Yuen (12). Recent studies by Leitch et al.
(21) and Yuen et al. (22) have shown that
the decrease of a with depth plays a signif-
icant role in deep mantle convection and
results in steady hot plumes and in convec-
tion cells with large aspect ratios. For mul-
tiple phase changes, depth-dependent a: may
allow deep mantle plumes to break through
the closely clustered phase transitions. Oth-
erwise, deep mantle plumes might be con-
fined to the lower mantle and layered con-
vection would prevail (9, 13).

Internal heating from radioactive decay is
another important factor that helps to pro-
duce mantle diapirs. All of the results we
have shown in this report are calculated with
R = 10, nearly the chondritic value. In other
numerical experiments without internal
heating (R = 0), we find that pure basal
heating would produce very steady plumes.
These plumes cannot as easily be torn up
into mantle diapirs as plumes in internally
heated systems. Temperature-dependent vis-
cosity causes thinner and faster plumes,
which are dynamically more susceptible to
becoming diapirs. Likewise, three-dimen-
sional geometry (23) would cause thinner
cylindrical plumes (24), which are more
likely to produce diapirs.

Phase transitions are not the only means
for generating diapiric structures in the
mantle. At higher Ra, between 107 and 108,
diapirs (18, 25) are common in ordinary
thermal convection. Phase transitions in the
upper mantle can promote the generation of
mantle diapirs at lower Ra, of order 10°.
This is a complicated phenomenon that war-
rants further investigation (26). These nu-
merical simulations demonstrate that multi-
ple phase transitions at the 670-km
discontinuity can control the dynamics of
plumes, in particular, by filtering out tepid
deep-mantle plumes and preferentially con-
centrating hot plumes in the upper mantle.
The diapiric flows (27), induced by phase
transitions, may be important for under-
standing the episodic nature of hot-spot
volcanism.
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Regulation of B Cell Antigen Receptor Sign

al

Transduction and Phosphorylation by CD45

Louis B. JUSTEMENT,* KERRY S. CAMPBELL, NADINE C. CHIEN,

Joun C. CAMBIERT

CD45 is a member of a family of membrane proteins that possess phosphotyrosine
phosphatase activity, and is the source of much of the tyrosine phosphatase activity in
lymphocytes. In view of its enzymatic activity and high copy number, it seems likely
that CD45 functions in transmembrane signal transduction by lymphocyte receptors
that are coupled to activation of tyrosine kinases. The B cell antigen receptor was found
to transduce a Ca®*-mobilizing signal only if cells expressed CD45. Also, both
membrane immunoglobulin M (mIgM) and CD45 were lost from the surface of cells
treated with antibody to CD45, suggesting a physical interaction between these
proteins. Finally, CD45 dephosphorylated a complex of mIg-associated proteins that
appears to function in signal transduction by the antigen receptor. These data indicate
that CD45 occurs as a component of a complex of proteins associated with the antigen
receptor, and that CD45 may regulate signal transduction by modulating the phos-
phorylation state of the antigen receptor subunits.

HE MEMBRANE GLYCOPROTEIN

CD45 is a necessary participant in

the regulation of signal transduction
by a number of lymphocyte receptors. In
both T and B cells, receptor-mediated gen-
eration of second messengers and changes in
cellular activation can be modified by co—
cross-linking of CD45 with these receptors,
suggesting that CD45 may act as a common
regulatory protein in lymphocytes (7). Di-
rect evidence that CD45 is important for T
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cell activation has been provided by studies
of CD4, CD8, and the T cell receptor:CD3
complex. CD45 regulates the phosphoryla-
tion state and activity of the tyrosine-specific
kinase p56"*, which is associated with CD4
and CD8, thereby affecting signal transduc-
tion via these receptors (2). Further, the
ability of the T cell antigen receptor to
transduce signals leading to second messen-
ger generation and proliferation is depen-
dent on CD45 expression (3). In contrast,
direct evidence for participation of CD45 in
signal transduction mediated by the B cell
antigen receptor has not been reported.
The plasmacytoma cell line J558Lum3,
which expresses a transfected mIgM antigen
receptor (4), does not mobilize Ca®>* in
response to cross-linking of that receptor
(5). However, agents that activate . GTP
(guanosine triphosphate)-binding proteins,
such as aluminum fluoride, do mobilize
Ca®"* in these cells. Thus, the receptor ap-
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Fig. 1. Dependence of
IgM-mediated signal
transduction on CD45
expression. The top panels
depict the amount of
CD45 expressed by the

