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overlapping set of genomic clones encocling the 5'-
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indicatec! was used to iclentify homologous recombi-
nants. Multiple clones were isolated! that correctly tar-
geted the IAP gene, and injection of one of these
resulted in germline transmission.

. Mice were tail bled. and washed erythrocytes
stained first with mAb miap301 to mouse IAP. then
with fluorescein isothiocyanate—labeled secondary
antibody and analyzed by flow cytometry. As a neg-
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ative control. an isotype-matched mAb to keyhole
limpet hemocyanine (KLH) was used. Single-cell
suspensions of mouse bone marrow (from femurs
and tibiae) were similarly analyzed, except that stain-
ing was cone in the presence of excess human IgG
(1 mg/ml) to block Fc receptor interactions.

26. Erythrocyte ghosts were prepared from 1 ml of mouse

blood by lysis and washing in 5 mM tris-HCI (pH 8.0)

ancl 1 mM phenylmethylsulphonyl fluoride. Equivalent

amounts of protein were solubilizec! in nonreclucing

SDS sample buffer, electrophoresed on a 10% SDS-

polyacrylamicle gel. and reacted with a 1/500 dlilution

of polyclonal rabbit antibocly to IAP cytoplasmic tail (3)

orto the IAP NH,-terminus [raised! to KLH-conjugated!

pyro-QLLFSNVNSIEFTSC (single letter amino acid
code: pyro-Q, pyro-GIn: L. Leu: F. Phe; S, Ser: N. Asn:

V, Val; I, lle: E. Glu; C. Cys)] followed by washing.

incubation with peroxiclase-labelecl goat antibocly to

rabbit IgG, and cletection by enhanced chemolumi-

nesence (Amersham, Arlington Heights. IL).

Escherichia coli O18:K1:H7 (72) was passaged

twice in C57BL/6J mice before use. IAP-deficient (7

= 4 or littermate controls (+/—; control} (7 = 5) from

mice back-crossed five generations onto C57BL/GJ
were inoculatec! intraperitoneally with 5 < 107 bac-
teriain 100 .l of pyrogen-free saline and observed as
described (76). Mice back-crossed for eight genera-

tions yielded similar results (713).

28. IAP-deficient mice (n = 7) back-crossed for eight
generations onto C57BL/6J and heterozygote litter-
mate controls (1 = 5) were challenged with 3 < 10"
E. coli O18:K1:H17 (see Fig. 2). After 4 hours, mice
were anesthetized and Killect, and 5-ml peritoneal
lavages in sterile saline obtained as described (76).
Similarly, IAP-deficient (n = 6) and control (7 = 5)
mice were challenged with 4.3 x 107, and after 24
hours total cell counts, dlifferential counts. and colo-
ny-forming units of £. coli were assessed and PMN
counts were calculated.

29. Sheep red hlood cells (RBCs) opsonized with murine
IgG2b antibocly to sheep RBCs were prepared and
incubated with murine bone marrow PMNs after a
brief centrifugation as describect (22). After lysis of
extracellular targets, RBCs phagocylosed per 100
PMNSs (phagocytic inclex) were determined (22).

27.
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30. Microtiter plates were coated with 50 pl of eight-
KGAGDVA-valent peptide (150 pg/ml) and eight-
KGALEVA-valent pepticle (150 wg/ml) as described
(8). Then 2 x 10% murine bone Mmarrow PMNs were
added per well and hydrogen peroxide production
assayed after 60 min with a scopoletin-based fluores-
cence assay (8).

31. Fluorescent latex beads (1.3 j.m) were coated with
eight-KGAGDVA-valent peptide or HSA as de-
scribed (9). Next 3 < 10> murine bone marrow PMNs
were incubated 15 min at room temperature in 100
wl of Hanks' balanced salt solution with catalase, 0.1
mM MLP, and either normal rabbit IgG (30 j.g/ml),
rabbit IgG to human IAP (30 pg/ml), or rabbit anti-
serum to human placental Arg-Gly-Asp binding inte-
grins (30) at a dilution of 1:200. Then 45 pl of beads
were added and the mixture incubated for 30 min at
37°C. Cells were washed twice, and PMN-bound
fluorescent beads were counted under an ultraviolet
microscope and expressed as beads bound per 100
cells (attachment index).

