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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, alloantigehic 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 alloahtigenic 
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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INTRODUCTION 

Fundamental Observations

A substantial body of research literature supports 
the theory that functional responses of leukocytes are 
mediated by plasma membrane molecules. One example is 
antigen recognition, mediated by the T cell antigen 
receptor on T lymphocytes.and by membrane immunoglobulin 
on B lymphocytes. Considerable effort has been made to 
characterize these membrane components. Good reasons 
exist for seeking the underlying mechanisms of leukocyte 
activation that control mitosis, secretion, and the 
expression of other important activities.

No clear and precise knowledge of the mechanisms of 
activation has been obtained. However, roles for some 
leukocytes can be distinguished on the basis of their 
unique plasma membrane components, such 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 express unique arrays of plasma membrane 
components. One feature that appears to be a 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 differentiation antigens, held 
in September of 1986 (I). As reported, the CD45 molecule 
has been independently identified and partially 
characterized using a substantial number of monoclonal 
antibodies (MAb).

These MAb recognize CD45 antigens generally 
represented on cells of hematopoietic lineage. A number 
of MAb with specificities for other antigenic determinants 
on CD45 react with forms of the molecule unique to 
particular subsets of leukocytes. These indicate the 
lineage, state of differentiation, or the extent of 
activation of the cellsi Their existence has led to a 
confusing nomenclature for specifying CD45 on various cell 
types, so that the molecule is known variously 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 the 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.initial descriptions of the 
cellular distribution of these alloantigens indicated that 
they were restricted largely to thymocytes and T 
lymphocytes. A more detailed analysis of murine tissues
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and tumor cell lines (4) indicated a broader tissue 
distribution of the murine allotypes, designated Ly-5 
antigens. Cells found to express Ly-5 included T and B 
lymphocytes, monocytes, macrophages, and mast cells.

The same report indicated the distribution of the 
molecule to be restricted to cells of hematopoietic origin 
exclusive of erythrocytes and proerythroblasts. Ly-5 
alloantisera contain antibodies (Ab) which react with 
leukocytes in some but not all strains of mice. The 
reactions of these Ab in various strain combinations led 
the investigators to propose that a system of allelic 
genes had been detected (2).

The term T200 was assigned by Trowbridge's group to a 
high molecular weight antigen.recognized by anti-mouse 
thymocyte 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-5 and xenogeneic MAb to T200, it was 
then shown that Ly-5 allotypes define a biochemical 
polymorphism of the T200 molecule (6). Information 
obtained from tryptic peptide maps showed that the 
molecules recognized by these antibodies were structurally 
related.

Corroborating evidence for this relatedness was 
independently obtained in experiments where
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immunoaffinity-purified T200 molecules were seen to 
immunoprecipitate with Ly-5 alloantiserum (7). This 
observation indicates that allotypes unique to certain 
strains of mice carry xenotypic determinants which are 
unique to the species.

It was also noted that Ly-5 or T20ti Ab precipitated 
molecules of different apparent molecular weight (Mr) on T 
and B cells (8). Using the technique of 2-dimensional 
(2-D) peptide mapping, the authors demonstrated the 
structural relatedness of the T and B cell 
immunoprecipitates. The similarities between these 
antigens led to the conclusion that they are isoforms of 
the same glycoprotein, and thus are members of a family of 
high molecular weight plasma membrane components.

Although the. majority of these studies were 
undertaken in rodents, it is important to note that CD45 
probably has a broad phylogenetic distribution. It has 
been identified also in humans (9), sheep (10), and 
chickens (11). The designations of the allotypes (for 
example Ly-5 antigens in the mouse) are commonly used 
within the context of species, while the designations of 
xenotypes (for example T200 antigens) are typically used 
in referring to CD45 molecules in one or more species 
under discussion. Within appropriate context,the 
designations can be used interchangeably. According to 
the new international nomenclature (I) the antigens are
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indicated as having a general (CD45) or restricted (CD45R) 
cell lineage specificity.,

In the murine system, the analysis of these molecules 
has been facilitated by the production of Ly-5 congenic 
strains. The basic procedure for producing a congenic 
strain is to introduce an allotype unique to one strain 
onto the genetic background of another 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 strain for the Ly-5 system.
The strain 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.I (2, 4).

The allotypic variation of CD45 has been described so 
far only in rodents. Also, the full range of the species 
distribution of CD45 has not been addressed. However, it 
may be determined that CD45 is a ubiquitous component of 
vertebrate immune cells. The phylogenetic range thus far 
identified and the tissue distribution of the molecule 
suggest that CD45 may play a fundamental role in leukocyte 
function.

T200 Biochemistry

Soon after the Ly-5 system was serologically defined, 
it was discovered that Ly-5 molecules exhibit a number of
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molecular weight isoforms (12). These isoforms can be 
visualized by detergent solubilization of radioiodinated 
cells followed by immunoprecipitation with Ly-5 
alloantisera and electrophoretic analysis. By these 
methods, the murine isoforms are found to be. 
characteristic of hematopoietic lineage, with T cells 
exhibiting isoforms of lower Mr (180 kDa) compared to B 
cells (220 kDa).

A question for several years was whether the basis 
for,the Mr isoforms reside in protein or carbohydrate 
moieties. It was unknown whether the B cell form is more 
heavily glycosylated or has a larger protein structure 
than the T cell form. The 2-D peptide mapping and 
serological studies indicated 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 seen 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 mannose and glucosamine residues (15).

In human B and T lymphocytes, evidence was obtained 
that the high molecular weight isoforms differ in
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carbohydrate moieties. Using MAb which specifically 
recognize branched or linear polylactosaminyI structures 
of glycoproteins, both B and T cells were found to carry 
polylactosaminyI residues of the branched type (16). B 
cells additionally express the linear type. It was 
concluded that differential glycosylation occurs in plasma 
membrane molecules, believed at the time to be T200. This 
interpretation was corroborated when other investigators 
found B and T cell forms of T200 to differ in 
susceptibility to changes in electrophoretic mobility 
following digestion with 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 analysis of the 
oligosaccharides released from B and T cells and tumor 
cell lines by alkaline borohydride treatment following 
prona.se digestion (18). Evidence was obtained that 
differences in both N- and O-Iinked glycosylation may 
account in part for the molecular weight heterogeneity of 
T200 molecules. In addition, B and T cell tumors were 
observed to differ to some extent from normal B and T 
lymphocytes in their respective glycosylation patterns.

On the other hand, evidence was building for protein
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t̂ fferences between Mr 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 that they may differ in protein structure (15). 
As the resolution of these questions progressed, more 
rigorous biochemical analyses were extended to the 
allotypic forms of the molecule (19, 20) in addition to 
the Mr isoforms (8, 21). Both kinds of variants were 
shown ultimately to differ by the method of 2-D peptide 
mapping.

Chymotryptic digestion followed by electrophoretic 
analysis initially showed that the Mr isoforms have the 
same peptide structure (8). However, under a different 
set of labeling conditions, unique 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 between the B and T cell peptide maps are 
accessible to radiolabeling only under 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 
mapping (19). Within each allotype no difference is seen 
between the B and T cell Mr isoforms by this method.
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These findings indicate that the allotypes differ at the 
level of amino acid sequence, but within a given allotype 
there is at least some common protein structure.
Additional isoforms detected in cloned Ly-23+ murine T 
cells exhibit the same apparent properties (20). In 
conjunction with analyses demonstrating the differential 
glycosylation of B and T cell T200 molecules, the results 
of the protein structural comparisons for the isoforms and 
the allotypes indicate an extraordinary biochemical 
complexity in the CD45 family of membrane glycoproteins.

Molecular Genetics

The confirmation of the apparent differences in 
protein structure between Mr isoforms of a given allotype 
or between allotypes awaited the biochemical analysis of 
information molecules encoding the amino acid sequences of 
CD45. The initial report of the cloning of Ly-5 cDNA (22) 
presented evidence that the two Ly-S 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 for Ly-5 to screen mouse liver DNA 
fragments generated by a number of different restriction 
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 identifies 
fragments of differing size in DNA digests from different 
cell sources. The size differences derive from changes in 
the relative locations of endonuclease cleavage sites.
The technique may not distinguish whether structural 
sequences differ between the alleles, since the changes in 
locations of cleavage sites may reflect variations in 
noncoding portions of the DNA. However, the results may 
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 inbred 

mouse strains, showing that the RFLP patterns accurately 
distinguish the Ly-5 alleles corresponding to the 
serological identities of the strains. Interestingly, the 
RFLP analysis of the strain designated ST/bJ shows unique 
RFLP patterns indicative of a third Ly-5 allele, 
consistent 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 represents a unique 
allele.

The ability to distinguish alleles of the Ly-5 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 complete 
nucleic acid sequence data for the alloalleles in 
noninbred mice, it is not possible to state definitively 
which of these RFLP differences represent amino acid 
sequence variations in Ly-5 molecules.

However, the results of the survey show that the Ly-5 
system may be considerably more variable among mice than 
previously indicated by serological analysis based solely 
on testing inbred mouse strains (24). The physiological 
significance of this extensive allotypic variation or the 
role that the allotypic determinants may play in 
biochemical processes is essentially unknown. A portion 
of the work reported in the present study has a bearing on 
these questions.

Evidence now exists at the nucleic acid level that 
the Mr isoforms also differ in protein structure. It was 
found that a size difference between Ly-5 mRNA molecules 
from murine B and T cell leukemia lines corresponds to the 
difference in apparent molecular 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 SI nuclease mapping (25). By hybridization 
to Ly-5 cDNA probes and SI 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 to 
the leader sequence. This indicates that the B and T cell 
glycoprotein isoforms not only differ in amino acid 
sequence, but arise by selective 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 differ at the N-terminal end of 
the protein.

It was shown recently that in B cell cDNA prepared by 
primer extension, there exist sequences corresponding to 
at least two exons located near the 5' end of 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 obtained (27) 
indicating that alternative mRNA splicing involves 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 of 
the protein. This type of control allows isoforms encoded 
by a single gene to have both common and unique amino 
acid sequences. Restriction endonuclease mapping of 
overlapping clones spanning over 60 kilobases around the 
lY-S 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 the 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 
glycoproteins and their disposition in the leukocyte 
plasma membrane also is revealed by nucleic acid analysis. 
Earlier results obtained at the protein level using 
protease treatments of BW5147 murine thymoma cells 
indicate that the major portion of the T200 molecule is 
exposed at the cytoplasmic side of the plasma membrane 
(30). In the mouse, the cDNA sequence data are 
consistent with the model that Ly-5 molecules are 
transmembrane glycoproteins having an N-terminal domain of 
370 amino acid residues located on the outside surface of 
the T cell plasma membrane (25). A single hydrophobic 
transmembrane sequence of 22 residues is indicated.

The same study showed that the remaining 730 residues 
constitute a cytoplasmic domain unusually large for an 
integral membrane protein. This agrees with the 
conclusions drawn from an earlier examination of the rat 
T200 cDNA sequence (31). For murine T200, partial amino 
acid sequence data have confirmed the identity and 
locations of residues assigned on the basis of the cDNA 
sequence (32). This study confirmed that the cDNA in 
question encodes Ly^S molecules and validated the 
conclusions drawn from the nucleic acid sequence data.
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Multiple cysteine residues were.identified in the 

extracellular domain in both rat (31) and mouse (25) T200. 
The locations of most or all. of these residues appear to 
be conserved. However, the external domains show 
substantially less overall amino acid sequence homology 
than the highly 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 comparison 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 species (29). These 
authors suggested that this function involves interaction 
with structural elements inside the cell. They also 
proposed that the variability in the external structure 
of T200 on particular functional sets of leukocytes in 
some way modulates interactions of the cells with other 
cells or with extracellular matrix components.

Direct evidence that these hypotheses are true has 
not yet been obtained, and it is the lack of this 
information which led to the work presented in this study. 
It may be discovered in the near future that the primacy 
function of the external domain involves specific 
association with adjacent membrane molecules and not with
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extracellular matrix components or molecules on the 
surface of other cells. In either case, it is intriguing 
that a membrane molecule may couple unique regulatory 
domains on the outer surface of the plasma membrane to a 
common functional domain inside the cell.

Cellular Activation Processes

In both rat and mouse, the cytoplasmic domains of 
T200 contain multiple serine residues (25,31). Two of 
these serines occur within peptide sequences thought to be 
potential sites for phosphorylation by the enzyme known as 
protein kinase C (PKC) (25). Previous investigation of 
the phosphorylation of Ly-5 molecules demonstrated the 
existence of phosphoserine in the cytoplasmic domain (33), 
interpreted by that author as indicating a possible 
association with cytoskeletal components. In addition., 
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 processes 
involved in the activation of T lymphocytes, as reviewed 
elsewhere (35).

