
role for PMN-ECM interactions in host 
defense against virulent organisms than was 
previously realized. 
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is a B cell-restricted glycoprotein with an 
extracellular domain that binds glycoconju-
gates containing a 2,6-linked sialic acid 
(2). It associates with BCR and, after BCR 
cross-linking, becomes phosphorylated on 
cytoplasmic tyrosines, which leads to the 
recruitment of the haematopoietic phos
phatase SHP-1 (3-5). 

To study the role of CD22 in BCR-
inducecl signaling, we generated mice with a 

Hyperresponsive B Cells in CD22-Deficient Mice 
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CD22 is a surface glycoprotein of B lymphocytes that is rapidly phosphorylated on 
cytoplasmic tyrosines after antigen receptor cross-linking. Splenic B cells from mice 
with a disrupted CD22 gene were found to be hyperresponsive to receptor signaling: 
Heightened calcium fluxes and cell proliferation were obtained at lower ligand con
centrations. The mice gave an augmented immune response, had an expanded peri
toneal B-1 cell population, and contained increased serum titers of autoantibody. 
Thus, CD22 is a negative regulator of antigen receptor signaling whose onset of 
expression at the mature B cell stage may serve to raise the antigen concentration 
threshold required for B cell triggering. 



Fig. 1. Generaton and identification of CD22-deficent (CD22- -:I 

mce  (A) Targeting constr'~ct. Configuraton of tlie inouse CD22 
locus before (above) recombinat~on ~!~b~ith tlie targeting construct 
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!belo\?,) The ocat ons of the exons encoding doinains 5 tlirougli 7 
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are ndcatecl. B, B a ~ n  HI. Bg. B g  I :  S Stu I .  X. Xba I .  HS\/-tk, herpes smpex vlrus ihymdne klnase 
gene, Neo. neo~nycn-resstance cassette. (B) Expresson of CD22 on the s~~r face of spen c B cells of 
C D 2 2  . C D 2 2  ' . a ~ i d  CD22' - s l n g s  was analyzed by f o u ~  cytometry ~!>~!ith the Cy34 1.2 Inono- 
clonal antibooy to CD22 (LybS 2; Amer8can Type Cult~lre Collection) ! 1  7). 
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p re~s inn  of CD22 \\.as also r e ~ l u c e ~ i  i)n B 
cells fro111 11etero:ygous C L I ? ? + '  alii~lials. 

T h e  yri>ciuction anil expansLon i)t R- 
11neage precursors proceeded normally in  
CD!?-ilct~c~ent mice a i  revealeii l>y anal- 
\-sii of t he  s ~ ~ h l ~ i ) ~ ? ~ ~ l a t i t l i ~ ~ s  111 bone mar:-oiv 
(7); t h ~ s  1s consistent \ v ~ t l l  C D 2 1  espre.;- 
  on ~n nnrm,ll nilce b e ~ n y  largel\- restrict- 
ed to the  mature R cell p o p ~ ~ l a t i o ~ ~  (5). 
Splenic R cell.; \Yere anal\-zed for a varlet\. o t  
cell surtace marker.; (9). the mclist ni)talile 
ilitterel~ce he111g that sl?lel~ocytes fl-om 
CLI2? mice sho\\.eil a ileplet~clin i)f Ighll"- 
IgL3'" B cells ivith a illlit to\v,lrd an  Ighll' - 
IcL3'" p l ~ e ~ ~ o t y ~ e  (Fig. LA). T h ~ s  i.; u l~ l~ke l r -  
ti> retlect a r e q ~ ~ ~ r e m e n t  ti>r CLI2? for effi- 
cient surface transport o t  memhrane immu- 
nogloh~llin h l  ( Ighl) ,  h e c x ~ s e  peritolleal R 
cells from the CD22-defic1ent mice shon. 
l11g11 Ighl e sp res s io~~  (Fig. 2Ri. The  s l~ l l t  
ton-arii an Ighll"-IgL3'" yhenot\-pe parallels 
\vhat ha5 l ~ e e n  ob>er\ eil 111 R cells carrr-ing 