-
[~3

g

J558L1m3

J558Lum3-17.s-46.s

-
[~

mIgM positive parental
plasmacytoma J558Lum3
and the clone J558Lpum3-
17.s46.s, which was de-
rived from the parent cell
line after transfection with
cDNA encoding CD45
(11). Shown are fluores-
cence histograms of cells
that were exposed either
to  phycoerythrin-avidin
alone (----) or to bioti-
nylated anti-CD45 (mAb)
13/2.5, and then to phyco-
erythrin-avidin (——) be-
fore analysis by flow cy-
tometry. The bottom
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panels show the Ca?*-mobilization response, as determined by flow cytometry (5, 11) which occurs after
stimulation of either J558Lum3 (left) or J558Lum3-17.5-46.s (right) cells (10° cells/ml) with sheep antibody
to mouse immunoglobulin at 25 pwg/ml (SAMIg, added as indicated by the arrow).

pears to be uncoupled from second messen-
ger generating systems at a point before
activation of the operative GTP-binding
protein. The mIgM on these cells is associ-
ated with accessory molecules (IgM-a, Ig-B,
and Ig-y), which were previously implicated
in signal transduction by this receptor (4,
6-9). It was therefore possible that these
cells lacked other proteins necessary for
migM-mediated signal transduction. Analy-
sis of the J558Lum3 cell line by immuno-
fluorescence with monoclonal antibody to
CD45 (anti-CD45) (10) revealed that the
cells fail to express CD45 on the cell surface
(Fig. 1). To determine whether the failure of
J558Lpm3 mIgM to induce mobilization of
Ca®* was due to a lack of CD45 expression,
we transfected (11) a cDNA clone encoding
the B220 isoform of CD45 into J558Lum3
cells and assayed their ability to mobilize
Ca’* after mIgM cross-linking. The free
Ca®* content of transfected or untransfected

Fig. 2. Relation between CD45 expression and
the ability of mIgM to transduce signals resulting
in mobilization of Ca®*. Clones of transfected
cells were analyzed by indirect immunofluores-
cence to determine the amount of CD45 on the
cell surface. Clones were selected based on graded
expression of CD45 and equivalent expression of
mIgM on their surface, and were analyzed to
determine their relative ability to mobilize Ca®*
after mIgM cross-linking with 25 g of SAMIg in
a 1-ml sample of 10° cells. The expression of
CD45 on eight selected clones was characterized
by a single immunofluoresence peak. Thus, the
relative change in CD45 expression was due to a
change in CD45 expression by all cells in a clone,
and was not due to the presence of one or more
subpopulations expressing variable amounts of

cells was determined by flow cytometric
analysis of cells treated with indo-1. The
expression of CD45 did rescue mIgM-me-
diated signal transduction (Fig. 1). Analysis
of a panel of clones that showed equivalent
expression of mIgM on the cell surface but
expressed varying amounts of CD45 on the
cell surface revealed a direct correlation be-
tween CD45 expression and the concentra-
tion of intracellular Ca®* attained in cells
after cross-linking of mIgM (Fig. 2). These
findings confirmed the demonstration that
CD45 expression is essential for signal trans-
duction via mIgM. Maximal Ca*>* mobiliza-
tion responses were seen when CD45 expres-
sion reached ~15% of that found on mature,
resting B cells or B cell lymphomas. It appears
that the amount of CD45 present on mature B
cells exceeds that needed for the function of the
antigen receptor. On the basis of previous
quantitation of mIgM (12) and CD45 (13), we
estimate that the molar ratio of these proteins
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the protein. Relative CD45 expression is plotted as a function of the maximum change in the
concentration of free intracellular Ca* ([Ca?*];) achieved following stimulation with SAMIg. The
maximum mean change in [Ca®*]; after addition of antibody to mIg was determined as described (5).
The data are from a single experiment that is representative of three experiments.
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on the maximally responsive transfectants is 1:1
or greater, suggesting that these molecules may
occur in a complex.

To. determine whether cross-linking of
CD45 on cells leads to loss of the antigen
receptor from the cell surface, we incubated
splenic B cells with anti-CD45 (RA3.3A1)
for varied periods of time (14). Two-color
immunofluorescence analysis was performed
to assess modulation of CD45 and either
mlIgM or class I major histocompatibility com-
plex (MHC) molecules. Cells were incubated
in the absence or presence of anti-CD45 for 12
hours, after which surface receptor expression
was measured by immunofluorescence (Fig.
3). Treatment (15) with anti-CD4S5 resulted in
the loss of CD45 and mIgM from the surface
of a proportion of cells in the population.
These results may indicate that mIgM occurs as
acomplex with CD45. Class  MHC molecules
(16) were not lost from the surface of B cells
treated with anti-CD45, indicating that the
effect is selective, if not specific.