It is important to relate these observations to the 
mechanisms by which various chemical treatments or 
ligation of membrane receptors 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 vitro observations is indicated 
only by the extent to which they resemble genuine 
physiological processes.

As an example, tumor-promoting phorbol esters have 
been shown to augment expression of T cell receptor S. 
chain and IL-2 mRNAs in the EL-4 T cell lymphoma line 
(36). Regulation of gene transcription is a way that 
cells can control their metabolic commitment to specific 
activities. The underlying mechanism for this control is 
partly revealed by the observations that phorbol diester 
receptor copurifies with and directly activates PKC (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 evidence of the functional relevance of PKC to 
cell activation is the cytoplasmic alkalinization (a 
prerequisite to mitosis) that occurs with phorbol ester 
treatment (40). Also, calcium flux in response to 
chemical and physiological mitogenic signals is probably 
important to the inductive event.(41). The kinase 
activity of the epidermal growth factor receptor is 
controlled by PKC, induced by both phorbol ester treatment 
and epidermal growth factor as the activator (42).
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In B lymphocytes, a rapid translocation of PKC from 

cytosol to plasma membrane cell fractions occurs in 
response to phorbol ester, lipopolysaccharide (a 
polyclonal B cell mitogen), or crosslinking of surface 
immunoglobulin (slg) (43). Several membrane proteins on B 
cells become phosphorylated in response to phorbol ester 
or crosslinking of slg (44). Some of these specifically 
phosphorylated proteins also associate with the 
cytoskeleton.

Phosphorylation of membrane receptors in response to 
phorbol ester has also been studied in T lymphocytes (45). 
PKC-mediated phosphorylation of T cell antigen receptor 
components leads to down-regulation of the antigen 
receptor complex in response to phorbol ester. This 
suggests a regulatory role for the phosphorylation 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 redistribution of PKC from the cytosol 
to the membrane fraction of the cells, revealing that the 
translocation and activation of PKC is a common 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 phosphorylation 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 site 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 
similar situation exists in the transferrin receptor model 
(49). These observations do not indicate that PKC 
activation is unimportant to these processes, but rather 
that no absolute correlation exists between specific 
substrate phosphorylation by PKC and a
phosphorylation-dependent regulatory event in response to 
an inductive signal.

Therefore, it is possible 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 
phosphorylation and subsequent proteolytic modification of 
specific cytoskeletal proteins in phorbol ester-treated 
human neutrophils (50) may not have a direct bearing on 
responses in these cells thought to require cytoskeletal 
reorganization. These correlative observations need to be 
appraised in light of more definitive biochemical 
analysis, but a key role for PKC-mediated phosphorylation 
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 cell antigen receptor 
is seen in accessory cell-dependent, antigen-specific 
activation of cloned murine cytotoxic T lymphocytes (CTL) 
(51). The same event occurs in response to concanavalin A 
(con A). This provides indirect evidence that the 
mechanism of activation by this polyclonal T cell mitogen 
may have physiological relevance.

A recent communication in abstract form (52) 
indicated that among several con A-binding proteins on 
CTL, a specific increase in phosphorylation is observed in 
only two, with Mr of 15-17 kDa and 205 kDa. The increase 
in phosphorylation of both proteins is seen in response to 
phorbpl ester, anti-T cell receptor antibody, and con A 
treatments. Under conditions which abrogate PKC 
activity, the increase in phosphorylation is not observed. 
The proteins in CTL plasma membranes which bind con A have 
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 ■ 
immunoprecipitatipn (53). These receptors 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 
immunobIotting or immunoprecipitation.

The chemical analysis of con A and its apparent 
effects on responding cells are relevant to the topic of 
the functional activities of con A receptors. A general 
discussion of the chemical structure of con A and a number 
of parameters governing its binding to oligosaccharide 
moieties of glycoproteins were included in a recent review 
of lectins (57). The association constants for con A and 
various carbohydrate structures found on proteins were 
determined by analyzing the effect of specific structural 
changes in the asparagine-linked glycosidic residues 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 residues of glycoproteins 
and can thus be removed by the competitive binding of 
a-methyl-D-mannopyranoside. Con A has an apparently 
lower affinity for glucosyl residues, with very low 
affinities for the other terminal residues tested. 
Differences in binding attributable 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 
tetravalent molecule composed of four similar subunits 
having a combined nominal molecular weight 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 
underivatized 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 capable of inducing the
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incorporation.of [3H]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 inhibited by the presence of con A 
but not succinylated con A (59). These observations 
indicate the relationship of lectin valence, ligand cross 
linking, and cap formation. The results show that the 
divalent molecule can deliver a mitogenic signal in the 
absence of the capping and cap-inhibiting property 
apparent in the tetravalent form of the lectin (59). They 
may further suggest some relationship between receptor 
capping or cap inhibition and the failure to observe 
mitogenesis at high doses of tetravalent con A (10 ug per 
ml or greater). The underlying mechanisms of these 
phenomena have not been fully described, though a portion 
of the present work has a bearing on these observations.

There is evidence from the responses of human 
lymphocytes to con A that lectin concentrations 
hyperoptimal for proliferation (assessed by [3H]thymidine 
incorporation) induce greater numbers of blasting cells 
synthesizing DNA than seen at the optimal concentration 
(60). The blasts show growth arrest at varying stages in 
the cell cycle, 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 
removing con A from the cultures via competitive binding 
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-induced 
mitogenesis. The release from mitogenic inhibition by 
removal of excess con A is also observed in cloned helper 
T cells, thought to respond to con A by an IL-2-mediated 
autocrine mechanism (62). Whether the observed 
inhibitions of capping (59), progression 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 
unknown. Based on the studies of the cap-inhibiting 
properties of con A, it seems likely that one or more of 
these con A-binding proteins are immobilized by the 
tetravalent lectin, leading to a reversible inhibition of 
several processes. This suggests a relationship between 
membrane-mediated proliferative signals and 
cytoskeletally mediated events.

Data obtained by numerous methods of T cell 
activation and mitogenesis are consistent with a general 
hypothesis 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 .measured, they may be regarded as 
markers of cell activation. The appearance of the markers 
may reflect common biochemical processes known to be 
involved in a number of inducible cellular events.

The relationship of the activation marker to the 
underlying process is exemplified by PKC-mediated 
phosphorylation of discrete molecules and the concomitant 
translocation or reorganization of associated membrane and 
cytoskeletal elements. It seems that in most cases the 
precise roles of the components and the nature of their 
interaction are poorly understood. This lack of 
understanding limits the experimental basis for modeling 
leukocyte actvation mechanisms.
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Roles of T200 Antigens

Considering the current knowledge of the biochemistry 
of T200, it is remarkable that the function of such a 
unique and 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 types and species, strongly suggest 
that at least some biochemical features 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, detected as apparent markers of leukocyte 
differentiation, have functional activities associated 
with the cell types on which they are found. In T 
lymphocytes, a number of these forms have been identified. 
Among these are the CT antigens acquired late in 
differentiation by CTL (64-67). CT antigen expression is 
correlated with the acquisition of lytic activity. The CT 
antigens are carbohydrate in nature, and are inducible by 
IL-2. They probably participate in lytic function, 
revealed 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 

expressing. CT antigens (66),, the authors briefly reviewed 
numerous studies relating cell surface receptor function, 
transmembrane signalling, and proteolytic activation of 
PKC.' They suggested that the calcium-dependent 
proteolytic activity that copurifies with T200 (68) may 
have a direct functional role in the acquisition or 
expression of cytotoxic activity in CTL.

The proteolytic activity that copurifies with T200 
(68) was identified in the laboratory where the present 
investigation was conducted. The authors discussed the 
close relationship between the inhibition, of CTL killing 
by Ab to T200, the requirement for calcium in the lytic 
process, and the pivotal role that limited proteolysis 
appears to play in lymphocyte- activation. Whether T200 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 for the 
observed proteolysis of T200 and the requirements for 
effector cell function are remarkably alike.

There has been considerable effort made by many 
researchers to investigate the role of T200 using various 
cell types &nd antibodies. A number of recent studies in 
addition to the work on CT antigens have implicated T200 
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 against T200 strongly suggest 
that this glycoprotein participates in events leading to 
the development and function of T lymphocytes (69-72). 
These studies demonstrated modulating activities 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 effector 
cells were not lysed by the treatment with Ab, nor 
inhibited simply by the presence of irrelevant Ab 
typically included in such experiments as a negative 
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 lymphocyte culture (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 of these assays, 
of which CTL generation, 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 antibody 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 investigated.
Regulatory T cells of the T4+ phenotype 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 
anti-2H4 MAb, taken to indicate a direct involvement of 
2H4 antigens in T4+ cell function.

An antigenic form of T200 designated p220 was shown 
to be a marker functionally associated with the expression 
of IL-2 receptor molecules (74). Treatment of post-thymic 
T cells, with MAb to p220 increases the early expression 
of IL-2 receptors on those cells. The molecule may 
provide less mature T cells an additional regulatory 
component for IL-2 driven differentiation. The apparent 
expression of this antigen on a number of other cell, 
types (B cells and NK cells for example) is enigmatic. It 
could be that a closely related cross-reactive form exists 
on these cells, with inapparent structural differences. 
Alternatively, p220 may regulate or be regulated by 
lymphokine receptor expression on other cells besides 
immature T cells.

It is notable that B lymphocytes uniquely express 
specific T200 determinants designated B220, with an Mr of 
220 kDa, found on both murine (75) and human (76) B cells.
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Although the role of the B220 isoform and its precise 
relationship to p220 are unknown, certain features of B 
cell T200 suggest a similar functional role. It has been 
noted that IL-2, considered in general to be a T cell 
lymphokine, alters the lectin-binding properties of T200 
molecules on B cells (77).

MAb to Ly-5 alloantigens have been shown to inhibit 
the polyclonal IgG response, but not the IgM or 
proliferative 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 the 
recognition 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 mediated 
by soluble factors, or may somehow regulate the expression 
of receptors for those factors. Collectively, the 
experiments reviewed here are taken to mean that T200 is a 
likely participant in biochemical processes of 
physiological significance, in immune cells. While this 
indirect type of evidence is meaningful to the question of 
the participation of T200 in such processes, it is 
generally not possible from experimental results such as 
these to obtain a clear and precise picture of the



30
mechanisms underlying the activation event or effector 
cell function.

Differences in the selection of the model system, 
assay, and antibody may have a dramatic impact on the 
results obtained in this type 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 
splenocytes (80), in contrast to results obtained using 
alloantisera (70). The apparent difference could be 
rationalized in a number of ways, for instance by the fact 
that different antigenic determinants are recognized by 
xenotypic and allotypic antibodies. The difference may 
actually reveal important distinctions between particular 
antigenic determinants in terms of their specific 
involvement in one or another process. However, these 
explanations are largely a matter of conjecture and often 
are difficult to validate by conventional techniques.

Investigators have found evidence that differences in 
T200 antigenic determinants recognized by various MAb may 
account for apparent discrepancies of this sort. In 
antibody-mediated inhibition of natural killer (NK) cell 
cytotoxic activity, it was shown that MAb binding to a 
distinct region of T200 molecules on NK cells were 
inhibitory (81). Other MAb of the same subclass but 
recognizing a different region of T200 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 cells (82) and their human 
counterpart (83). These studies, and several others from 
a number of independent research groups, have provided 
strong 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 other 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 functional 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 are 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, such 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 hypothetical scheme, there could be a common 
molecule, with features like those observed 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 Mr 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 model, there could also be regions of the 
molecule that the differing forms had 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 play such a role in leukocyte responses. The model 
would account for the unusual features of T200 and if 
proven, would tell a fascinating story in the cell 
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 reactions to soluble antigens and 
pathogenic microorganisms. Alloantigens encoded by genes 
of the major histocompatibility complex are the best known 
of these. In a number of systems, molecular analysis is 
unraveling key features of the biochemical processes 
responsible for allotypic variation.

However, there are few systems in which the precise 
relationship is known between the genetic control of host 
resistance to a particular pathogen and the detailed 
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 cellular 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-dependent celI-mediated cytotoxicity (ADCC) 
employed Ly-5 alloantisera 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 ADCCz 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
i,the Ly-5 system 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 immunological interest on chromosome I of the 
human and the mouse which are thought to reside close to 
the locus controlling T200 molecules, as discussed briefly 
elsewhere (29). in the mouse, some of these genes control 
leukocyte membrane alloantigens. There also are 
functionally defined genes which control immune responses 
to microbial pathogens or proliferative aIloreactivity.
In some of these systems, the nature of the gene products 
is unknown. It remains a mystery that considerable 
allelic variation exists at the Ly-5 locus for which no 
regulatory function has been identified, 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 I loci of immunological 

relevance, two (Mis and the gene controlling Fe 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 thesis 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 I (possibly 3 centimorgans) has been 
transferred from the donor strain (SJL) to the B6 
background. Whether Mls or Fe receptor (FcR) allotype 
genes in this congenic strain are derived from the donor 
strain or the from the background strain is unknown.

