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A subset of dendritic cells express joining chain (J-chain) protein
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Summary

Joining chain (J-chain) is well known as an integrated component of dimeric
immunoglobulin A (IgA) and pentameric IgM. We show here that the
J-chain protein is also expressed in a subset of CD11c" dendritic cells (DC)
in C57BL/6 mice. J-chain knockout mice (J~/~ mice) had a reduced fraction
of CD47/CD8a* and mPDCA-1* DC in the spleen. J™~ mice also had
reduced levels of RNA for the immunoregulatory enzyme indoleamine 2,3-
dioxygenase (IDO) in the spleen. Furthermore, in lymph nodes from
C57BL/6 mice the majority of J-chain-expressing CD11c* cells also
expressed IDO, while the number of IDO-expressing cells in lymph nodes
and the amount of IDO protein in splenic CD11c* cells were reduced in J ™/~
mice. Also, ]/~ mice had a lower ratio of kynurenine/tryptophan in serum
compared to C57BL/6 mice, indicating a lower overall IDO activity in J ™/~
mice. We also show that ]/~ mice are less susceptible to tolerance induction
than C57BL/6 mice. In conclusion, our data show that J-chain protein is
expressed outside the B-cell compartment in a subset of immunoregulatory
DC that are compromised in animals that cannot express J-chain.

Keywords: dendritic cells; indoleamine 2,3-dioxygenase; joining chain;
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Introduction

The transport of immunoglobulin A (IgA) over mucosal
membranes is mediated by the ability of its dimeric form
to interact with the polymeric immunoglobulin (poly-Ig)
receptor on the basolateral side of secretory epithelial
cells.! After binding to this receptor, dimeric IgA is trans-
cytosed and released on the apical surface.” The binding to
the poly-Ig receptor is dependent on the presence of join-
ing chain (J-chain).? As a consequence, J-chain-containing
IgM can be transcytosed on to mucosal membranes.
J-chain expression has been described as being confined to
the B-cell lymphoid compartment. More specifically, it was
initially claimed that only plasma cells expressed J-chain
and that all plasma cells did so regardless of the immuno-
globulin isotype expressed.” However, it has been shown in
humans that a subset of plasma cells do not express
J-chain,®’ and this has been confirmed in mice.? Using
J-chain knockout (J7/7) mice we recently showed that these
animals have a compromised B-cell memory.” By adoptive
transfer experiments it was shown that this phenotype was
transferred by primed T cells from ]/~ mice rather than
primed B cells, which pointed to a possible function for
the J-chain outside the B-cell compartment.

It is therefore interesting to note that J-chain RNA
expression has been described in human dendritic cells
(DC)." Interestingly, J-chain expression was higher in
plasmacytoid DC (pDC) than in monocyte-derived DC.1°
The DC are the central cell population involved in antigen
presentation and the initiation of immune responses.''™"?
They can be subdivided into several distinct subsets that
have complex developmental pathways and in which indi-
vidual cells may transit between defined populations by
acquisition of new surface markers."” It has also been
shown that DC are involved in the qualitative outcome of
immune interactions. Thus, certain DC can deliver a toler-
ogenic rather than an immunogenic signal to the T cell to
which it presents the relevant antigen.'* One important
mediator of a tolerogenic signal has been shown to be the
enzyme indoleamine 2,3-dioxygenase (IDO), which breaks
down the essential amino acid tryptophan to kynurenine
and has immunoregulatory properties.">'® IDO is
expressed in a subset of CD8a* DC and in pDC.'”'® In
this paper we show that a population of DC expresses the
J-chain protein and that a major fraction of these DC
coexpress IDO. Consequently, J™/~ mice have a decreased
number of CD47/CD8a" and mPDCA-1* DC, and a per-
turbed capacity for tolerance induction.
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Materials and methods