:in a l i t ~ ~ h e n  egg ly.;c-iryn~e (HEL) ~~- i - imun~)-  
glol~ulin transgene that l ~ a v e  de \~e lope~ l  in 
tlie presence (lit the HEL Ilgal~ii (19 ) ;  it 
c~1ntra5ti \vlth tlic s h ~ f t  to\\.,~rii a11 Ighll"- 
IgLI1" pl~enotyye in the h\-L-c>resConsi\.e B 
cell5 clif CLILiS-ilef~cient rri~ce 11 1 ) .  W e  fa- , , 

vor tlie Ilyyotllei.; that  thi< shift in tlie 
CD!2-def1c1ent anilnals retlecti an sup- 

menteii, p ~ ) s . ; ~ l ~ l y  l ~ ~ a n ~ i - ~ ~ ~ i i ~ ~ c e ~ i ,  matura- 
tional event due to the l~v~ ie r r e sy i )n s~ \ . e~~es s  
o t  t l ~ e ~ r  B lymylhoc\-te.;. 

E s l ~ e r i ~ n e l ~ t s  \vlth ant ib i )d~es  to  CLI?? 
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1121 t r a n s d ~ ~ c t ~ o l l  in B cells, a l t l~ouvh  re- 
port, iiltfer as to \\-lhetl~er the  rresence ot 
CD!! .;er\-eh to augment or to inh~ l i l t  
s ~ g ~ l a l s  ilelivered trom BCR (-i. 1 2 ) .  Sple11- 
L C  '2 cells f ro~l l  C:D2!-deflclent nlice \\-ere 
c ~ > ~ ~ . ; ~ d e r a l ~ l \ -  more s e l ~ s l t ~ r - e  to memhrane 
Ighl lication tlian those fro~11 \'i.ilLiLtyye s~l i -  
1111~s: not ili111v \\.as a c a l c i ~ ~ ~ l l  f lus achieved 
\\,it11 lon.er concentraticlil~s o t  F (ah f ) .  coat 
antiserum to mouse y chain ( a m - p )  ( a l~ i l  
iimilarl\-, o t  anti-&),  but the sl:e of the y ~ i k e  
\\-as also larger (Fli:. 3A). This at least ill 
part retlects ~ncreased calcium release from 
i n t e r ~ ~ a l  stores (Fig. 3B).  T h e  CLI12-deti- 

clelit R cells also mal~iie.;ted ~ncreaseii \ell- 
< ~ t ~ v ~ t y  to RCR 11gat1on hy a monoclonal 
. ~ n t ~ - k  as luilgeii Iiy proliferative respo~nses 
and hi- u p - r e g u l a t ~ o ~ ~  of the CDYh co-st~mu- 
latory molecule (Fig. 3. C to E). [The iilfkr- 
ences in prolit'erat~on of ni)rmal and CL3!?- 
J e f ~ c ~ e n t  R cells 1nJucei1 1iy F(ah ' )?  z ~ > a t  
; ~ ~ l t l - y  \\.a\ les\ evliient. 'resumahly hecause 
of the greater c r o s , - l l l ~ k ~ n ~  effected.] 

S1c11a1, ~~nltlateii  at  the a n t ~ g e n  receptor 
are not  only neeileLl for R cell m a t u r a t ~ o l ~  
b ~ ~ t  are l l h c l ~  r e c l ~ ~ ~ r e d  for R cell mainte- 
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nance. W e  tllerefore a.;keil ~vhe the r  tlie loss 
CD!2 afkcteil the .;Ire of the long-lived 

R cell p o l .  T h e  per~tclil~eal R-1 cell popu- 
l a t io~ i  [ ~ i l e ~ ~ t ~ f i e i l  lby ~ t s  Ichl'", Ii:L3',', a11d 
CD43 (13)] 1. Joul~leLi 111 
CD??- IIIICC (Fig. 1 R ) .  