The Mls locus was described by functional assay to be 
a system of allelic genes mapping to chromosome I which 
control significant proliferative responses in MLC (86). 
There are substantial proliferative responses in murine 
allogeneic MLC in the absence of murine major 
histocompatibility complex differences, known to control 
much of this type of alloreactivity. Systematic study of 
MHC-identical strain combinations led to the conclusion 
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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combinations. The physiological role of Mls genes is a 
matter of current debate. 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 considerable impact oh cell-mediated 
immune responses in ways that have not been described.

A gene determining FcR allotype is also located on 
chromosome I. This system of allelic genes was discovered 
by serological testing and was shown to be linked to the 
Mls locus (87). Ab bound to FcR arm the ADCC effector 
cell, enabling specific recognition of membrane target 
antigens on pathogens, and leading to the destruction of 
the pathogens by ADCC. This killing activity is 
controlled largely by the amount 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 could 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 I 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 possibility unlikely.

By influencing an activation mechanism or the ability 
to engage a surface-bound Ab-mediated response, the Mls or 
Fe receptor genes could dramatically influence the ADCC 
response of a mixed population of effector cells. Any 
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 molecules 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 nature of other 
structure-function relationships of T200 molecules.

Based on the implications of results obtained 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 
endeavor.

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 
components which bind con A are thought to be functionally 
involved in CTL mediated cytotoxicity (54). Ly-5 
alloantisera inhibit ADCC responses (85), block 
generation and effector function of allogeneic CTL in 
murine MLC (70), and inhibit con A-induced mitogenesis 
(70). Con A, a T cell mitogen, has been shown 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 
indicate 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 with the 
cytoskeleton of cells activated by a mitogenic signal.

Previous work by Bourguignon's group demonstrated 
that T200 becomes associated with the cytoskeletal 
fraction when Thy-I molecules on murine T lymphoma BW5147 
cells 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 patches and caps on 
murine and human lymphocytes (89).

Other leukocyte membrane proteins are induced by 
ligands to undergo cytoskeletal associations, including 
slg (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 procedure could be used to examine the 
possible cytoskeletal association of T200 molecules in 
cells treated with con "A.
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Design Considerations
Because many immune response differences in various 

strains 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 allotypes of T200. No studies have shown 
that a genetically controlled (or in other words, 
functionally allotypic) immune response to a particular 
pathogen maps 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 leukocytes 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 disparate FcR allotypes. 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 
ambiguous MLC reactions or exert unknown influences on 
other reactions, the possibility of a confounding genotype 
effect had to be addressed.

Additionally, Fe receptor allotypic variation in the 
experimental population might have a bearing on the 
observed ADCC responses, though unlike the Mls system, the 
Fe receptor allotypic variation and its impact on the 
strain combinations used in this work are unknown.
However, since the Fe receptor gene is linked to Mls, it 
was possible 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 different 
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 some 
indirect evidence that no FcR allotype differences were 
present in these strains.

Other investigators have indicated the importance of 
testing littermates segregating for putative immune 
response genes when the response 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 
control 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 developed a plan to use littermates 
of an F2 generation of mice segregating for alleles of the 
Ly-5 locus. These segregants were produced simply by 
mating [B6 X B6-Ly-5. 2 ] mice. The Ly-5 segregants were 
typed for Ly-5 alloantigens to classify the littermate 
mice according to genotypic 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 from 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 protect and care for animals used locally in 
biomedical research. Significant concerns regarding the 
importation of animals carrying endogenous pathogens led 
to the decision that the strains of mice involved in this 
genetic analysis would have to be obtained from viral 
pathogen-free sources or else the project would have to be 
terminated, since for technical reasons 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 cannot 
ensure against vertical transmission 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 quarantine measures so that the other local 
stocks of uninfected mice would be protected from viral 
pathogens. However, quarantine does nothing to alleviate 
the problems associated with immune response testing of 
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 shown 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-5 allotype. Any observed 
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 cytoplasmic domains of the Ly-5.I 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 function. 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 elements have 
unique properties, making it possible to examine the 
control of these molecular associations.

Membrane glycoproteins lacking 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 components from 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 follows 
from the observation that fodrin, considered to be an 
actin-associated protein, specifically associates with 
T200 molecules (90, 97). Therefore, I thought it 
reasonable to suspect that actin depolymerization would 
lead to the recovery of cytoskeletalIy associated T200 in 
a soluble form, allowing immunoprecipitation and 
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 components. By treating 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 comparison. Appropriate tests might then 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 allotype, 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, in murine 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 the parent strain difference may not 
be due to Ly-5 allotype. I confirmed these results in 
rederived mice.
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Results from tests of Ly-5 allotype 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, 
proliferative response in allogeneic MLC, and 
CTL-mediated lysis of murine tumor target cells. Of 
these, the last study alone exhibited a significant 
allotype effect in the Ly-5 segregant mice, apparent in a 
limited response range of the cytotoxic activity of 
allospecific CTL to P815 tumor target cells.

I present results of experiments designed to examine 
the role of the cytoplasmic domain of T20G, 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 
molecules 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 
recover cytoskeletalIy associated 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 cytotoxic 
effector cell function. These results extend the current 
understanding of the role of T200 molecules in leukocyte 
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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MATERIALS 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 (B6-Ly-5.2) 
congenic mice were obtained from Dr. E. A. Boyse, 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 
heterozygous [B6 X BG-Ly-S. 2 ] (hereafter simply 
designated F%) mice. The strain used for foster mothers 
in the rederivation, informally designated virus antibody 
free (VAbF) CDl, was obtained from Charles River Breeding 
Laboratory, North Wilmington, MA, and carries the formal 
trademark designation Crl:CD-I(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 mitogen stimulation, MLC, or CTL 
assays, and 8 weeks of age or older for alloimmunizations 
and in vitro antigen stimulation.
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Rederivation

VAbF CDl mice were maintained in protective isolation 
using a sterile positive pressure flexible film isolator 
throughout the rederivation procedure. Following 
Caeserean section of the B6—Ly-5.2 mothers just prior to 
their anticipated parturition, the uterus was aseptically 
transferred into the isolator and the B6-Ly-5.2 pups were 
placed with the CDl foster mothers. Following 
rederivation, mice were kept in the isolator for 4-5 weeks 
before removal to microisolator cages. Subsequent animal 
care and manipulative procedures were performed in laminar 
flow units using aseptic technique.

Typing

Ly-5.1 antiserum was produced by immunizing SJL mice 
with A.SW spleen, lymph node, and thymus cells as 
described.(2). Ly-5.2 antiserum was produced 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 by electrophoretic analysis of 
immunoprecipitates from B6 and SJL thymocytes using 
methods outlined below. Monoclonal antibodies (MAb)
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specific for Ly-5.I and Ly-5.2 were obtained from NEN 
DuPont Research Products,. Boston, MA. Antibodies diluted 
in Hank's balanced salt solution containing 0.1% (weight 
to volume) sodium azide were used at 1:40 (alloantisera) 
or 1:2500 (MAb) in indirect IFA, using a 1:50 dilution of 
fluoresceinated rabbit anti-mouse or anti-rat IgG (Miles 
Laboratories, Inc., Elkhart, Ind.) as the second antibody. 
Characterized pooled alloantisera having suitably low 
nonspecific reactivity were heat-inactivated for 30 min at 
56o c prior to use in Ly-̂ 5 segregant groups. Segregants 
tested following rederivation were typed with MAb.

Briefly, 5 X IO^ thymocytes were incubated in 
flat-bottom microtiter plates for 30 min with allospecific 
Ab. Cells were then washed 3 times, incubated 30 min with 
fluoresceinated anti-IgG of the appropriate type., and 
washed again. Genotypes were assigned on the basis of 
fluorescence reaction patterns observed via reflected 
fluorescence.

Limited comparison testing indicated that the two 
typing methods (alloantisera and allospecific MAb) 
identified identical groups in these strains. Antisera 
identified 40 Ly-5.I+ samples and 44 Ly-5.2+ samples among 
the 58 segregants typed for these experiments, obtaining 
relative genotype proportions of 0.242: 0.448: 0.310. MAb 
identified 106 Ly-5.I+ 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 I: 2: I.

Cells

Mice were killed by cervical dislocation, spleens 
were removed aseptically, and single cell suspensions of 
splenocytes were prepared as previously 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 mastocytoma of DBA/2 (H-2^) 
origin, the EL-4 T lymphoma of B6 (H-2b) origin, the. 2PK3 
B lymphoma of BALB/c (H-24) origin, the BW5147 thymoma of 
AKR origin (H-2k), and the YAC-I lymphoma of A (H-2a) 
origin. The cells were maintained, by repeated passage in 
vitro as previously described (70). Medium used was RPMI 
1640 (Irvine Scientific, Santa 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 ml Fungizone (Irvine . 
Scientific), and 5 X 10-5 m 2-8 mercaptoethanol (Bio-Rad, 
Richmond, CA).

C57B1/6 anti-BALB/c CTL were generated in primary 
mixed lymphocyte culture (MLC) as previously described 
(70) in medium supplemented with 10 mM 
N-2-hydroxyethylpiperazine-N'-2-ethanesulfonic acid 
(HEPES) (Sigma Chemical Co., St. Louis, MO). Cultured CTL
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lines were maintained by weekly restimulation with 
mitomycin C-inactivated. BALB/c stimulator cells in 10 ml 
flask cultures containing 5% fetal bovine serum and 5% 
culture supernatant fluid prepared from Con A-treated rat 
splenocyte cultures (100) and supplemented with 100 mM 
methyl ot-D-mannopyranoside (Sigma Chemical). The CTL 
lines killed P815 (H-2d) cells but not EL-4 (H-2b), YAC-I 
(H-2a), or BW5147 (H-2%) cells.

ADCC Assays

Splenocytes from individual mice were incubated in 
triplicate 200 ul cultures with target cells labeled with 
radioactive chromium (51cr) (NEN DuPont Research Products) 
with or without BALB/c anti-SE antiserum as previously 
described (85). Antiserum to SE was used at a final 
concentration of 1:200. Supernatant samples (100 ul) were 
removed from wells after a I hr incubation and counted in 
a gamma counter. Mean cpm values were used to calculate 
percent specific 51cr release (% cytotoxicity) by the 
formula:

experimental release - spontaneous release 
maximum release - spontaneous release

times 100%. Spontaneous release was determined for target
cells incubated in medium with anti-SE but without
effector cells. Maximum release was determined for the
same target cells lysed by incubation with 1% Lyzerglobih
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(J.T.Baker Diagnostics, Bethlehem, PA). Standard errors 
for % cytotoxicity, values thus obtained were generally 
1-5%.

Mixed Lymphocyte Culture (MLC)

Splenocyte proliferation was tested as previously 
described (69) using [ ] thymidine incorporation assays. 
Triplicate cultures having 2 X I responder cells were 
incubated for 3, 4, or 5 days in allogeneic MLC or for 5 
days in Mls testing (semiautologous MLC). Cultures were 
established with and without an equal number of allogeneic 
(BALB/c) or semiautologous (B6,.B6-Ly-5.2, and F%) 
stimulator cells inactivated with mitomycin C (Sigma 
Chemical). Responder cells were from Ly-5 segregant mice. 
Following a 4 hr pulse using I uCi per well [3h ]thymidine 
(NEN DuPont Research Products), cultures were harvested 
with a multiple automated sample harvester (Bellco Glass, 
Inc., Vineland, NJ). Incorporation of radioactivity was 
measured by liquid scintillation counting.

Mitogen Stimulation

Responder splenocytes prepared as in MLC testing 
were assayed for mitogen stimulation at days 2, 3, and 4 
in triplicate 200 ul cultures 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-I 
and P815 (control) tumor targets in 4 hr 51cr release 
assays. For CTL testing, effector cells were generated in 
primary MLC in 24-well tissue culture plates as previously 
described (70), using 4.5 X IO^ responder splenocytes and 
an equal number of mitomycin C-treated BALB/c splenocytes. 
Cells were collected at days 3, 4, and 5 of culture and 
were counted, tested for viability, and adjusted to 
equivalent cell concentrations. P815 and EL-4 (control) 
target cells were prepared and cytotoxic activity 
assessed in 4 hr 51cr release assays as previously 
described (70). For in vitro CTL lines, control targets 
included YAC-I cells. In general the CTL lines were 
tested on the third day following antigen restimulation, 
using collection over Histopaque-I077 (Sigma Chemical) to 
remove mitomycin-C-inactivated BALB/c stimulator cells 
present in the cultures. Cytotoxicity was determined as 
in ADCC testing using cpm values obtained from targets 
alone and lysed targets for spontaneous and .100% 51cr 
release, respectively.
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Statistical Analysis

Mean cpm values and standard errors from triplicate 
wells were obtained using statistical analysis programs I 
wrote for these tests. Means thus obtained for individual 
mice were used for further statistical treatments. In 
cytotoxicity assay analysis, the % cytotoxicity 
measurements at particular E.:T ratios were selected as the 
response variable and comparisons 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 analyzed. Genotype group means were calculated and 
compared by analysis of variance (ANOV) using the 
statistical analysis package MSUSTAT 2.20 developed by R.
E. Lund (Research and Development Institute, Inc., Montana 
State Univ., Bozeman, MT) employing a Type III (mixed 
model) ANOV design for multiple factor tests.