Mice, bone-marrow chimeras and induction
of tolerance

Age-matched 8- to 12-week-old C57BL/6, B6.SJL and -
mice were kept in the animal facility at Lund University.
All animal experiments were performed in accordance
with approved protocols from the local animal ethics
committee. For the creation of bone marrow chimeras
107 bone marrow cells from 8- to 10-week-old female
J7/~ mice and 8-to 10-week-old female SJL mice were
mixed and injected into sex-matched irradiated (900 rads)
C57BL/6 hosts and analysed 70 days later using fluores-
cence-activated cell sorting (FACS). To induce oral toler-
ance mice were fed 50 mg ovalbumin (OVA; Fraction VI;
Sigma, St Louis, MO) dissolved in phosphate-buffered
saline (PBS), or PBS alone as a control, via a gastric tube
with a steel feeding needle (Allgaier Instrument, Frittlin-
gen, Germany), and systemic tolerance was induced by
injecting 5 mg OVA intravenously. Seven days after
immunization the animals were injected with 100 pg
OVA precipitated with alum and OVA-specific immuno-
globulin serum levels were determined 14 days later using
enzyme-linked immunosorbent assay with 5 pg/ml OVA
as the coating antigen and a rabbit anti-mouse horserad-
ish peroxidase (HRP) conjugated secondary antibody
(Dako AS, Glostrup, Denmark) to determine the levels of
OVA-specific IgG. As a substrate 3,3',5,5-tetramethyl-
benzidine (TMB) was used (Sigma-Aldrich). The titre was
defined as the dilution corresponding to 50% of maxi-
mum absorbance. For quantification of T-cell prolifera-
tion T cells were purified from spleens using Mouse pan
T Dynabeads (Dynal, Oslo, Norway) according to the
manufacturer’s protocol. T cells were cultured at 5 x 10°
cells/well together with 5 x 10° irradiated, syngeneic
spleen cells (3000 rads) with or without OVA in 0-2 ml
RPMI (Invitrogen, Carlsbad, CA) supplemented with
7-5% fetal calf serum (Sigma). Proliferation was quanti-
fied after 72 hr by adding 1 pCi/well [ H]thymidine
during 16 hr.

Flow cytometric analysis and immunofluorescence

Spleens from the indicated mouse strains were digested
with Collagenase D (Roche Diagnostics, Basel, Switzer-
land) at 37° for 30 min before the preparation of single cell
suspensions and FACS analysis. The following antibodies
were used for staining: CD45.2-fluorescein isothiocyanate
(FITC), CD45.1-phycoerythrin  (PE), CD8a-peridinin
chlorophyll protein (PerCP), CD4-allophycocyanin (APC),
CD11c-biotin/FITC, LY-6C-biotin (BD, Franklin Lakes,
NJ), B220-cyanine 5 (CY5) (RA3.6B2) and mPDCA1-PE
(Miltenyi Biotec, Gladbach, Germany). Analysis was per-
formed on a FACS Calibur (BD). Freshly isolated spleens

J-chain and dendritic cells

were made into single cell suspensions and cultured at
2 x 10° cells/well in 96-well tissue culture plates in 200 pl
RPMI-1640 with 25 pg/ml lipopolysaccharide (BD) for
3 days and were thereafter spun on to glass slides. Lymph
nodes were embedded in OCT compound (Tissue—Tek®;
Sakura Finetek, Torrance, CA), and snap-frozen in liquid
nitrogen. Cryosections (5-6 pum) were prepared on micro-
scope slides, air-dried and frozen at —20° until the stain-
ing procedures were performed. Acetone-fixed sections
were incubated with blocking 1% bovine serum albumin,
10% serum and FcRII/III blocker solution followed by
Avidin/Biotin Blocking kit (Vector, Burlingame, CA).
Thereafter incubation with biotinylated primary antibod-
ies against Igk (187.1) and IgL (Southern Biotechnology
Associates, Inc., Birmingham, AL), anti-J-chain labelled
with Alexa, Fluor® 647, anti-CD11c (BD PharMingen), or
the appropriate isotype controls (mouse IgGl and Arme-
nian hamster IgG), was performed on fixed samples
for 30 min at room temperature, followed by strepta-
vidin Alexa Fluor® 488-conjugated secondary antibodies
(Invitrogen) and anti-Armenian hamster CY3 (Jackson
Immuno Research, West Baltimore, PA). Other sections
were stained with anti-CD11¢-FITC and biotinylated anti-
J-chain followed by streptavidin-conjugated-HRP and
Alexa Fluor® 568 tyramide (Miltenyi Biotec). Staining for
IDO was performed using an anti-mouse IDO antibody
(Chemicon International, Temecula, CA) and an M.O.M
kit from Vector following the manufacturer’s instructions.
The slides were mounted using VectaShield mounting
medium (Vector) and inspected under a Zeiss microscope
(Burlingame, CA). The anti-J-chain monoclonal antibody
was made by immunizing J~'~ mice with purified human
J-chain.>'” The established hybridomas were screened for
the immunizing antigen and secondarily screened for
reactivity to recombinant, mouse J-chain expressed in
insect cells. The selected hybridoma (4/5) was expanded
and antibody-purified using conventional methods.