h lon l to r~ng  a ~ ~ t ~ l > i ) i l y  lirc)iiuctlc>n atter 
c11alleni:e \\.lth a T cell-dependent antlgeli 
re\:ealeii tha t  the  CL322-cletlcient mice gave 
a ~ ~ ~ l l l e ~ ~ t e d  respcinseq (Fig. 4 4 ) .  Increaseil 
activation (~t '  R cells tvai ,llso oh.;erved 111 

the ahsence o t  specific i n lmun~:a t i c  in 
that a 111i:her yrcy7ortlc.n o t  R cells in tlie 
Peyer's patclles o t  CD2-i lef ic ient  niice es-  
l i~hi ted  a g e r ~ l i ~ ~ l a l  center phentlit\-pe ( F I ~ .  
2C) .  Eve11 in 7-~veek-old mice, the B cells 
fri)m Pever'.; patcli gerrnil~al centers of 
CLI??-Lieflc~el~t a~lilnals had accumulateil 

h i h ~ t e d  elevateci concentrations of serunl 
Iyhl, \\.hereas the tlters o t  the other  sot\-yea 

\\ere not signiticantl\- altereci (Fig. 4R).  Al-  
though the  a111mals slho\ved no signit~cant 
~ncidence of a ~ ~ t o ~ m m u l ~ e  ilisease h\- 5 
m o l ~ t h s  of age, 1i.e noteL! that they often 
~ ~ e l d e i l  serum t l t e r  of ant11x)~iies to L3NA 
as j~~dge i l  by perinuclear stai11111g of Hep!  
cells. En;yme-linked ~ ~ l l ~ l n ~ ~ l r ~ s i i r l ~ e ~ l t  as,ay 
i ELISA i ci)nfirmed the ~iresence o t  in- 
creased titer.; of antibody ti) iioulyle-strartd- 
e,l ( A )  L3NA ancl antil?ody to dsDNA- 
histo~ac colllrles (Fig. 4,  C and L3). 

c +I+ -1- Fig. 2. Representative 
flow cytometric analysis 

PNA w 

of lymphocyte popua- 
tlons In CD22 homozy- 
gous mutant (-I-) and 
ivild-type (+IL) tter -  
mates. (A) Spleen. The 
percentages of tlie total 
gated spenocytes falling 
wlthln the boxed areas 

[(I3220 , lgM'l,lgM1o) and (IgD , igM1", lg[viIo)] are nd~cated Five 
tter-matched sets were analyzed, w th  the proporiion of B220+ 
cells that are IgM' beng reduced by a factor of 3.6 1.8 In 
C D 2 2  - and 1.3 = 0.2 in C D 2 2 + '  mce  (18). (B) Peritone~ln 
The percentages of the total gated perltonea cells that are 
CD33+, I g M  are ndlcated Compared with v5!Id-type itter- 

mates, the CD22 - nice (11 = 5) revealed a 12 = 0 38)-fold Increase In the proporioti of perltonea g[vi cells that were CD43 1C) Peyer's patches. The 
percentages of the total gated Peyer's patch cells that were B 2 2 0  and staned brghty or duly v,!~th peanut aggutnn IPNA) are indicated. The proporion 
of 8220 cells that exhbited a PNA" phenotype was Increased by a factor of 1 53 t 0.21 In the C D 2 2  - mice (n = 3). 
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Fig. 3. In vitro responses of splenic B cells from D 
150 

F -1- +/+ 
CD22-deficient mice compared with those of nor- 8 --- 
ma1 littermates. (A) Changes in intracellular calcium 
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concentrations ([Ca2+]) as a consequence of BCR 
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cross-linking with various concentrations (ndicat- 5 i-2 97- - - 
ed) of F(abl), goat anti-p, with [Ca2+], represented t. 8 2 2 T- 66- ._  --I* ,.,--. 
as the ratioof indo-1 fluorescenceat 395 nm to that C.E 
at 530 nm (19). The results are averaged and are 
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representative of all six pairs of CD22-'- and o o 00  