Individual experiments were analyzed using single 
factor (1-way) ANOV with genotype as the sole factor. For 
testing of combined results, experiment was treated as a 
second factor and 2-way ANOV used an unweighted means 
procedure. For analysis of segregant groups, 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 observed, Student-Newman-Keuls (SNK) 
multiple range testing was performed and the appropriate 
contrast comparisons were done to estimate the magnitude 
and variance of the differences between means. In most 
cases, genotype is the main effect. In,the case of 
semiautologons MLR, responder genotype effect was tested 
for each stimulator type and all pairwise contrasts were 
evaluated. The appropriate multiple contrast to test the 
possible contribution of Mls type was performed. Where 
significant genotype effects were observed in Ly-5 
segregant responses, confirming analysis was done by 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 testing. For biosynthetic labeling,
1-2 X IO^.cells were incubated at 37°C with 0.5 mCi 
[35g]methionine (NEN Research Products) for 16 hr as

z

previously described (68). For surface labeling, 1-5 X 
107 cells were washed 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 I mCi Nal25i (NEZ-033L, NEN Research 
Products) with lactoperoxidase, glucose oxidase, and 
B-D-(+)glucose (Sigma 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 4°C for 15-30 min followed by 370C for 15 min.
Following centrifugation cells were immediately 
resuspended in I ml solubilization buffer containing 0.5% 
Triton X-100 (Bio-Rad), 0.14 M NaCl, 10 mM Tris-HCl (pH 
7.4), and I mM ethylenediamine tetraacetic acid (EDTA) 
(Sigma Chemical), hereafter called TNTE. For comparison 
of detergent solubilizations, 3-[(3-cholamidopropyl)- 
dimethylammonio]-1-propanesulfonate (CHAPS) (Pierce 
Chemical Co., Rockford, IL) was substituted for Triton 
X-100 at the same concentration (0.5%) and used throughout 
the immunoprecipitation procedure. This nonionic 
detergent was chosen for its indicated property of low 
artifactual aggregation of proteins from membranes (104).

For controls, in some experiments untreated cells 
were lysed in the presence of 50 ug per ml con A and in 
some experiments TNTE was replaced with carbonate- 
buffered Hank's balanced salt solution (HESS) (Irvine 
Scientific) containing I mM EDTA and 0.5% (volume to 
volume) Triton X-100, throughout the lysis and 
immunoprecipitation. After 10 min at 4°C with occasional
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vortexing, samples were centrifuged at 1700 X G for 10 min 
at 4oc. 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 adenosine-5 
triphosphate) and then incubated in I ml ADB for 16-18 hr 
at 4°C to accomplish actin depolymerization. ADB 
contained 0.34 M sucrose, 10 mM HEPES (pH 7.4), 2 mM EDTAf 
I mM adenosine-5 '-triphosphate (Sigma Chemical), and I mM 
dithiothreitol (Bio-Rad). The depolymerized samples were 
centrifuged, pellets washed once in I ml TNTE, and the ADB 
and wash supernatant fluids combined for 
immunoprecipitation as outlined below. The insoluble 
residue's remaining after depolymerization were solubilized 
in Laemmli's reducing sample buffer (105) and • 
electrophoresed along with the immunoprecipitation eluates 
as outlined below. Variations of these basic methods were 
performed for characterization experiments as indicated in 
the figure legends. These included lectin treatment at 10 
ug per ml, use of the divalent succinylated derivative of 
con A (E-Y Labs) previously described, in studies of 
capping and lectin mitogenesis (59), metabolic inhibition 
during lectin treatment with 0.1% (weight to volume) NaNg 
(Sigma Chemical), and various times and temperatures for 
lectin treatment.
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Immunoprecipitation

Hybridomas producing monoclonal Ab 13/2.4 (rat IgG2b 
anti-T20d (106), a gift from Dr. I. S. Trowbridge, Salk 
Institute, La Jolla, CA) and 3O-Hl2 (rat IgGgb 
anti-Thy-1.2 (107), a gift from Dr. N. L. Warner, Becton 
Dickenson Monoclonal Center, Long View, CA) were used to 
make ascites fluids, which were fractionated by 40% 
ammonium sulfate precipitation and ion exchange 
chromatography over DEAE-Sephacel (Pharmacia Fine 
Chemicals, Uppsala, Sweden). Purified Ab fractions, 
characterized by IFA, UV absorbance, and electrophoresis 
on polyacrylamide gels, were coupled to cyanogen 
bromide-activated Sepharose 4B (Pharmacia, supplied by 
Sigma Chemical) at a ratio of I mg protein to I ml 
swollen gel beads according to instructions from the ' 
manufacturer.

TNTE and ADB supernatants from radiolabeled CTL and 
tumor cells were precleared with 10 mg protein A-Sepharose 
(Sigma Chemical) for 10 min at 4°c and replicate samples 
were immunoprecipitated with 0.1 ml packed 3OH-I2 or 
13/2.4 beads for I hr at 4°C with occasional vortexing. 
Alternatively, approximately 80 ug purified 13/2.4 Ab or 
60 ug 30-H12 Ab were reacted with precleared TNTE arid ADB 
supernatant fractions for 60 min at 4°C and precipitated
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with 30 u'l mouse anti-rat IgG (Boehringer-Mannheim 
Biochemicals, Indianapolis, IN) and 30 mg protein 
A-Sepharose. Where the latter immunoprecipitation method 
was used, control samples from untreated cells were 
processed identically but without the addition of 
anti-T200 or anti-Thy-I.2 Ab. The immunoprecipitates were 
washed 4 times in TNTE. To reduce nonspecific binding of 
radiolabeled proteins to the beads, in most experiments 
one of the washes was performed in TNTE increased to 0.5 M 
NaCl. . In some experiments the protease inhibitors 
leupeptin and phenylmethylsulfonyl fluoride (PMSE) (Sigma 
Chemical) were included at lug per ml and I mM 
respectively throughout the lysis, precipitation, and 
washing steps. In each experiment equivalent numbers of 
cells (1.5-3 X 106) were used for each treatment 
combination. Samples were eluted in 55 ul Laemmli 's 
reducing sample buffer containing I mM EDTA as previously 
described (68).

Polyacrylamide Gel Electrophoresis

Eluates were analyzed by sodium dodecyl sulfate- 
polyacrylamide gel electrophoresis (SDS-PAGE) (105) using 
acrylamide concentrations indicated in the figure legends. 
For samples analyzed without immunoprecipitation, 
solubilization volumes were decreased so that TNTE and ADB 
fractions supplemented with reducing sample buffer could
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be applied directly to the gels. Combined molecular 
weight markers SDS-6H and SDS-7B (Sigma Chemical) were 
used so that 4-7 markers were resolved on each gel. Gels 
were processed as described previously (68) or were 
enhanced with Fluoro-hance (Research Products 
International Corp., Mt. Prospect, IL) according to 
directions from the supplier. Gels were dried and exposed 
to Kodak X-Omat AR film at -80Oc. Gels with 125I-Iabeled 
samples were not enhanced though in some experiments 
Cronex intensifying screens (E. I. Du Pont De Nemours and 
Co., Wilmington, DB) were used as indicated in the figure 
legends. For quantitative comparisons, X-ray films were 
analyzed using a Hoefer GS 300 scanning densitometer and 
GS 350 analysis system (Hoefer Scientific, Los Angeles,
CA). Relative amounts of T200 in fractions from various 
cell treatments were determined within individual 
autoradiograms.
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RESULTS

Invmunogenetic Analysis

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

During experiments designed to test effects of 
alloantisera on in vitro ADCC (85), it was observed that 
B6 mice usually had a lower degree of cytotoxic activity 
against antibody-coated SE than B6-Ly-5.2 congenic and 
mice (unpublished results). To test the relationship of 
strain and ADCC activity, experiments were designed using 
parental strain and F% age-matched mice allowing analysis 
of the effect of strain on cytotoxic activity. The 
results (Figure I) revealed a pattern of significantly 
lower response in the B6 (Ly-5.I homozygous) group. ANOV 
for the combined data shown in Figure I indicated a P 
value for genotype effect of 0.00495 at the E:T ratio of 
5:1, and a value of 0.00229 at 10:1, as shown in Table I.

Results of the SNK comparison revealed the 
appropriate contrast for the groups shown in Figure I. 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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EFFECTOR TO TARGET RATIO

5:1 10:1

1/2 2/21/2 2/2

Ly-5 ALLOTYPE

Figure I. ADCC activity of splenocytes from B6,
B6-Ly-5.2, and mice. Parent strain B6 (Ly-5.1, 
designated 1/1), B6-Ly-5.2 (Ly-5.2, designated 2/2), and 
Fi (Ly-5 heterozygotes, designated 1/2) mice were tested 
as described in the text. Values for specific Slcr 
release (% cytotoxicity) are shown for individual mice. 
Bars indicate combined means from 5 experiments. Analysis 
of genotype effect is described in the text. Results of 
statistical analysis are shown in Table I.
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Table I. Ly-5 allotype effect on NK and ADGC activity3

Mean Response (% cytotoxicity)b 
Ly-5 Allotype

ADCC E: T 1/1 1/2 2/2 PC (N,j)d
Parent
strains

5:1
10:1

19.9
20.9

30.9
32.4

28.9
29.5

0.00495
0.00229

(24,5)

After
rederivation

5:1
10:1

6.3
10.9

nd
nd

11.6
18.3

0.0162
0.00417

(12,1)

Segregants 5:110:1 20.927.5 24.627.7 27.433.0 0.19290.646 (32,5)

After
rederivation

5:1
10:1

14.3
18.4

16.9
17.7

15.7
17.4

0.809
0.933 (16,1)

NK
Segregants 25:1

50:1
10.6
6.9

5.9
6.6

12.8
14.2

0.548
0.441

(31,5)

After
rederivation

25:1
50:1

-1.9
1.2

. -1.5 
1.8

1.4
2.8

0.207
0.453

(17,1)

aMeasured against Ab-coated SE (ADCC) and YAC-I tumor 
target cells (NK). In the table, nd indicates experiment 
was not done.
^Group 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.
^The value N indicates the total number of individual 

mice contributing to the test statistic. The value j represents the number of experiments and indicates thatI-way (j=l) or 2-way (j>l) ANOV testing was performed.
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than the mean of the high responder (F̂  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 indicated the 
difference in means to be 10.0 % (+/- 3.4%). Similar 
results were obtained in a single experiment using 
rederived B6-Ly-5.2 mice and identically housed B6 mice 
(Table I 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 genetic differences 
between the parental strains, Fg sibling mice segregating 
for Ly-5 alleles (Ly-5 segregants) were allotyped and 
tested for ADCC activity. Measurement of cytotoxic 
response was done independently of the assignment of 
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 determined the genotype 
effect in the segregant groups (Table I) to be 
insignificant (P = 0.6460 at the E:T ratio of 10:1). 
Similar results were obtained from segregants produced 
following rederivation of the B6-Ly-5.2 parental strain 
(Table I).

Ly-5 segregants were tested for NK cell activity 
assessed by Slcr release from YAC-I tumor target cells
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EFFECTOR TO TARGET RATIO

SI 10:1

Ly-S ALLOTYPE

Figure 2. ADCC activity of splenocytes from rederived 
B6—Ly-5.2 and B6 mice. Data are shown as in Figure I. 
B6-Ly-5.2 strain was rederived as described in Materials 
and Methods. B6 mice (Jackson Laboratories) were 
maintained under the same isolation procedures. Bars 
indicate genotype group means from a single experiment. 
Analysis of genotype effect is described in the text. 
Results of statistical analysis are shown in Table I. Fi mice were not included in this test.
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EFFECTOR TO TARGET RATIO
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Figure 3. ADCC activity of splenocytes from Ly-5 
segregant mice. Genotypes were determined by indirect 
immunofluorescence typing of progeny of [B6 X B6-Ly-5.2]F% 
parents. Pooled data for individual mice from 5 
experiments are shown as in Figure I. Results of 
statistical analysis are shown in Table I. Results shown 
in this figure are from mice tested prior to rederivation.
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(108). The analysis of these experiments (Table I) 
indicated no genotype effect on NK cell activity in Ly-5 
segregant mice. In both ADCC and NK cell assays (Table I) 
a lower overall cytotoxic activity was obtained from the 
segregant groups following rederivation. The hypothesis 
that the rederivation resulted in a lower overall 
cytotoxic response has not been rigorously tested. The 
non-rederived BG-Ly-S.2 line is no longer 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 indicated in Table 2, there appeared 
to be no influence of Ly-5 allotype on splenocyte response 
to Con A or PHA.

