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Abstract

Upon antigen recognition by the T cell receptor, lymphocyte function—associated antigen 1
(LFA-1) physically associates with the leukocyte adhesion molecule CD226 (DNAM-1) and
the protein tyrosine kinase Fyn. We show that lentiviral vector-mediated mutant (Y-F2)
CD226 transferred into naive CD4™ helper T cells (Ths) inhibited interleukin (IL}-12-independent
Thl development inittated by CD3 and LFA-1 ligations. Moreover, proliferation induced by
LFA-1 costimulatory signal was suppressed in mutant (Y-F??) CD22é-transduced naive CD4+
and CD8* T cells in the absence of IL-2. These results suggest that C[D226 is involved in LFA-1—
mediated costimulatory signals for triggering naive T cell differentiation and proliferation. We
also demonstrate that although LFA-1, CD226, and Fyn are polarized at the immunological
synapse upon stimulation with anti-CID3 in CD4* and CD8* T cells, lipid rafts are polarized in
CD4*, but not CD8*, T cells. Moreover, proliferation initiated by LFA-1 costimulatory signal
is suppressed by lipid raft disruption in CD4*, but not CD8*, T cells, suggesting that the LFA-1
costimulatory signal is independent of lipid rafts in CD8* T cells.

Key words:  LFA-1 » CD226 » costimulatory molecules * lentiviral vector « naive T cells

Introduction

The aLB2 integrin, LFA-1 (CD11a/CD18), is expressed
on most leukocytes and mediates cell-cell adhesion upon
binding to its ligands, the intercellular adhesion molecule
{(ICAM)-1 (CI>54), ICAM-2 (CD102), ICAM-3 (CD50;
reference 1), or JAM-1 (2). Circulating peripheral blood
(PB) leukocytes generally express an inactive form of
LFA-1. Once leukocytes are activated, for instance
through the TCIU upon recognition of a peptide antigen
or by PMA, intracellular signals (referred to as “inside-
out” signals) cause a conformational change in LFA-1,

Address conespondence to Akira Shibuya, Laboratory for Immune Receptor,
RIKEN Research Center for Allergy and Immunology, 3-1-1 Koyadai,
Ibaraki 3015-0074, Japan. Phone: 81-298-36-9174; Fax: 81-298-36-9175;
email: ashibuya@ree.riken.go.jp

H. Nakauchi’s present address is Laboratory of Stem Cell Therapy,
Center for Experimental Medicine, The Insutute of Medical Science,
University of Tokyo, Tokye 108-8639, Japan.

1829

resulting in intercellular binding and effector cell func-
tion (1, 3).

Antibody cross-linking of cell surface LFA-1 induces
intracellular signals (referred to as “outside-in” signals; 4),
suggesting that ligand binding may also affect cellular
functions such as apoptosis, cytotoxicity, proliferation,
cytokine production, and antigen presentation (1, 5).
Studies using mice with disrupted CD11a or CIX18 genes
have indicated a requirement for LFA-1 in T cell prolifer-
ation induced by the TCR-CD3 complex (6, 7). More-
over, recent reports have suggested that LFA-1 might be
involved in Th differentiation (8, 9). These observations

Abbreviations used i this paper: CB, cord blood; cPPT, central polypurine trace;
CTS, central rermination sequence; JCAM, intercellular adhesion molecule;
IRES, interml ribosome entry site; MBCD, methyl-B-cyclodextrin; MOI,
multiplicity of infection; PB, peripheral blood; SIN, self-inactivating;
WPRE, woodchuck hepatitis virus posttranscriptional regulatory element,
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indicate that LFA-1 not only mediates intercellular bind-
ing but may also deliver costimulatory signals in T lym-
phocytes (4). In contrast with inside-out signaling, however,
little is known about the intracellular signals initiated by
LFA-1 ligation.

The leukocyte adhesion molecule DNAM-1 (CD226) is
constitutively expressed on the majority of T lymphocytes,
NK cells, and monocytes (10, 11). We have previously re-
ported that LFA-1 constitutively associates with CD226 in
NK cells (12). Moreover, stimulation of PB T cells with ei-
ther anti-CD3 or PMA induces the physical association of
LFA-1 and CD226 (12). Once LFA-1 and CD226 associ-
ate, cross-linking LFA-1 with anti-CD18 mAb induced ty-
rosine phosphorylation of CD226, for which the Fyn pro-
tein tyrosine kinase is responsible (12}, suggesting that
CD226 plays an important role for costimulatory signals
initiated by LFA-1 ligation.

Gene transfer techniques are important not only for clin-
ical therapy of various diseases but also for studies of molec-
ular mechanisms of immune responses. In particular, to
strictly study gene functions in naive or resting lymphocyte
differentiation, proliferation, or activation, an efficient
method of gene transfer into these, rather than activated or
stimulated, lymphocytes should be required. Although ret-
roviral vectors, derived from Moloney murine leukemia vi-
rus, have been successful for gene transfer into various cell
types, they are unable to transduce nondividing cells, in-
cluding resting primary lymphocytes (13, 14). Previously,
retroviral vectors have been used for studies of molecular
mechanisms of Th differentiation from CD4* naive T cells,
which required stimulation with antigen or anti-CD?3 anti-
body and cytokines such as IL-2 for a few days before gene
transduction (15, 16). These prestimulated T cells may lose
the naive phenotype and may not be naive T cells anymore
according to a rigorous definition, although they may re-
main in the uncommitted developmental stage. Recent
studies have demonstrated that HIV-1-based lentiviral vec-
tors are capable of transducing nondividing and terminally
differentiated cells, including neurons, myoblasts, hepato-
cytes, and hematopoietic stem cells {17-20). Moreover, the
infection and propagation of HIV-1 in resting CD4* T
cells isolated from HIV-1-infected individuals have been
described (21, 22). However, several reports also showed
that resting primary blood cells, including T and B cells and
monocytes, are refractory to lentiviral vector-mediated
gene transfer, unless these cells are stimulated with exoge-
nous cytokines and/or antibodies (23, 24).

In this study, we demonstrate the dramatically improved
transduction efficiency of resting lymphocyte subsets, in-
cluding naive T cells, by lentiviral vectors. Using the len-
tivitus-mediated gene transfer system, we investigated
whether CD226 is involved in LFA-1 costimulatory func-
tion in naive T cell differentiation and proliferation.

Materials and Methods

Antibodies and Cytokines. Anti-Ki67, anti-phosphotyrosine
mAb (4G10), and anti-Flag mAb were purchased from DakoCy-
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tomation, Upstate Biotechnology, and Sigma-Aldrich, respec-
tively. Anti-CD226 (DX11) mAb and anti-Fyn polyclonal Ab
were provided by J. Phillips and J. Bolen (DNAX, Palo Alwo,
CA). The other mAbs and ¢ytokines used in this study were pur-
chased from BD Biosciences. Anti-CD11a and anti-CD226 were
labeled with Alexa 594 by Monoclonal Antibody Labeling Kit
(Molecular Probes).

Isolation of Each Blood Cell Subset. CD4* T cells, CD8* T
cells, CD19% B cells, CD3~ CD36* NK cells, and CD14* mono-
cytes were separated from PB or cord blood (CB; provided by Y.
Shiina, Shiina Hospital, Ibaraki, Japan) by positive selection using
MACS. The purity of each cell was >95% as analyzed by flow
cytometry. CD4* CD4SRA* CD4SRO™ maive T cells were ob-
tained by further purifications from PB or CB CI>4* T cells using
flow cytometry to achieve >99% purity.