Quantitative polymerase chain reaction (qPCR)
analysis

For the gPCR analyses anti-CD11c magnetic beads (Milte-
nyi Biotec) were used to isolate the indicated spleen cell
populations. Subsequently, RNA was prepared using a High
Pure RNA Isolation kit (Roche, Mannheim, Germany),
while complementary DNA (cDNA) synthesis and real-
time quantitative PCR (qRT-PCR) were performed using
Platium® SYBR® Green Q-PCR SuperMIX-UDG (Invitro-
gen) according to the manufacturer’s instructions. The
cDNA was diluted in five-fold increments and used for
PCR amplifications. The qRT-PCR was performed with the
following primers: J sense (5-ATGAGGACCCACCTGCT
TCTCTGG-3'), anti-sense (5'-AGGGTAGCAAGAATCGG
GGGTCAA-3'); B,-microglobulin sense (5-CACCCGCCT
CACATTGAAAT-3"), anti-sense (5-TCGATCCCAGTAGA
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CGGTCTT-3'); IDO sense (5'-AAGTTGGGCCTGCCTCC
TATTC-3'), anti-sense (5-TGTCGTGCAGTGCCTTTTCC
AAT-3'); glyceraldehyde 3-phosphate dehydrogenase
(GADPH) sense (5'-CCTGCACCACCAACTGCTTA-3),
anti-sense (5-TCATACTTGGCAGGTTTCTCCA-3'). Sam-
ples were separated on agarose gels and analysed for primer
dimers. The qRT-PCR experiments were performed in trip-
licate. The threshold cycle (Ct) for the endogenous control
messenger RNA (mRNA) and the target signals was deter-
mined, and relative RNA quantification was calculated. For
the RT-PCR shown in Fig. 1(a) the same primers were used
without qPCR labelling. The RT-PCR from RAG mice were
blotted onto nylon filters, probed with radiolabelled J-chain
probe, washed at high stringency conditions and exposed
on a phosphoimager plate.

Western blotting

Sera were collected from wild-type (wt) and ]/~ mice
and electrophoresis was performed using a 12%, denatu-
rating polyacrylamide gel. Equal amounts of serum
(0-5 pl) were loaded in each lane. The protein was trans-
ferred to a nylon membrane (Hybond-C extra; Amersham
Pharmacia Biotech, Uppsala, Sweden) using a Trans-blot
SD system (Bio-Rad, Laboratories). The filters were
blocked overnight in 5% dry fat-free milk in PBS-Tween
(PBS-T), followed by incubation with a biotinylated

(@)

GADPH J-chain

CD11CT o  w— —

CD1{C+ mmmm ==

(b)

B220* CD11c*

anti-J-chain monoclonal antibody (4/5), anti-IDO (see
above) or rabbit anti-actin (US Biologicals, Swampscott,
MA). HRP-conjugated streptavidin (Southern Biotechno-
logy Associates, Inc.), anti-mouse HRP or goat anti-rabbit
HRP (Molecular Probes) was thereafter added, and the
filters were developed using ECL-reagent (Amersham
Pharmacia Biotech) according to the manufacturer’s
protocol.

Determination of serum kynurenine and tryptophan
levels

Sera were collected from age- and sex-matched wt and J™/~
mice and analysed simultaneously for kynurenine and
tryptophan on a high-performance liquid chromatograph
(HPLC; Hewlett-Packard Series 1100; Hewlett-Packard,
Santa Clara, CA) with an XTerra™ MSC, 5 column (Watge,
Milford, MA), as described previously.”® Peak hight values
for kynurenin and tryptophan were determined and the
ratios were calculated.

Results

Mouse CD11c* cells express J-chain RNA

We initially wanted to verify in the mouse system, the
finding from human gene array studies that J-chain RNA

Figure 1. J-chain expression in CD1lc" cells.
(a) RAG™~ spleen cells were fractionated into
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shown in the lower part of the figure, data
from the J-chain RNA expression in the differ-
ent cell populations are shown in relation to
GADPH. The level of J-chain RNA expression
is also compared to that seen in B cells stimu-
lated in vitro with LPS for 72 hr, as indicated.
All assays were performed in triplicate and the
variability was in all cases < 5%.
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was expressed in pDC or other DC.!° To this end,
we separated spleen cells from RAG™~ mice using anti-
CDllc-coated magnetic beads into a CDIllc" and
a CD11c” fraction. It should be pointed out that the
CD11c" population thus obtained was only 80-90%
CD11c*. However, because mouse pDC are CD11cdul 2122
a more stringent enrichment based on this marker could
result in the loss of the cell population of interest. As
shown in Fig. 1(a), J -chain RNA expression could be
detected in the CD11c" fraction from RAG™™ spleen cells
using RT-PCR.