Ly-5 Allotype Effect on 
Proliferation in MLC

Results shown in Table 3 indicate in general that 
there was no genotype effect on allogeneic (H-2b 
anti-H-2d) MLC. The apparent difference in mean responses 
among, the rederived segregant mice at day 4 was an unusual 
result which has no obvious explanation. The allotype
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Table 2. Ly-5 allotype effect on mitogenic r e s p o n s e s ^

Mean Response (cpm X IO-3)b 
Ly-5 Allotype

Mitogen
DAY 1/1Con ASegregants 2 29.1
3 107.6
4 14.5

After 2 12.5
rederivation 3 25.84 19.4

PHA
Segregants 2 16.6

3 30.5
4 11.9

After 2 7.7
rederivation 3 7.14 4.6

1/2 2/2 Pc (N,j)d
34.2
94.9
14.0

40.8
107.0
10.0

0.208
0.701
0.122

(19,2)

22.0
54.0

10.6
38.6

0.375
0.510

(32,2)
27.0 27.4 0.182

17.1 17.1 0.984 (19,2)
26.1 31.7 0.108
9.3 11.5 0.361

10.5 5.9 0.482 (32,2)
18.6 9.5 0.63010.8 6.3 0.266

aSplenocyte mitogenesis was assessed using concanavalin A 
(con A) at 2.5 ug per ml or phytohemagglutinin P (PHA) at 10 ug per ml.
bGroup mean cpm values (X 10-3) of [3H]thymidine 
incorporation 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.

indicates the total number of individual mice 
contributing to the test statistic. The value j 
represents the number of experiments and indicates that I-way (j=l) or 2-way (j>l) ANOV testing was performed, as 
described in the text.
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Table 3. Ly-5 allotype effect bn MLC r e s p o n s e s ^

Mean Response (cpm X l6“3)b

Ly-5 Allotype
Allogeneic

MLC
Day

1/1

Segregants 4 11.7

After 3 16.1
rederivation 4 38.6

5 18.2
Semiautologous

MLC Se
After 1/1 0.250
rederivation 1/2 • 0.355

2/2 0.426

1/2 2/2 pc (N,j)d

12.0 10.6 0.976 (19,2)

8.9
23.0

12.2
33.4

0.052
0.0053

(14,1)
21.2 22.2 0.643

0.124
0.144
0.266

0.155
0.152
0.455

0.285
0.135
0.436

(14,1)

aProliferative responses in allogeneic (H-2b anti-H-2^) and semiautologous (all H-2b) mixed lymphocyte culture 
(MLC). Semiautologous MLC was assessed at day 5.
bGroup mean cpm values (X IO-3) of [3H]thymidine 
incorporation for mice genotyped by thymocyte typing 
using allospecific Ab.
cP indicates the probability obtained with ANOVf testing 
for no response difference among the 3 Ly-5 allotype 
groups.
^The 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 I-way (j=l) 
or 2-way (j>l) ANOV testing was performed, as described 
in the text.
eThe presumptive effect of Mls differences was tested 
using stimulator cells (S) from B6 (1/1), B6-Ly-5.2 
(2/2), or Fi (1/2) mice as described in the text.
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effect, analyzed in the same manner in the segregant group 
tested before rederivation, was not significant (Table 3).

It could not be ruled out that the Mls locus, which 
maps to chromosome I in the mouse (86), might be a 
contributing factor confounding a possible genotype effect 
in allogeneic MLC. Therefore I examined the 
semiautologous MLC reactivities of the Ly-5 segregant 
groups in response to parental and F% stimulator cells.
The donor strain of the Ly-5.2 chromosome segment is SJL 
(Mlsc) and by functional definition of Mls alleles (109) 
would be expected to stimulate B6 (Mlsk) unidirectionalIy 
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 F% 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 types used. If Mls alleles were 
cosegregating with Ly-5 alleles in these mice, I would 
expect a significant reaction to be made by Ly-5.I 
homozygotes responding to the appropriate stimulator (S) 
types (designated 1/2 and 2/2 in Table 3) The P values 
associated with the imposed contrasts to test the expected 
unidirectional stimulation are not consistent with the
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hypothesis of unidirectional stimulation (Mls& responding 
to Mlsc cells, P values from contrast comparisons not 
shown). The results therefore indicated that no apparent 
Mls differences exist among the Ly-5 segregant groups used 
in this study (Table 3). The analysis did not constitute 
a typing test for Mls alleles, since such a test would 
require that all known Mls alleles be represented in the 
stimulator and responder groups.

Influence of Ly-5 Allotype on 
CTL Activity

Ly-5 segregants were used to examine the effect of 
Ly-5 allotype on CTL cytotoxic activity. Experiments were 
combined in 2-way ANOV with the second factor having four 
levels (experiments), three of which were comprised of 
segregants obtained following rederivation. As shown in 
Table 4, there was a significant effect of Ly-5 allotype 
on the killing of P815(H-2^) tumor targets within a 
limited range of the cytotoxic response. The results of 
the combined analysis are shown. The group means obtained 
at each of the time points and E:T ratios are depicted 
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 genotype effect (day 4 
at the E:T ratio of 60:1) was 0.0144. This value was 
cross-validated 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 responses^
I

Mean Response (% cytotoxicity)b 
Ly-5 Allotype

E: T Day 1/1 1/2
60:1 3 7.4 17.84 27.6 46.55 25.9 34.4
30:1 3 3.7 10.84 23.2 39.15 18.0 23.5
15:1 3 1.4 5.84 16.5 29.85 10.9 15.3
7.5:1 3 0 3.74 11.4 22.05 7.2 9.7

2/2 pc (N,j)d
25.0
51.1
40.1

0.133
0.0144
0.123

(59.4)
(60.4)
(60.4)

17.0
43.227.6

0.189
0.06310.753

(59.4)
(60.4)(60.4)

10.8
34.3
18.7

0.272
0.214
0.805

(59.4)
(60.4)
(60.4)

5.8
23.9
12.8

0.225
0.333
0.733

(59.4)
(60.4)
(60.4)

aCTL generated in allogeneic MLC were tested for 
cytotoxic activity 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 antibodies.
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.
^The 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. In 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 activity was 59.
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EFFECTOR TO TARGET RATIO

Figure 4. Day 3 CTL responses of Ly-5 segregant mice. Genotype group means from 4 pooled experiments are shown 
for Ly-5.1 ( • ), Ly-5.2 ( B ) r and heterozygous ( ▲ ) mice. 
CTL were generated in primary MLC with mitomycin C- 
inactivated BALB/c splenocytes (H-2b anti-H-2d). CTL were 
tested for activity against P815 tumor targets at the 
indicated E:T ratios, presented on a linear scale to 
facilitate comparisons of genotype group curves. Values 
for % cytotoxicity were calculated from 51Cr release 
assays as described in the text. Statistical analysis is shown in Table 4.
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EFFECTOR TO TARGET RATIO

Figure 5. Day 4 CTL responses of Ly-5 segregant mice. 
Genotype group means from four pooled experiments are 
shown for Ly-5.1 ( • ), Ly-5.2 ( ■ ), and heterozygous ( ▲ ) 
mice. CTL were generated in primary MLC with mitomycin- 
C inactivated BALB/c splenocytes (H-2b anti-H-2d). CTL 
were tested for activity against P815 tumor targets at the 
indicated E:T ratios, presented on a linear scale to 
facilitate comparisons of genotype group curves. Values 
for % cytotoxicity were calculated from 51Cr release 
assays as described in the text. Statistical analysis is shown in Table 4.
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EFFECTOR TO TARGET RATIO

Figure 6. Day 5 CTL responses of Ly-5 segregant mice. Genotype group means from four pooled experiments are 
shown for Ly-5.1 ( • ), Ly-5.2 ( B ) r and heterozygous ( ▲ ) 
mice. CTL were generated in primary MLC with mitomycin- 
C inactivated BALB/c splenocytes (H-2b anti-H-2d). CTL 
were tested for activity against P815 tumor targets at the 
indicated E:T ratios, presented on a linear scale to 
facilitate comparisons of genotype group curves. Values 
for % cytotoxicity were calculated from l̂-Cr release 
assays as described in the text. Statistical analysis is 
shown in Table 4.
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Figure 7. Timecourse for CTL activity of Ly-5 segregant 
mice. The same experiments shown in Figures 4-6 are 
represented with group mean % cytotoxicity values as a 
function of time. Effector to target ratios of 7.5:1 (A), 
15:1 (B), 30:1 (C), and 60:1 (D) are shown. Allotype 
group means from 4 pooled experiments are shown for Ly-5.I 
( • ), Ly-5.2 ( ■ ), and heterozygous (A ) mice.
Statistical analysis is shown in Table 4.
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SNK multiple range testing indicated that the Ly-5.I 

homozygotes are different from the other genotypes in mean 
cytotoxic response at the E:T ratio of 60:1 on day 4, the 
optimal combination of time point and E:T ratio observed 
in the data set. Accordingly, the contrast comparison 
indicated that the Ly-5.I allotype group mean percent 
cytotoxicity was 21.2% (+/- 2.8%) lower than the mean of 
the high responder group (comprised of heterozygous and 
Ly-5.2 homozygous mice). As seen in Figure 5, by 
comparing response curves along a horizontal line this 
corresponds to about a four—fold difference in cytotoxic 
activity on a per cell basis, though to validly quantify 
this comparison, only regions of the response curve which 
are significantly different should be used.

As seen in Table 4, the apparent 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.I homozygous group increased through day 5, 
while the responses of the other groups declined after day 
4. It could be hypothesized that the CTL responses of 
the Ly-5 segregants may differ in kinetics as well as in 
magnitude although the small number of time points 
measured in this study leads me to suggest this 
interpretation guardedly. .



81

Biochemical Analysis

Con A Treatment of Biosynthetically 
Labeled Tumor Cells

Bourguignon's group demonstrated that T200 undergoes 
an increase in detergent insolubility when BW5147 cells 
are capped (90). Other groups have shown that slg (92) 
and the FcR for IgE (93) can be recovered from nonionic 
detergent-insoluble cell residues by incubation in ADB. 
These observations raised the question of whether T200 
could be recovered by a similar method 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 released from the nonionic detergent- 
insoluble fraction of con A-treated cells by incubation in 
ADB. T200 was not observed in the ADB-soluble fraction
(designated as "depolymerized" in the figures) when cells 
were not treated with con A.

Quantitation based on scanning densitometry 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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Figure 8. Cytoskeletal association of T200 in con 
A-treated BW5147 cells. Cells were treated with or 
without con A prior to lysis as indicated. TNTE fractions 
(designated as soluble) and ADB fractions (designated as 
depolymerized) were immunoprecipitated with antibody (Ab) 
coupled to Sepharose (indicated at top of figure). 
Molecular weight standards (STD) are shown at left and the 
approximate positions of T200 bands are shown at right of 
figure. Eluates were electrophoresed on a 7.5% acrylamide 
gel and autoradiogram was exposed for 40.5 hr.
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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-I.2 served as controls 
against nonspecific binding of, T200 to antibody-coupled 
Sepharose beads. Because BW5147 cells express the Thy-I.I 
allotype, the appearance of minor bands in the ADB 
fraction of con A-treated cells precipitated with 
anti-Thy-1.2 cannot be attributed to coprecipitation with 
Thy-I antigen. Regarding other minor bands, ADB samples 
from untreated and con A-treated cells did not 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, T200 molecules underwent a change in 
solubility in.EL-4 cells upon treatment with con A. A 
decrease of T200 in the TNTE-soluble fraction of about 78% 
occurred when the cells were treated with con A. Only 11% 
of the missing T200 was recovered in this experiment from 
the insoluble residue incubated in ADB.

When con A was added at the time cells were lysed 
(control lanes), T200 did not appear in the depolymerized 
fraction, indicating that the cytoskeletal association of 
T200 induced by con A treatment requires an intact plasma 
membrane. The same result was obtained with BW5147 cells
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Figure 9. Cytoskeletal association of T200 in con 
A-treated EL-4 cells. Biosynthetically labeled cells were 
treated, lysed, and analysed as in Figure 8. For control 
lanes, con A was added at the time cells were lysed. 
Samples were electrophoresed on an 8.5% acrylamide gel and 
autoradiogram was exposed for 120 hr.