It is likely that CD45 functions by de-
phosphorylating molecules at the inner face
of the plasma membrane. The tyrosine phos-
phorylated subunits of the antigen receptor
complex are potential substrates for CD45.
In the cell membrane, mIgM is nonco-
valently associated with a complex of phos-
phoproteins consisting of three N-glycosy-
lated polypeptides that occur as disulfide-
linked heterodimers (7, 8). Membrane IgM
and IgD associate with the subunits pp34
(Ig-y) and pp37 (Ig-B) as well as with
isotype-specific subunits pp32 (IgM-a) and
pp33 (IgD-a). The a subunits are disulfide-
linked with either B or <y subunits to form
the heterodimers. These mIgM-associated
proteins are phosphorylated on tyrosine res-
idues in response to stimulation with AIF,~
(7) or antibodies to mIg (17). Complexes of
mlgM-associated proteins were immuno-
precipitated from digitonin lysates of 32P-
labeled splenic B cells and mixed in vitro
with CD45, which has been immunoprecipi-
tated from the K46-17um\ B cell lymphoma
(18). This incubation mixture included NP-40
(0.6%) to release the o, B, and vy chains and
make them accessible to CD45. The mIgM-
associated proteins were rapidly dephosphory-
lated by CD45 in vitro (Fig. 4). A decrease in
32P associated with all subunits was observed
within 2 min and was maximal by 10 min.
Control immunoprecipitates did not cause de-
phosphorylation.  Dephosphorylation ~ was
blocked by addition of sodium orthovanadate
(10 M) or zinc chloride (1 mM), inhibitors of
phosphotyrosine phosphatases (PTPase).

We next analyzed the ability of CD45 to
modulate phosphorylation of the mIgM-
associated protein complex in permeabilized
cells treated with AIF,~. Co—cross-linking
(19) of mIgM and CD45 with antibodies
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Fig. 3. Comoduladon of mIgM with CD45.
Resting splenic B cells were incubated in the
absence (left panels) or presence (right panels) of
ant-CD45 (RA3.3A1, 30 pg/ml) (14). No dif-
ference in either the viability or recovery of B cells
was observed between untreated and anti-CD45
treated populations (90 and 89% recovery, re-
spectively). Cells were subsequently stained (14)
to determine the amount of CD45 and mIgM
(top panels) or CD45 and class I (H2K) (bottom
panels) on the cell surface based on two-color
immunoffuorescence. The amount of CD45 is
shown on the y axis and the amount of mIgM or
Class I is shown on the x axis. The percentage of total

decreased the amount of 32P associated with
all subunits of the mIgM-associated protein
complex (Fig. 5). This decrease was apparent-
ly not due to a loss of mIgM and its associated
phosphoprotein complex to the sedimented
cytoskeletal fraction because cross-linking of
the antigen receptor alone did not cause a
decrease in the phosphor-ylation of the a, B,
and vy chains. Further, analysis of phos-
phoproteins extracted from cytoskeletal sedi-

Lane 12 AR SRE T T

ppaz7
pp34 —
pp 33,32
Immuno-
precipitate — =——CD45——» = HX IgM
Time (min) 0 2 5 140 20 30 30 30 30

Fig. 4. Dephosphorylation of the mIgM-associat-
ed phosphoproteins mediated by CD45 in vitro
(18). 3?P-labeled Ig-a, -B, and -y subunits were
incubated in vitro with CD45 (lanes 2 to 6) for 2
to 30 min. 3*P-labeled subunits were incubated
for 30 min with irrelevant class I, or mlg im-
munoprecipitates to control for nonspecific de-
phosphorylation (lanes 8 and 9, respectively).
Lane 1 shows the amount of 32P associated with
Ig-a, -B, and -y subunit in immunoprecipitated
but otherwise unmanipulated samples.
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Fig. 5. Decreased labeling of the mIgM-associat-
ed phosphoproteins in intact splenic B cells after
co—cross-linking of mIgM and CD45 (19). The
amount of 3?P associated with the IgM-a (32
kD), -B (37 kD), and -y (34 kD) subunits after
AlF,~ stimuladon of intact cells was not affected
by cross-linking of mIgM alone (lane 2). In
contrast, co—cross-linking of mIgM and CD45
resulted in a significant decrease in 3?P associated
with these subunits (lane 3), indicating that the
close apposition of CD45 to mIgM may facilitate
dephosphorylation of the mIgM-associated com-
plex. Addition of phosphotyrosine phosphatase
inhibitors (24), ZnCl, or Naz;VO, (1 mM and 10
1M, respectively), blocked the effect mediated by
CD45 (lanes 4 and 5, respectively).