32. C3bi-coated sheep erythrocytes (EC3bi) were made
by incubating 200 pl of sheep erythrocytes coated
with rabbit IgM to sheep erythrocytes, 190 ul of vero-
nal-buffered saline with dextrose, Ca* and Mg2*
(VBS), and 10 pl of C5-deficient mouse serum (ab-
sorbecl with sheep erythrocytes) for 1 hour at 37°C
followed by washing and resuspension in 400 pl of
VBS (23). Then 200,000 PMNs in 50 pl of VBS, 50 pl
of 100 pM fMLP in VBS, and 15 pl of EC3bi were
pelleted briefly and resuspended, followed by incuba-
tion at 37°C for 30 min. The number of EC3bi rosetted
per 100 PMNs was determined microscopically. No
EC3bi are ingested undler these conditions (23).
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Hyperresponsive B Cells in CD22-Deficient Mice

Theresa L. O’Keefe, Gareth T. Williams, Sarah L. Davies,
Michael S. Neuberger*®

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.

Antigen interaction with the B cell anti-
gen teceptor (BCR) triggers a cascade of
protein tyrosine phosphorylation, which,
depending on the maturational state of the
B cell and on the nature of additional sig-
nals, leads to activation or death (1). CD22
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is a B cell-restricted glycoprotein with an
extracellular domain that binds glycoconju-
gates containing « 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-

induced signaling, we generated mice with a
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Fig. 1. Generation and identification of CD22-deficient (CD22~/7)
mice. (A) Targeting construct. Configuration of the mouse CD22
locus before (above) recombination with the targeting construct

—Relative cell number—

(below). The locations of the exons encoding domains 5 through 7

of the extracellular portion of CD22 as well as the transmembrane (TM) and cytoplasmic (CT) portions
are indicated. B, Bam HI; Bg, Bl Il; S, Stu I; X, Xba I; HSV-tk, herpes simplex virus thymidine kinase
gene; Neo, neomycin-resistance cassette. (B) Expression of CD22 on the surface of splenic B cells of
CD22~/~, CD22 /", and CD22*/~ siblings was analyzed by flow cytometry with the Cy34.1.2 mono-
clonal antibody to CD22 (Lyb8.2; American Type Culture Collection) (77).

disrupted CD22 gene (6). Flow cytometry
revealed that, although splenic B cells were
present in near-normal abundance in
CD22-deficient mice, CD22 was not de-
tectable on their surface (Fig. 1). The ex-
pression of CD22 was also reduced on B
cells from heterozygous CD22"/~ animals.
The production and expansion of B-
lineage precursors proceeded normally in
CD22-deficient mice as revealed by anal-
ysis of the subpopulations in bone marrow
(7); this is consistent with CD22 expres-
sion in normal mice being largely restrict-
ed to the mature B cell population (8).
Splenic B cells were analyzed for a variety of
cell surface markers (9), the most notable
difference being that splenocytes from
CD22~/" mice showed a depletion of IgM"-
[gDM B cells with a shift toward an IgM"-
IgD" phenotype (Fig. 2A). This is unlikely
to reflect a requirement for CD22 for effi-
cient surface transport of membrane immu-
noglobulin M (IgM), because peritoneal B
cells from the CD22-deficient mice show
high IgM expression (Fig. 2B). The shift
toward an IgM"-JgDM phenotype parallels
what has been observed in B cells carrying

an anti—hen egg lysozyme (HEL) immuno-
globulin transgene that have developed in
the presence of the HEL ligand (10); it
contrasts with the shift toward an IgMPi
IgD" phenotype in the hyporesponsive B
cells of CD45-deficient mice (11). We fa-
vor the hypothesis that this shift in the
CD22-deficient animals reflects an aug-
mented, possibly ligand-induced, matura-
tional event due to the hyperresponsiveness
of their B lymphocytes.

Experiments with antibodies to CD22
have revealed that CD22 can mediate sig-
nal transduction in B cells, although re-
ports differ as to whether the presence of
CD22 serves to augment or to inhibit
signals delivered from BCR (4, 12). Splen-
ic B cells from CD22-deficient mice were
considerably more sensitive to membrane
[gM ligation than those from wild-type sib-
lings; not only was a calcium flux achieved
with lower concentrations of F(ab'), goat
antiserum to mouse  chain (anti-p) (and
similarly, of anti-8), but the size of the spike
was also larger (Fig. 3A). This at least in
part reflects increased calcium release from
internal stores (Fig. 3B). The CD22-defi-

+/+

cient B cells also manifested increased sen-
sitivity to BCR ligation by a monoclonal
anti-p as judged by proliferative responses
and by up-regulation of the CD86 co-stimu-
latory molecule (Fig. 3, C to E). [The differ-
ences in proliferation of normal and CD22-
deficient B cells induced by F(ab'), goat
anti-p was less evident, presumably because
of the greater cross-linking effected.]