CD22"' mice analyzed. (B) Changes in [Ca2+], p Chain mAb (pglml) 

after incubation with goat antiserum to mouse 8 chain (0.2 vg/ml) (left panel) or (20). Prol~ferative responses were also measured to (El lipopolysaccharide 
F(abl), goat antiserum to mouse p chain (5 pg/ml) in the presence 1.8 mM (LPS) (bar sets 1 to 3; 0.016, 2, and 50 pl/ml, respectrvely) and anti-CD40 
EGTA (right panel). (C) Up-regulation of CD86 (67-2) expression. After 24-hour supernatant plus 11-4 (bar set 4). (F') Tyrosine phosphorylation of cellular pro- 
incubation with monoclonal antibody (mAb) b-7-6 to mouse p chain, normal B teins was analyzed at O,1, and 5 min after the addition of F(abl), goat anti-p (1 0 
cells showed significant CD86 up-regulation only with concentrations of mAb pg/ml) to suspensions of Histopaque-purified splenocytes from CD22 -' and 
b-7-6 2 12 pg/ml, whereas CD22-deficient B cells showed clear CD86 up- wild-type littermates. Tyrosine-phosphorylated proteins were detected with 
regulation with a concentration of 3 pg/ml. (D) Proliferative responses (2 SEM) mAb 4G10 to phosphotyrosine (Upstate B~otechnology) on protein immuno- 
induced by incubation with various concentrations of mitogenic mAb b-7-6 blots of whole-cell extracts. The m~gration of CD22 is Indicated by an arrow. 
alone orwith interleukin-4 (11-4) (500 U/ml, Genzyrne) were monitored in spleen that of a 65-kD pair of major BCR-induced phosphorylation targets by an 
cells from CD22-deficient mice (solid bars) and wild-type lierrnates (shaded) asterisk. 

Fig. 4. Serum lg titers. (A) A D 
Mean titters (2  SEM) of 

A-bearing nitropheny1)acetyl 4(hydroxy-3- (NP)- q i l m ~ l  1 o 2.0 

specific antibody in sera - s 1.0 
from CD22-deficient (filled 10' 

: 9,  e n 8 1.0 

symbols; unimmunized p 2 ~n - oOo q 0.5 
n 

titer was 1 .1 ? 0.6 pg/ml) 2 + l i  0.5 
and wild-type (open sym- 2 
bols; unimmunized titer I I o o o 
was 0.6 ? 0.3 pg/ml) o(0O)V) (Dm: (D(p(Dr. $ +I+ -1- +I+ -1- 1:2500 1:500 1:lOO 1:2500 1:500 1:lOO 

mice at various times af- Days after priming 5 weeks 5 months Serum dilution Serum dilutlon 
ter intraperitoneal immu- 
nization with 50 pg of alum-precipitated NPl,-chicken y-globulin. Similar re- oped with biotinylated anti-mouse K. Sera were from CD22-deficient mice 
sults were obtained on measuring total lgGl anti-NP titers. Animals were (filled symbols), wild-type litter mates (open symbols), MRLApr control serum 
immunized on day 0 and boosted on day 60 (arrow). (B) Serum IgM concen- (half-filled squares). The mice were 5 months old and from C57BU6 breedings 
trations in unimmunized mice were determined by ELlSA with reagents and (circles) or 4 months old and from BALB/c breedings (triangles). The autoan- 
protocols from Pharmingen. (C) Titers of antibodies to dsDNA and (D) antibod- tibodies were predominantly of the IgM class, although elevated titers of IgG1 
ies to DNA-histone complex were determined by ELlSA (21) and devel- to dsDNA were also noted in some animals. 