(data not shown). When the insoluble residues remaining 
after incubation with ADB were solubilized in SDS and 
compared by SDS-PAGE and autoradiography, no major 
differences attributable, to con A treatment were observed 
in the relative intensities of bands (data not shown).
The appearance of additional bands in detergent-soluble 
fractions of untreated cells lysed in the presence of con 
A (control lanes) has been noted 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-I.2 immunoprecipitates of ADB fractions 
revealed several bands which apparently increased in 
amount in the fraction obtained from con A-treated EL-4 
cells (Figure 9). These bands include a triplet with Mr 
of 35-37 kDa and other bands ranging from 29-148 kDa. The 
identity of these bands is not known. Under these 
conditions Thy-I was not resolved.

To see whether a similar cytoskeletal 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 treatment with con A, no T200 band 
was visible in the depolymerized fraction. A four-fold

85
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Figure 10. Lack of cytoskeletal association of T200 in con A-treated 2PK3 cells. Biosynthetically labeled cells 
were treated and analyzed as in Figure 8. Note that the 
2PK3 line is a B cell lymphoma and expresses T200 
molecules of apparent molecular weight > 200 kDa (compare 
to BW5147 cells in Figure 8). Autoradiogram was exposed 
for 40.5 hr.
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increase in the duration of exposure of the x-ray film 
failed to reveal any T200 band (not shown)„

These results were obtained in the same experiment 
using identical treatment conditions as the BW5147 cells 
shown in Figure 8. The results from the BW5147 cells thus 
served as a positive control, indicating that there was 
nothing fundamentally wrong with the lectin treatment or 
depolymerization steps of the experiment shown in Figure 
10, with regard to the potential recovery of T200. Thus, 
while this is the result of a single experiment with 2PK3 
cells, there is at least some measure of confidence that 
the planned repetition of this experiment will obtain the 
same result.

The amount of 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 cell line. In a limited way, the 
cytoskeletal association of T200 in response to lectin 
treatment therefore.was seen to correlate.with the 
mitogenic responsiveness to con A of the corresponding 
cell types (B versus T cells) represented by these 2 cell 
lines. The 2PK3 line expresses T200 and slg but not Thy-I 
on its plasma membrane (HO).
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Con A treatment of BiosyntheticalIy 
Labeled CTL

Results shown in Figure 11 revealed that T200 
molecules from cultured CTL also became cytoskeletalIy 
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 the same 
fraction of con A-treated cells, and 22% of the amount 
missing from that fraction was recovered from the 
insoluble residue by treatment with ADB.

All of the molecular weight isoforms of T200 from CTL 
became cytoskeletalIy associated 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-I.2 
antigen (not resolved on the gels depicted in Figures 9 
and 11), but unlike the ELr-4 cells (Figure 9) other bands 
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 membrane proteins other than T200 

associate with the cytoskeleton, radioiodinated CTL and 
tumor cells were treated and analyzed both by 
immunoprecipitation (Figures 12-14) and by SDS-PAGE 
analysis without immunoprecipitation (Figures 15-16).
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Figure 11. Cytoskeletal association of T200 in con 
A-treated CTL. Cells were treated and analyzed as in 
Figure 8. Samples were electrophoresed on a 7.5% 
acrylamide gel and autoradiogram was exposed was for 96 
hr. Control lanes were included as in Figure 9.
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Figure 12. Cytoskeletal association of T200 in 
radioiodinated BW5147 cells. Cells were surface-labeled 
as described in Materials and Methods. Cells were treated 
with con A, lysed, and analysed as in Figure 8 except 
protein A-Sepharose and murine anti-rat IgG were used for 
immunoprecipitation in conjunction with the Ab shown at 
top of figure. Samples were electrophoresed on a 10% 
acrylamide gel and autoradiogram was exposed for 136 hr.
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Figure 13. Cytoskeletal association of T200 in 
radioiodinated EL-4 cells. Cells were labeled, treated 
with con A, lysed, and analysed as in Figure 12. Samples 
were electrophoresed on a 10% acrylamide gel and 
autoradiogram was exposed for 24 hr with an intensifying screen.
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Figure 14. Cytoskeletal association of T200 in 
radioiodinated CTL. Surface-labeled cells were treated 
with con A, lysed, and analyzed as in Figure 8. Samples 
were electrophoresed on a 7.5% acrylamide gel and 
autoradiogram was exposed for 70 hr.
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Figure 15. Cytoskeletal association of radioiodinated 
membrane proteins in BW5147 and EL-4 cells treated with 
con A. Cells were labeled as in Figure 12. Samples were 
not immunoprecipitated but were applied directly to a 10% 
acrylamide gel following lysis and depolymerization as 
described in Materials and Methods. Autoradiogram was 
exposed for 5 hr with an intensifying screen.
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Figure 16. Cytoskeletal association of radioiodinated 
membrane proteins in CTL treated with con A. Cells were 
labeled, treated, and analyzed as in Figure 15. Samples 
were electrophoresed on a 7.5% acrylamide gel and 
autoradiogram was exposed with an intensifying screen for 
3 hr (soluble fraction) or 41 hr (depolymerized fraction).
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With regard to the recovery of T200 from the depolymerized 
fractions of con A-treated cells, the results obtained 
from surface-radioiodinated tumor cells (Figures 12 and 
13) and CTL (Figure.14) 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 residues) 
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 protein interactions 
(Figures 17 and 18). The specific association of T200 and 
fodrin is reportedly disrupted at elevated concentrations 
of NaCl (97), suggesting.that washing immunoprecipitates
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Figure 17. Cytoskeletal association of T200 in con 
A-treated CTL in the presence of HBSS and protease 
inhibitors. CTL were treated, lysed, and analysed as in 
Figure 11 except HBSS with 0.5% Triton X-100 was used for 
lysis and subsequent procedures, and PMSF and leupeptin 
were included as described in Materials and Methods. 
Samples were electrophoresed on an 8.5% acrylamide gel and 
autoradiogram was exposed for 124 hr. Control lanes were 
included as in Figure 9.
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Figure 18. Cytoskeletal association of T200 in con 
A-treated BW5147 cells comparing TNTE and HBSS. Cells 
were treated and analyzed as in Figure 17. Samples were 
electrophoresed on an 8.5% acrylamide gel. Autoradiogram was exposed for 52 hr.
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in 0.5 M NaCl could account for my failure to 
coprecipitate, fodrin with T200. In addition, plasma 
membrane fractions in which this association has been 
observed were prepared in balanced salt solution rather 
than Tris-buffered saline (90, 97).

In the experiment depicted in Figure 17, cultured CTL 
were analyzed. TNTE was replaced with carbonate-buffered 
HBSS containing 0.5% Triton X-100 and I mM EDTA for all 
solubilization and washing steps. The protease inhibitors 
leupeptin and PMSF were included throughout the lysis and 
immunoprecipitation. These procedural changes did not 
result in significant amounts of other proteins (in 
particular, no fodrin-like protein in the 240 kDa region) 
specifically coprecipitating with T200 in any of the 
various fractions of CTL (Figure 17). Similar results 
were obtained in experiments using TNTE when the 0.5 M 
NaCl washing step was omitted (data not.shown).

To ensure that this result was comparable to the 
analysis of purified plasma membrane fractions in which 
the fodrin-T200 association was revealed (90), BW5147 
cells were examined, since the characterization of the 
molecular association was conducted with the thymoma, and 
not with CTL. The results are shown in Figure 18. There 
are no bands corresponding to fodrin having an equivalent 
intensity to the T200 bands in the various fractions
shown.
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One experiment (not shown) was performed comparing 

two different detergents commonly used to extract membrane 
components for biochemical analysis. The lysis and 
extraction methods employed in the majority of the 
biochemical analyses shown in the present study used a 
nonionic detergent (Triton X-IOOK Another detergent 
(CHAPS), commonly thought to better preserve native 
protein conformations in solution, was tried for 
comparison.

For the two detergents, the corresponding soluble 
fractions appeared to be the same (data not shown). Bands 
observed in depolymerized fractions of CHAPS-extracted 
cells appeared less intense than the corresponding TNTE 
bands. Though the difference in intensity might be 
interpreted in a number of ways, both detergents gave the 
same overall result regarding the recovery of T200 from 
the insoluble fraction of con A-treated but not untreated 
cells.

Effects of Induction Conditions on 
Cytoskeletal Association of T200

The experiments depicted in Figures 19-22 were done 
to test the impact of time, temperature, lectin valence, 
and inclusion of a metabolic inhibitor on the lectin- 
induced association of T200 molecules with the 
cytoskeleton in BW5147 cells. The number of samples in 
this experiment precluded loading all samples on the same
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Figure 19. Effects of induction conditions on 
cytoskeletal association of T200. Shown are soluble 
fractions from BW5147 cells using different conditions for induction. Treatments are fully described in the text and
are abbreviated here: I. No con A with wash and 15 min at
37°C; 2. con A with wash and 15 min at 37°C; 3. con A
with wash and 5 min at 37°C; 4. con A with wash and 0 min
at 37°C; 5. con A and azide with wash and 15 min at 37°C; 
6. con A without wash, 15 min at 37°C. A 7.5% acrylamide 
gel was used. Autoradiogram was exposed for 41 hr.



101

Figure 20. Effects of induction conditions on 
cytoskeletal association of T200. Shown are depolymerized 
fractions corresponding to samples in Figure 19 (BW5147 
cells). Treatments are as in Figure 19: I. No con A with
wash and 15 min at 370^. 2. con A with wash and 15 min at 
37°C; 3. con A with wash and 5 min at 37°C; 4. con A with 
wash and 0 min at 37°C; 5. con A and azide with wash and15 min at 37°C; 6. con A without wash, 15 min at 37°C.
A 7.5% acrylamide gel was used. Autoradiogram was exposed for 41 hr.
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Figure 21. Effects of induction conditions on 
cytoskeletal association of T200. Shown are soluble 
fractions from BW5147 cells using different conditions for 
induction. Treatments are fully described in the text and are abbreviated here: I. no con A; 2. con A with wash,
50 ug per ml; 3. succinyl con A with wash, 50 ug per ml; 4. succinyl con A without wash, 50 ug per ml; 5. con A 
with wash, 10 ug per ml; 6. con A without wash, 10 ug per 
ml. A 7.5% acrylamide gel was used. Autoradiogram was 
exposed for 41 hr.
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Figure 22. Effects of induction conditions on 
cytoskeletal association of T200. Shown are depolymerized 
fractions corresponding to Figure 21 (BW5147 cells). 
Treatments are fully described in the text and are 
abbreviated here: I. no con A; 2. con A with wash, 50 ug
per ml; 3. succinyl con A with wash, 50 ug per ml; 4. 
succinyl con A without wash, 50 ug per ml; 5. con A with 
wash, 10 ug per ml; 6• con A without wash, 10 ug per ml.
A 7.5% acrylamide gel was used. Autoradiogram was exposed
for 41 hr.
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gel, so % relative recovery values were not obtained. 
Instead, the different treatments and their impact on T200 
recovery in soluble or depolymerized fractions were 
compared. The soluble fractions are shown in Figures 19 
and 21, and the corresponding depolymerized fractions are 
indicated in Figures 20 and 22. Soluble and depolymerized 
fractions for each group of 6 treatments are paired 
(Figures 19 and 20; Figures 21 and 22).

Others have shown a difference between con A and 
succinyl con A in terms of their relative mitogenic 
activity and their ability to produce cap formation of con 
A receptors (59). It is not clear at all from those 
experiments what the relationship is between capping and 
mitogenesis, because succinyl con A will not induce con A 
receptors to cap. I'decided to see if the ability to 
induce cytoskeletal association of T200 was similar 
between the two lectin forms.

The treatments represented in Figures 19 and 20 are 
numbered 1-6 at the bottom of the figures. To 
characterize induction conditions, I compared untreated 
cells (Treatment I) and con A treated cells (Treatments
2-6). In Treatment 2, cells were washed once after con A 
binding at 4° C, prior to the 15 min incubation at 37° C. 
For splenocytes treated with 50 ug per ml con A, a washing 
step of this type is.necessary to allow cells to undergo 
mitosis (61). As seen in Figure 20, less T200 was
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recovered from the depolymerized fraction of washed cells 
compared to cells treated with the same amount (50 ug per 
ml) of con A but not washed (compare Figure 20 treatments 
2 and 6).

Somewhat similar amounts of T200 were recovered when 
cells were similarly washed and incubated at 37° C for 5 
min (Treatment 3), kept at 4° C for 15 min after washing 
(Treatment 4), or incubated for 15 min at 37° C but in the 
presence of 0.1 % NaNg (Treatment 5). As indicated in 
Figure 20, warming to 37° C did not appear to be a 
requirement for the cytoskeletal association of T200 
molecules in response to con A. Interestingly, the 
association was seen to occur in the presence of the 
electron transport-uncoupling agent, NaNg. These cells 
were equilibrated for 5 min and washed once at 4° C in the 
presence of azide prior to addition of con A in order to 
ensure minimal available energy during con A treatment. 
The induction of the cytoskeletal association of T200 by 
con A was found to be fundamentally different from the 
induction of con A receptor capping, because the 
cytoskeletal association was observed in the presence of 
azide and the absence of 37° c incubation.

