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A Role in B Cell Activation for CD22 and the 
Protein Tyrosine Phosphatase SHP 

Gina M. Doody, Louis B. Justement," Catherine C. Delibrias," 
R. James Matthews,-1- Jiejian Lin, Matthew L. Thomas, 

Douglas T. Fearon? 

CD22 is a membrane immunoglobulin (mlg)-associated protein of B cells. CD22 is ty- 
rosine-phosphorylated when rnlg is ligated. Tyrosine-phosphorylated CD22 binds and 
activates SHP, a protein tyrosine phosphatase known to negatively regulate signaling 
through mlg. Ligation of CD22 to prevent its coaggregation with rnlg lowers the threshold 
at which rnlg activates the B cell by a factor of 100. In secondary lymphoid organs, CD22 
may be sequestered away from rnlg through interactions with counterreceptors on T cells. 
Thus, CD22 is a molecular switch for SHP that may bias rnlg signaling to anatomic sites 
rich in T cells. 

T h e  diverse array of antigen receptors o n  
B and T lymphocytes, (mIgs and T cell 
recentors, respectivelv) can hind a n  allnost 
unliLited n;mher of different antigens. 
Recoluhination alllong the  genetic ele- 
~ n e n t s  that  encode these receptors ac- 
counts for this diversity, hut it does so 
without reference to potential antieens 
and creates receptors that are potentially 
self-reactive. T h e  s o l u t ~ o n  to  this problem, 
as first suggested by Bretscher and C o h n  
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Trust Immunology Unt  Department of Medcne. Unver- 
s~ty of Cambr~dqe School of C n ~ c a l  Med~c~ne, Cam- 
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L. B. Justement and J. Lln, Department of M~crob~ology 
and Immunology, Un~vers~ty of Texas Medca Branch 
Gaveston, TX 77555, USA. 
R. J. Matthews and M L. Tholnas Howard Huahes Med- 

( I ) ,  is t o  require a second signa1,for the  
clonal expansion and differentiation of 
antigen-snecific B cells in to  t?lasma cells. 
This  second signal is provided by helper T 
cells in  the  form of gp39 ( 2 ) ,  the  ligand for 
CD40,  during its cognate interaction with 
the  antigen-reactive B cell. In  the  absence 
of a second signal, the  first signal of rille 
induces toler&lce or  death of the  B cefi 
(3).  There  is a potential difficulty with 
this strategy: the  low frecluency of primed, 
antigen-specific helper T cells. This proh- 
lem lnav he resolved bv restriction of the  
activation of B cells 6y antigens to  sec- 
ondary lymphoid organs. T cells recircu- 
late throueh these structures i n  laree num- 
hers, thusincreasing the  potent larfor  en-  
counters hetween ant igen-s~ecif ic  B and T 

c a  nsttute, Department of Pathology, ~ a s h n ~ t o n  Un-  cells, To date, 110 l ~ e c l l a ~ i s l n  has heell 
versty School of Medcne, St. Louis, MO 631 10, USA. descrlhed tllat provide this level of 
'These authors contr~buted equally to ths  report. control.  
-1Present address: Department of Medcne, University of 
Wales Coeqe of Medicine, Carditi CF4 4XX, UK. CD22 is a membrane protein (4)  that  
:!To whom iorrespondence should be addressed. lnay enable the  B cell t o  sense the  pres- 

ence of adjacent ly~nphocytes and regulate 
signaling by mlg. T h e  NH1-terminal Ig- 
like domains of the  extracellular region of 
CD22  (5) have specificity for glycoconju- 
gates containing cu 2,6-linked sialic acid 
that  are expressed preferentially hy R and 
T cells (6 ) .  CD22  associates a i t h  mIg, and 
its in t r ace l l~~ la r  domain is tyrosine-phos- 
phorylated after ligation of mIg (i), en-  
abling interaction a i t h  phosphotyrosine- 
specif~c S H 2  do~na ins  of in t r ace l l~~ la r  sig- 
naling proteins. 

T h e  protein tyrosine phosphatase (PTP) 
S H P  (also ternled PTP1-C, SHPTP1,  and 
H C P )  contains t ~ v o  SH2 donlains (8). T h e  
SHP gene is mutated in mothenten (me) and 
%liable mothraten (mr') Inice (9)  that have an  
expanded B-l subset of R cells, elevated 
concentrations of ~mmunoglohulin M 
(IgM) and IgG3 ( l o ) ,  and autoimmune ar- 
thritis and glomerulonephritis. Recently, 
me" B cells were shown to  induce the re- 
lease of intracellular calcium in response to 
lower concentrations of antigen than d ~ d  
norlnal B cells ( 1 1 ). 