These experiments reveal CD22 as a 
negative regulator of BCR signaling. The 
mechanism of  this negative regulation 
could well l ie in the recruitment o f  SHP-1 
by CD22 to  the antigen-receptor complex 
(4, 5). Indeed, SHP-1-deficient viable 
motheaten (mew) mice also give exaggerat- 
ed calcium responses o n  BCR triggering as 
well as show severe autoimmune disease, 
dramatically increased serum IgM concen- 
trations, and an expanded B-1 population 
(15). The phenotype of CDZZ-deficient B 
cells contrasts w i th  the hyporesponsive- 
ness of B cells from mice lacking CD45 
(1 1, 16), suggesting that the CD45 phos- 
phatase and CD22-associated SHP-1 act 
o n  distinct phosphotyrosines in the anti- 

gen-receptor signaling cascade. Indeed, 
the absence of CD22 does not  amear to . . 
affect the kinetics of total cellular protein 
tyrosine phosphorylation induced by anti- 
gen receptor cross-linking (Fig. 3F), but 
this clearly does not  exclude altered phos- 
phorylation kinetics of individual compo- 
nents in the signaling cascade. 

Our results, taken together wi th the de- 
velopmental pattern of CD22 expression, 
sumort the idea that CD22 has a role in . 
increasing the threshold of sensitivity to 
antigen that accompanies the differentia-+ 
t ion of an immature B cell (which i s  sensi- 
tive to tolerization by low-affinity self-anti- 
gen) into a mature B cell that awaits trig- 
gering by exogenous antigen. 
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Visual Pigment Gene Structure and the 
Severity of Color Vision Defects 

Jay Neitz," Maureen Neitz, Pamela M. Kainz 

Rearrangements of the visual pigment genes are associated with defective color vision 
and with differences between types of red-green color blindness. Among individuals 
within the most common category of defective color vision. deuteranomaly. there is a 
large variation in the severity of color vision loss. An examination of specific photopig- 
ment gene sites responsible for tuning photopigment absorption spectra revealed dif- 
ferences that predict these variations in the color defect. The results indicate that the 
severity of the defect in deuteranomalous color vision depends on the degree of similarity 
among the residual photopigments that serve vision in the color-anomalous eye. 

Precllcting the severity of a deficit f -om 
e ram~na t lon  of a person's genetic malteup 
may prove to be particularl\- challenying for 
iiisoriiers that involve the nervous system 
,111il iuanifest them~elves  pr~m,~ril\-  as ditfer- 
ences in hehav~or .  Konetheless. here 1s an  
esample: a class of hum,~n color vision de- 
fect in \ ~ l i ~ c l i  differelices allioiig tlie penes 
preiilct the se\.erity of color vislon loss. 
Dei~teranomaly is the most corninan inlier- 
lteii color vlsion ilefect, afkctlng niore than 

Depsltment cf C e  LI ar B cog) and Anatcriy and Depsrt- 
men: of Oplitlialt-lcloqv, rbtedca Coleae of Wscotis n. 
8701 Watertov~n plank Road, ~ ~ l v ~ a u k e e ,  Wl 53226 
USA 

.To iv1:on ccrresuonclence sIiou3 oe addressed 

1 in e\.er\- 22 men In the Lillteii States. T h e  
condition arises fi-om the  al~sence of one of 
the cone photoplgments, the normal pig- 

illelit that is sensit~ve to middle n.ave- 
lengths ( A T ) .  Even tho i~gh  deuteranomalous 
lndlviiiualz are nlisslng normal L1 phi~topig- 
ment  iunction, the). retain varying iietrrees 
of tricl~romatlc color \.ision, n.hic1i is l3aseil 
o n  a pigment that 1s senaltive to short wave- 
lengths plus t \ ~ - o  narrowly separate;l pho- 
topigllients that ahsorb in the long-\yare- 
leilgth (L)  region of the spectrum. 

In  this sti~iiy, 16 voilng men were ~dei i -  
t ~ f ~ e i l  as iiei~teranomalous on the Iyasii of a 
rtaniiarii color matching test fi>r red-green 
color visloil ilefects-the Ra\-leigh matcli. 

