic domain of the molecule is
_ probably critical to the function of T200, indicated by-
the apparent homology observed among séecies (29). These
authors suggested that this function involves interaction
with structural elements inside the ce11; They also
proposed that the variability in the external structure
of T200 on particular functional sets of leukocytes in
some way moaulates interactions of the cells with other
cells or with extracellular matrix components.

Direct evidence thatlthese hypotheses are true has
not yet been obteined, and ic is the lack of this
information which 1ed to the work presented in this study.
‘It may be discovered in the near future that the primary
function of the external domain involves specific ‘

association with adjacent membrane molecules and not with
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extracellular matrix coﬁponents or molecules on the
-surface of other cells. 1In either case, it is intriguing
that a membrane molecule may couple unique‘regulafory
domains on the outer surface of the plasma membrané to a

common functional domain inside the cell.

Cellular Activation Processes

In both rat and mouse, thé cytoplasmic domains qf
T200 contain multiple sefine residues (25,31). Two of
these sefines occur within peptide sequences thouéht to be
poténtiai sites for phosphorylétion by the anyme_known as
protein kinase C (PKC) (25). Previous investigation of
the phosphorylation of Ly-5 molecules demonstrated the -
existence of phosphoserine in the cftoplasmic domain (33),
iﬂterpreted by that author as ihdicating,a possible
association with cytoskelétal components. In additioﬁ,
biochemical analysis showed that Ly-5 Can.serve as a
substrate for PKC (34); PKC is generally considered to be
an important phosphorylating enzyme mediating processeé
involved in the activation of T lymphocytes, as reviewed
elséwhere (35). |

It is important to relate these observations to the
mechanisms by which various.cﬁemical treatﬁents or
ligation of membrane réceptors can activate particular
sets of leukocytes; Activation is taken to mean some

detectable change in cell appearance or behavior, whether
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this is observed morphologically, biochemically, or by
changes in expression of a cellular function. The
importance of these in vitrd observations is indicated
only by the extent to which they fesemble genuiné.
physiological processes. |

As an example, tumor-promoting phorbol esters have
been shown to augment expression of T cell receptor B.
éhain and IL-2 mRNAs in the EL-4 T cell lymphoma 1iﬁe
(36’. Regulation df gene tréﬁscription is a.ﬁay that-
cells can cbntrol their metabolic commitment to séecific
activities. The underlying mechanism éor-this control is
partly révealed'by éhe observations that pho;bol diester.
recepfor copurifies with and directly activates PXC (37,
38). The involvement of the cytoskeleton may be indicated
by the rapid translocation of,PKC activity from the
cytosol to the plasma membrane upon treatment of cells
with phorbol ester (39). ) |

Further evidenqe of the functional relevancé of PKC to
cell activation is the cyEopléSﬁic’alkalinization‘(a
prerequisite to mitosis) that occurs with‘phorbol ester
treatment (40). Also, calcium flux.in résponse to
chemical and physiolégical mitogenic éignals is probably
important to the inductive"eveﬁt_(41). The kinase
activity of thé epidermal growth factor‘receptor is
controlled bylPKC, induced by both phorbol ester treatment

and epidermal growth factor as the activator (42).
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In B lymphocytes, a rapid tfanslocation of PKC from
cytosol to plasma ﬁembrane cell fractions occﬁrs in
response to phorbol ester, lipopolysaccharide ka
polyélonal‘B cell mitogen}, or crosslinking of surface
immunoglobulin (sIg) (43). Several membrane proteins on B
célls become phosphorylated in response to phorbol ester
or crosslinking of sIg (44). Some of Ehese specifically
phosphorylated proteins also associate with the
c&toskeleton.

Phosphprylatiqn of membrane receptors in response to
phorbol ester has also beeﬁ studied ih TAlymphocytes k45).
éKC—mediated phosphdrylation of T cell antigen receptor
components leads to down—regulétion of .the aﬁtigen
receptor complex in response to phorbol ester. This
suggests a regulatory role for the phosphorylatioﬁ events.
Also, interleukin 2 (IL-2) receptor expression is
. increased by treatment with anti-T3 antibody, phorbol_
ester, or phytohemagglutinin (PHA)'(46). This is
correlated with a redistribﬁtion-of PKC from the'cytosol
to the membrane fraction of the cells, revealing that the
translocation and activation of PKC ié a comﬁon signal
shared by IL-2 induction and antigen stimulation of T
cells. | |

The outcome of PKC activation by phorbol ester
treatments of T cells includes phosphorylafion of serine

and threonine residues on the IL-2 receptor (47).
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However, the serine residue in the human IL-2 receptor
thought to be the predominant PKC-phosphorylated éite can
be changed by site-directed mutagenesis without apparent
alteration in IL-2 binding, receptor function, or
modulation of the receptor by phorbol ester (48). A
- similaf situation exists in tﬁe transferriﬁ receptor model
(49). These observations do not indicate that PKC
activation is unimportant to these processes, but rather
that no absolute correlation exists between~$pecific'
substrate phosphorylation by PKC and a
phosphorylation-dependent regulatory event in response to
an inductive sigﬁal. | |

Therefore, it is possiblé that in other situations
including the phosphorylation of T200, the relationship
‘between PKC-mediated processes and the'observed suBstrate
. phosphorylation is merely coincidental. For example, the
phosphorylatioﬁ and subsequent proteolytic modifiCatiqn of
specific cytoskeletal proteins in phorbol ester—trééted
human neutrophils (50) may not have a difect bea:ing-on
responses in these cells thoqght to require cytoskeletal
reorganizafion. These correlative observations need tg be
appraised in light of more definitive biochemical
anal?sis, but a key role for PKC-mediated phosphorylatipn
in a number of surface receptor-mediated events and -

_cytoskeletal reorganization is indicated.
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Response of Lymphocytes to.Concanavalin A

With the previous considerations in mind, it is
noteworthy that other activators of T lymphocytes bring

about apparently specific phosphorylation of receptor or

~membrane components. ‘The specific phosphorylation of a 20

kDa constitutive component of. the T qell antigen‘receptor
is seen in accessory cell-dependent, antigen-specific
activétion of cloned muriﬁe‘cytotpxic,T lymphocytes (CTL)
(51). The same event occurs iﬁ response to céncahabalin A
(con A). This provides indirect evidence that the
mechanism of aétivation by this polyclonal T ceil qitogen
may have physiological'relevance;~ |

A recent communication in abstraqt form (52)
indicated that among several con A-binding proteins on
CTL} a specific increase in phosphorylation is obserﬁed in
6n1y two, with M, of 15—17-kDa and 205tha. The increase
in phosphorylation of both proteins is seen in responSé to
phorbol eéter,‘anti—T cell receptor antibody( and con A
tréatmehfs; Under conditions which ébtogate PKC
activity, the increase in phosphorylatién'is not obéeﬁved,-
The proteins in CTL plasma membfanes which bind con A ha&e
been analyzed biochemically by immunoprecipitation (53)
and functionally by cytotoxicity testing (54{. In the

cytotoxicity tests, con A treatment reversibly inhibits
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CTL-mediated killing (54). However, only some of these

CTL membrane con A receptors have been identified by -

~immunoprecipitation (53). These réceptors include T200

molecules.

. Previously it was shown that high molecular weight

membrane components of surface radioiodinated T

lymphocytes bound con A, though these glycoproteins were

‘not precisely identified in the electrophoretic analyses

(14, 55). It has been postulated that T200 molecules are
likely candidate sites for the binding and mitogenic

effect of con A on T lymphocytes (56). ' The specifically

" phosphorylated- 205 kDa protein observed in con A-treated

CTL (52) therefore may be the T200 glycoprotein. The
hypothetical identification has not yet been confirmed by
immunoblotting or immunoprecipitation.

The chemical analysis of con A and its apparent
effects on responding cells are relevant to the topic of
the functional acfivities of-con A recepto;s. A géneral
discussion of the chemical structure of con-A and a number
of parameters governing its binding to oligésaccharide
moieties of glycoproteins wefe included in a recent review
of lectins (57). The association constants for con A and
various carbohydrate structureé found on proteins were .
determined by analyzing the effect of specific structural
chanéeé in the asparagine-linked glycosidic residueé of

glycopeptides (58).
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The two most important parameters of con A
association with receptor-like membrane molecules are
probably carbohydate specificity and valence. Con A binds

principally to terminal mannosyl re51dues of glycoprotelns

.and can thus be removed by the competitive binding of

a—methyl—DFmannopyranoside. Con A has an apparently

lower affinity for glucosyl residues, with.very low
affinities for the other terminal residues tested.
Differences in bindihg aftributable to changes-in
carbohydrate composition at positions other than the
oligosaccharide termini have less impact on binding
affinities (58). |

Valence was addressed in a study of special
importance to the work presented here. The study compared
con A with a succinylated derivative designated
succinyl-con A (59). At neutral pH, con A is a
tetra&élenflmoleculé composed of four similar subunits
having a combined nominal molecular weigﬁt of 112 kDa. A
highly succinylated derivative was determined to contain
10 succinyl groups per subunit and was found at neutral
PH to consist of a divalent dimer of half the size of the
underivafized molecule. Comparing functional activities
of these chemicals, it was discovered that at low lectin

concentrations (3-6 ug per ml) both forms were highly

"mitogenic, but as the lectin concentration was increased,

only the succinylated form was cépable of inducing the
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incorporation of [3y]thymidine.

Con A can induce cap formation in,lymphocytes; in
contrast, cells treated with the succinylated derivative
do not show cap formation, though addition of anti-con A
'antibody will cause caps to form (59). Cap formation by
other ligands can be inhibitea by the presence of con A
but not succinylated con A (59). Tﬁese observations
indicate the relationship of lectin valence, ligand cross
linking, and cap formation. - The results show that the
divalent molecule can deliver a mitogenié signal in the
absence of the capping and cap—inhibiting property
apparent in the tetravalent form of the lectin (59). They
may further suégest some relationship between receptor
capping or cap inhibition and the failure to observé
‘mitogenesis at high doses of tetravalent con A (10 ug per
ml or greater). The underlying mechanisms of these
phenomena have not been fully deécribed, though a:portion
of the preseht work has a bearing on these obser?ations.