Preparation of Lentiviral and Retroviral Vectors and Transduction of
Resting Blood Cells. For preparation of lentiviral vectors, the
packaging construct pMDLg/pRRE, in which all accessory genes
(vif, vpr, vpu, and nef) and regulatory genes (tat and rev) have
been deleted, was used in this study (25). For expression of
EGFP, the self-inactivating (SIN) vector construct pCS-CDF-
CG-PRE that contains the EGFP gene under the control of the
CMV promoter, the central polypurine tract (cPPT), and the
central termination sequence {CTS), and the woodchuck hepati-
tis virus posttranscriptional regulatory element (WPRE; 26, 27)
was used. For expression of WT or Y-F** CD226 in naive T
cells, Flag-tagged WT or Y-F*22 (12} CD226 was inserted in the
multiple cloning sites of the SIN vector pCSII-CMV-MCS-
internal ribosome entry site (IRES)-hrGFP. Lentiviral vecrors
pseudotyped with the vesicular stomatitis virus G glycoprotein
were generated as previously described (27). In brief, 293 T cells
were transiently cotransfected with appropriate amounts of the
SIN vector construct (pCS-CDF-CG-PRE or pCSII-CMV-
[Flag-tagged WT or Y-F**? CD226]-IRES-IrGFP), the packag-
ing construct (pMDLg/pRIRE), the Rev-expressing construct
(pRSV-Rev), and the vesicular stomatitis virus G glycoprotein--
expressing construct (pMD.G). The viral supernatants were col-
lected 72 h after transfection and concentrated ~1,000-fold by
ultracentrifugation at 19,400 rpm (SW28; Beckman Coulter) for
2 h and virus precipitates were resuspended by pipetting exten-
sively (usually more than 200 tmes). For preparation of a retrovi-
ral vector, we used the plasmid construct pGCsam-IRES-EGFP
as previously described (28). Vector titers were determined by in-
fection of HeLa cells with serial dilutions of the vector stocks, fol-
lowed by flow cytometry analysis for EGFP or hrGFP expression.
For infection, 105 cells isolated from CB or PB were cultured in
RPM! medium in the presence or absence of 10% FBS contain-
ing lentivirus or retrovirus supernatants at a multiplicity of infec-
tion (MOI) of 2, 10, or 100 in 96-well U-bottom plates for 72 h
at 37°C in 5% CQ,. Total volume of culture medium per well
was <100 pl.

Stimulation of Naive CD4* T Cells.  MNaive CD4* T cells (2.5 X
10% per well) were stimulated with plate-coated anti-CID3 and
anti-CD18 mAbs and 10 ng/ml [L-2 in a total volume of 2 ] in
24-well plates. T cells were expanded and maintzined in the same
culture conditions for 2 wk. For the control of Th1/Th2 differ-
entiation, naive T cells were stimulated with plate-coated anti-
CD3, 10 pg/ml soluble anti-CD28, and 10 ng/ml IL-2 in the
presence of either 10 ng/m] IL-12 plus 10 pg/ml anti-1L-4 or 10
ng/ml [L-4 plus 10 pg/ml anti-1L-12. For neutralization of IL-
12, 40 pg/ml anti-1L-12 mAbs were added in the cultures.

Analysis of Intracellular Cytokines and ELISA.  Intracellular
IFN-v, IL-4, and IL-13 syntheses were analyzed by flow cytome-
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try as previously described (29}, Concentrations of IFN-y, 1L-4,
IL-13, and {L-2 in culture supernatants were determined using an
ELISA kit (Biosource International) according to the manufac-
turer’s instructions.

Cell Cyde Analysis.  Cells were stained with Hoechst 33342
and Pyronin Y (both from Sigma-Aldrich) as previously described
(30). In brief, naive CD4 T cells were washed once in PBS, incu-
bated in PBS containing 5 pg/ml Hoechst 33342 at 37°C for 75
min, and Pyronin Y was then added to give a final concentration
of 5 pg/ml followed by an additional 15-min incubation. For
Ki67 staining, cells were fixed with 1% paraformaldehyde in PBS,
permented with 0.1% Triton X-100 (Sigma-Aldrich) in [FA
butter (10 mimol/liter Hepes, pH 7.4, 150 mumol/liter NaCl, 4%
FCS, 0.1% NaN;), and then incubated with anti-Ki67 antibody
for 30 min. Washes between each step were performed with IFA
buffer containing 0.1% Triton X-100. Cells were analyzed on a

FACS Vantage™ flow cytometer and were analyzed using
CELLQuest™ software.

Biochemistry. To examine the tyrosine phosphorylation of
CD226, cells were stimulated with plastic-coated mAbs for 2 min
or 7 d at 37°C. Cells were lysed with 1% NP-40 lysis buffer, im-
munoprecipitated with control Ig, anti—-DINAM-1 mAbs, or anti-
FLAG, and amalyzed by immunoblotting with ant-phosphoty-
rosine 4G10 as previously described (12). To examine association
of CD226 with LFA-1, cells were stimulated with anti-CD3 for 5
min at 37°C and lysed with 1% digitonin lysis buffer. Lysates were
immunoprecipitated with anti-CD18 or control Ig and analyzed
by immunoblotting with anti-CD226 as previously described
(12).

Immunofluorescence.  Receptor clustering and lipid raft aggre-
gation by beads have been described (31). In brief, 6-pm diame-
ter latex beads (Polysciences Inc.) were coated with anti-CD3e
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lentiviral vectors containing EGFP
D Naive CD4* T cells at an MOI of 10 without any
Before 3 d after Activated exogenous stimuli or cytokines.
< Infection Infection T cells 3 d after infection, EGFP expres-
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were stained with Hoechst and Pyronin Y or anti-Ki67 before and 3 d after infection (I}) and analyzed by flow ¢ytometry. Staining of CD4* CD4SRA*
naive T cells activated with anti-CD3 and anti-CID28 were used as a positive control (D). The naive T cells 3 d afier infection were also stimulated with
plate-coated anti-CI?3 and anti-CD28 mAbs and proliferation and cytokine production in culture supernatants were analyzed (C).
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plus either anti-CD28, anti-CD11a, or anti-CI>18, Purified hu-
man PB T cells were mixed with Ab-coated beads at ratios of 1:2
and 4:3, respectively, and incubated for 30 min at 37°C. T cell-
bead complexes were transferred onto poly-L-lysine precoated
coverslips to allow attachment for 5 min at 37°C, fixed with 2%
formaldehyde, and permeabilized with 0.2% Triton X-100 in
PBS. T cells were stained with FITC-conjugated cholera toxin
subunit B (Sigma-Aldrich), Alexa 594-conjugated anti-CD11a,
and anti-CD226. T cells were also stained with rabbit anti—Fyn
polyclonal antibody, followed with Alexa 594—coupled anti—rab-
bit secondary antibodies (Molecular Probes). Coverslips were
mounted with Slow Fade (Molecular Probes) and analyzed by
Leica TCS SP2 confocal laser scanning microscopy with a 63X/
1.32-0.6 oil objective lens.

DProliferation Assays.  CD4* and CD8* naive T cells were stim-
ulated with plastic-coated antibodies. 2 d after stimulation, T cell
proliferations were measured by ELISA using BrdtJ Kit (Roche).
For the study of involvement of raftin T cell proliferation, CD4*
and CD8* T Cells were labeled with CFDA-SE (Molecular
Prabes) and incubated in medium containing methyl-B-cyclo-
dextrin (MBCD; Sigma-Aldrich) at 10 mM for 30 min at 37°C.
Cells were washed and then stimulated or not with plastic-coated
antibodies in the dark. 3 d after culture, cells were harvested and
analyzed by flow cytometry.