19 Changes n ntracellulsr calc~um concetitrstlons 
([Ca' ] I  as a consequence cf BCR CI-oss-inkng v21tti 
varlcus concentra;'otis cf C!ao !- ccst ant)-IL (Jack 
sen1 or goat antserum to 1iicus6 8 ctiati (Nor3c 11-1- 
munc~ogcal~ !::ere measure3 on indo-I-treated 
splenc Iyniplicc.Les that liad oeen p ~ ~ r ~ f i e d  by band- 
n y  on h~stcpaque (Sigma1 T eels and act1~ate3 y~-I- 
pticc:tes v2ere exc~lded tiy co-stanng 1::th bo tny -  
sted sntCC43 2nd PE-streptab~d n. The [Ca2 +] ivss 
tiiotiitcred 1::th s f~~crescence-actvated eel scrtng 
(FACSl flcl:: c)l(o~-ieter an3 LYSS I sofivxtre (Beckton 
D~ck~nson) by I-leasurng chsnges n the rstc cf ndo-1 
eimissons s; 395 and 350 nl-i n lea  t~me 

20. Cells (2 h 10' cells n 0 2 m11 //ere ncuoated n 
tripcate ssnipes 1::th the ndcate3 concentration cf 
tiiAb b-7-6 to 11, cl ia~n or 11popolysacchsri3e for 48 
hours oefore a i6-t icur nc~roaton v,tti 0 5 ILCI of 
[.'Hjthvmldne a3er v ~ h c l i  !tie ra3 oact5 t v  nccrpc- 
r axd  Into mael-o~molec~~les !::as measure3 Simar 
r e s ~ t s  !::ere ootatie3 iv~th  three sets of CD22-defl- 
cent and normal imice. The imAb b-7-6 'rbt h J u ~ t s .  
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In thls test, the person 12 askecl to ii~rs 

togetller a reii and a green l ~ g h t  in a prcl- 
p o r t ~ o n  that eractl\- niatches the appear- 
ance of a moni~chromatic x-ellony 11fil1t. as 
has heen pre\.lousl\. descr~heil (1  ). 'A 
teranomaliii~s pzrs~7n chooses a niuch hlfiher 
p ~ ~ ~ p o r t i o n  of green light in tlie llilxture 
tlian does a person n ~ t h  normal cc~lor v1- 
sion. This color-matching test also dlstin- 
euislies deu te ran~~malo i~s  tr~chromats from 
d~chromats  [as n.as ili)nc 111 (Z)], ~ v h o  have 
only twio cone photopigments anii thus silf- 

fer the most revere of the common r e d  
green color iletects. Once we iiifterentiated 
deirteranomalo~ls liieil fr~>iil Inell with nor- 
mal color vls~iin ,~nd  fro111 dichro1l1ats by 
means of the Rayleigh match, we assayed 
the se\.erity of the color vision ~ m p ~ ~ i r m e n t  
~lsing the Aiuericail Optical, Hardy, Rand 
anti Rlttler (AO-HRR)  ~~sru~ioisochromat ic  
plates for color v~s ion  testing. Fn)m the 
coniplete set ~ > f  plates ~ n c l u ~ i e ~ i  111 the  test, 
we ~ ~ s e d  a series of sir  test flnilres desieneil 
for grading Lieutan color cleficts (Fig. ' 1 ~ ) .  
Each design in this seilLiznce 1s composecl of 
.r redtl~sh-colored synil~ol con LI hackgroi~nd 
of gra7- dots. Eacli s \ - ~ u h ~ ) l  In tlie progression 
l a  more ~ntenselv coloreii than the last. 

T h e  ileutei-anomalous participants var- 
ied enormousl\- in thelr perfi~~.mance on this 
test. Although all 16 men had been classi- 
fied as iieuteranomaloi~s in the color- 
matching test, a auhhet of these participants 