There is evidence from the responses of human
. lymphocytes to con A that lectin concentrations
hyperoptimal for proliferatibn (assessed by.[3H]thymidine
incorporation) induce greater numbers of_blasting.cells
synthesizing DNA than seen.at the.optiﬁal concentration
(60). The blasts show growth arrest at varying stages in
the cell cyclé, but few cells undergo mitosis or cell

death. The authors concluded that the incorporation assay
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in the presence of large amounts of con A does not

successfully measure the DNA synthesis occurring in the

"‘cultures, which can be assessed in individual cells

;observed by flow cytometry, as judged by morphological

criteria.

It is important for later discussion to describe the

results obtained by a somewhat different analysis which

compared proliferation response curves of mitogen—treated
lymphocyte cultures (61). The high-dose unresponsiveness

of these cells to con A mitogenesis is reversible by

_remov1ng con A from the cultures via competitive blndlng

and reculturing the cells in the absence of con A. When
the treatment with supraoptimal concentrations of con A is

followed by reculture in the presence of the lectin at the

optimal mitogenic concentration, a pronounced increase in

proliferative response is observed, relative to the level

seen in cultures maintained.in the continuous presence of
the optimal con A concentration.

These results establish the reversibilty of the
apparent high- dose inhibition of con A—lnduced
m1togenes1s. The release from mltogenlc inhibition by
removal of excess con A is also observed in cloned helper
T cells, thought to resbond to con A by an.IL—2-mediated
autocrine mechanism (62). Whether the observed
1nh1b1t10ns of capping (59), progress1on through the cell

cycle (60), or uptake of DNA precursors (59, 60, 62) are
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all mediated through the‘same membrane receptor is
unknéwn. Baéed'on the studies of the cap—inhibiting
. properties of con A, it seems likely that one or more of
'fhese con A-binding proteins are immobilized by the
tetravalent lectin, leading to a :evérsible inhibition of
nseveral processes. This.sugéests a relationship between
- membrane-mediated proliferative signals and
cyfoskelefally mediated events.

-Data dbtained bylnumerous methods of T cell
activation and mitogenesis are coﬁsistent with a general
hypéfhesis that functional responses, mediated by membrane
components, have as immediate sequelae measurable changes
"in the levels of specific activation components. When
these components can be,meésured, they may be regarded as
markers of dell activation. The appearance of the markers
may reflect common biochemical processes known to be‘
invoived in a number of inducibie cellular events.

The relationship of the activation marker to the
underlying process is exemplified by PKC-mediated
phosphorylation of discrete molecules and the concomitant
trahslocation or reorgapization of associated membrane and
cyfoskeletal'elements. It séems‘that in most cases the
precise roles of the components ana the nature of:their'
intgraction are poorly understood. This lack of
understanding limité the experimentallbasis for modgling

leukocyte actvation mechanisms.
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Roles of T200 Antigens

Considering the cur;ent‘knowledge of the biochemistry
of T200, it is remarkable that the fﬁnctién of such a
unique énd ubiquitous leukocyte membrane component remains
so obscure. As discussed by others (63), the similarities
.among differing forms of T200, and the apparent complexity
of biological information contained in T200 molecules
across various cell fypes and gpecies, strongly suggest
‘that at least some biochemical féatures of T200 have
consequences of critical importance for lymphocyte
function. As yet, no report has indicated the precise
biochemical role or roles of this molecule.

- Indirect evidence exists that particular isoforms of .
T200; detécted as'apparent markers of leukocyte
differenfiation, have functional‘activities associated
with the cell types on which they are found. 1In T
lymphocytes, a number of these forms havé been identified.
Among these are the CT antigens acquired late in
differentiation by CTL (64-67). CT antigen expression is
correiated with the acquisition of lytic activity. The CT
antigens are carbohydrate in nature,.and,are inducibie by
Ii—z. 'They probably participate in lytic function,
-revealéd by the ability of anti-CT MAb to block target

cell lysis.
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In their discussion of the possible role of molecules
.expfessing,CT antigens (66), the aufﬁors briefly reviéwed
numerous studies relating éell surface receptor function,
transmembrane signalling, and profeolytig activation of
PKC."They suggested that. the calcium—-dependent
.proteolytic activify that copurifies with T200 (68) may
have a direct functionai.role in the acquisition or
expression of cytotoxic aétivity in CTL. -

The proteolytic activity that copurifies with T200
(68) was identified in the 1aboratorf where the p;esehf
investigation was conducted. The authors discussed the
" close relétiénship between the inhibition. of CTL killing
by Ab to T200, the reéuirement fér,calcium in the lytic
process, and the pivotal réle that limited proteolysis
‘ appears to play in lymphocyte- activation. Whether T2OQ is
in fact autoproteolytic or is tightly associated with a
proteolytic- enzyme in lymphocytes remains to be shown.-
However, it is significant that the requirements fér the
observed‘proteoiysis of f200 and the requirements for
effector cell function are remarkably alike;

There has been considerable effort'hade‘by many
researchers to investigate the fole of T200 using Varioué
.cell types and antibodiés, A number of recent studies in
addition to the Work-ﬁn CT antigens have implicated TéOO
as a component of the biochemical mechanism of T

lymphocyte activation and effector cell function. Results
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‘obtained from inhibition tests using alloantisera and-
monoclonal antibody directed.égainst T200 stfongly suggest
that this glycoprotein participates in‘eventé leading to
the development and function of T lymphocytes (69-72).
These studies demonstrated modulating éctivitieé of
various anti-T200 MAb or alloantisera in functional
lymphocyte assays, as was shown for CT antigens (64). The
assays were performed under conditions where éffectér
cells were not lysed by the treatment with Ab, nor
inhibited simply by the.pfesence of irrelevant Ab
typically included in such experimenfs as a negativé
control.

In particular, results from the laboratory in which
the present work was conducted used anti-T200 MAb (69) and
Ly-5 alloantisera (70) to assess the participation of T200
molecules in the allogeneic mixed 1ymphocyte-cu1ture (MLC)
response, lectin and oxidative mitogenesis assays, and the
generation and effector cell function of CTL.

Alloantisera were shown to cause concentration dependent,'
allotype specific inhibition in a.number'ofithese assays,
of which CTL genefation, CTL-mediated lysis, and the
‘mitogenic response to con A are most pertinent to the
present study. 'These and other investigations (64; 71,
72) have clearly shown that aﬁtibody treatments are

capable of altering in vitro T lymphocyte responses.
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The possible roles of T200 molecules in other
functions of leukocytes have been inVestigafed.'
Regulatory T cells of the T4+ phenofype arising in
‘autologous MLC have activity as inducers of T8% suppressor
T cells and express a unique antigenic form of T200
designated 2H4 (73). T cells expressing the.2H4 antigen
lose their suppressor-inducer activity when treated with
enti-2H4 MAb, taken to indicate a direct involvement of.
2H4 antigens in T4t cell function.

An antigenic form of T200 aesignated p220 was shown
£o be a marker functionally.éssociated with the‘expression
of IL-2 receptor molecules (74). Treatment of post-thymic
T celle,with MAb to p220 increasee the eariy ekpression
of IL-2.recepters on fhose cells. The molecule may -
provide less mature Tvcells ah additional regulatery
cempenent~for IL—é driven differentiation. The apparent
expression of this antigen on a number of other cell .
types‘(B cells and NK cells for examp1e5 is enigmatic. It
ceuld be that a closely related cross-reactive form exists
on these cells, with iﬁapparent structural differences.
Alternatively, p220 may regulate or be iegulated by
'lymphokine receptor expression on other cells besides
immature T cells.

It is notable that B lymphocytes uniquely express
specific T260 determinants designated B220, with an My of

220 kbDa, found on both murine (75) and human (76) B cells.




29

- Although the role of the B220 isoform and its precise
relationship to p220 ére unknoﬁn, certain features of B
cell T200 suggest é similar functional role. It has been
noted that iL-Z, consideréd in genéral to be a T éell
lymphbkine, alters the. lectin-binding properties of T200
molecules on B cells (77). .

MAb to Ly-5 alloantigens have been shown,to inhibif
the polyclonal IgG respénse, but not the I§M or
proliferativé responses, of B cells treated with
lipopolysaccharide (78). .The same MAb were used to
inhibit the in vitro plaque-forming cell response of B
cells to different types of antigens in a manner
suggesting an involvement of the T200 molecules in thé
fecognition of or response.to signals provided by
accessory cells (79).

These observations indicate that T200 on B cells'may.
be intimately involved in differentiation events mediatéd.
by solﬁble factors, or may somehow regulate the expression
_éf receptors for those factors. Colleétively, the
éxperiments reyiewed here are taken to mean that T200 is a
likely participant in biochemical processes of
physiological significancefin:immune cells. While this
indirect type of evidénce ié meaningfﬁl to the question of
the participation of f200 in such processes, it is
generally not possible from experimehtal results such as

these to obtain a clear and precise picture of the
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mechanisms underlying the activation event or effector
cell function. |
| Differences in the selection of the model system,
assay, and antibody may ﬁave a‘dramatic impact on the
reSults'obtained in this typé of investigation. It was
~ “indicated by one study that a rat anti-mouse T200 MAb had
no effect on con A-induced mitogenesis of murine |
éplenocytes (80), in cohtrast to results obtained using
alloantisera (70). The apparent difference could be
rationalizéd in a number of ways, for instance by the fact
that different antigenic deferminants are recognized by
xenétfpic and allotypic antibodies. The difference méy
actualiy reveal important distinctions between particular
antigenic determinants in terms of their'specific
involvement in one or another process. Howevér, these
éxplanationé are largely a matter of conjecture and often
are difficult to validate by qonventional teéhniques.

Investigators have found evidence that differences in
T200 antigenic determinants recognized by various MAb may
account for apparent diScrepancies of this sort. 1In
antibody-mediated inhibitibn of natural killer (NK) cell
cytotokic activity, if was shown that MAb binding to a
distinct region of ?ZOO'molecules on NK cells were
inhibitory (81). Other MAb of the same subclass but
recognizing a different region of'TZOO were incapable.of

inhibiting NK cell cytotoxic function.
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Other NK cell inhibition studies previously had
.indicated the functional involvement of T200 molecules in
the activity of murine NK cellé (82) and their humén
counterpart (83). These studies, and several others from
a number of independent research grpﬁps, have provided
étrong evidence that T200‘is in some way involved in NK
cell-mediated cytotoxicity. Forms of T200 unique to NK
cells have been described (84), so in a general way, the
results obtained with NK cells are similar to what is
seen in 6thef classes of leukocytes regarding the
functional involvement of T200 molecules.