Results

Gene Transfer into Resting Blood Cell Subsets by Lentiviral
Vectors.  To examine whether lentiviral vectors can effi-
ciently mediate gene transduction into resting blood cells,
CD4* T cells, CD8* T cells, CD19* B cells, CD56™ NK
cells, and CD11b* monocytes sorted from PB were in-
fected with a retroviral or lentiviral vector containing the
EGFP gene and cultured for 72 h in RPMI medium con-
taining 10% FBS without any exogenous stimuli and cyto-
kines. Consistent with previous reports (32), each subset
was refractory for transduction with the retroviral vector at
an MOI of 10, although PB CD4* T cells stimulated with
anti-CD3 and anti-CD28 mAbs were efficiently transduced
at the same MO (Fig. 1 A). In contrast, the lentiviral vec-
tor efficiently transduced the EGFP gene into all blood cell
subsets tested at an MOI of 10 (Fig. 1 A}.

Gene Transfer into CD4* Naive T Cells by Lentiviral Vec-
tor. We further examined whether lentiviral vectors are
capable of gene transfer into naive CD4* Ths. CD4*
CI>45RA* CD45R.O ™ cells were separated from CB or PB
by sorting with MACS and then with flow cytometry. We
infected these nmaive CD4* T cells with the retroviral or
lentiviral vector containing the EGFP gene and cultured
them for 72 h, as described above. The viability of purified
naive CID4* T cells was >95% after 72 h of culture in the
presence {95.9%) and absence (98.9%) of lentiviral vectors,
as determined by staining with trypan blue, without any
exogenous cytokines, Although the retroviral vector was
refractory for transduction of naive CD4* T cells even at an
MOI of 50, the lentiviral vector efficiently transduce these
cells at an MOI of 2 and the transduction efficiency was in-
creased in an MOQI-dependent manner (Fig. 1 B). Impor-
tantly, CD4* naive T cells maintained the cell surface ex-
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pressions of CD45R A and CIDG2L, which are believed to
be markers for naive T cell phenotypes, after gene transter
(Fig. 1 B). Moreover, proliferation and cytokine produe-
tion of CD4* naive T cells, in response to stimulation with
anti-CD3 and anti-CI328 mAbs, were not aftected by in-
fection with the lentiviral vector containing the EGFP
gene (Fig. 1 C}. We also observed that these virus-infected
cells could give rise to both polarized Th1 and Th2 cells at-
ter culture in the presence of the appropriate cytokines
such as IL-12 and IL-4, respectively {(unpublished data).
Because CB contains a much larger number of naive CI4*
Ths than PB, we basically used CB as a source of naive T
cells. However, by using PB-derived naive T cells, we also
obtained consistent results with those obtained using CB3-
derived naive T cells, These results suggest that lentiviral
vector-mediated gene transfer does not affect functional
properties of PB and CB naive CI4* Ths.

To examine whether CDD4% naive T cells remain in the
resting {i.e., nondividing) state after transduction with the
lentiviral vector, DNA and RINA contents were analyzed
by staining with Hoechst and Pyronin Y, respectively, be-
fore and 3 d after transduction. As demounstrated in Fig. 1
D, DNA and RRNA contents in CB3 CD4* naive T cells did
not change 3 d after transduction, indicating that lentiviral
vector-mediated transduction does not stimulate nondivid-
ing CD4* naive T cells to enter the cell cycle and synthe-
size DNA. Moreover, the expression of Ki67, a nuclear an-
tigen present in all cycling cells and absent in G cells, did
not increase in CB naive T cells after transduction (Fig. 1
D). Taken together, these resufts suggest that CD4¥ naive
T cells preserve the functional and phenotypical character-
istics after gene transfer by the lentiviral vector. '

LFEA-1-tediated  Signal Induces IL-12—independent Th
Differentiation from CD4* Naive T Cefls,  Th1 cells develop
from naive CI4* T cells during activation by APC, for
which IL-12 secreted from APC plays a crucial role. How-
ever, Th1 development is not completely abolished in mice
deficient in IL-12 p40 gene (33), suggesting the presence of
IL-12-independent signaling pathways for Th1 develop-
ment. Because CID4% naive T cells express a variety of co-
stimulatory or adhesion molecules, including CID28, LFA-1,
and CD226, we exanuned: whether intercellular binding
between naive CID4* T cells and APC through these adhe-
sion or costimulatory molecules are involved in IL-12-
independent Th1 differentiation. CB CD4* naive T cells
were stimulated either with plate-coated anti-CI23 alone
or in combination with either mAb against CID28, CD11a
(a chain of LFA-1), CD18 (B chain of LFA-1), or CI3226,
and cultured for 2 wk in [L-2—containing medium, Stimu-
lation with anti-CD11a or anti-CI318 in combination with
anti-CD3 mAb significantly drove Thl development (Fig.
23, The amount of IFN-y production from these cells was
comparable to that in Th1 cells induced by IL-12 (Fig. 2. 3
and C). However, Tht cells were not generated from naive
CD4* T cells by stimulation with anti-CD3 alone (Fig. 2,
A-C), suggesting that engagement of LFA-1 delivers a co-
stimulatory signal that drives Th1 polarization. IL-12-pro-

CD226 Is Involved in LFA-1 Signaling
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ducing cells such as APC did not exist in the culture and,
moreover, the neutralizing antibody against IL-12 did not
affect Thl development induced by stimulation with anti-
CD3 and anu-CI218 (Fig. 2 D). Thus, Thl development
by engagement of CD3 and LFA-1 was triggered by an [L-
12-mdependent, novel signaling pathway,

CD226 Is Involved in the LFEA-1 Signal for Th1 Develop-
ment frog CD4* Naive T Cells.. We have previously re-
ported that cross-linking CD3 and LFA-1 with anti-CD3
and anti-C1D18 mAbs activated the Fyn protein tyrosine ki-
nase, resulting in the tyrosine phosphorylation of CID226 at
the residue 322 in its cytoplasmic region in Jurkat T cells
(12). In this study, we examined whether this is also the case
in CB naive CD4* T cells as well. As demonstrated in Fig, 3
A, coligation of both CD3 and CD18 with mAbs induced
CI>226 tyrosine phosphorylation in naive CD4* T cells. To
determine whether the tyrosine residue 322 of CD226 is
phosphorylated, we infected CB natve CD4% T cells with
the lentiviral vectors containing Flag-tagged WT, mutated
(Y-F=3) CD226, or a mock control vector under the con-
trol of the CMV promoter linked to the IRES-IrGFP.
More than 80% of naive CD4* T cells were efficiently
transduced as determined by the hrGFP expression 3 d after
infection. These transduced cells were then stimulated with
anti-CD3 and anu-CD18 mAbs for 2 min and examined
tor tyrosine phosphorylation of WT and mutant (Y-F)
CI>226. As demonstrated in Fig. 3 B, WT, but not mutant
(Y-F23), CD226 resulted in the phosphorylation, suggesting
that LFA-1-mediated signals phosphorylate the tyrosine at
residue 322 of CD226 in naive CD4* T cells.