These data are in agreement with previous observations
in the human system.”

To investigate whether CD11c* cells from immuno-
competent mice also expressed J-chain, we used the same
CD11c enrichment procedure as above on spleens from
C57BL/6 mice. Furthermore, we also enriched for B cells
using B220-coated magnetic beads and prepared stimu-
lated B cells by activating splenic B cells for 72 hr with
LPS. From all these cells, RNA was prepared and analysed
for J-chain expression using qRT-PCR with GADPH
expression as reference (Fig. 1b). The data showed that
J-chain RNA expression was upregulated in B cells after
LPS stimulation and the expression of J-chain RNA in the
CDll1c-enriched cell fraction was 60% of that seen in
LPS-stimulated B cells, but at least four times higher than
that observed in the resting B-cell population. Thus, even
if the cell populations used were not homogeneous, the
J-chain RNA expression seen in the CD11c-enriched pop-
ulation cannot be explained by B-cell contamination. We
concluded from these experiments that CD11c-enriched
cells expressed J-chain RNA.

A fraction of mouse CD11c" cells express J-chain
protein

We next wanted to investigate whether CD11c" cells also
expressed J-chain at the protein level. To this end we used
a monoclonal antibody to mouse J-chain by immunizing
J7'~ mice with purified J-chain (see ref. 19 and Materials
and methods). This antibody is specific for J-chain in
Western blot analysis of serum from C57BL/6 mice using
serum from ]/~ mice as control (Fig. 2a). We also pre-
pared whole cell extracts from LPS-stimulated B cells,
B220-enriched resting B cells, CD11c™ cells, spleen cells
and CDI11c" cells and analysed for J-chain expression.
Although we could only detect very low levels of J-chain
expression in whole cell extracts, it could still be seen that
J-chain protein was only expressed in extracts from LPS-
stimulated B cells and CD11c" cells using this method
(Fig. 2b). We also investigated the specificity of the anti-
J-chain antibody by immunostaining and could show that
only LPS-activated B cells from wt C57BL/6 mice, but not
from J~'~, mice were labelled (Fig. 2c). We then contin-
ued to investigate J-chain protein expression in lymph

J-chain and dendritic cells
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Figure 2. J-chain protein is expressed in CD11c" cells. (a) Western
blot using the anti-J-chain antibody (4/5; see Materials and methods)
that stained a band in serum from C57BL/6 mice that is absent in
serum from J~/~ mice. (b) Whole cell protein extracts from the indi-
cated cell populations were analysed for J-chain expression using the
anti-J-chain monoclonal antibody. (c) Cytospins prepared from LPS-
stimulated B cells from C57BL/6 and J™'~ mice illustrating the speci-
ficity of the anti-J-chain antibody in immunohistology after staining
with anti-IgL (green) and anti-J-chain (purple). (d) Frozen sections
were prepared from lymph nodes from C57BL/6 mice and stained
with anti-IgL (green), anti-J-chain (purple) and anti-CD11c (red), as
indicated. In the panel showing the merged image plasma cells (PC),
a B-cell follicle (BF) and the T-cell zone (TZ) are indicated.

nodes from C57BL/6 mice. As shown in Fig. 2(d),
CD11c" cells were seen both within and outside B-cell
follicles delineated by the anti-IgL staining. As expected,
anti-J-chain antibody stained cells within the B-cell folli-
cles and also cells that were anti-IgL* outside the follicles
with a plasma cell appearance. However, J* cells could be
observed outside B-cell follicles that were also positive for
CD11c. We concluded from these experiments that a frac-
tion of CD11c" cells in situ express the J-chain protein.
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Figure 3. Abnormal distribution of DC in ]~ compared to C57BL/6 mice as revealed by FACS analysis. (a) Dot-plots are shown from a typical
experiment to illustrate the gating used to quantify the different subsets of DC in C57BL/6, "/~ mice and ]/~ mice, respectively. The numbers in
the upper plots represent the percentage of all cells in the lymphocyte gate while the numbers in the lower plots represent the percentage of cells
in the CD11c gate. (b) Bar graphs representing data from 10 animals of each genotype (C57BL/6, J*'~ and J™'~ mice) are shown for the percent-
age of total CD11c" cells, and the various subpopulations of CD11c" cells, as indicated. The error bars represent the standard deviation. Statistical
analysis was performed using Student’s t-test; ***P < 0-001, **P < 0-Oland *P < 0-05.