In Figures 21 and 22, Treatments I and 2 represented 
the negative and positive controls (as shown also in 
Figures 19 and .20). Succinyl con A at 50 ug per ml did 
not induce association of T200 with the cytoskeleton when
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the washing step was included (refer to Figure 22, 
treatment 3). However when I omitted the washing step 
(Treatment 4), T200 was visible in the depolymerized 
fraction. • In a separate experiment (not shown), the con A 
and succinyl con A used in the cytoskeletal induction were 
tested in a dose-dependent murine splenocyte proliferation 
assay and found to be essentially the same as the 
published values (59). This established that the 
cytoskeletal association was clearly a different kind of 
event than the formation of con A receptor caps. The 
concentration of succinylated con A used (50 ug per ml) 
was highly mitogenic.

This was a repeatable observation. Evidence that the 
succinyl con A I used was actually the fully succinylated 
derivative was obtained in the splenocyte proliferation 
test, indicated by a broad plateau of the dose-response 
curve (25 - 200 ug per ml, not shown), a feature not 
characteristic of tetravalent con A (59).

At a con A concentration of 10 ug per ml, (Treatments 
5 and 6 in Figures 21 and 22), recovery of T200 in the 
depolymerized fraction (Figure 22) was not seen when the 
cells were washed prior to incubation at 37° C (Treatment
5) . However, when the washing step was omitted (Treatment
6) , T200 was recovered. This concentration of con A was 
on the hyperoptimal tail of the mitogenic peak seen in the 
dose-response curve. Though slightly mitogenic, it
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corresponded to only 1% of the peak proliferative 
response observed in the con A dose-response curve
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DISCUSSION

Inununoqenetic Analysis

A discussion of the statistical comparisons made in 
the present work is in order. In genotype studies where 
all combinations of alleles are to be compared in 
segregating littermate groups, the resulting data set 
cannot be adjusted for sample size unless the assignment 
of genotype is no longer independent of the response 
measurement. The choice of whether to make this an 
independent determination or not is largely at the 
discretion of the investigator, and in the option I chose 
it was not possible to adjust sample sizes so that a truly 
balanced design could be achieved. The rationale for 
choosing this model over a non-independent one was simply 
the reduction of Type I error. I believe that it is 
better to fail to discern an allotype effect than to 
determine that there is such an effect and be wrong.

The choice of statistical instrument (ANOV) was made 
on the basis of its ability to obtain factorial analysis 
with the kinds of data collected in this study. In the 
manner used here, it is a robust analytical tool suffering 
very little from minor deviations in its underlying
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assumption of equal variance in the factor levels.
However, the accommodation of unequal group sample sizes 
by the unweighted means procedure for 2-way analysis may 
increase the probability of Type 2 error (a decrease in 
power) in order not to suffer insidious changes in Type I 
error. The resulting loss of power in the 2-way ANOV may 
have influenced the outcome of the statistical analysis 
applied to the segregant tests. Unlike tests comparing 
parent strains, in segregant groups the number of 
experimental units per factor-level combination varies 
from experiment to experiment.

An imposition of a contrast comparison might be 
selected as an alternative procedure. This type of 
analysis is precisely what was done to test the Mls 
allotype effect, shown to be insignificarit in this study. 
It was important to determine if this locus or the linked 
gene for FcR allotype could contribute to an apparent Ly-5 
allotype effect. Because the direction of the expected 
response was known (109), the appropriate contrast 
comparison was statistically meaningful, and indicated 
that there is no basis on which to claim that Mls genes 
(and presumably, Fe receptor allotypes) were influencing 
the results of these experiments.

It is illegitimate to approach hypothesis testing in 
the segregant groups by that type of statistical 
comparison. There must be substantial justification for a
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conditional contrast to be imposed, or else the confidence 
limit of the resulting contrast analysis is meaningless. 
Since these were the first studies to test the possible 
Ly-5 allotype effect in these mice, there was no basis on 
which to select a single contrast comparison (that is, to 
name a high responder group prior to analysis) in the 
segregant tests.

Testing the segregant ADCC and CTL groups by this 
method, selecting heterozygous and homozygous Ly-5.2 mice 
as a pooled high responder group, significance was readily 
obtained at particular days of the CTL assay, and at 
certain E:T ratios in both CTL and ADCC tests. These 
analyses have no statistical justification and are not 
reported here. On the basis of the present study, there 
may be some justification for imposing this condition in 
the future and testing the corresponding contrast.

With these considerations in mind, the results of the 
immunogenetic analysis can be discussed. Testing in vitro 
immune responses using congenic strains of mice allows 
differences in immune reactivity to be assigned to 
particular loci or chromosome segments provided that 
suitable genetic control exists to allow for 
interpretations which are not confounded by unrelated 
strain-specific differences and environmental factors. it 
was for this reason that the difference in ADCC activity 
observed in parent line B6 and B6-Ly-5.2 mice was further



Ill
tested in littermate mice segregating for Ly-5 alleles.
In these experiments, a substantial decrease in the 
apparent difference in cytotoxicity among the genotype 
groups was observed (Table I), suggesting that the 
difference in parent line ADCC response was due in part to 
environmental factors or unlinked genes which differ 
between the parental strains.

The parent mice of the segregant groups were Ly-5 
heterozygotes, and it was not possible in these 
experiments to rule out that there is a maternal effect 
dependent on the parent strain allotype which is not 
observed among the segregant groups. The maternal Ly-5 
allotype (or some as yet unidentified allomorphism) may 
contribute in some way to these results. The difference 
in ADCC response observed in the parent strain and F% 
groups might have been obtained because of a maternal 
effect. In parent line tests, all 3 genotype groups were 
derived from Ly-5 homozygous parents. The mice thus 
represented a heterogeneous group with respect to their 
maternal type. This heterogeneity would be regarded as a 
confounding factor from a statistical viewpoint, and could 
not be removed by factorial design. On the other hand, 
the segregants all had heterozygous (F%) mothers, 
eliminating the confounding effect.

The Ly-5 allotype effect was investigated in other 
responses in which T200 probably participates (Tables



112
2-4). I found no effect on the cytotoxic activity of NK 
cells. There is considerable controversy surrounding the 
role of NK cells in ADCC activity. It is likely that 
tumor cell killing by ADCC in mice can be mediated by NK 
cells, but the killing of erythrocyte targets can be 
distinguished from NK cell ADCC effector function on the 
basis of temperature sensitivity and inducibility by NK 
cell response modifiers (111). Therefore, the choice of 
SE target cells in the ADCC assay probably indicated 
responses mediated by cells other than murine. NK cells.

Proliferation in allogeneic MLC and in response to 
polyclonal T cell mitogens was found in general not to be 
influenced by Ly-5 allotype in these experiments. Because 
T200 is a major con A-binding protein (53, 55), it is - 
notable that no difference was observed in response to con 
A at the concentrations used in these experiments. If 
differences exist in the lectin binding properties of Ly-5 
alloantigens, they did not appear to influence the 
proliferative responses observed under these conditions.

It is not certain which of the membrane molecules 
bound by con A or PHA actually mediate the mitogenic 
response. The various con A receptors have already been 
discussed. PHA binds to N-acetyl glucosamine residues on 
receptors known to include the SE receptor structure on 
human T lymphocytes (112) as well as the 20 kDa component 
of the T3 complex (113). Both of these molecules are
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considered to be potential activation signalling 
molecules for the mitogenic response.

The possible reduction in the power of 2-way ANOV as 
applied to the combination of experiments in this study 
has been discussed. In the combined analysis of the CTL 
experiments, it appeared that the genotype group means 
were substantially different at a number of time points 
and dilutions, whereas the resultant P values indicated no 
genotype effect except at the response optimum (Table 4). 
It is highly likely that the observed difference at the 
response optimum is a genuine reflection of a genetic 
effect. Similar trends were observed in individual 
experiments, though generally significance was not 
obtained. This appeared to be due to a considerable range 
of response within each genotype group and the low values 
for degrees of freedom used to calculate the variance 
terms in the analyses of single tests.

The observation that CTL activity against P815 tumor 
targets may be controlled by a gene or genes closely 
linked to the Ly-5 locus makes it attractive to speculate 
that the role of T200 in cytotoxic effector cell 
generation or function is somehow influenced by allotypic 
differences between the Ly-5.I and Ly-5.2 forms of the 
molecule. It is unlikely that this effect operates at the 
level of the proliferation of alloreactive cells, since no 
genotype effect was observed in MLC (Table 3). The CTL
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were tested using equal numbers of effectors generated in 
individual cultures, using the same stimulator cell 
preparations within each experiment. In agreement with 
the MLC proliferation data, recovery of CTL from the MLC 
wells showed no difference due to allotype in numbers of 
responder cells generated by this method.

It is not known what differences in protein or 
carbohydrate composition are responsible for Ly-5 
alloantigenic determinants. RFLP analyses of inbred and 
wild mouse strains in conjunction with serological testing 
have indicated that a number of allelic, variants of Ly-5 
exist (24), in addition to the three Ly-5 allotypes 
previously identified in inbred mice (2, 23). Because the 
precise biochemical differences between the allotypes 
represented in this study are not known, it is not 
possible at this time to propose a functional role for a 
specific region or domain of the T200 molecule in 
CTL-mediated killing.

However, the possibility that allotypic determinants 
of T200 molecules have an important role in T cell 
function is not unreasonable, since alloantisera directed 
against Ly-5 inhibit CTL killing by effector cells of the 
corresponding allotype (70).

Littermate groups segregating for.Ly-5 allotypes were 
used in the present work, so it is unlikely that the 
difference in CTL activity I observed can be attributed
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directly to variation in environmental factors. If 
siblings were naturally exposed in our colony to pathogens 
or other factors perturbing immune responsiveness, it 
could be that the apparent difference was due to some 
confounding effect. Such factors might include infection 
by mouse hepatitis virus (96), lymphocytic 
choriomeningitis virus, murine sarcoma virus, and Sendai 
virus (114), or Friend murine leukemia virus complex 
(115). -

Quarterly serological tests of the rederived 
B6-Ly-5.2 strain and the B6 strain maintained locally have 
been routinely negative for a number of viral pathogens 
found by the same tests in the colony prior to 
rederivation and the implementation of more rigorously 
controlled maintenance procedures. I thus have some 
indication that the rederived segregant mice used in the 
present work constituted a suitable group of experimental 
animals to test the allotype effect on immune reactivities 
in the absence of extraneous factors.

A limitation inherent to determining a true genotype 
effect in this study was that an apparent response 
difference between genotype groups may not be attributable 
to allelic variation at the Ly-5 locus. It is possible 
that presently undefined allelic genes on the Ly-5.2 
chromosome segment are responsible for the allotype effect 
seen in these tests. On chromosome I of the mouse there



116
are several different loci of immunological interest 
which have been functionally or serologically defined. 
These include Mls (86) and a number of genes controlling 
lymphocyte alloantigens or immune responses to microbial 
parasites.

None of these loci has been determined to reside on 
the Ly-5 chromosome segment retained after backcrossing 
and closing the congenic B6-Ly-5.2 line. Furthermore, 
there was evidence in this study that Mls and Fe receptor 
genes were not contributing factors. The likelihood that 
a linked allelic gene confounded the present 
interpretation may be miniscule. Given the nature of the 
responses being tested, the lack of any evidence to the 
contrary, and the exclusion of Mls and Fe receptor 
allotype, I believe that this is an unlikely possibilty.

However, this alternative explanation cannot be ruled 
out at the present time. Its probability is actually 
governed by the extent of coding sequences on the 
chromosome segment lying outside the Ly-5 locus. With 
regard to the distant, sequences, flanking the gene of 
interest there is very little information. It is relevant 
that the B6-Ly-5.2 mice obtained for these tests have been 
backcrossed to the B6 strain for 22 generations, and it 
was suggested that the segment retained in the B6-Ly-5.2 
strain is at least 2-3 centimorgans in size (22). It is 
unlikely that some unlinked gene could be responsible for
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an observed effect in the segregant groups because of the 
extensive backcrossing of the congenic strain and the 
randomization of unlinked genes in the experimental 
design.

Now that sequence data are available for the segment 
of DNA carrying the Ly-5 allele (22,25,27), it is likely 
that a more detailed molecular characterization of the 
allotypic forms will soon be made. When this information 
is obtained it will be possible by a number of methods to 
further evaluate the roles that particular domains or 
antigenic determinants on the Ly-5 molecule may play in 
various immune responses. It will be of considerable 
interest to determine how Ly-5 allotype influences immune 
reactivity at the molecular level.