The overall observation is that antigenic
determinants on T200 molecules can be bound by various Ab
in a way that may have fuﬁctional significance. The fact
"that MAb do not each inhibit every (or in some instances,
any) cellular functions actually lends credibility to the
notion that cell lineage or differentiation markers
identified as epitopes on T200 molecules afe part of a‘
highly regulated system..

Such a system may have arisen owing to a need to have
a common regulatory mechanism for different membrane
receptors. Functional receptors} suéh as the receptors
for antigen or for lymphokines, are required in specific
cellular compartments at particular times or developmental
stages. A single structural component (such as T200?)

might be used to couple the recognition of different
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signals by their receptors to a common intracellular
response mechanism.

‘In this hypotﬁgtical scheme, there could be a common
molecule, with features like those observea in the
structure of the T200 molecule, which undergoes precise
modifications in certain of its domains. These
modifications, possibly like those accounting for the
various T200 My isoforms, would engage or control a
particular receptor in an activation process. The
modifications would involve regions uniquely associated
with specific functional activities of the isoforms.

In this modei, there could also be regions of the
molecule_that‘the differing forms ﬁad in common, such as a
single type of cytoplasmic domain. The impact of the
binding of Ab to a particular site would depend on the
relevance of that determinant to the functional task of
the molecule. Though no such scheme has been demonstrated
in leukocytes, it is attractive to speculate that T200
might piay such a role in leukocyte responses. The model
would account for the unusual features of T200 and if
proven, would tell a fascinating story iﬁ the céll-

biology of leukocytes.

Possible Roles of T200 Allotypes

An interesting aspect of the antigenic heterogeneity

of T200 molecules is the allotypic variation observed in
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rodents (discussed in detail earlier in this
communication}). There are indications from other genetic

systems in mice and other species that specific allotypic

"differences control immune responses and result in

‘heterogeneity of feactions to soluble antigens and

pathogenic microorganisms. ‘Alloantigens encoded by genes
of the major histocompatibility complex are the best known
of these. 1In a number of systems, molecuiar analysis is
unraveling key features of the biochemical processes
responsible for allotypic'variation.

However, there are few sysfems in which the precise
relationship is knowh betweeﬁ fhe genetic control of host
resistance to a pérticular pathogeﬁ and the détailed |
biochemical features of the host gene product responsible

for the attained level of immune response. The precise
description of the relationship would depend on detailed

studies in very diverse areas, each with its own requisite
expertise. It is likely that the time has come in which
significant progress in these complex areas of molecular
and ceilﬁlar immunology will be made, though at the
present time there are generally only a few systems in
which the basic relationships have been described.
Investigation of the role of T200 in |
antibody—dependept cell-mediated cytotoxicity (ADCC)
employed Ly-5 alloantise;a‘and Ly-5 congenic strains of

mice in ADCC inhibition tests (85). The results indicate
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the involvement of T200 molecules in murine ADCC, adding
to the information discussed earlier regarding the role of
T200 suggested by inhibition tests. During the ADCC
study, it was observed that C57BL/6 (B6) mice usually had
a somewhat lower cytotoxic response to Ab-coated sheep
erythrocytes (SE) than C57BL/6-Ly-5.2 (B6-Ly-5.2) congenic
mice (unpublished data).

This observation led to speculation that alleles of
the Qz:; ;ystem might operate in some unknown way as
immune response genes, controlling the level of response
in ADCC or other leukocyte activities. There are several
genes of immuﬁological-interest on chromosome 1 of the
» human and the mouse which are thought to reside ciose to
the locus controlling T200 molecules, as discgssea'briefly
elsewhere (29). 1In the mouse, some of these genes control
leukocyte membrane alloantigens. There also are |
functiohally defined genes which control imﬁune responses
to microbial pathogens or proliferative alloreactivity.

In some of these systems, the nature of the géne products
is unknown. It remains a mysﬁery that qopsiderable
allelic variation exists at the Ly-5 locus for which no
regulatory function has been identifiea, despite a
substantial body of literature indicating that particular
determinants on the molecule are associated with specific

leukocyte functions.
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Among murine chromosome 1 loci of immunological
felevance, two (Mls and the gene controlling Fc receptor
allotypes) have been described which might have a
relationship to ADCC reactions or other responses
discussed in the present work. Work I will present in
this thésis compared ADCC activity and other immune
responses of the B6 (Ly-5.1 allotype) and B6-Ly-5.2
congenic strains of mice. A rather large segment of
chromosome 1 (possibly 3 centimorgans) has been
transferred from the donor strain (SJL) to the B6 .
background. Whether Mls or Fc receptor (FcR) allotype
gehes in this congenic strain are aerived from the donor
strain or the from the background strain:is unknown.

The Mls locus was describéd by functional assay to be
a system of allelic génes mapping to chromosome 1 which
control significant prolifefative responses in MLC (86).
There are substantial proliferative responses in murine
allogeneic MLC in the absence éf murine major
histocompatibility complex differences, known to control
much of this type of alloreactivity. Systematic study of
MHC-identical strain combinations led to the cqnclusion
that a system of allelic genes was responsible for the
phenomenon.

The reactions controlled by Mls alleles are
manifested by reciprocal MLC reactivity in some strain

combinations, and unidirectional responses in other
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cémbinations. The physioloéical role of Mls genes is a
matter of current debéte. Because gene products of.the
various alleles have not been identified, it remains to be
shown how they control apparent alloreactivity. However,
they might have a considerablé impact oh cell-mediated
immune respénses in ways that have not been described.

A gene determining FcR allotype is also located on
chromosoﬁe l. This system of allelic genes was discovered
by serological testing and was shown to be linked to the
Mls locus (57). Ab bound to FcR arm the ADCC effector
cell, enabling specific recognition of membrane taréet
antigens on pathogens, and leading to the destruction of
the pathogens by ADCC. This killing activity is
controlled largely by the amouﬁt of Ab available for
arming and the specificity of the Ab for a potential
target.

FcR allelic variation could have an effect on the
process of ADCC. The structural difference between
allotypes (identified by alloantibodies) might influence
ADCC response due to a difference in the amount of Ab
attached to the effector cell. It coﬁld also be that the
receptor allotype determines how well the FcR—Ab
structure serves in antigen recognition.

To my knowledge, there is no report that places any
gene controlling an immune.response or encoding a

leukocyte membrane antigen within or near the region of
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chromosome 1 that carries the Ly-5 locus. In the absence
of information, allotypic variation observed in ADCC
response of Ly-5 congenic mice might still be caused by
some other allelic gene linked to Ly-5. There could also
be an unlinked allelic gene still retained in the
congenic strain that controls this response, though the
extent of backcrossing makes this possibiiity'ﬁnlikely.

By influencing an activation mechanism or the ability
to engage a surface-bound Ab-mediated response, the Mls or
Fc receptor genes could dramatically influence the ADCC
response of a mixed population of effector cells.' Anyv
examination of the.role of Ly-5 alloantigens would have to
consider these loci, which might similarly account for the

apparent allotypic heterogeneity.

Immunogenetic and Biochemical Analysis

Approach

The aim of the research project in the most general
terms was to obtain information relating the structures of
T200 mblecules to their biochemical function in
leukocytes. The opportunity existed to pursue an analysis
of the apparent difference in ADCC response in Ly-5
congenic mice. Constraints outlined in detail below led
to the experimental design ultimately used. Since there
are some limitations to immunogenetic analysis it was

reasonable to broaden the scope of the study and search
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for clues regarding the existence and the néture of other
structure-function relationshibs of T200 molecules.

Based on the implications of results obtainéd by
other investigators, a project designed to examine a
possible role for the cytoplasmic domain of T200.was
proposed, in order to advance the current understanding of
the biochemistry of T200 and to serve as a complementary
analysis consistent with the major goals of the research
éndeavor.

It is important to understand the rationale behind
the decision to examine the role of the cytoplasmic domain
of T200. The T200 glycoprotein is one of the major con
A—binding proteins on CTL (53) and several membrane
componeﬁts which bind con A are thought to be functionally
involved in CTL mediated cytotoxicify (54). Ly-5
alloantisera inhibit ADCC responses (85), block
generation aﬁd effector function of aliogeneic CTL in
murine MLC (70), and inhibit con A-induced mitogenesis
(70)., Con A, a T cell mitogen, has been shoﬁn to induce
changes in cytoskeletal and membrane protein organization
coincident with cap formation in lymphocytes (88, 89);

T200 molecules probably undergo an inducible
phosphorylation in response to con A (52), which may
indiqate that they participate directly in cytoskeletal
‘reorganization brought about by a mitogenic signal in

leukocytes. By virtue of the size, structure, and
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conservation of sequence in the cytoplasmic domain, and
other significant observations noted here, the question
was raised Whether T200 becomes associated Qith the
cytoskeleton of cells activated by a mitogenic sigﬁal.

Previous work by Bourguignon’s group demonstrated
that T200 becomes associated with the cytoskeletal
fraction when Thy-1 molecules on murine T lymphoma BW5147
éells are capped (90). Fodrin was shown by these authors
to form a stable complex with T200 in plasma membrane
fractions purified from BW5147 cells (90) and was found by
others to accumulate underneath con A patchés and caps on
murine and human lymphocytes (89).