PTPase Inhibitors - - -

ments with buffers that destabilize the cy-
toskeleton did not reveal significant amounts
of 3*P-labeled a, B, or 1y chains, regardless of
whether mIgM or CD45 (or both) had been
initially cross-linked. Finally, in the presence
of either sodium orthovanadate or zinc chlo-
ride, the decrease in 32P-labcling of the
mlgM-associated phosphoproteins (lanes 4
and 5) was inhibited, indicating that the
observed decrease in 32P-labeling reflects the
activity of a tyrosine specific phosphatase. In
T lymphocytes, co—cross-linking of CD45
with phosphotyrosine-containing  proteins
does not always lead to their dephosphoryla-
don (20). Similarly, incubation of 3?P-labeled
PLC-yl with CD45 in vitro does not result in
dephosphorylation of tyrosine residues (21).
Thus, CD45 apparently has restricted sub-
strate specificity in vivo and in vitro. The fact
that CD45 is capable of regulating the phos-
phorylation state of the mlIgM-associated
protein complex both in vivo and in vitro
supports the hypothesis that interaction of
these molecules may have important physio-
logical consequences.

These findings suggest that CD45 is a
component of a complex, which has been
shown to include mIgM, the protein tyro-
sine kinase Lyn (22), and the mIgM-associ-
ated a, B, and vy subunits (7, 8). The ability
of this complex to transduce signals may be
subject to dynamic regulation by tyrosine
phosphorylation (23) and dephosphoryla-
tion, with hyperphosphorylation leading to
receptor inactivation. It is likely that CD45
plays a critical regulatory role in lymphoid
cell activation after antigenic stimulation.
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Tissue-Specific Splicing in Vivo of the B-Tropomyosin
Gene: Dependence on an RNA Secondary Structure

DomenNico LiBr1i, ANNA P1seri, MARC Y. FIszMAN

The B-tropomyosin gene in chicken contains two mutually exclusive exons (exons 6A
and 6B) which are used by the splicing apparatus in myogenic cells, respectively, before
(myoblast stage) and after (myotube stage) differentiation. The myoblast splicing
pattern is shown to depend on multiple sequence elements that are located in the
upstream intron and in the exon 6B and that exert a negative control over exon 6B
splicing. This regulation of splicing is due, at least in part, to a secondary structure of
the primary transcript, which limits in vivo the accessibility of exon 6B in myoblasts.

the coding region is interrupted by

noncoding sequence segments (inter-
vening sequences or introns) which are ex-
cised from the full copy transcript of the
gene (pre-mRNA) during the splicing pro-
cess. Variable use of the coding regions
(exons) of the same gene to obtain partially
different mRNA’s is the widespread process
known as alternative splicing.

The B-tropomyosin gene in chicken codes
for three related isoforms of tropomyosin
and contains a pair of mutually exclusive
exons (exons 6A and 6B) that are expressed,
repectively, in smooth muscle cells or non-
muscle cells (exon 6A) or in skeletal muscle
(exon 6B). Myogenic cells in culture express
exon 6A before differentiation and exon 6B
after differentiation (myoblast and myotube
stage, respectively).

On the basis of computer predictions (1,
2) or mutagenesis studies in vivo (3) and in
vitro (4), we have proposed that a secondary
structure could be one of the cis-regulating
elements that controls alternative splicing of
this gene.

The potential influence of secondary
structures on alternative splicing has been
suggested on the basis of in vitro and in vivo
splicing of mRNA precursors containing
inverted repeat sequences that flank exons or
splice sites (5, 6). A threshold value exists in
vivo (but not in vitro) for the distance
between the two inverted repeats (that is the
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length of the hairpin loop), which has been
related to the existence of a competition
between the interaction of the primary tran-
script with heterogeneous nuclear, spliceo-
somal ribonucleoproteins (RNP’s) or both,
and the folding of the newly transcribed
region into a secondary structure (6). It has
been proposed (6) that a “window” of about
100 nucleotides (nt) exists behind the tran-
scribing polymerase within which the pri-
mary transcript is “naked” and free to fold.
However, a naturally occurring example of a
secondary structure, which influences alter-
native splicing in vivo has not yet been
reported. Two cases have been described (7,
8) in which secondary structures can affect
splice site selection in vitro, but these results
have not been supported by parallel in vivo
splicing studies.

We have earlier shown (3) that the se-
quence near the acceptor site of exon 6B
contains at least two, nonoverlapping, cis
elements that are part of a negative splicing
control preventing the use of exon 6B in
myoblasts. Mutation of either of them acti-
vates splicing of the exon even in myoblasts
or nonmyogenic cells. One of these elements
is contained in the long polypyrimidine
stretch (about 90 bp) located between the
branchpoint (position —105) and the termi-
nal AG of the intron, and the other is
contained in the exon itself. Earlier we pro-
posed a model whereby a secondary struc-
ture of the primary transcript would be
responsible in myoblasts for the skipping of
exon 6B, while exon 6A would be spliced as
a default choice. Furthermore, a specific
factor would be expressed in myotubes,
which would disrupt the structure (or pre-
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