W e  deterlnined ~vhe the r  tyrosine-phos- 
phorylated CD22  interacts with S H P  hy 
precipitating the  PTP fronl NP-40 lysates 
of Daudi B lymphohlastoid cells tha t  were 
resting or  had been activated hy ligating 
m1gM (1 2 ,  13) .  T h e  proteins were re- 
solved by SDS-polyacrylamide gel electro- 
phoresis (SDS-PAGE),  transferred to  ni- 
trocellulose, and ~mmunoblot ted sequen- 
tially w ~ t h  antibody to  phosphotyrosine 
and antihody to  SHP.  In  resting Daudi 
cells, S H P  was not  tyrosine-phosphorylat- 
ed, and it coimmunoprecipitated a phos- 
phorylated protein of approxilnately 130 
kD that  was harely detectable (Fig. I A ) .  
In  activated cells, t he  PTP was tyrosine- 
phosphoryl2.ted and was associated ~ v i t h  
pllosphorylated proteins of 120 to  130 k D  
and 72 kD.  W e  immunoprecipitated CD22  
fro111 replicate samples of the  Da~ld i  cells 
and subjected the  precipitates to  the  same 
ilnmunohlot analysis. T h e  tyrosine-phos- 
phorylated triplet of CD22  comigrated 
with the  SHP-associated triplet a t  120 to  
130 kD.  T h e  increase in  phosphorylation 
of CD22  induced by lnIgM \vas associated 
with a n  increase in  the  amount  of coim- 
m~~noprecipi ta t ing S H P  (Fig. 1B). T h e  
S H P  that  was assoc~ated with CD22  ap- 
peared to  he relatively less phosphorylated 
t h a n  the  total S H P ,  which suggests that  it 
was the  tyrosine phosphorylation of 
CD22,  rather than  of S H P ,  tha t  led to  the  
binding of the  PTP. 

T o  deternline which of the  six tyrosines 
of the  cytoplasnllc d o n l a ~ n  of CD22  medi- 
ate the  interactlo11 ~ v i t h  S H P ,  lnurlne 
splenic B cells lvere permeabilized and in- 
cubated with buffer alone or buffer con-  
taining each of six phosphotyrosyl pep- 
tides corresponding to  the  sequence of 
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murine CD22 (5, 14). After treatment 
with pervanadate to induce phosphoryla- 
tion of CD22, lysates were prepared and 
the CD22 was immunoprecipitated. Im- 
munoblots of the resolved immunoprecipi- 
tates were probed with antibody to SHP. 
SHP associated with CD22 in the per- 
vanadate-treated cells, and this associa- 
tion was inhibited by three tyrosine-phos- 
phorylated peptides, m2*, m5*, and m6*, 
which contain the sequences PO,-YAIL, 
PO4-YSEL, and PO4-YVTL (15), indicat- 
ing that a motif recognized by the SH2 
domains is PO4-YXXL (15) (Fig. 2A). The 
human peptides corresponding to the 
m2*, m5*, and m6* phosphotyrosyl pep- 
tides also inhibited the coimmunoprecipi- 
tation of SHP with CD22 from NP-40 
lysates of human B lymphoblastoid cells 
that had been activated through mIgM. 

Recombinant SHP lacking its SH2 do- 
mains possesses increased phosphatase ac- 
tivity (16). We investigated whether the 
negative regulatory effect of these domains 
could be overcome by the CD22-related 
phosphotyrosyl peptides. A glutathione-S- 
transferase (GST) fusion protein (17) hav- 
ing the full-length enzyme was incubated 
with the synthetic phosphotyrosyl substrate 
[32P]Raytide (Oncogene Science, Union- 
dale, NY) (8) alone and in the presence of 
increasing concentrations of the peptides. 
The PTP activity of SHP was increased in a 
dose-related manner by the same three 
phosphotyrosyl peptides m2*, m5*, and 