Other leukocyte membrane proteins are induced by
ligands to undergo cytoskeletél associations, including

sIg (91, 92) and the FcR for IgE (93). These cell surface

‘receptors undergo a decrease in nonionic detergent

solubility upon ligand binding and have been recovered
from detergent-insoluble residues of ligand-treated cells
by incubation of the residues under conditions favoring
the depolymerizatin of actin (92, 93). It was decided
that a similar précedure could be used to examine the
possible cytoskeletal associatioh of T200 molecules in

cells treated with con "A.
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Design Considerations

Because many immune response differences in various
strainé of laboratory mice are believed to be under
genetic control, the observation of a difference in ADCC
response was of considerable interest to me, since no
apparent immune response differences have yet been
attributed to éllotypes of T200. No studies have shown
that a genetically controlled (or in other words,
functionally allotYpic) immune response to a particulai
pathogen méps to the Ly-5 locus or region;

A genetic analysis of these strains was proposed to
systematically test the hypothesis that Ly-5 allotype

controls ADCC or other in vitro responses. Assays were

‘selected so that 1eukbcytes from mice of known Ly-5

allotype could be tested for activities thought to involve
T200 molecules. The goal. of the study was to determine
whether allelic genes linked to the Ly-5 locus might
control ADCC activity or other responses in which T200 may
participate. | |

The genetic background of the Ly-5 congenic mice is
derived from Mls disparate strains and might also
represent dispafate FcR éllotypes. I was unable to
determine by pedigree alone whether such genetic
differences might confound the results of the present

work. The donor strain of the chromosome segment
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containing the Ly-5 locus in the congenic B6—Ly—5.2'strain
carries an allele for Mls functional allotype capable of
stimulating B6 strain lymphocytes.in a unidirectional
manner (86). As this allelic difference could result in
ambiggous MLC reactions or exert unknoﬁn influences on
other reactions, the possibility of a confounding genotype
effect had to be addressed.

Additionally, Fc receptor allotypic variation in the
experimental population might have a bearing on the
observed ADCC responses, though unlike the Mls system, the
Fc receptor allotypic variation and its impact on the
strain combinations used in this work are unknown.
However, since the Fc receptor gene is linked to Mls, it
was possiblé to propose an experimental approach that
could resolve the issue of their possible contributions to
the responses measured in this study. This was done by

attempting to produce Mls reactions among the differenf
strains under study. Because the FcR allotype gene and

Mls are linked, a negative alloreactivity of the kind
controlled by the Mls locus would provide at. least éome
indirect evidence that no FcR ailotype differences were
present in these strains.

Other investigators have indicated the importance of
testing littermates segregating for putative immune
response genes when the respénse is suspected of being

dependent on haplotype or allotype (94). Such analyses
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-reduce the risk of encountering confounding environmental
or genetic effects, and thus provide the most rigorous
controi for variation not due to the gene or chromosome
segment under investigation. Although the discussion by
those authors pertains specifically to the analysis of the
genetic control of NK cell activity, the underlying
principles are of critical importance to the experimental
design used to test the influence of allotype on many
immune responses. |

| Consequently, I devéloped a plan to use littermates
of an Fjy generation of mice segregating for alleles of the
Ly-5 locus. These segregants were produéed simply by
mating [B6 X B6-Ly-5.2]F] mice. The Ly-5 segregants were
typed for Ly-5 alloantigens to classify the littermate
mice according to genétypic group; and their responses in
anti-SE ADCC and various other in vitro assays were
assessed independently for differences which might be
~attributed to Ly-5 allotype.

In a technical bulletin provided to users of the
B6-Ly-5.2 strain, the sole supplier of these mice
indicated that animals obtained frbm their colony may
carry murine hepatitis virus. Serological confirmation of
the presence of this and other murine viral pathogens was
obtained in a survey of the local colony, conducted to
determine the suitability of these mice for introduction

to the Animal Resources Center at Montana State
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University. This serological screening revealed a major
impediment to the unambiguous interpretation of the
present study. |

The animal care facility was designed in part to
adequately pfotect and caré for animals used locally in
biomedical research. Significant concerns regarding the
importation of animals cérrying endogenous pathégens led
to the decision that the strains of mice involved in this
genetic analysis would have to be obfained from viral
pathogen-free sources or else the project would have to be
terminated, since for technical reaséns it was no longer
feasible to maintain animals outside the Animal Resources
Center.

Communications with representatives of the Memorial
Sloan-Kettering Cancer Center indicated that their
attempts to rederive virus-free stocks of B6-Ly-5.2 mice
had been unsuccessful. Their method was to prevent |
transmission of the virus by perinatal transfer of>mouse
pups to virus;free foster mothers. This method cannof
ensure against vertical trénsmission of the pathogen or
infection by contact with contaminated materials. |
Therefore, the strain was rederived locally by a different
method.

The need to rederive virus-free mice stemmed from the
rather substantial risk these mice posed to other animals

in the facility. It may have been possible to provide
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adequate quérantine measures so that the other local
stocks of uninfected mice would be protected from viral
pathogens. However, quarantine does nothing to alieﬁiate
the problems associated with immune response testing éf
mice carrying viral pathogens.

The presence of these pathogens could introduce the
kind of systematic error which might completely invalidate
the genetic analysis undertaken in this study.
Rederivation of the B6-Ly-5.2 parental strain would
significantly reduce the risk of obtaining results
confounded by uncontrolled effects due to the presence of
viral pathogens. Strain-related differences in production
of Ab have been shoﬁn to occur in response to mouse
hepatitis virus ‘(95). In addition, this virus is known to
perturb lymphokine production and NK activity in B6 mice
(96). This was the basis for the decision to proceed with
the rederivation.. |

The newly rederived B6-Ly-5.2 strain and commercially
available B6 mice uncontaminated by murine hepatitis virus
were tested or used to produce Ly-5 segregant mice.
Experiments were planned following rederivation to confirm
results obtained using the segregants from the original
stocks. A more specific description of the rederivation
procedure is outlined in the discussion of experimental

methods.
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In overview, tests for allotype effect on selected
immune responses in vitro were designed to reveal which of

them might be influenced by‘Ly—S allotype. Any obserﬁed

"difference probably could be attributed to the allotypic

'determinants residing on the extracellular domain of the

T200 molecule. However, there is no direct evidence of
identity between the cytoplaémic domains of the Ly-5.1 and
Ly-5.2 molecules. The homology observed in this domain
between species suggests that aspects related to its
functional role preclude.even minor variations. There is
still the possibility that an observed allotype effect
might be mediated by structural differences in the
cytoplasmic domains of the Ly-5 allotypes.

The indications that T200 may be involved in
mediating membrane-cytoskeleton interactions imply that
the cytoplasmic domain of the molecule is crucial to its
role in leukocyte fdnctioq. The planned genetic analysis
of immune responses was incapable of resolving the role of
the cytoplasmic domain. However, membrane molecules
capable of interacting with cytoskeletal elemenfs have
unique properties, making it possible to examine the
control of these molecular associations.

Membrane glycoproteins iackiné any direct or indirect
attachments to the cytoskeleton generally are solubilized
by'nonionic detergents. To reveal cytoskeletal

association of membrane receptors, polymers of
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cytoskeletal elements can be depolymerized to release the
associated membrane COmponentsvfrom the‘nonionic |
detergent~insoluble residues of cells (92, 93).

I had no reason to believe that T200 molecules would
be different in this regard, if in fact they associate
with the submembranous cytoskeletal matrix. This fbllows
from the observation that fodrin, considered to be an4
actin—-associated protein, specifically associates with
T200 molecules (90, 97). Therefore; I thought it
reasonable to suspecf that actin depolymerization would
lead to the recovery of cytoskeletally associated T200 in
a soluble form, allowing immunoprecipitation énd
electrophoretic analysis. Actin filaments can be readily
depolymerized since many factors are known to influence
the equilibrium between the polymerized and depolymerized
forms, as recently reviewed (98).

I decided to look for an induced association of T200
with submembranous matrix cbmponents. By tfeating T cell
lymphoma lines with con A and comparing detergent soluble
and insoluble fractions it might be possible to
demonstrate and characterize this association. Untreated
cells and cells treated with lectin would provide samples
suitable for compariéon. Appropriate tests might thén be
devised to relate the cytoskeletal association to the
mitogenic activity of the lectin. Because leukocyte tumor

cell lines may possess.aberrantly arranged cytoskeletal
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elements (99), I decided that the tests would include
cultured CTL, which retain specific functional activity

and are not transformed.

Preview of Experiments

The results I present here show evidence that Ly-5
alloantigenic determinants may control a limited range of
immune responses, probably related to particular
biochemical differences between allotypic determinants.
Though most of the responses measured in the study are not
influenced by Ly-5 allotypé, it could be argued that the
view obtained from results of these experiments is biased
against the possibility that Ly-5 allotype influences
early events or responses measured outside the optimal
response range. These alternative possibilities are:
tested only in a very limited way.

More specifically, inAmurine ADCC response, I found
the serendipitous observation of a lower activity in the
B6 strain compared to the B6-Ly-5.2 strain to be a
reproducible observation, by systematic testing of a
presumptive genotype effect. I found that the apparent
response difference declines in segregating littermate
mice, indicating that fhe parent strain difference ﬁay not
be due to Ly-5 allotype. I confirmed these results in

rederived mice.

o)
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Results from tests of Ly-5 allofype effect in a
number of other leukocyte-mediated in vitro immune
responses are also presented. These tests include NK cell
activity, responses to polyclonal T cell mitogens,
broliferative response in allogeneic MLC, énd
CTL-mediated lysis of murine tumor target cells. Of
thése, the last study alone exhibited a significant
allotype effeét in the_gz:i segreganf mice, apparent in a
limited response range of the cytotoxic activity of
allospecific CTL to P8l5 tumor target cells.

I present results of experiments designed to examine
the role of the cytoplasmic domain of T200, which revealed
that an inducible association of T200 with cytoskeletal
components occurred in response to con A. Data shown from
immunoprecipitations of detergent-soluble membrane
fractions of cells revealed a modulation of membrane T200
molecuies in response to con A. Inducible cytoskeletal
associations were demonstrated by evidence obtained from
immunoprecipitation of detergent-insoluble fractions of
con A-treated cells.‘ That the cytoskeletal association
was specific and involved actin is implied by the methods
I used to induce the associations, the cell lines I
selected for the study, and the conditions I used to
récover cytoskeletally assoéiated T200 molecules.