Biochemical Analysis

The results I obtained from immunogenet'ic analysis 
showed that allotypic determinants on T200 molecules may 
influence in vitro anti-tumor cell CTL activity. I also 
showed in this study that structures on the cytoplasmic 
domain of T200 molecules can be induced to associate with 
components of the cytbskeletal matrix located beneath the 
plasma membrane of leukocytes. Although these matrix 
structures were not visualized directly, the results have 
a bearing on the possible role of T200 molecules in 
lymphocyte activation and effector cell function.
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This study demonstrated the association of T200 

molecules with the Triton X-IOO-insoluble fractions from T 
lymphoma cells and cultured CTL treated with con A. These 
results are consistent with the model that con A induces a 
specific association of T200 with the submembranous 
cytoskeletal matrix, rendering a significant amount of the 
radiolabeled T200 insoluble, in nonionic detergent. 
Subsequent recovery of T200 using solubilizing conditions 
in which actin filaments depolymerize suggests that this 
association involves actin.

There are a number of systems in which con A has been 
shown to bring about cytoskeletally-mediated. responses 
thought to reflect processes having physiological 
relevance. In neutrophils, some of the membrane 
components shown to become resistant to detergent 
extraction have the appropriate con A binding property and 
molecular weight to be T200 molecules (116). It is 
unknown whether the molecules on platelets which undergo a 
similar change in response to con A and are about 200.kDa 
in apparent molecular weight (117) have any relatedness to 
T200. It is unlikely that the 175 kDa molecule on 
fibroblast membranes is T200, though it binds actin and 
con A (118). It is intriguing that the molecule, sharing 
with T200 certain functional characteristics, is believed 
to participate in membrane attachment to the cytoskeleton.
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Con A is tetravalent and binds to several CTL 

membrane glycoproteins (53), so it is possible that T200 
does not itself interact with cytoskeletal elements, but 
rather associates with the detergent-insoluble fraction 
because it is complexed to another con A-binding protein 
which does link directly to the cytoskeleton. I think 
this is unlikely because the T200 immunoprecipitates of 
radiolabeled material released by ADB from the insoluble 
fraction of con A-treated cells showed little if any 
contamination by other bands (Figures 8, 9, and 11-15).

There is also a possibility that the observed 
association of T200 with the cytoskeleton was artifactual. 
Such an artifact has been shown in the case of the 
cytoskeletal association of the human C3b/C4b receptor 
induced by the physiological ligand (119). The 
observation has been refuted by subsequent determination 
that the association of the receptor occurs subsequent to 
lysis of the cells (120).

In the case of T200, the possibility of post-lysis 
association is highly unlikely because the cytoskeletal 
association was not observed when con A was added to 
untreated cells at the time of lysis (Figures 9, 11, and 
13). There is evidence for a specific association of T200 
and the cytoskeletal component fodrin (90). Also, the 
association was observed when divalent lectin is used for 
induction, indicating that extensive crosslinking by
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tetravalent con A was. not a requirement for the 
association to occur. The conditions I used to recover 
T200 from the insoluble fraction of the con A-treated 
cells cause actin to depolymerize. A limited number of 
components released by this method were observed (Figures 
15 and 16). Among these components it seems that T200 was 
the major component undergoing the inducible association 
in response to con A, by comparison to the relative 
amounts of the various bands in the soluble and 
depolymerized fractions.

Finally, con A will bind to a number of leukocyte 
classes but is regarded as only mitogenic for T cells.
The fact that an inducible association was not observed in 
2PK3 cells, although there was an apparent decrease of 
T200 in the detergent-soluble fraction of these cells when 
they were treated with con A, suggests that con A-bound 
T200 may be modulated on the membranes of 2PK3 cells, but 
the association with the cytoskeleton is characteristic 
only of the T cell tumor lines and CTL. This 
interpretation should be regarded cautiously until further 
studies of this phenomenon are made in untransformed B 
lymphocyte lines.

In the case of the succinylated (divalent) derivative 
of con A, the association was seen to occur at lectin 
concentrations highly mitogenic for murine splenocytes 
(Figure 22), arguing against the objection that the
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association is irrelevant to the issue of the mitogenic 
activation of cells. I think that the extensive 
cytoskeletal association induced by concentrations of con 
A hyperoptimal for mitogenesis may be part of the 
mechanism for the capping inhibition of other ligand 
receptors on con A treated cells.(59).

The ability of the tetravalent.but not the divalent 
lectin to produce this inhibition and to induce capping of 
con A receptors suggests that there are basic differences 
between induction of a mitogenic signal and cytoskeletal 
association on the one hand, and the capping and cap 
inhibition on the other hand. Capping of membrane 
structures of leukocytes is generally not seen to occur in 
the presence of azide or at 4° C. These treatments have a 
minimal effect on the observed cytoskeletal association of 
T200 (Figure 20).

Hyperoptimal doses of con A could be responsible for 
the failure to observe proliferation in standard 
[3h ]thymidine incorporation assays (60). Evidence is 
available that at least some cells undergo induced 
synthesis of DNA not measurable by incorporation of 
exogenous DNA precursors.. Further, by morphological 
criteria, greater numbers of cells are induced to undergo 
the initial blastogenic response to con A at 
concentrations hyperoptimal for the incorporation of .
[3H]thymidine (60). The. cytoskeletal association shown
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here to be substantially greater at 50 ug per ml con A 
than at 10 ug per ml may be correlated with the signal 
induction for the blastogenic response, rather than 
mitogenesis indicated by the uptake of exogenous 
thymidine.

The cytoskeletal association of T200 was detected in 
this system using con A at 10 ug per ml (Figure 22). It 
was not determined whether lower concentrations also 
induce this association, and this issue is currently being 
addressed. In the event that mitogenic concentrations 
fail to show the inducible association, issues regarding 
the sensitivity of the detection method will need to be 
considered before ruling out a direct correlation between 
the induced association and the mitogenic response.

There is microscopic evidence that reorganization of 
the cytotoxic effector cell cytoskeleton and assembly of 
secretory apparatus occurs in the direction of the bound 
target cell (121). Several hypothetical mechanisms could 
account for a directional signal for this system. There 
could be chemical or ion gradients that allow the effector 
cell to determine the membrane contact area targeted by 
the cytoskeletal reorganization.

A model could also be proposed in which an inducible 
membrane anchoring structure provides the directional 
signal. It is plausible that if such an anchor existed, 
the limited area of the membrane actually contacting the
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target cell would have to provide an inducing signal using 
a relatively small proportion of the anchoring sites 
available in the plasma membrane, Additionally, the 
ability of an effector cell to quickly regain cytotoxic 
function after the lethal hit is delivered indicates that 
whatever signal is brought about by target cell contact, 
it must be rapid and capable of transient induction and 
subsequent reformation.

Because T200 is known to cocap with a number of. 
membrane structures (122) and was observed here to undergo 
changes in detergent solubility in response to con A, it 
may have an anchoring role in membrane-cytoskeleton 
interaction. Membrane attachment could result in the 
directional cytoskeletal reorganization of the cytotoxic 
effector cell. T200 could be induced to undergo an 
association of this kind in response to recognition of 
antigen by the T cell antigen receptor. Its ability to 
associate with other membrane molecules in capping is 
probably a clue as to its possible role as an accessory 
molecule in membrane receptor-mediated events.
Considering the involvement of T200 in capping phenomena, 
direct interaction with adjacent membrane structures is 
likely to be a characteristic of T200, and probably would 
be a characteristic of the receptor-associated structure 
involved in membrane-mediated cytoskeletal reorganization.
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My failure in several attempts to visualize T200 in 

depolymerized fractions from antigen-stimulated CTL could 
indicate that only a small amount of receptor-associated 
components are needed to engage the lytic process. It 
could also mean that the response is. short-lived. A role 
for the apparent autoproteolytic activity of T200 might be 
proposed in allowing the membrane to be reset, thus ending 
the refractory phase of the lytic event. Alternatively, 
proteolysis could allow a remodeling of the membrane so 
that a secretory process can proceed, as suggested for CTL 
(50).

I do not know the reason for the variable recovery of 
T200 from the ADB fractions. In various experiments, 
values for the loss of T200 from the nonionic 
detergent-soluble fraction of con A-treated cells ranged 
from 30-68% for CTL, 34-88% for EL-4, and 31-54% for 
BW5147. In the same experiments recovery of T200 
following ADB treatment ranged from 22-42% for CTL, 11-70% 
for EL-4, and 33-94% for BW5147. The limitations of 
quantitation based on scanning densitomety require that 
these values be treated as approximations. It is also 
possible that proteolysis could account for some or all of 
the apparent difference between loss and recovery. It is 
not likely that the difference is attributable to a 
failure to release T200. molecules during depolymerization 
because T200 was not visualized in ADB-insoluble residues
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of con A-treated cells (data not shown).

It is not clear why fpdrin failed to coprecipitate 
with T200 under conditions employed in the present study.
It is likely that some aspect of the solubilization and 
immunoprecipitation procedure resulted in the dissociation 
of fodrin from T200 or its degradation. Neither omission 
from the washing steps of NaCl concentrations which 
reportedly dissociate the fodrin-T200 complex (97), nor 
the inclusion of protease inhibitors commonly used during 
immunoprecipitations, enabled recovery of amounts of 
fodrin equivalent to T200 molecules from cells treated 
with con A (Figures 17 and 18). It should be noted that 
the methods used here to analyze fractions containing T200 
and those used to isolate and characterize T200-fodrin 
complexes (90, 97) are fundamentally very different.

Because the inducible association of T200 with 
cytoskeletal elements has been observed only under a small 
number of experimental conditions, it remains to be seen 
whether or not a similar induction occurs under other 
conditions of T lymphocyte activation.

The precise biochemical mechanisms by which T 
lymphocytes become activated to divide or carry out 
effector cell functions remain unresolved. A number of 
cell membrane components and receptor complexes are likely 
to participate in CTL function. It is not known which of 
these components provide the necessary and sufficient
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signals leading to activation of the lytic process. It is 
likely that one or more con A-binding membrane components 
participate in CTL-mediated lysis, since con A reversibly 
inhibits cytotoxicity,, presumably by binding to effector 
cell surface structures which play a critical role in 
target cell recognition or lysis (54).

To help develop testable hypotheses for future study, 
a model is proposed. Gytoskeletal association of T200 
could be an underlying mechanism for transmembrane 
signalling mediated by several receptors on leukocyte 
plasma membranes. The various lineage-specific isoforms 
of T200 confer innate associational recognition by T200 of 
components which are segregated in their specific 
functions. By virtue of the control of associational 
recognition by different isoforms, a single form of this 
membrane molecule may specify both unique interactions 
with receptors (a regulatory role in signal recognition), 
and engage a common set of intracellular activation events 
(an activation role in receptor-mediated processes). 
Perhaps the B and T cell Mr isoforms specify an 
association with slg on B cells or T cell antigen receptor 
on T cells, while making use of a common cytoplasmic 
domain.

Perhaps most of the story remains to be told. It 
will be written by people who strive to understand 
leukocyte activation and function. It is left to those
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dedicated and inquisitive individuals who will not stop 
until that understanding is both clear and precise.
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APPENDIX

Abbreviations

Ab
ADB
ADCC
ANOV
B6
B6—Ly-5.2 
CHAPS

Con A
51Cr
CTL
EDTA
E:T
Fi
FcR
HBSS
HEPES

antibody
actin depolymerizing buffer
antibody-dependent cell-mediated cytotoxicity
analysis of variance
C57BL/6J inbred strain of mice
Ly-5.2 congenic C57BL/6 inbred strain of mice
3-[(3-cholamidopropyl)-dimethylammonio]-1-
propane-sulfonate
concanavalin A
radioactive chromium
cytotoxic T lymphocyte
ethylenediamine tetraacetic acid
effector to target
[B6 X B6-Ly-5.2]Fi (except as indicated)
Fe receptor
Hank's balanced salt solution
N-2-hydroxyethyIpiperazine-N'-2-ethanesulfonic
acid
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IFA immunofluorescence assay
IL-2 interleukin 2
MAb monoclonal antibody
MLC mixed lymphocyte culture
Mr apparent molecular weight
NK natural killer
PAGE polyacrylamide gel electrophoresis
PHA phytohemagglutinin
PKC protein kinase C
PMSF phenylmethylsulfonic acid
RFLP restriction fragment length polymorphism
SDS sodium dodecyl sulfate
SE sheep erythrocyte
slg surface immunoglobulin
SNK Student-Newman-Keuls
TNTE Tris-NaCl buffer with Triton X-100 and EDTA
VAbF virus antibody-free
2-D two dimensional



MONTANA STATE UNIVERSITY LIBRARIES

3 762 10023626 2