Next, We purified heGFP* maive CD4* T cells by flow
cytometry and stimulated them with anti-CD3 and
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anti-CD18 mAbs for 7 d. The phosphotyrosine signal
of CD226 induced by stimulation with anti-CD3 and anti-
CD18 mAbs in T cells transduced with mutant (Y-F2)
CD226 was scarcely detected or significantly less than that
in T cells transduced with WT CD226 (Fig. 3 C). These
results suggest the following possible results induced by the
lentivirus-mediated transfer of mutant (Y-F*2) CD226: (a)
inhibition of tyrosine phosphorylation of endogenous
CI>226 induced by LFA-1-mediated signals, (b) suppres-
sion of endogenous CD226 protetn synthesis itself in a
dominant-negative fashion, or {¢) nothing affected on the
tyrosine phosphorylation of endogenous CD226. None-
theless, IFN-y production was significanty decreased in T
cells transduced with mutant (Y-F*%) CD226 in response
to stimulation with anti-CD3 and anti-CID18 mAbs com-
pared with those in T cells infected with mock control
vector or the vector containing WT CD226 gene (Fig. 3,
E and F). Moreover, we observed the similar amount of
WT and mutant (Y-F*22) CD226 expressions on'the T cells
introduced by the lentiviral vectors, as determined by Flag
protein expression (Fig. 3, D and E). Taken together, these
results suggest that CD226 is involved in LEA-1-mediated
costimulatory signal toward Thl polarization from CD4*
naive T cells,

CD226 Is Involved in LEA-1 Signal for T Cell Proliferation
in the Absence of Exogenous IL-2, To examine whether
CD226 is involved in the LFA-1 costimulatory signal for
proliferation of natve T cells, CB naive CD4+and CD8* T
cells were transduced with the lentiviral vector containing
Flag-tagged WT, mutant (Y-F2) CD226-IRES-IrGFP,
or the mock control vector. After infection, >90% of the
mive T cells infected with these lentiviruses expressed Flag
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on the cell surface and/or GFP, demonstrating the similar
transduction efficiencies among these lentiviruses (Fig. 4
A). The naive T cells were stimulated with anti-CID3 mAb
alone or in combination with either mAb against CD11a,
CD18, CD226, or CD28 in the presence or absence of IL-2.
As shown in Fig. 4 B, introduction of WT CD226 did not
affect the proliferation of both CD4* and CD8* naive T
cells as compared with mock control vector. In contrast, in
the absence, but not the presence, of IL-2, the proliferation
of both naive T cells transduced with mutant (Y-F*?
CD226 was significantly suppressed as compared with
those transduced with WT D226 after stimulation of
CD11a or CD18 in combination with CD3 (Fig. 4 B).
These results indicate that CID226 is responsible for naive
CD4* and CD8* T cell proliferations initiated by CD3 and
LFA-1 ligations in the absence of exogenous [L-2.

These results also suggested the hypothesis that introduc-
tion of mutant (Y-F22) CD226 affects the production of
IL-2 that stimulates T cells themselves in an autocrine fash-
ion. To examine this possibility, we measured IL-2 pro-
duction from CD4* and CD8* naive T cells infected with
mock control vector, or the vectors containing WT
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Figure 3. CD226 is involved in EFA-1 signal for Thl development
from naive CD4* T cells. (A) Naive CD4* T cells were stmulated with
plate-coated mAbs as indicated for 2 min and were lysed in 1% NP-40
lysis buffer. The lysates were immunoprecipitated with anti-CI226 and
analyzed by immunoblotting with anti-phosphotyresine mAb or anti-
CD226. {I3-F) Naive CD4* T cells were infected for 72 h with the lentiviral
vector containing Flag-tageed WT, Y-F?? CD226-IRES-InGFP, or a
mock control vector containing irGFP alone. (B) The naive T cells were
then stimulated with anti-CID3 plus anti-CI218 mAbs or control Iy for 2
min and were then lysed in 1% NP-41} lysis bufter. CI226 tansduced by
lentiviral vector was immuneprecipitated with anti-Flag mAb and immu-
noblotted with anti-phosphotyrosine mAb or anti-Flag. {C-F) The naive
T cells expressing heGFP after infection were sorted by flow cyromeny
and stimulated with anei-CI23 and anti-CI28 for 7 d in the presence of
IL-2. These stimulated T cells were then lysed, immunoprecipitated with
control Ig or anti-CI)226, and analyzed by inmmunoblotting with auti-
phosphotyrosine or control Ig (C), or were stined with anti-Flag mAb
(1. These T cells were also further stimulated with ant-C123 and anti-
CID28 for 48 h and analyzed for intracellular IFN-y (E} by flow cytometry.
Cyrokine concentrations in culture supernatants after 48 h of restimularion
were analyzed by ELISA (F).

CD226 or mutant (Y-F¥%) CD226, after stimulation with
anti-CD3 plus anti-CD18. As demonstrated in Fig. 4 C,
IL-2 production from CD4* naive T cells infected with the
lentivirus-containing mutant (Y-F**%) CD226 was signifi-
cantly suppressed upon stimulation with anti-CID3 plus
anti-CD 18, but not with anti-CD3 plus anti-CI)28. These
results support the possibility that mutant (Y-F*%) CD226
suppressed [L-2 production initiated from LFA-1 costimu-
latory signal, resulting in suppression of the 1L-2-depen-
dent T cell proliferation. However, we observed undetect-
able levels of IL-2 (<5 pg/ml) from naive CD8* T cells
infected with any lentivirus after stimulation with anti-
CD3 plus anti-CD18 or anti-CD3 plus anti-CID28 (un-
published data), suggesting that at least in the case of maive
CD8* T cells, suppression of T cell proliferation infected
with the lentiviral vector-containing mutant (Y-F2%)
CD226 was not due to deficiency in IL-2 production.
Physical Association of LFA-1 with CD226 Is Independent
on the Lipid Raft in CD8* T Celfs. LFA-1 physically asso-
ciates with CD226 upon cross-linking of CID3 on PB T
cells (12}, Because CD3 stimulation on T cells polarizes the
lipid raft compartiment at the site of immunological syn-

CD226 Is Involved in LFA-1 Signaling
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Figure 4. CID226 is involved in LFA-1 signal for CD4* and C[28*
mive T cell proliferation. Naive CIX* and CD8* T cells were infected
for 72 h with the lentiviral vector containing Flag-tacged WT, Y-F'?
CD226-IRES-IwGFP, or a mock control vector containing irGEP alone,

The naive T cells were stained with anti-Flag mAb and analyzed by flow cytometry (A). The naive CID4+ and CD8* T cells sfter infection were also
stimulated with plate-coated mAbs indicated for 48 h in the presence (B) or absence (13 and C) of IL-2. Cell prolifesations (B) and IL-2 production in
culture supernazants (C) were analyzed by BrdU uptake and ELISA, respectively. IL-2 was not detected in culture of CD8* naive T cells after stimulation

with any mAbs {not depicted).

apse, in which LFA-1 and the Fyn protein tyrosine kinase
are recruited (34, 35), we examined whether CID226 is also
recruited 1 the lipid raft compartment upon stimulation
with anti-CI 3 and anti-CID28 mAbs. CD4* and CD8* PB
T cells were cocuhtured with beads precoated with anti-
CD3 and anei-CD28 mAbs. As demonstrated in Fig. 5 A
(top), CD226 as well as LFA-1 and the Fyn on PB CI4* T
cells were aggregated in the polarized lipid raft at the con-
tact site with beads. On the contrary, however, these beads
did net polarize the lipid raft in CD&* T cells although all
LFA-1, CID226, and the Fyn were aggregated in the con-
rct site, Moreover, although LFA-1 was coimmunopre-
cipitated with CID226 in PR CD8* T cells as well as in
CDA4* T cells upon stimulation with anti-CD3 mAb (Fig.
5 B, top). lipid raft disruption with MBCD did not in-
hibit the coimmunoprecipiration of LFA-1 and CD226 in
CD8", but not CD4*, T cells (Fig. 5 B, botom}. Thus,
physical association of LFA-1 with CD226 induced by
CD3 stimulation is independent on polarization of the lipid
raft in CD8* T cells.