Further, I found out that T200 is a major component which

undergoes an inducible association in response to lectin.
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As a whole, 'the observations I made in the
immunogenetic and biochemical analyses presented here have
considerable relevance to the processes of leukocyte
activation, surface receptor capping, and cytbtoxic
effector cell function. These results extend the current
understanding of the role of T200'molecules in 1euko¢§te
activation and function. These studies thus lend new
insight to the functional aspects of the cytoplasmic and

extracellular allotypic domains of T200 molecules.
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vMATERIALS AND METHODS
Mice

Mice of the strains designated BALB/c, C57BL/6 (B6),
A.SW, and SJL were obtained from Jackson Laboratories, Bar
Harbor, ME, and maintained at the Animal Resources Center
at Montana State University. C57BL/6-Ly-5.2 (BG;Ly—S.z)
congenic mice were'obtained'from‘Dr. E. A. Boysé, Memorial
Sloan-Kettering Cancer Center, New York, NY, following 22
generations of backcrossing. Siblings segregating'for
Ly-5 alleles (Ly-5 segregants) were produced by mating
héterozygous [B6 X B6-Ly-5.2]F1 (hereafter simply
designated Fj) mice. fhe'étrain used for foster mothers
in the rederivation, ihformally designated virus antibody
free (VAbF) CDl, was obtained froﬁ Charles River Breeding
Laboratory, North Wilmington, MA, and carries the férmal
trademark designation Cr1:CD—1(ICR)BR. Age¥matched mice
were used at 6-9 weeks of age for ADCC and NK assays, .7
weeks of age or older for mifogen stimulation, MLC, or CTL
assays, and 8 weeks of age or_oldef for alloimmunizations

and in vitro antigen stimulation.
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Rederivation

VAbF CD1 mice were maintained in protective isolation
using a sterile positive préssure flexible film isoiator
throughout the rederivation procedure. Foilowing |
Caeserean section of the B6-Ly-5.2 mothers just prior to
their anticipatéd parturition, the uterus was aseptically
transferrea into the isolator and the B6-Ly-5.2 pups were‘
placed with the CD1 fostér'mothers. Following
rederivation, mice were kept in the isolator for 4-5 weeks
before removal to microisolator cages. Subsequent animél
care and manipulative procedures were performed in laminar

flow units using aseptic technique.
Typing

Ly-5.1 antiserum was produced by immunizing SJL miqe
with A.SW spleen, lymph node, and thymus cellé as
described. (2). Ly-5.2 antise;uﬁ was ﬁroduced in a similar
manner by immunizing [B6 X A.SW]F] mice with SJL cells.
Antisera were tested for specificity.using thymocytes from
B6, SJL, A.SW, and B6-Ly-5.2 mice in indirect
immunofluorescence assays (IFA). The specificities were
confirmed b? electrophoretic analysis of |
immunoprecipitates from BG and SJL thymocytes using

methods outlined below. Monoclonal antibodies (MAb)

ey p———y
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specific for Ly—5;1 and Ly-5.2 were obtained from NEN
DuPont Researéh Prodtcts; Boston, MA. Antibodies diluted
in Hank’s balanced salt solution coﬁtaining 0.1% (ﬁeight
to volume) sodium azide were used at 1:40 (alloantisera)
or 1:2500 (MAb) iﬁ indirect iFA, using a 1:50 dilution of
fluoresceinated rabbit anti-mouse or anti-rat IgG (Miies
Laboratories, Iné., Elkhart, Ind.) és tﬁe second antibody.
Characterized pooled alloantisera having suitablynlow
nonspecific reactivity were heat-inactivated for 30 m;n at
560 C prior to use iq Ly=5 ségregant groups. Segregants
tested following rederivation were typed with MAb.

Briefly, 5 X 103 thymody£es were incubated in
~ flat-bottom microtiter plates for 30 min with allospecific
Ab. Celis were then washed 3 times, incubated 30 miﬁ-with
fluoresceinated anti-IgG of the appropriate type, and |
washed again. Genotypesvﬁere assigned on the basis of
fluorescence reacfion pattérns'observed_via reflécted
fluorescence..

Lim;ted comparison testing indicated that the two
typing ﬁethods (alloantisera and allospecific MAb)
identified identical groups in these strains. _Antisera
identified 40 Ly-5.1% samples and 44 Ly-5.2% samples among
the 58 Segregants typed for fhese expefiments, obtaining
relative genotypé proportions of 0.242: 0.448: 0.310. Mab
identified -106 Ly-5.1% samples and 111 Ly-5.2% samples

among the 145 rederived segregants typed, obtaining
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relative genotype proportions of 0.234: 0.497: 0.269.

Theoretically, the expected ratio is 1: 2: 1.
cells

Mice were killed by cervical dislocation,.spleens
were removed asepticaliy, ahd single celllsuspehsions of
spleﬁocytes were prepared as‘breviously described (69).
Cells were counted in a hemocytometer and viability was
assessed by trypan blue dye exclusion. ‘Tumor cells used
in these tests were the P815 mastécytoma of DBA/2 (H-24)
origin, the EL-4 T iymphpma of B6 kH—Zb) origin, the 2PK3
B lymphoma of BALB/c (H-2d) origin, the BW5147 thymoma of.
AKR origin (H—2k)( and the YAC-1 lymphoma of A (H-22)
origin.. The célls were maintained. by repeated péssége in
vitro as previously described'(?O). Medium used waszRPMI
1640 (Irvine Scientific, Sahta Ana, CA) supplemented with
10% fetal bovine.serum-(Sterile Systems, Inc., Ogden, UT),
2 mM L-glutamine, 100 U per ml penicillin G, 100 ug per ml
streptomycin, 0.25 ug per m}'Fungizone (Irvine . |
ScieptifiC), and 5 X 10-5 M 2-3 merqaptoefhanol (Bio—Réd,
Richmond, CA).

C57Bl1/6 anti-BALB/c CTL were generated in primary
mixed lymphocyte culturé'(MLC)'as preyiously deécribed
(70) invmeaium supplemented with 10 mM
N-2—hydfoxyethy1pipefazine—N’—Z—ethanesulfonic~acid

(HEPES) (Sigma Chemical Co., St. Louis, MO). Cultured CTL
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lines were maintained by weekly festimulation with
‘mitomycin C4inactivated.BALB/c'sﬁimulafor cells in 10 mi
flask cultures containing 5% fetal bovine serﬁm and 5%
cﬁlture supernatant fluid prepared ffom Con A—treaﬁed.rat
splenocyte cultures (100) and subplemented with‘100 mM
methyl a-D-mannopyranoside (Sigma Chemical). The CTL'
lines killed P815 (H-29) cells but not EL-4 .(H-2P), vac-1

(H-2a), or BW5147 (H—zk) cells.

ADCC Assays

Splenocytes f;om indiyidual mice were incubated ih
triplicate 200 ul cultures with target cells labeled with
radioactive chromium (31lcr) (NEN'DuPdnt Research Products)
with or without BALB/c anti-SE antiserum as previéus1y>
described (85). BAntiserum to SE was used at a final
concentration of 1:200. Supernatant samples (100 ﬁl) Qere
removed from wells after a 1 hr ipcubation and counted in
a gamma counter. Mean cpm values were used to calculate
percent specific 51lCr release (% cytotoxicity) by the
formula: . -

experimental release - spontaneous release
maximum release - spontaneous release

times 100%. Spontaneous release was determined for target
cells inéubated'in medium with anti-SE but without
effector cells. Maximum release was determined for the

same target cells lysed by -incubation with 1% Lyzerglobin
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(J.T.Baker Diagnostics, Bethlehem, PA). Standard errors
for % cytbtoxicity values thus obtained were génerally

1-5%.

Mixed Lymphocyte Culture (MLC)

Splenocyte proliferation was tested as previously
describéd (69) using [3H]thymidine ingorpofétion-assays.
Triplicate cultures héving 2 X 102 responder cells were
incubated for 3, 4, or 5 days in allogeneié MLC or for 5
days in Mls testing (semiautologous,MLCf. - Cultures were
established with and without an equal number of ‘allogeneic
(BALB/c) 6; sémiautologoﬁs'(BG,_BG—Ly-S.Z, and Fq)
stimulator cells-inacfivated with mitomycin C (Sigma
Chemical). Respbnder cells'wefe from Ezzg.segregént mice.
Following a 4 hr pulse using i uCi per well [3H]thymidine
(NEN DuPont Research Products), cultures‘were harvested
with a multiple éutomated sample harvester (Bellco Glass,
Inc., Vineland, NJ). Incorporation of rédioactiyity was

measured by liquid scintillation counting.

Mitogen Stimulation

Responder splenocytes prepared as in MLC testing
were assayed for mitogén_stimulation at days 2, 3, and 4
in triplicate 200 ul éultures of 2°X 105 cells incubated
in the‘presence or absence‘of either 2.5 ug/ml con A or 10

ug/ml PHA (Sigma Chemical). In one study, con A and a
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succinylated derivative of con A (E-Y Labs, Inc., San
Mateo, CA) were compared by varying lectin concentration

(59). Proliferation was assessed as in MLC.

NK Cell and CTL Assays

For NK cell assays, splenocytes prepared as in ADCC
testing were assessed for cytotoxic activity against YAC-1
and P815 (control) tumor targets in 4 hr 51Cr release
assays. For CTL testing, effector cells were generatediin
primary MLC in 24-well tissue culture plates as previously
described (70), using 4.5 X 106 responder splenocytes and
an equal number of mitomycin C-treated BALB/c splenocytes.
Cells were‘collested at days 3,-4; and 5 of culture and
were counted, tested.for viability, andradjusted.to
equivalent cell concentrations..< P815 and EL-4 (control)
target cells were prepared and cytotox1c activ1ty |
assessed in 4 hr 5lcr release assays as previously
described (70). For in vitro CTL 1ines, control targets
included YAC-1 cells. In general the CTL 1ines were
tested on the tnird day following antigen restimulation,
using collection over Histopaque—1077 (Sigma Chemical) to
remove miténycin—c—inactiyated BALB/c stimulator ceils
present in the cultures. Cytotoxicity was determined as
in ADCC testing us1ng cpm values obtained from targets
alone and lysed targets. ‘for spontaneous and 100% Slcr

release, respectively.
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Statistical Analysis

Mean cpm values and standard errors from tripliéate
wells wefe obtained using statisfical analysis programs I
wrote for these tests.-'Meéns thus obtained for individual
mice were used for further statistical treatments. In
cytotoxicity assay'énalysis, the % cytotoxicity
measurements at pgrticular E:T ratios wefe selected as the
response variable and comparisohs were made on that Basis.
-This method was chosen’for its simplicity and has no.
obvious disadvantages compared to other methods (101).
For proliferation tests, log-transformed mean cpm data
were analyzéd. Genotype group means were calcglated and
compared by analysis of variance (ANOV) using the
statistical analysis package MSUSTAT 2.20 develdped by R.
E. Lund (Research and Development'institute, Inc., Montana -
State Univ., Bozeman, MT) employiné a Type III.(mixed
mdael) ANOV design for multiple factor tests.