A Antibody Antibody 
Precipitating antibody -NL to?%!P to-22 
mlgM Iigabon - +  + +  

kD - .  - 

21 5- 

69 
SHP 

B - - 

SHP 0 -- 0 

Fig. 1. Association of CD22 with SHP in B lym- 
phocytes stimulated through mlgM. Replicate 
samples of 5 x 1 O7 Daudi B lymphoblastoid cells 
were incubated for 5 min at room temperature 
with buffer alone or with buffer containing goat 
F(ab1),antibody to IgM (10 pg/ml) (12). The cells 
were lysed in NP-40 (13), and immunoprecipitates 
were prepared with rabbit antibody to SHP and 
monoclonal mouse antibody to CD22, respective- 
ly, and with a mixture of nonimmune (NI) rabbit 
serum and an isotype-matched monoclonal anti- 
body (12). The precipitated proteins were resolved 
by SDS-PAGE, transferred to nitrocellulose, and 
sequentially probed with 1251-labeled 4G10 anti- 
body to phosphotyrosine (72) (A) and polyclonal 
antibody to SHP (12) (B), the binding of which was 
detected by ECL. 

m6* that competed with CD22 for interac- 
tion with SHP (Fig. 2B). The nonphospho- 
rylated forms of m2, m5, and m6 were in- 
effective. The tyrosine-phosphorylated hu- 
man CD22 homologs of these peptides (14), 
Y(762)TTL, Y(822)SEL, and Y(842)VIL 
(15), also increased the activity of SHP. 

These findings suggested a means by 
which CD22 could have an inhibitory 
feedback effect on the activation of the B 

A 
Peptide - - ml' mT mV m4' mS* mg 
Pervanadate- + + + + + + + 

kD 
97 - 

0 0.1 1 10 loo 

Peptide concentration (pM) 

Fig. 2. Interaction of CD22 phosphotyrosyl- 
peptides with SHP. (A) Inhibition by peptides of 
coimmunoprecipitation of CD22 and SHP. Repli- 
cate samples of 3 x 1 O7 resting murine splenic B 
cells were permeabilized and incubated with 
100 pM of each of six phosphotyrosyl peptides 
(14) corresponding to the sequence of murine 
CD22 (4): ml*, QGCY"(773)NPAMDD; m2*, 
lVSY'(783)AILRFP; my, DW"(817)SVIQK; m4*, 
MGDY"(828)ENVNPS; my, SIHY'(843)SELVQF; 
and m6', EDVDY*(863)VnKH. After treatment with 
100 pM pewanadate for 10 min, the cells were 
lysed with digitonin. Lysates were precleared with 
an irrelevant IgG2b, RG7/9.1; coupled to Sepha- 
rose; and then immunoprecipitated with CY34.1.2 
antibody to CD22 (72), also coupled to Sepharose. 
Eluates were resolved by SDS-PAGE, transferred to 
nitrocellulose, and probed with rabbit antibody to 
SHP. (B) Activation of SHP by peptides. The GST- 
SHP fusion protein (1 7) was incubated for 10 min 
with r2P]Raytide alone and in the presence of in- 
cremental concentrations of each of the six phos- 
photyrosine-containing CD22-related peptides 
(ml* to m6') and of three peptides lacking phos- 
photyrosine (m2, m5, and m6, respectively). Re- 
lease of r2P]0, was assayed (8). 

cell: Ligation of mIg induces the tyrosine 
phosphorylation of CD22, which can then 
localize and activate SHP at the intracel- 
lular site of the signaling complex. This 
function of CD22 would be dependent on 
its ability to coaggregate with ligated mIg. 
Therefore, we investigated whether re- 
stricting the lateral diffusion of CD22 in 
the plane of the membrane would enhance 
the response of B cells to the ligation of 
mIg. Purified, high-density, human tonsil- 
lar B cells (18) were incubated with incre- 
mental concentrations of monoclonal an- 
tibody to IgM and IL-4 alone, or in the 
presence of beads coated with antibody to 
CD22, with isotype-matched IgG2b of ir- 
relevant specificity, or with antibody to 
CD19 as a control for the effects of adhe- 
sion of beads to the B cells (19). Within 1 
hour of incubation, B cells became coated 
with beads bearing antibody to CD22 or 
antibody to CD19 but not the control 
IgG2b. The presence of the beads bearing 
antibody to CD22, but not of the beads 
bearing antibody to CD19 or control 
IgGZb, lowered the concentration of anti- 
body to IgM that was required to achieve 
the maximal amount of DNA synthesis by 
two orders of magnitude (Fig. 3). 