LEA-T Signaf for T Cell Proliferation Is Iidependent on the
Lipid Raft in CD8* T Cells.  To investigate the involve-
ment of the lipid raft in the LFA-1 signaling, CD4* and
CD8* T cells were stimulated with anti—-LFA-1 (CD11a or
CD18) and anti-CD3-coated beads. As demonstrated in
Fig. 5 A (middle and botrom), the stimulation also induced
polarization of LEA-1, CI3226, and the Fyn at the contact
site of both T cell subsets with beads. However, as was ob-
served when sumulated with anti-CD3 and anti-CD28
mAbs, the lipid rafc compartment was polarized in CD4*,
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but not CD8*, T cells stimulated with anti-CD3 and anti—
LFA-1 (Fig. 5 A). Furthermore, lipid raft disruption with
MBCD suppressed the proliferation of CD4%, but not
CD8*, T cells initiated by CD3 and LFA-1 ligations (Fig.
5, C and D). Taken together, these results indicate that al-
though LFA-1 costimulatory signals require CD226 for
proliferation of both CD4* and CDR* T cells in the ab-
sence of 1L-2 (Fig. 4 B), CD8* T cells do not depend on
polarization of the lipid raft for their proliferation induced
by CD3 and LFA-1 ligations.

Discussion

In this study, we have demonstrated that costimulatory
signals initiated by LFA-1 ligation induced IL-12-indepen-
dent Thl development from naive CD4* T cells. This is
consistent with previous reports that blocking LFA-1-
ICAM-1 or LFA-1-ICAM-2 interactions led to a signifi-
cant increase of Th2 cytokines in mice (8, 36). Th1 polar-
ization from mive CD4* T cells induced by LFA-1/
ICAM-1 ligation has also been reported more recently (9).
Several lines of evidence demonstrated that engagement of
LFA-1 facilitates T cell activation by lowering the amounts
of antigen necessary for T cell activation (37). In addition,
exposure of high antigen doses can lead naive CD4* T cells
to give nise to Thl polarization (38, 39). These observa-
tions suggest that LFA-1 ligation may modulate the TCR.
signal leading Thl development. We demonstrated here
that CD226 physically associates with LFA-1 upon stimula-
tion of CD3 and is involved in Th1 development induced
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by LFA-1 engagement. It is unclear at present, however,
whether CII226 medulates the TCIR signal or delivers the
TCR-mdependent signal leading to Thi development. It is
of nere that LFA-1 ligation induces aggregation and activa-
ton of focal adhesion kinase at sites of LFA-1-ICAM in-
teraction and activated focal adhesion kinase then binds to
the SH2 domamn of the Srk family protein tyrosine kinase
Fyn (40). Because the Fyn is responsible for CD226 tyro-
sine phosphorylation induced by LFA-1 signal {12), this ki-
nase may also play an important role for Thi polarization
from CID4* naive T cells. This idea might be supported by
the previous findings that Th2 clones express a low level of
Fyn protein in mice (41) and CD4* naive T cells from the
Syn-deficient mice polarize toward the Th2 cells even in
the absence of IL-+ and IL-13 (42).

In this study, we have also shown that introduction of
murane {Y-F*#?} CD226 into naive CD4* and CD8* T
cells suppressed their growth initiated by CI>3 and LFA-1
lizations in the absence, but not presence, of IL-2. In con-
teast, their growth was not affected upon stimulation of
CD3 and CD28 by the mutane (Y-F2%) CD226 introduc-
tion. These results suggested that CID226 functions as a sig-
nal transducer of LFA-1 upon triggering T cell activation,
in which T ceils secrete no or a very low amount of 11-2.
Once T cells are activated and produce [L-2 that stimulates
themselves in an autocrine fashion, CID226 may not be re-
quired for LFA-1 signal for T cell proliferation. Geginat et
al. (43) have recendy described that both LFA-1- and
C1128-mediated costimulations induce IL-2 mRNA stabi-
lization and IL-2 production, resulting in T cell prolifera-
tion. However, LFA-1-, but not CI>28-, induced IL-2
mRNA stabihzanon requires the integrity of the actin-
based cytoskeleton. In addition, LFA-1 engagement is fol-
lowed by an increase of the nuclear pool of a transcriptional
coactivator Jun activation domain-binding protein 1 that
modulates Al’-1 activity (44). Future studies should be re-
quired for determining the physical and functional relation-
ship between C1D226 and these LFA-1 signaling molecules.

Recent evidence supports a model in which lipid rafts
play an essential role in immune cell activation (45). Al-
though several studies have shown the involvement of lipid
rafts in the regulation of LFA-1 function (46, 47), we dem-
onstrated here that lipid rafts are not involved in CD8* T
cell proliferation induced by costimulatory signals from
LFA-1, although LFA-1, CD226, and the Fyn were clus-
rered and seemed to deliver intact costimulatory signals for
T cell proliferation. The mechanisms by which these LFA-1
signaling molecules aggregated in CID8* T cells at the
contact area with beads are uncertain at present. However,
this is consistent with a recent report that CD8* T cells do
not require the polarization of lipid rafts for activation and
proliferation induced by CID3 and CD28 ligations by pre-
coated antibody beads or a specific antigen on APCs (48).
In contrast, liptd raft disruption with MBCD suppressed
physical association of LFA-1 with CD226 and LFA-1-
mediated costimulatory signal for proliferation in CD4*+ T
cells. It should be noted that these results do not always
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lead to the conclusion that physical association of LFA-1
with CD226 and LFA-1 costimulatory signaling directly
depends on lipid rafts in CD4* T cells because MPCD also
disrupts the CDD3-mediated signal (45) that is essentially re-
quired for the association of LFA-1 with CD226 (12) and
LFA-1 costimulatory signal. Further studies should be re-
quired to clanfy lipid raft structure and function in both
CD4* and CD8* T cells. Nonetheless, coclustering of
LFA-1, CD226, and the Fyn upon CD3 stimulation might
be important for LFA-1 costimulatory function in both T
cell subsets.

It has been reported that resting primary T cells appear
highly resistant to transduction with lentiviral vectors and
efficient transduction requires prestimulation of T cells (23,
24, 49-51). In contrast, we achieved efficient transduction
of both resting and activated T cells with lentiviral vectors
in this study. The lentiviral vector we used contains ¢PPT
and the CTS, which promote the nuclear import of the vi-
ral DNA and improve the transduction efficiency (52, 53),
and the WPRE, which enhances the expression of the
transgene {34). The cPPT, CTS, and WPRE integrated in
our lentivirus vector should be advantageous for efficient
gene transduction and expression in resting primary T cells,
alchough there are reports describing controversial resules
(49, 30, 55). We also consider our modified experimental
procedures for lentivirus preparation (i.e., [a] high titer of
lentivirus by a concentration >>1,000-fold, [b] followed by
extensive resuspension of lentivirus by pipetting =20
times, and [c] final volume of medium containing lentivirus
for infection <100 pl/well) to be important to improve
gene transduction efficiency because we observed much
lower transduction efficiency before we developed these
procedures. It 15 of note that our lentiviral vectors can also
effectively transduce resting primary B cells, NK cells, and
monocytes. Thus, lentiviral vector-mediated gene transfer
should be a powerful tool for studies of gene functions in a
wide range of immune responses.
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Low Expression Levels of Soluble CD1d Gene in
Patients with Rheumatoid Arthritis

SATOSHI KOJO, AKITO TSUTSUMI, DAISUKE GOTO, and TAKAYUKI SUMIDA

ABSTRACT. Objective. To examine whether the expression of intact CD1d, a critical molecule for the presenta-

tion of glycolipid antigens to natural killer T (NKT) cells, and its variants differs between patients
with autoimmune diseases including rheumatoid arthritis (RA) and healthy subjects. Recently, we
identified 8 different CD1d variants, generated by alternative splicing. V1 lacking exon 4 (CDI1d
without 8, microglobulin, 8,m}) and V2 lacking exons 4 and 5 (soluble CD1d) may be functional
molecules, because the antigen binding sites (exons 2 and 3) are intact.