Individual experiments were analyzed using ‘'single
factor (l-way) ANOV with genétype aé the sole facfor. For
testing of combined results, experiment was treated as é
second factor and 2—way ANOV used én unwéighted means
procedure. For analysis of segregant éfoups; only |
experiments having all genotypes represented were tested

by these methods. In these mice, ANOV showed gender
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effect to be highly.variable and not generally
significant in the results of the assays reported here.
Testing of gender effect‘is thus excluded from the
analysis. Where significant differences (p < 0.05) for
the main effect were obéerved, Student—Newman;Keuls (SNK)
multiple range testing was pérfopmed and the appfopriate
contrast comparisons weré done‘to estimate the magnitude
and variance of the differences'between means. In most
cases, genotype is the main effect. In. the case of
semiautologous MLR, responder genotype effect was tested
for each stimulator type énd all paifwise contrasts were
’evaluated. The apprépriate'multiple cpntrast to.test the
possible contribﬁtion of Mls type was performedi Where
significant genotype effectg were observed in Ly-5
segregant responses, confirming analysis was doneiby the

method of combining  probabilities of independent tests

(102).
Radiolabeling and Solubilization
Cells were radiolabeled 2 days after reculture (tumor
cells) or antigen restimulation (CTL). CTL were collected

as in cytotoxicity testihg. For biosynthetic labeling,
1-2 X 107 cells were incubated at 37°9C with 0.5 mCi |
[35SImethionine (NEN Reséa;éh Products) for 16 hr as

previously described (68). Fof surface labeling, 1-5 X

107 cells'were waéhed in phosphate buffered saline, pH
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7.2, and labeled for 30 min by the method of Hubbard and
Cohn (103) using 1 mCi Nal2571 (NEZ—033L,‘NEﬁ Research
Products).with lactoperoxidase, glucose oxidase, and
B-D-(+)glucose (Sigmé Chemical). Cells labeled by either
method were incubated in MLC medium at 5-10 X 106 cells
per ml with or without 50 ug per ml con A (Sigma Chemical)
at 40C for 15-30 min followed by 37°C for 15 min.
Following centrifugation cells were immediateiy
resuspended in 1 ml solubilization buffer contéining'Q.S%
Triton X-100 (Bio-Rad), 0.14 M-NaC1, 10 mM Tris-HC1 (pH
7.4), and 1 mM ethylenediamine tetraacetic acid (ED?A)
(Sigma Chemicali, hereaffer callea TNTE. For pomparison
of detergent solubilizations, 3-[(3-cholamidopropyl)-
dimethylammonio]-1-propanesulfonate (CHAPS) (Pierce
Chemical Co., Rockford, IL).waS'subsfituted for Triton
X-100 at the same concentratién (0.5%) and used throughout
the immunoprecipitafioﬁ procedﬁre. ‘This nonionic
detergent was 6hosen for its indicated probe:ty of low
artifactual aggregation of proteins from‘membranes (164).
For controls, in some éxperimentg untreated cells
were lysed in the presence 6f 50 ug per ml con A,and_;n
some experiments TNTE was replaced with éarbonate—
buffered Hank ‘s balanced salt solﬁtioq (HBSS) (Irviné
Scientific) containing iva EDTA. and 0.5% (volume to
volume) Triﬁon X-100, throuéhbut tﬁe 1ysis and |

immunoprecipitation. After 10 min at 40C with occaéional
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vortexing, samples were centrifuged at 1700 X G for 10 min
at 40C. The TNTE-soluble fractions were
immunoprecipitated.as outlined below. The pellets
remaining after TNTE-solubilization were washed in TNTE
followed by a wash in ADB (without adeposine—S'—
triphosphate) and then incubated in 1 ml ADB for 16—18 hr
at 40C to accomplish actin depolymerizatioﬁ. ADB
contained 0.34 M sucrose, 10 mM HEPES (pH 7.4), 2 mM EDTA,
1 mM adenosine-5 -triphosphate (Sigma Chemical), and 1 mM
dithiothreitol (Bio-Rad). The depolymerized samples were
centrifuged, pellets washed once in 1 ml TNTE, and thé ADB
and wash supernataﬁt fluids combined for ‘ |
immunoprecipitation as outlined below.> The insoluble
residues remaining after depolymerization were golubilized
in Laemmli's reducing sample buffer (165) ané
electrophoresed along with the immunoprecipitation eluates
as outlined below. Variations of these.basic methods wefe
performed for chargcterization éxPeriments as indicated in
the figufe legends. Theée included lectin treatment at 10
ug per ml, use of the divalent succinylated.derivative of
con A (E-Y Labs) breviously described_in.studies ofﬂ
capping and lectin mitogenesis (59), metabolic inhibition
during lectin treatment with 0.1% (weight to voluﬁe) NaNj
(Sigma Chemical), and variogs times and temperatures for

lectin treatment.
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Immunoprecipitation

Hybridomas pr@éuéing monoclonal Ab I3/2.4 (ratllgézb
anti-T200 (106), a gift from Dr. if S. Trowbridge; Salk |
" Institute, La Jolia, CA) and_éo—le (rat IgGop
anti—Thy—i.Z (107), a gift from. Dr. N. L. Wafner, Becton
Dickenson Monoclonal Center, Long View,'CA) were used to
make ascites fluids, which”were'fractionated by 40% |
ammonium sulfate precipitatibn and ion exchange |
chromatography over DEAE—Sephacel (Pharmacia Fine
Chemicals, Uppsala, Sweden). Purifiea Ab fractions,
characterized by IFA, UV absorbance, and eiectfophoresis
on polyacrylamide gels, were coupled to cyanogen
bromide-activated Sepharose 4B (Pharmacia, supplied by
Sigma Chemical) at a ratio of 1 mg protein to 1 ml
swollen gel beadsiaccording to instructipns from the’
manufacturer. ‘ - o

TNTE and ADB supernatants from radiolabeled CTL and
tumor cells were precleared with 10 mg protein A—Sephérose
(Sigma Chemical) for 10 min at 40°C aﬁd'replicate sampleé
were immunoprecipitated with 0.1 ml packed 30H—12 or
I3/2.4 beads for 1 hr at 4°C with occasional vortexing.
Alternatively, approximately 80 ug purified I3/2.4.Ab or
60 ug 30-H12 Ab were reacted with precleared TNTE and ADB

supernatant fractions for 60 min at 40C and precipitated
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with 30 ul mouse anti-rat IgG (Boehfinger—Mannheim
Biochemicals, Indianapolis, IN) and 30 mg protein.
A;Sepharose. Where the latter immunoprecipitation method
was used, control samples from untreated cellsiwefe
processed identically but without the addition of
anfi—TZOQ or anti-Thy-1.2 Ab. The immunopreéipitates were
washed 4 times in TNTE. To reduce nonspecifié binding‘of
radiolabeled proteins to the beadé, in most experiments
one of the washes was perfdrméd in TNTE increésea to 6.5 M
NaCl. . In some experiments the proteése iﬁhibitoré'
leupeptin and phénylmethylsulfonyl fluoride.(PMSE) (Sigma
Chemical) were included at 1 ug per ml and 1 mM
respectively throughout the lysis, precipitation, and
washing steps. In each experiment equivalent numbers of'
cells (1.5-3 X 100) were used for each treatment-
combination. Samples were eluted in 53 ul Laemmli’s

reducing sample buffer containing 1 mM EDTA as previously

described (68).

Polyvacrylamide Gel Electrophoresis

Eluates were analyzedlby sodium dodecyl sulfate-
polyacrylamide'gel electrophbresis'(SDS—PAGE) (105) wusing
acrylamide concentrations indicated in the figure legends.
For samples analyzed without immunoprecipitation,
solubilization volumes Qere decreased so that TNTE and ADB

fractions supplemented with reducing éample buffer could
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be applied directly to the gels. Combined molecular
weight markers SDS-6H and SDS-7B (Sigma‘Chgmicél) were
used so that 4-7 markers were resolved on each gel. Gels
were processea as described previously (68) of were |
enhanced with Fluoro-hance (Research Products
International Cbrp., Mt; Proséect, IL) according to
directioné from the supplier. Gels were dried and exposed
to Kodak X-Omat AR film at -800C. Gels with 125I-labeled
samples wefe not enhanced though in some experimenﬁs- .
Cronex intensifying screens (E; I. Du Pont De Nemours and
Co., Wilmington, DE’ were used as indicéted in the figure
legends. For quanfitative comparisons, X-ray films‘were
analyzed using a Hoefer GS 300 scanning densitometer and
GS 350 analysis sYstem (Hoefer Scientific, Los Aﬁéeles,
CA). Relative amounts of T200 in fractions from vérious

cell treatments were determined within individual

autoradiograms.
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RESULTS

Immunogenetic Analysis

Ly-5 Allotype Effect on Splenocyte ADCC and NK Cell
Activity : '

During experiments designed to test effects of

alloanfisera on in vitro ADCC (85), it was observed that
B6 miée usually had a lower degree of cytotoxic activity
against antibody-coated SE than B6—Ly—5.2vcongénic and Fl'
mice (unpublished results). To test the*relationship of
strain and ADCC activity, experiments were designed using
parental strain and Fj age—matchéd mice allowing analysis
of the effect of strain on cytotoxic activity. The |
results (Figure 1) revealed a pattern of significantly
lower response in the 56 (Lz-S.l»homozygous) group. ANOV
for the combined data shown in Figure 1 indicated a ﬁ
value for genotype effeét of 0.00495 at the E:T ratio of
5:1, and a value of 0.00229 at '10:1, as shown in Table}l..
Results of the SNK éomparison revealea the
appropriate contrast for the groups shown in Figure 1 to
be B6 versus F] and B6—Ly—5;2 mice. The resulting L
value and 95% confidence‘interval-indicated that the mean

cytotoxic response of B6 mice in anti-SE ADCC is lower
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Table 1. Ly-5 allotype effect on NK and ADCC activity?