Signals initiated at the antigen receptor
are not only needed for B cell maturation
but are likely required for B cell mainte-
nance. We therefore asked whether the loss
of CD22 affected the size of the long-lived
B cell pool. The peritoneal B-1 cell popu-
lation [identified by its IgMM, IgD", and
CD43* phenotype (13)] is doubled in
CD227" mice (Fig. 2B).

Monitoring antibody production after
challenge with a T cell-dependent antigen
revealed that the CD22-deficient mice gave
augmented responses (Fig. 4A). Increased
activation of B cells was also observed in
the absence of specific immunization in
that a higher proportion of B cells in the
Peyer’s patches of CD22-deficient mice ex-
hibited a germinal center phenotype (Fig.
2C). Even in 7-week-old mice, the B cells
from Peyer's patch germinal centers of
CD22-deficient animals had accumulated
multiple somatic mutations in their immu-
noglobulin genes (14).

Unimmunized CD22-deficient mice ex-
hibited elevated concentrations of serum
[gM, whereas the titers of the other isotypes
were not significantly altered (Fig. 4B). Al-
though the animals showed no significant
incidence of autoimmune disease by 5
months of age, we noted that they often
yielded serum titers of antibodies to DNA
as judged by perinuclear staining of Hep-2
cells. Enzyme-linked immunosorbent assay
(ELISA) confirmed the presence of in-
creased titers of antibody to double-strand-
ed (ds) DNA and antibody to dsDNA-
histome complex (Fig. 4, C and D).

Fig. 2. Representative
flow cytometric analysis
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of lymphocyte popula-
tions in CD22 homozy-
gous mutant (=/—) and
wild-type  (+/+) litter-
mates. (A) Spleen. The
percentages of the total

IgM- ‘

gated splenocytes falling
within the boxed areas

PNA

[(B220+, IgMN IgM'®) and (IgD™*, IgM™, IgM')] are indicated. Five
litter-matched sets were analyzed, with the proportion of B220*
cells that are IgM" being reduced by a factor of 3.6 = 1.8 in
CD22~/~ and 1.3 = 0.2 in CD22*/~ mice (18). (B) Peritoneum.
The percentages of the total gated peritoneal cells that are

CD43", IgM* are indicated. Compared with wild-type litter-

mice (n = 5) revealed a (2 + 0.48)-fold increase in the proportion of peritoneal IgM™ cells that were CD43™*. (C) Peyer’s patches. The

percentages of the total gated Peyer's patch cells that were B220* and stained brightly or dully with peanut agglutinin (PNA) are indicated. The proportion
of B220™ cells that exhibited a PNA" phenotype was increased by a factor of 1.53 = 0.21 in the CD22 /" mice (0 = 4).
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Fig. 3. In vitro responses of splenic B cells from
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CD22-deficient mice compared with those of nor- 8 150 5 1 0 0 1 5 Time
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CD22*/* mice analyzed. (B) Changes in [Ca®"]
after incubation with goat antiserum to mouse & chain (0.2 pg/ml) (left panel) or
F(ab'), goat antiserum to mouse p chain (5 pg/mi) in the presence 1.8 mM
EGTA (right panel). (C) Up-regulation of CD86 (B7-2) expression. After 24-hour
incubation with monoclonal antibody (mAb) b-7-6 to mouse . chain, normal B
cells showed significant CD86 up-regulation only with concentrations of mAb
b-7-6 = 12 pg/ml, whereas CD22-deficient B cells showed clear CD86 up-
regulation with a concentration of 3 wg/ml. (D) Proliferative responses (= SEM)
induced by incubation with various concentrations of mitogenic mAb b-7-6
alone or with interleukin-4 (IL-4) (500 U/ml, Genzyme) were monitored in spleen
cells from CD22-deficient mice (solid bars) and wild-type littermates (shaded)