Methods. Peripheral blood mononuctear cells (PBMC) from 44 patients with autcimmune disease
(RA 19, systemic lupus erythematosus, SLE 10, Sjégren’s syndrome, 5§ 15) and 13 healthy controls
were separated and complementary (c)DNA was prepared. The expression of intact CD1d on PBMC
was detected by flow cytometry, Alternatively spliced CD1d variants were quantified by TagMan
PCR using polymerase chain reaction with confronting 2-pair primers (PCR-CTPP) based amplifi-
cation.

Results. The mean (x SEM) transmembrane and 8,m binding site deleted CDid mRNA level in 19
patients with RA (2.0 + 0.33) was significantly lower than in 15 controls (6.9 + 2.08; p < 0.05),
whereas there were no differences in B,m deleted variants and intact CD1d mRNA.

Conclusion. Our findings suggest that low expression of soluble CD1d variants might play a role in

the formation of symptoms or pathogenesis of RA. (J Rheumatol 2003;30:2524-8)

Key Indexing Terms:

ALTERNATIVE SPLICING VARIANT

AUTOIMMUNE DISEASE

Natural killer T (NKT} cells are a untque subset of T

- lymphocytes that express invariant T cell receptor (TCR)
and NKR-P1A. A key feature of NKT cells is the expression
of a heavily biased TCR, bearing AV24AJ18 and BV1!
chains!2. NKT cells recognize glycolipid antigen presented
on CD1d molecules®. CD1d is a nonpolymorphic major
histocompatibility complex (MHC) class I-like moleculeS.
We reported the expression of 8 alternatively spliced CD1d
mRNA in peripheral blood mononuclear cells (PBMC)’.
Two of these CD1d variants (V1 and V2) were considered
functional because the antigen binding site was completely
conserved. V1 lacks exon 4 [B,-microglobulin (8,m) binding
site] of the gene, resulting in unstable antigen presentation.
The other variant (V2) lacks both exons 4 and 5 (transmem-
brane domain), resulting in the soluble form of CDId
(sCD1d).

The number of NKT cells is selectively reduced in
various human autoimmune diseases, such as systemic scle-
rosis, systemic lupus erythematosus (SLE), rheumatoid
arthritis (RA), Sjégren’s syndrome (8S5), and insulin-depen-
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dent diabetes mellitus (IDDM)®?. Several mechanisms
responsible for the low number of NKT cells in these
patients have already been identified. These include inade-
quate presentation of the antigen, dysfunction of NKT cells,
and abnormality of antigen presentation®. Our study was
designed to examine whether there is a difference of intact
CDld, VI, and V2 CDId variants between patients with
autoimmune diseases, including RA, and healthy subjects,
and thus elucidate the cause of abnormal antigen presenta-
tion and decreased NKT cells in patients. We analyzed the
relative amounts of intact CD1d and isoforms, V1 and V2,
using flow cytometry and real-time TagMan polymerase
chain reaction (PCR).

MATERIAL AND METHODS

Fatients. The study group included 19 patients with RA diagnosed
according to the American College of Rheumatclogy (ACR, formerly
American Rheumatism Association} criteria®, 10 patients with SLE, who
fulfilled ACR diagnostic criteria’, and 15 patients with SS diagnosed
according to the criteria'?, All patients and 15 disease-free healthy subjects
were referred to the University of Tsukuba Hospital.

Preparation of cells and complementary DNA {cDNA). PBMC were
isolated by Ficoll-Hypaque density gradient centrifugation (Pharmacia
Biotech Inc., Piscataway, NJ, USA). Total RNA was prepared from fresh
PBMC with Isogen (Nippon Gene, Co., Tokyo, Japan), and reverse tran-
scribed into ¢DNA using the method described by Sumida, ef al'*, Briefly,
first-strand cDNA was synthesized in a 20 pl reaction mixture containing
oligo (dT) primer from 1 pg of total RNA. A 0.1 pl aliquot of the reaction
mixture encoding the cDNA was used for TagMan PCR analysis.

Antibodies and flow cytometry. FITC-conjugated anti-human CD1d mono-
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clonal antibody {mAb) 42 was purchased from PharMingen (San Diego,
CA, USA). The cells were resuspended in propidium iodide and then
analyzed by FACSCalibur™ (Becton Dickinson, San Jose, CA, USA). A
live gate was set by forward and side scatter and propidium iodide staining.
Over 50,000 cells with high forward and side scatter were acquired from
each sample, and data were analyzed using Cellquest™ software (Becton
Dickinson).

TagMan probe and primer design. One forward primer, 2 reverse primers,
and a FAM-labeled probe were designed within the mRNA sequence of
CD!d. The sequences of the primers and TagMan probe used in’this study
were as follows: common CDId forward: 5-TGGGAGAT-
ACTCAGCAACTCTGG-3"; CDI1d E4 delreverse (Ed): 5’-GGAGGTG-
TAGCTCCCACCTT-3'; CDId E4E5 delreverse (E43): 5'-GGACGC-
CCTGATAGGAACTT-3"; and common CDld PROBE FAM: 5°-FAM-
CCTGACTCAAGGAGGCCACTGACAAATT-TAMRA-3", The antisense
primers were specific for the 5" edge of exon 5 (E4 del.) or exon 6 (E4E5 del.)
of the CD1d gene, and the 3" end of these primers (3 bp) annealed with the
end of exon 3.

Quantitative PCR. cDNA were obtained from PBMC, The real-time PCR
consisted of one cycle of 50°C for 2 min and 95°C for 10 min, followed by
40 cyeles of 95°C for 15 s and 60°C for 1 min. All reactions were
performed ia an ABI Prism 7700 Sequence Detector {Applied Biosystems
Japan K.K.). All experiments were carried out in triplicate. Quantitative
analysis of gene expression was performed by the comparative CT (DCu)
method". To standardize the quantification of target genes, glyceralde-
hyde-3-phosphate dehydrogenase (GAPDH) from each sample was quanti-
fied on the same plate with the target genes by using TagMan GAPDH
control reagents kit {Applied Biosystems).

Statistical analvsis. All data are expressed as mean £ SEM. Data were
analyzed by one-way analysis of variance (ANOVA) and Scheffe's post-
hoc test. P values less than 0.05 were considered statistically significant.

RESULTS

Percentages of CD1d+ cells in high forward and side scatter
PBMC from patients with autoimmune diseases were not
significantly different from controls (Figure LB). Cell
surface expression of CD1d molecules using flucrescence
intensity showed no significant difference between controls
and several autoimmune diseases (Figure 1C).

To specifically detect each variant, we used confronting
2-pair primers (PCR-CTPP} based PCR amplification, a
simple method designed for detection of polymorphism. In
this method, allele-specific DNA products are amplified by
applying appropriately designed primers. We set the primer-
pair and TagMan probe site for the specific detection of V1
and V2 variant mRNA (Figure 2A). It was confirmed that
these primer pairs amplified only a specific target by the
specificity of the 3” end of each anttsense primer (Figure
2B). We quantified the alternatively spliced CD1d mRNA
with this system. As shown in Figures 3A and B, the results
indicated that the mean level of mRNA encoding the V2
variant was significantly lower in patients with RA (2.0
0.33) than controls (6.9 + 2.08; p < 0.05). In contrast, there
were no significant differences in V1 mRNA between
patients with autoimmune diseases and controls. The results
are summarized in Table 1,

DISCUSSION
We concluded from our results that the numerical change in
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Figure I. Relative expression of cell surface CD1d. PBMC from 15
patients with autoimmune diseases {7 RA, 6 SLE, 2 85) and 4 healthy
controls (HS) were stained with anti-CD1d mAb. (A) Typical staining
pattern of CD1d in high forward and side scatter cells (black histogram:
anti-CD1d mAb; white histogram: control mAb). (B} Percentage of CD1d
positive cells. (Cy Mean fluorescence intensity of CDI1d. Data are mean +
SEM. .