Mean Response (% cytotoxicity)b

Ly-5 Allotype

ADCC E:T 1/1 1/2 2/2 pc (N,§)4

Parent 5
strains 10

1 19.9 30.9 28.9 0.00495 (24,5)
1 20.9 32.4 29.5 0.00229

After :1 6.3 nd 11.6 0.0162 (12,1)
rederivation 10:1 10.9 nd 18.3 0.00417

Segregants 5:1 20.9 24.6 27.4 0.1929  (32,5)
10:1 27.5 27.7 33.0 0.646

After 5:1 14.3 16.9 15.7 0.809 (16,1)

rederivation 10: 18.4 17.7 17.4 0.933

NK

Segregants 25:1 10.6 5.9 12.8 0.548 (31,5)
50:1 6.9 6.6 14.2 0.441

After 25:1 -1.9 . -1.5 1.4 0.207 (17,1)

rederivation 50:1 1.2 1.8 2.8 0.453

AMeasured against Ab-coated SE (ADCC) and YAC-1 tumor
target cells (NK). In the table, nd indicates experiment
was not done.

bGroup mean cytotoxic response in chromium release assays
for mice allotyped by pedigree (parent strains) or
thymocyte typing using allospecific antibodies
(segregants).

Cp indicates the probability obtained with ANOV, testing
for no response difference between the 3 Ly-5 allotype
groups at the indicated E:T ratios.

dThe value N indicates the total number of individual
mice contributing to the test statistic. The value j
represents the number of experiments and indicates that
l-way (j=1) or 2-way (3j>1) ANOV testing was performed.
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than the mean of the high responder (F; and B6-Ly-5.2)
group by 10.1 % (+/- 3.6 %) at an E:T ratio of 10:1. The
same contrast at an E:T ratio of 5:1 indicatedythe
difference in means to be 10.0 % (+/- 3.4%). Similar
results were obtained iﬂ a single experiment using
rederived B6-Ly-5.2 mice and identically hoﬁéed B6 mice
(Table 1 and Figure 2). A significant difference of 7.4 %
(+/- 4.4%) was obtained for.the contrast.

To ensure that these results were not confounded by
environmental factors or unlinked,geneticvdifferences‘
between the‘parental strains, lesibling mice segregating
for Ly-5 alleles (Ly-5 segregants) were allotypéd and
tested for ADCC acfivity. Measuremen£ of cytotoxic
response was done independently of the assignmént Qf
genotypes in the experimental animals. The data shown in
Figure 3 indicated that factors.other than a gene or,
genes linked to the Ly-5 locus could be responsible for a
major part of the ADCC-response_difference observed in the
‘parent strains, since analysis detefmined the genbtype
effect in the segregant groups (Table 1) to be-
insignificant (P = 0.6460 at the E:T ratio of 10:1).
Similar results were obtained frpm segreganﬁs produced
following rederivation of the B6—Ly;5.2 parental strain
(Table 1). ' |

Qyi; segregants were tested for NK cell actiﬁity

assessed by 5lcr reléase from YAC-1 tumor target cells
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(108). The analysis of these experiments (Table 1)
indicated no genotype effect on NK cell activity iﬁ,gng
segregant mice. In both ADCC and NK cell assays (TaBle 1)
a lower overall cytotoxic aefivify was obtained from the
segregant groups following rederivation. The hypothe51s
that the rederivation resulted in a lower overallv
cytotoxic response has not been rigorously tested. The
non-rederived B6-Ly-5.2 line is no 1ongef maintained in
this colony. No formal statistical conclusions are drawn
from these apparent differences,

Ly-5 Allotype Effect on Mitogen
Stimulation

Because previous studies suggested a role for Ly-5
antigens in T cell'activation (70), the Ly-5 segregant
mice were tested for differences in response to polyclonal
T cell mitogens. As indicafed in Table 2, there appeered
to be no influence of Ly-5 allotype on splenecyte response
to Con A or PHA. ‘

Ly-5 Aliotype Effect on
Proliferation in MLC

Results shown in Table 3 indicate in general that
there was no genotype effect on allogeneie (H—Zb
anti—H—Zd)'MLC. The appafent difference in mean responses
among the rederived .segregant miee af day 4 was an unusuel

result which has no obvious explanation. -The allotype
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Table 2. Ly-5 allotype effect on mitogenic responsesa

Mean Response (cpm X 10-3)b

Ly-5 Allotype

Mitogen _ '
DAY 1/1 1/2 - 2/2 pPC (N,3)4d
Con A .
Segregants 2  29.1 34.2 40.8 0.208 (19,2)
3 107.6 94.9 107.0 0.701
4 14.5 14.0 10.0 0.122
After 2 12.5 22.0 10.6 0.375 (32,2)
rederivation 3 25.8 54.0 38.6 0.510
. 4 19.4 27.0 27.4 0.182
PHA ' :
Segregants 2 16.6 17.1 17.1 0.984 (19,2)
3 30.5 26.1 31.7 0.108
4 11.9 9.3 11.5 0.361
After 2 7.7 10.5 5.9 0.482 (32,2)
rederivation 3 7.1 18.6 9.5 0.630
4 4.6 10.8 6.3 0.266

d8plenocyte mitogenesis was assessed using concanavalin A
(con A) at 2.5 ug per ml or phytohemagglutlnln P (PHA) at
10 ug per ml.

bGroup mean cpm values (X 10-3) of [3H]thymidine
1ncorporat10n for mice genotyped by thymocyte typing
using allospecific Ab.

CP indicates the probability obtained with ANOV, testing
for no response difference between the 3 Ly-5 allotype
groups at the indicated day of mitogen culture.

dN indicates the total number of individual mice
contributing to the test statistic. The value j
represents the number of experiments and indicates that
l-way (j=1) or 2-way (j>1) ANOV testing was performed, as
described in the text. )
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Table 3. Ly-5 allotype effect on MLC responsesa

Mean Response (cpm X 10-3)b

Ly-5 Allotype

Allogeneic ' -
MLC 1/1 1/2 2/2 PC  (N,j)d
Day A
Segregants 4 11.7 12.0 10.6 0.976 (19,2)
After 3 16.1 8.9 12.2  0.052 (14,1)

rederivation 4 38.6 23.0 33.4 0.0053
5 18.2 21.2 22,2 0.643

Semiautologous
MLC
se
After 1/1 0.250 0.124 0.155 0.285 (14,1)
rederivation 1/2- 0.355 0.144 0.152 0.135
2/2 0.426 0.266 0.455 0.436

aproliferative responses in allogeneic (H-20P anti-g-29)
and semiautologous (all H-2P) mixed lymphocyte culture
(MLC). Semiautologous MLC was assessed at day 5.

‘bGroup mean cpm values (X 10-3) of [3H]thymidine
1ncorporat10n for mice genotyped by thymocyte typing
using allospecific Ab.

CP indicates the probability obtained with ANOV, testing
for no response difference among the 3 Ly-5 allotype
groups. :

dThe value N indicates the total number of individual
mice contributing to the test statistic. The value j is
the number of experiments and indicates that l-way (j=1)
or 2-way (j>1) ANOV testing was performed, as described
in the text.

€The presumptive effect of Mls differences was tested
using stimulator cells (S) from B6 (1/1), B6-Ly-5.2
(2/2), or F1 (1/2) mice as described in the text.
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effect, analyzed in the same manner in the éegregant group
tested before rederivation, was not significant (Table 3).

It could not be ruled out that the Mls locus, Which
maps to chromosome 1 in the mouse (86), might be a
contributing factor confounding a possibie genotype effect
in allogeneic MLC. Therefore I exaﬁined the
semiautologous MLC reactivities of the Ly-5 segregant
groups in response to parental and Fj stimulator cells.
The aénor strain of the Ly-5.2 chromosome segment is SJL
(M1sC) and by functional definition of Mls alleles (109)
would be expected to stimulate B6 (MlsP) unidirectionally
in the absence of an H-2 disparity. The Mls alleles that
hypothetically could be represented among the responder
groups thus indicated the appropriate contrasts to test
this effect for each of the stimulator types.

The results of the semiautologous MLC reactions to
parent strain and Fj stimulator cells (Table’3) showed no
evidence of Mls differences in the Ly-5 segregants. The P
values obtained by ANOV show no allotype effect for each
of the stimulator cell typés used. If Mls alleles were
cosegregating with Ly-5 alleles in these.mice, I would
~expect a significant reaction to be hade by Ly=5.1
homozygotes responding to the appropriate stimulator (S)
types (designated 1/2 and 2/2 in Table 3) The P values
associatéd‘with the imposed contrasts to test the expected

unidirectional stimulétion are not consistent with the
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hypothesis of unidirectional étimulation (@lﬁﬁ responding
to M1sC cells, P values from contrast comparisons not
shown). The results therefofe indicated that no apparent
Mls differences exist among‘the Ly-5 segregant grbups used
in this study (Tablé 3). The analysis did not constitute
a typing test for Mls alleles, since such a test woﬁlé
require that all known Mls alleles be represented in the
stimulator and responder groups.

Influence of Ly-5 Allotype on
CTL -Activity o '

Ly-5 segregants were used to examine the effect of
Ly-5 allotype on CTL cytotoxic activity. Experiménts were
combined in 2-way ANOV with the second factor ﬁaving fou;
levels (experiments), three of whi¢h were comprised of
segregants obtained fbllpwipg rederivation. As shown in
Table 4, there was a siénificant effect of Ly-5 allotype
on the killing of P815.(H-29d) tumor targets within a
limited range'of the.cytotoxic resbonse. The reSglts of
the combined analysis are shown. The group means obtained
at each of the time points_and E:T ratios are depictea
graphically in Figures 4-7, shown for each day (Figures
4-6) and overall as a function of time (Figure 7);: The P
value obtained from the analysis of genotyée effect (day 4
at the E:T ratio of 60:1) was 0.0144. This value was
cross—valida£ed by combining P values from individual

experiments using the method of Edgington (102).
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Table 4. Ly-5 allotype effect on CTL responsesa

Mean Response (% cytotoxicity)b

Lyf5 Allotype

E:T  Day 1/1 1/2 2/2 pc (§,§)d
60:1 3 7.4 17.8 25.0 0.133 (59,4)
4 27.6 46.5 51.1 0.0144 (60,4)

5 25.9 34.4  40.1 0.123 (60,4)

©30:1 3 3.7 10.8 17.0 0.189 (59,4)
' 4 23.2 39.1 43.2 0.0631 (60,4)
5 18.0 23.5  27.6 0.753 (60,4)

15:1 3 1.4 5.8  10.8 0.272 (59, 4)
4 16.5 29.8 - 34.3 0.214 (60,4)

10:9 15.3 18.7 0.805 (60,4)

7.5:1 3 0 3.7 5.8 0.225 (59,4)
4 11.4 22.0  23.9 0.333 (60,4)

5 7.2 9.7 12.8 . 0.733 (60,4)

aCTL generated in allogeneic MLC were tested for
cytotoxic act1v1ty against P815 tumor ‘target cells as
described in the text.

bGroup mean cytotoxic response measured in chromium
release assays for mice genotyped by thymocyte typing
using allospecific antlbodles.