To  determine whether the sequestra- 
tion of CD22 from mIgM altered the pat- 
tern of tyrosine phosphorylation, we incu- 

Antibody to IgM (pglml) 

Fig. 3. Effect of immobilization of CD22 on DNA 
synthesis in human B lymphocytes stimulated by 
ligating mlgM. Replicate samples of 1 x lo5 
purified, high-density, tonsillar B cells (18) were 
preincubated for 1 hour at 37°C in RPMl 1640 
supplemented with 10% fetal bovine serum 
(squares) or containing beads bearing IgG2b of 
irrelevant specificity (solid circles), 83  IgG2b an- 
tibody to CD22 (open circles), or 84 IgG2b anti- 
body to CD19 (triangles) (12, 18). Incremental 
amounts of DA4.4 antibody to IgM were added, 
and incubation continued in the presence of re- 
combinant 11-4 (200 U/ml) (Genzyme) for 84 
hours. Cultures were pulsed with [3H]thymidine 
for the last 16 hours. Results are the means ? 
SDs of triplicates. 
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bated purified, high-density, tonsillar B 
cells with antibody to IgM and IL-4 in the 
presence of beads coated with antibody to 
CD22 or with control IgG2b. The cells 
were lysed after timed intervals, and the 
lysates were resolved by SDS-PAGE, 
transferred to nitrocellulose, and immuno-
blotted with anti-phosphotyrosine. The 
beads bearing antibody to CD22 did not 
induce tyrosine phosphorylation alone but 
increased the phosphorylation of a 90-kD 
protein after stimulation of the cells with 
antibody to IgM for 1, 5, and 10 min, 
respectively (Fig. 4). A modest increase in 
the phosphorylation of a 100-kD protein 
occurred in the presence of the beads bear
ing antibody to CD22 and of antibody to 
IgM, whereas that of a 140-kD protein was 
slightly decreased. Increased phosphoryla
tion of the 90-kD protein in the presence 
of antibody to IgM and the beads bearing 
antibody to CD22 was observed in two 
additional experiments. 

The physiologically relevant analog of 
beads bearing antibody to CD22 may be 
the B and T cells that surround antigen-
stimulated B cells in secondary lymphoid 
organs. If so, the threshold at which a B 
cell responds to antigen will be lower 
within a lymphoid microenvironment. 
Such an environment would provide the 
secondary signals from T cells that main
tain the activation of B cells after ligation 
of mlg. 

CD22 is the third membrane protein 
that modulates the signaling threshold of 

mlgM ligation 
(min) 0_ 10 

S 
Beads coated S 9 S 9 S 9 S 9 
with antibody: § | § | § > | g f 

200- i 

Fig. 4 . Effect of immobilization of CD22 on ty
rosine phosphorylation of in B lymphocytes stim
ulated by ligating mlgM. Replicate samples of 1 
x 106 purified, high-density, tonsillar B cells (78) 
were preincubated with beads bearing lgG2b of 
irrelevant specificity or with beads bearing anti
body to CD22. The cells were then stimulated 
with DA4.4 antibody to IgM (5 |xg/ml) and II-4 
(200 U/ml) for timed intervals. Reactions were 
terminated by the addition of NP-40 lysis buffer. 
The lysates were resolved by SDS-PAGE, and 
proteins were transferred to nitrocellulose. The 
blots were probed with 125I-4G10 antibody to 
phosphotyrosine. Molecular masses are given at 
left in kilodaltons. 

B cells in a phosphotyrosine-dependent 
manner, the others being CD 19 and 
FC7RIIB. CD 19 binds the positive regula
tor of signal transduction, phosphatidyl-
inositol 3-kinase (20), and amplifies sig
naling when co-ligated to mlg (18). 
FC7RIIB also mediates its effect when co-
ligated to mlg but has an opposing effect 
of suppressing signaling. The effect is me
diated by the negative regulator SHP, 
which has bound to the phosphorylated 
receptor (21). CD22 resembles FC7RIIB in 
its interaction with SHP, but differs in 
that its constitutive association with mlg 
causes it to be phosphorylated and to bind 
SHP without a requirement for cross-link
ing to mlg. Thus, in contrast to FC7RIIB, 
the purpose of ligating CD22 may be to 
remove it from the vicinity of mlg in order 
to release the cell from the negative reg
ulatory effects of SHP. 
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