CD1d positive cells does not affect the NKT cell population
commonly observed in RA, SLE, and SS. In comparison,
Takahashi, er al'> reported that the percentage of CDla-
positive cells was lower in monocyte-derived dendritic cells
(Mo-DC) from patients with IDDM. CDla molecule is a
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Figure 2. The human alternative splicing forms of CD1d transcript and the primer and probe sites for the TagMan
PCR. (A} The primer and probe sites. The CD1ID transcript comprises 6 exons (EI1-E6) encoding the leader (L),
al, 02, 03 domains, transmembrane (TM), and cytoplasmic (CY) domains. (B) Specificity of these primer sets
was confirmed by PCR using previously cloned imact and variant CDId ¢DNA as PCR templates.

member of the human CD1 gene family, and a marker for
human immature Mo-DC'S. Dendritic cells are antigen-
presenting cells that efficiently activate NKT cellsi™!8,
therefore a reduction in dendritic cell population may result
in reduction of NKT cells. However, we found no signifi-
cant differences in percentage of CD1d-positive cells among
patients with various autoimmune diseases including RA,
SLE, and 88 and controls.

We have reported the presence of alternatively spliced
isoform mRNA on CD1d molecule’. Although the function
of these alternatively spliced forms remains unclear, we

assumed that these variants alter the antigen presentation of
antigen-presenting cells to NKT cells. Therefore, we quanti-
fied the alternatively spliced CD1d mRNA by the TagMan
PCR method'*. Our results indicated that mRNA encoding
the V2 variant was significantly lower in patients with RA
than controls; in contrast, there were no significant differ-
ences in VI mRNA between patients with autoimmune
diseases and controls.

Previous studies reported the presence of high serum
levels of soluble MHC class [ molecules in patients with
active SLE, RA, and multiple sclerosis?' 22, Qur results
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tail,

suggest that soluble MHC molecules may be useful as a
marker of activity of rheumatic disease, and may function as
immunoregulators of the autoimmune response. On the
other hand, we found a reduction of sCD1d at the mRNA
level in patients with RA. Here, we speculate the following
2 functions for the sCD1d molecule. First, sCD1d could
directly stimulate and activate NKT cells. Several studies
have reported that soluble MHC molecule binds to TCR and
stimulates alloreactive T cells?’. Hence, reduction of sCD1d
might consequently lead to a reduction of NKT cells in RA
patients. Second, sCD1d could inhibit hyperactivation of

NKT cells by occupying T cell receptors, NKT cells are
highly sensitive to activation-induced cell death {(AICD)
{c.g., induced by stimulation with anti-CD3e antibody),
compared with conventional T cells®, Thus, low levels of
sCD1d molecules cannot produce a sufficient inhibition of
AICD of NKT cells, resulting in a reduction of NKT cells,
Qur findings indicated significantly low expression of V2
variants lacking both exon 4 and 5 genes in patients with RA
and the reduction of V2 molecules might be associated with
decreased numbers of NKT cells in patients with RA.
However, little is known about the mechanism of secretion

Kojo, er al: Soluble CDId in RA
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Table 1. Summary of V1 and V2 (sCD1d) mRNA expression in patients

and healthy subjects (HS). Resulis are expressed as mean = SEM.

n Relative Expression of mRNAs p

Vi

HS 15 1.2 +£0.23

RA 18 0.5+0.12 0.110

SLE 10 1.3 +0.34 0.994

ss 15 0.8+0.11 0.595
V2

HS 15 6.9+208

RA 19 20033 0.023

SLE 10 2.7+048 0.162

S5 15 43078 0.473

or the immunoregulatory role of sCD1d. Further examina-

tion

of the sCD1d molecule (V2) at a protein level is neces-

sary.
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Mannose Binding Lectin Gene

Polymorphism in Patients With Type

I Diabetes

Akito Tsutsumi, Hiroshi Ikegami, Reiko Takahashi,
Hideyuki Murata, Daisuke Goto, Isao Matsumoto,
Tomomi Fujisawa, and Takayuki Sumida

ABSTRACT: Our purpose was to investigate a possible
relationship between occurrence of type I diabetes and
polymorphism of the mannose binding lectin gene. Poly-
morphism of codon 54 of the mannose binding lectin
(MBL) gene, whose presence of the minority allele leads to
significant reduction of serum MBL concentration, was
investigated in 128 Japanese patients with type I diaberes
and 78 healthy volunteers by restriction fragmenc length
polymorphism method. Frequencies of the minority allele
were compared between the patient group and the control
group. Frequency of the minority allele was 24.2% in the
patient group and 19.9% in the control group. The prob-
ability of being heterozygous or homozygous for the mi-
nority allele was 41.4%% in the patient group and 33.3%

ABBREVIATION
MBL mannose binding lectin

INTRODUCTION

Mannose binding lectin {MBL), a serum protein with a
structure similar to complement Clq, is an important
factor of innate immunity. MBL binds to various micro-
organisms and helps phagocytosis of those microorgan-
isms by phagocytes. MBL also mediates lectin-dependent
activation of the complement pathway {1}. The impor-
tance of MBL in host defense is shown by the observarion
that people lacking this protein are prone to severe
episodes of bacterial infection from early life [2].
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in the control group. Patients with DRB1*0405-
DQB1*0401 and/or DRB1*0901-DQB1*0303 haplo-
types, the two major type I diabetes-prone human leu-
kocyte antigen haplotypes, showed a slighcly higher
probability of being heterozygous or homezygous for al-
lele B of the MBL gene, Possession of the minority allele
of the MBL gene may be a minor risk factor for having
type 1 diabetes. Human Immunology 64, 621-624
(2003). © American Society for Histocompatibilicy and
Immunogenetics, 2003, Published by Elsevier Inc.

KEYWORDS: mannose binding lectin, polymorphism,
innate immunity, disease susceptibility, type 1 diaberes

Serum MBL levels are greatly affected by the poly-
morphisms of the MBL gene. Several polymorphisms
have been reported for the MBL gene. Codon 52, 54, and
37 polymorphisms are all on exon 1, a region coding the
collagenous domain of the MBL protein. Presence of any
of the minority allele, when heterozygous, results in
significant reduction of the serum MBL concentration,
and, when homozygous, in almost complete absence of
the protein {31 These conditions are suggested to be
associated with recurrent infections {2, 4] and progres-
sion of chronic viral diseases [5-7]. Interestingly, recent
studies show that individuals with the minority alleles of
the MBL gene are at risk of having autoimmune diseases
such as systemic lupus erythematosus and rheumatoid
arthritis {8-14]. The pathogenesis of these autoimmune
diseases is not clearly understood, but is generally con-
sidered to be multifactorial, the onset being influenced
by both genetic and environmental factors.