Fig. 4. Serum Ig titers. (A)
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(20). Proliferative responses were also measured to (E) lipopolysaccharide
(LPS) (bar sets 1 to 3; 0.016, 2, and 50 ul/ml, respectively) and anti-CD40
supematant plus IL-4 (bar set 4). (F) Tyrosine phosphorylation of cellular pro-
teins was analyzed at 0, 1, and 5 min after the addition of F(ab’),, goat anti-w. (10
wg/ml) to suspensions of Histopaque-purified splenocytes from CD22 and
wild-type littermates. Tyrosine-phosphorylated proteins were detected with
mAb 4G10 to phosphotyrosine (Upstate Biotechnology) on protein immuno-
blots of whole-cell extracts. The migration of CD22 is indicated by an arrow,
that of a 65-kD pair of major BCR-induced phosphorylation targets by an
asterisk.
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Mean titters (= SEM) of
N-bearing  4(hydroxy-3-
nitrophenyl)acetyl (NP)}-
specific antibody in sera
from CD22-deficient (filled
symbols; unimmunized
titerwas 1.1 = 0.6 ng/ml)
and wild-type (open sym-
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bols; unimmunized titer
was 0.6 = 0.3 ng/ml)
mice at various times af-
ter intraperitoneal immu-
nization with 50 pg of alum-precipitated NP, ,-chicken -y-globulin. Similar re-
sults were obtained on measuring total IgG1 anti-NP titers. Animals were
immunized on day 0 and boosted on day 60 (arrow). (B) Serum IgM concen-
trations in unimmunized mice were determined by ELISA with reagents and
protocols from Pharmingen. (C) Titers of antibodies to dsDNA and (D) antibod-
ies to DNA-histone complex were determined by ELISA (27) and devel-
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++
5 months

oped with biotinylated anti-mouse k. Sera were from CD22-deficient mice
(filed symbols), wild-type litter mates (open symbols), MRL/lpr control serum
(half-filled squares). The mice were 5 months old and from C57BL/6 breedings
(circles) or 4 months old and from BALB/c breedings (triangles). The autoan-
tibodies were predominantly of the IgM class, although elevated titers of IgG1
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 lie in the recruitment of SHP-1
by CD22 to the antigen-receptor complex
(4, 5). Indeed, SHP-1-deficient wiable
motheaten (me”) mice also give exaggerat-
ed calcium responses on 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 CD22-deficient B
cells contrasts with the hyporesponsive-
ness of B cells from mice lacking CD45
(11, 16), suggesting that the CD45 phos-
phatase and CD22-associated SHP-1 act
on distinct phosphotyrosines in the anti-
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gen-receptor signaling cascade. Indeed,
the absence of CD22 does not appear 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 with the de-
velopmental pattern of CD22 expression,
support the idea that CD22 has a role in
increasing the threshold of sensitivity to
antigen that accompanies the differentia-+
tion of an immature B cell (which is 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.

Prcdicting the severity of a deficit from
examination of a person’s genetic makeup
may prove to be particularly challenging for
disorders that involve the nervous system
and manifest themselves primarily as differ-
ences in behavior. Nonetheless, here is an
example: a class of human color vision de-
fect in which differences among the genes
predict the severity of color vision loss.
Deuteranomaly is the most common inher-
ited color vision defect, affecting more than
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1 in every 20 men in the United States. The
condition arises from the absence of one of
the cone photopigments, the normal pig-
ment that is sensitive to middle wave-
lengths (M). Even though deuteranomalous
individuals are missing normal M photopig-
ment function, they retain varying degrees
of trichromatic color vision, which is based
on a pigment that is sensitive to short wave-
lengths plus two narrowly separated pho-
topigments that absorb in the long-wave-
length (L) region of the spectrum.

In this study, 16 young men were iden-
tified as deuteranomalous on the basis of a
standard color matching test for red-green
color vision defects—the Rayleigh match.
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In this test, the person is asked to mix
together a red and a green light in a pro-
portion that exactly matches the appear-
ance of a monochromatic yellow light, as
has been previously described (1). A deu-
teranomalous person chooses a much higher
proportion of green light in the mixture
than does a person with normal color vi-
sion. This color-matching test also distin-
guishes deuteranomalous trichromats from
dichromats [as was done in (2)], who have
only two cone photopigments and thus suf-
fer the most severe of the common red-
green color defects. Once we differentiated
deuteranomalous men from men with nor-
mal color vision and from dichromats by
means of the Rayleigh match, we assayed
the severity of the color vision impairment
using the American Optical, Hardy, Rand
and Rittler (AO-HRR) pseudoisochromatic
plates for color vision testing. From the
complete set of plates included in the test,
we used a series of six test figures designed
for grading deutan color defects (Fig. 1A).
Each design in this sequence is composed of
a reddish-colored symbol on a background
of gray dots. Each symbol in the progression
is more intensely colored than the last.
The deuteranomalous participants var-
ied enormously in their performance on this
test. Although all 16 men had been classi-
fied as deuteranomalous in the color-
matching test, a subset of these participants
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