Cp indicates the probability obtained with ANOV, testing
for no response difference between the 3 Ly-5 allotype -
groups at the indicated E:T ratio and day of MLC.

drhe value N indicates the total number of individual
mice contributing to the test statistic. The value j
represents the number of experiments tested in 2-way
ANOV as described in the text. 1In one of the four
experiments shown, a single MLC well produced no
viable responder cells so that the total number of
mice tested for day 3 CTL. act1v1ty was 59.
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SNK multiple range testing indicated that the Ly-5.1
homozygotes are different from the other genotypes in mean
cytotoxic response.at the E:T ratio of 60:1:on day 4, the
optimal combihation of time point and E:T ratio observed
in the data set. Accordingly, the contrast comparison
indicated that the Ly—5.1.allotype group mean percent
cytotoxicity was 21.2% (+/— 2.8%) lower than the mean of
the high responder group (coﬁprised of heterozygous and
LX—S.Z homozygous mice). As seen in Figure 5, bf
comparing response curves along a horizontal line this
corresponds to aboutfe four—foid'difference in cytotoxic
activity on a per cell basis,.though to validly guantify
this comparison, only regions of the response curve which’
are significantly different should be used. A |

As seen in Table 4, the appareht difference in CTL
activity attributable to allotype declined by day 5 of

culture (see also Figure 7). I observed in some

individual experiments (not shown) that the mean response
of the Ly-5.1 homozygous group increased through day 5,
while the responses of the other groups decllned.after day
4. It could be hypothesized that the CTL responses of |
the Ly-5 segregents may'differ in kinetios as well-as in
magnitude although the small number of time points
measured in this study leads me to'suggest this

interpretation guardedly.
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Biochemical Analysis

Con A Treatment of Biosynthetically
Labeled Tumor Cells

Bourguignon ‘s group demonstrated that T200 undergoes
an increase in detergent insolﬁbility when BW5147 cells
are capped (90). Other groups have shown that sIg (92)
and the FcR for IgE (93) can be recovered from nonionic
detergent-insoluble cell fesidues by incubation in ADB.
These observations raised the question of whether T200
could be recovered by a similar mefhod from the |
detergent-insoluble material of BW5147 cells after
treatment with con A. The results shown in Figure 8
revealed that upon treatment of BW5147 cells with con A .
there was a loss of T200 molecules from the nonionic
detergent-soluble fraction (designated as "soluble" in the
figures), T200 was reieésed,from the nonionic detergent-
insoluble fraction of con A-treated éells'by inéubation in
ADB. T200 was not observed in the ADB-soluble fractién
(designated as "depolymerized" in the figures) when cells
were not treated with con A.

Quanﬁitation based on scapning &ensitomet;y indicated
that the T200 band observed in the detergent-soluble
fraction of con A-treated BW5147 cells represented about
46% of the T200 present in.the same fraction of untreated

cells. About 33% of the T200 missing in the TNTE fraction
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of con A-treated cells was recovered following incubation
of the insoluble residue in ADB. In other experiments
with BW5147'cells, recovery values of 72% and 94% were
obtained (data not shown}% In Figure 8, samples
immunoprecipitated with'anti—Thy—l.Z served as controls
against nonspecific binding of T200 to antibody-coupled
Sepharose beads. Because BW5147 cells express the Thy-1.1
allotype, the appearance of minor bands in the ADB
fraction of con A-treated cells precipitated witﬁ"
anti-Thy-1.2 cannot Be attributed to coprecipitation with
Thy—l antigen. Regarding other minor bapds, ADB saﬁples
from untreated and con A-treated cells did hot differ.

To see whether another T cell lymphoma line
exhibited the same characteristics as BW5147, EL-4 cells
were similarly treated and analyzed (Figure .9). As seen
with BW5147 cells, TZOO molecules underwent a chanée iﬁ
solubility in,EL—4_ceils upon treatment with con A. A
decrease of T200 in the TNTE-soluble fraction of about 78%
occurred when the cells were treated with coh A. Only 11%
of the missing T200 was recovered in this experiment from
the inéoluble residue incuBated in ADB. |

" When con A was added at the time cells were lyéed
(control lanes), T200 did not appear in the depolymériéed
fraction, indicating that the cftoskeletal association of
T200 induced by con:A treétmeﬁt requires an intaéf plasma

membrane. The .same result was obtained with BW5147 cells
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(data not shown). When the inéoluble residues remaining
after incubation with ADB were solubilized in SDS and
compared by SDS-PAGE and autoradiography, no major
differenées attributable to éon'A'trééfment were obser&ed'
in-thé relative intensities of bands (data not shown).
The abpearance of additional bands in detergent—Soluble
fractions of untreated cells lysed in the presence of con
A (control lanes) has been notéd by others (53) and may be
attributed to the binding of proteins in the lysates which
otherwise would be unavailable for con A binding in intact
cells.

Anti-Thy-1.2 immunoprecipitates of ADB fractions
revealed several bands which apparently increased in
amount in the fraction obtained from con A-treated EL-4
célls (Figure 9). These bands include a triplet with My
of 35-37 kDa and other bands ranging from 29-148 kDa. The
identity of these bands is not known. Under these
conditions Thy-1 was not resolved.

To see ﬁhether a similar cytoskeletql association of
T200 molecules also occurs in B lymphoma cells, the 2PK3
line was treated with con A and analyzed by SDS-PAGE. The
results shown in Figure 10 showed that although there was
an apparent reduction of T200 recovered in the detergent-
soluble fraction upon treatﬁent'with con‘A, no T200 band

was visible in the depolymerized fraction. A four-fold
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increase in the duration of exposure of the x-ray film
failed to reveal any T200 band (not shbwn).

These results were obtained in the same experiment
using identical treatment cqnditibns as the BW5147 cells
shoWn in Figure 8. The results from the BW5147 cells thus
served as a positive controi;_indicating that there was
nothing fundamentally wrong With the lectin treatment or
depolymerization steps of the experiment shown in Figure
10, with regard to tﬁe potential recovery of T200. Thus,
while this is the result of a single experiment with 2?K3
cells, there is at least some measure of confidence that
the planned'repetition éf this ‘experiment will obtain the
same result.

The amount éf T200 solubilized in nonionic detergent
from con A-treated 2PK3 cells represents about 25% of the'
amount recovered from untreated cells{ It appeared that
while the loss of T200 from the detergent soluble membrane
occurred in response to con A in both tumor cell lines,
the recovery from the corresponding depolymerized fraction
was only seen in the T cgllﬁline. In a limited way, the
cytoskeletal association of T200Ain response to 1éctiﬁ
treatment therefore was seen to correlate with the
mitogenic responsiﬁeness to con Avof the corresponding
cell types (B.yersds T cells) represented’by these 2 cell
lines. The 2PK3 line expresses T200 and sIg but not Thy-1

on its plasmé membrane (110).
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Con A treatment of Biosynthetically
Labeled CTL

s

Results shown in Figure 11 revealed that T200
moyeéules fromfculturéd.CfL aléo became cytoskeletally
associated in response to con A treatment. Approximately
32% of the amount of T200 observed in the TNTE-soluble
fraction of untreated'CTL was precipitated from £he same
fraction of con A-treated celis, and 22% of the amount
missing from that fraction was recovered from the |
insoluble residue by treatment ﬁith ADB.

All of the molecular weight isoforms of T200 from CTL
became cytoskeletally aséociated following con A
treatment. In general, other bands did not differ between
untreated and con A-treated cell fractions. It is notable
that like EL-4 cells, the CTL line expresses the Thy-1.2
antigen (not resolved on the gels depicted.in Figures 9
and il), but unlike the EL-4 cells (Figure 9) other baﬁds
did not appear to increase in the ADB fraction from con A-

treated CTL immunoprecipitated with anti-Thy-1.2.

Surface radioiodinated cells

To determine if meﬁbrane proteins other than T200
associate with the cytoskeleton, radiciodinated CTL and
tumor cells were treated and analyzed both by
immunopreéipitation (Figures 12-14) and by SDS-PAGE

analysis without immunoprecipitation (Figures 15-16).
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With regard to the recovery of T200 from the depolymefized
fractions of con A-treated cells, the results obtained
from surface-radioiodinated tumor cells (Figureé 12 and
13) and CTL (Figure.l4)_agreed_with results obtained from
biosynthetically labeled cells (Figures 8, 9, and 11).

In Figures 15 and 16 (representing the total
fractions obtained by TNTE solubilization, and ADB
depolymerization of the detergent-insoluble residueé)
other bands in addition to T200 were observed in the
ADB-soluble fractions of cells treated with con A.
However, T200 is one of a small number of highly
iodinated proteins undergoing a significant transition to
the depolymerized fraction after con A treatment. Some
bands showed only a relatively minor or no change in

detergent solubility in response to con A (for example,
bands at 111 kDa in BW5147 cells and 53 kDa in EL-4 cells
shown in Figure 15).

Effects of Solubilization Conditions
on T200 Recovery

To identify other proteins_which may be directly
associated with T200 following con A treatment, I
performed experiments in which solubilization conditions
were altered in an effort to preserve protéin intefactions
(Figures 17 and 18). The speéific association of T200 and
fodrin is reportedly disrupted‘at elevated concentrations

of NaCl (97), suggesting.that washing immunoprecibitates
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