These previous studies prompted us to wonder

0198-8859/03/8—see front marter
doi:10.1016/51098-8859(03)00054-5
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TABLE 1 Relationship between mannose binding lectin polymorphism and occurrence of type I diabetes
yJ
Type I DM Controls Value OR (95% CI)

Genotypes

AA 75 58.6% 52 66.7%

AB 44 34.4% 21 26.9% 0.4984

BB 9 7.0% 5 6.4%

Total 128 78

AA/AB 119 93.0% 73 93.6% 0.8636 1.104 (0.356-3.423)

BB 9 7.0% 5 7.4%

Total 128 78

AA 75 58.6% 52 66.7% 0.2477 1.413 (0.785-2.543)

AB/BB 53 41.4% 26 33.3%

Total 128 78
Allele frequency

A 194 75.8% 125 80.1% 0.3060

B 62 24.2% 31 19.9%

Total 256 156

Abbreviations: DM = diabeces mellitus; A = wild-type allele; B = codon 54 minority allele; OR = odds ratio; CI = confidence interval.

whether occurrence of type I diabetes, which is also
considered an autoimmune disease affected by genertic
factors such as major histocompatibility complex (MHC)
class II {15, 16}, and environmental factors such as viral
infection [16, 171, is influenced by polymorphisms of the
MBL gene. In this study, MBL gene polymorphism was
studied in Japanese type I diabetes patients and healthy
individuals residing in the same district. In addition,
results were stratified by MHC class II haplotypes, which
is a major genetic factor affecting susceptibility to type |
diabetes [15].

SUBJECTS AND METHODS

Genomic DNA was obtained from 128 Japanese patients
with type I diabetes and 78 healthy volunteers. The
study was approved by the local ethical commirtee, and
informed consent was obrtained from all subjeces. All
diabetes patients were hospital-based, ketosis-prone,
lacked endogenous insulin secretion as judged by urinary
C-peptide levels of <3.3 nmol/day, and needed more
than four insulin injections per day. All subjects were
unrelated Japanese individuals residing in the Osaka
district in western Japan.

Typing of the MBL gene alleles was done by poly-
merase chain reaction (PCR)-restriction fragment length
polymorphism method, according to the methods of
Madsen et al {3]. The wild-type allele is designated allele
A, and codon 54 substitution {glycine to aspartic acid) is
designated allele B. Codon 57 substitution (glycine to
glutamic acid) and codon 52 substitution (arginine to
cysteine) were not analyzed in this study, because these
substicutions were not found in our previous studies
covering 447 Japanese subjects {5, 13], and thus seem to
be absent or extremely rare in this population.

In brief, genomic DNA was amplified by PCR using
primers  AGTCGACCCAGATTGTAGGACAGAGA
and AGGATCCAGGCAGTTTCCTCTGGAAGG, pro-
ducing a product of 349 base pairs. The amplified prod-
uct was digested with restriction enzyme Banl. Wild-
type (allele A) PCR products would be cut to two
segments of 260 and 89 base pairs, whereas codon 54
substitution (allele B) products remain uncut. The va-
lidity of this assay was previously confirmed by sequenc-
ing several randomly selected samples {5, 131, Seatistical
analyses were done by chi-square analysis, or Fisher's
exact test where appropriate. Human leukocyte antigen
(HLA) haplotypes were determined as described previ-
ously {15}.

RESULTS
Frequency of the MBL Genotypes or Alleles

Individuals with type I diabetes had a higher probability
of having allele B of the MBL gene, bur sraristical
significance was nort achieved. Frequency of allele B was
higher in patients with type I diabetes, bur also without
statistical significance (Table 1).

MBL Polymorphism and Age at Onset of Type

I Diabetes

Patients homozygous for allele B of the MBL gene tended
to develop diabetes at a younger age than other patients,
although without statistical significance (Table 2}.

MBL Polymorphism and HLA Haplotypes in
Patients with Type I Diabetes

Patients with DRB1*0405-DQB1*0401  and/or
DRB1*0901-DQB1*0303 haplotypes, the two major
type I diabetes—prone HLA haplotypes, showed a slightly
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TABLE 2 Ages of patients at onset of type I diabetes

MBL genotype (n} Age at onset {mean + SD)

AA(75) 157 + 123
AB (44) 157 + 12.1
BB (9) 138 + 63

Abbreviations: MBL = mannose binding lectin; A = wild-type allele; B =

codun 54 minority allele,

higher probability of being heterozygous or homozygous
for allele B of the MBL gene, but without statistical
significance (Table 3).

DISCUSSION

In this study, to rest the hypothesis that MBL has some
protective effects against emergence of autoimmunity,
we investigated the allele and genotype frequencies of the
MBL gene in patients with type I diabetes and compared
them with healthy controls. The results obtained are in
accord with our hypothesis, but statistical significance
was not reached in any of the comparisons made. The
frequency of the B allele in Japanese patients wich type
I diabetes was 24.29 in this study, which is higher than
that observed in Japanese patients with systemic lupus
erythematosus (22.3%) in our previous study {13). Be-
cause the frequency of the B allele in healthy individuals
was 19.9% in this study, a tather large number of
samples would be necessary to achieve statistical signif-
icance if MBL indeed has some protective role against
occurrence of autoimmune disorders,

The ages of patients at onset of type I diabetes were
studied because we anticipated that, if impaired innare
immunity caused by the polymorphism of the MBL gene
has a role in the pathogenesis of type I diabetes, age at
onset of diabetes may be younger in patients wich the
minority allele. Results indicated that patients homozy-
gous for allele B of the MBL gene, and are thus almost
devoid of serum MBL protein, may develop diabetes at a
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younger age than other patients, although also without
statistical significance (Table 2).

Finally, the results were stratified by the MHC class
IT haplotypes of patients and controls. Patients wich
DRB1*0405-DQB1*0401 and/or DRB1*0901-
DQB1*0303 haplotypes, the two major type I diabe-
tes—prone HLA haplotypes, showed a slightly higher
probability of being heterozygous or homozygous for
allele B of the MBL gene than did controls. In other
words, the relationship between type I diabetes—prone
HLA haplotypes and type I diabetes seemed stronger in
individuals with AB or BB genotypes of the MBL gene,
although without statistical significance (Table 3).

Slightly higher frequency of AB or BB genotypes in
type I diabetes, together with younger age at onset and
higher frequency of susceptible HLA haplotypes in pa-
tients with AB or BB genotypes, suggest the contribu-
tion of the MBL polymorphisms to susceptibility to
typical type I diabetes with young onset and susceptible
HLA haplotypes. Given the effect of the polymorphisms
on serum MBL concentration {3], the results suggest thar
reduction or deficiency of serum MBL may have some
effect on the occurrence of type I diabetes, but at this
stage, do not give us a definitive conclusion. The occur-
rence of type I diabetes is probably determined by a
number of genetic and environmental factors. It seems
that MBL polymorphism is not a major factor in the
pathogenesis of type I diabetes, but may possibly be one
of the minor factors. To get a more definitive conclusion,
it would be necessary to study a much larger number of
subjecrs, or to study the incidences of type I diabetes in
large groups of individuals with AB or BB genotypes of
the MBL gene, and compare them with that of the
general population. If MBL polymorphisms do prove to
be one of the generic factors for determining the disease
susceptibility for type I diabetes, it may be independent
of MHC class II haplotypes, one of the major reported
genetic factors,

Mannose binding lectin may have protective effects

TABLE 3 Association between type I diabetes and HLA haplotypes stratified by mannose binding lectine gene

genotypes

MBL genotype

AA AB BB AB or BB

HLA hyplotype Type IDM  Controls  Type IDM  Controls  Type IDM  Controls  Type IDM  Controls
DRBI1#0405/x 32 13 20 7 3 0 23 7
DRBL*0901/y 17 8 11 4 2 1 13 5
DRB 1 *0405/%0901 7 1 5 1 0 0 5 1
DRB1*0403 and/or #0901 56 22 36 12 5 1 41 I3
Others 17 23 7 8 3 4 10 12
Abbreviations: DRB1#0405 = DRBU*0405-DQB1#0401 haplotype; DRB1*0901 = DRB1+0901-DQB1*0303 haplotype; x = non-DRB1#0901; y =

non-DRB1*0405; MBL = mannose binding lectin; A = wild-type allele; B = codon 54 minority allele.