to the protein level, we next wanted to investigate
whether J-chain expression had an impact on DC devel-
opment or function. Thus, we first analysed spleens from
C57BL/6 mice or ]/~ mice for the representation of vari-
ous DC populations. We also included J*'~ mice in this

J~/~ mice have a changed distribution of
DC subpopulations

Having determined that J-chain RNA expression could be
detected also in mouse DC and extended this observation
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(a)

Figure 4. The mPDCA-1 defect in r/* mice is

J-chain and dendritic cells

(b)

intrinsic to the haematopoietic compartment.
Bone marrow chimeras were constructed with
50% cells from B6.SJL mice and 50% cells
from ]_/ ~ mice as described in Materials and

CD11c

methods. (a) Dot-plot illustrating the chime-
rism in these animals 70 days after transfer
using the Ly5.1 and Ly5.2 markers. The data
shown are from a J7~ mouse. (b) The ratio
between ]/~ mice (Ly5.2) and B6.SJL (Ly5.1)
cells in the respective compartment is plotted
for each animal analysed. The CDl1lc™ cells
represent cells within the live lymphocyte gate.
Statistical analysis was performed using Stu-
dent’s t-test; ***P < 0-001, **P < 0-01 and
*P < 0-05.

analysis because the various phenotypes of J~/~ mice have
shown a gene dosage effect where the heterozygous ani-
mal had a partial phenotype.>**** Figure 3(a) shows rep-
resentative dot-plots and the gates used for analysis using
spleen cells from all three mouse strains, while Fig. 3(b)
summarizes the analysis in bar graphs. The percentage of
CD11c" cells was slightly, but not significantly, increased
in J7'~ mice (left panel). When the CD11c" cell popula-
tion was further subdivided a statistically significant
change in two populations could be observed. The per-
centage of CD4" CD8a~ CD11c" cells were significantly
increased in ]/~ mice while the CD4~ CD8a* population
was significantly decreased (middle panel). Interestingly,
when spleens from J*/~ mice were analysed, an intermedi-
ate phenotype was observed with regard to spleen cells
from C57BL/6 and J~'~ mice as previously observed for
other immunological parameters.”>**

The pDC compartment is a distinct DC compartment
that is CD11c¢™" but can vary in CD8a expression. We
therefore also analysed the impact of ] deficiency on
CD11c" cells expressing the pDC marker mPDCA-1. As
shown in Fig. 3(b) (right panel), the percentage of this
cell population was also significantly reduced compared
to C57BL/6 controls, and also in this analysis spleen cells
from J*/~ mice had an intermediary phenotype. We con-
cluded from these experiments that the absence of J-chain
appears to affect the development of a subfration of
CD11c" cells.

To further define the changes in the DC population of
J7/~ mice we constructed bone marrow chimeras using
50% of the bone marrow cells from B6.SJL (Ly 5.1%) and
50% from ]/~ mice (Ly5.2"). The reconstituted wild-type
hosts were analysed after 10 weeks with regard to Ly5 chi-
merism, as well as the phenotype of CD11c" and CD11c™
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cells. As shown in Fig. 4(a) and (b), while the number of
CDl1l1c™ cells within the lymphocyte gate in these chime-
ras had a 1/1 distribution between cells derived from
B6.SJL or J~'~ mice, the CD11c" and mPDCA-1" frac-
tions were dominated by cells derived from B6.SJL
donors. The most pronounced difference was observed in
the mPDCA-1" fraction, where the ratio between cells
derived from B6.SJL and ]/~ bone marrow was 2 to 1.
Thus, the reduction of mPDCA-1" cells in J~/~ mice
appears to be intrinsic to the haematopoietic comp-
artment.

J7'~ mice have a reduced level of IDO expression

Having noticed that the numbers of CD8a" and mPDCA-
1" cells were reduced in J™/~ mice, we wanted to investi-
gate whether these animals had a normal expression of
the immunoregulatory enzyme IDO that is known to be
expressed in these DC subsets.'® To this end, we purified
CD11c" and CDl11c™ cell populations from C57BL/6 and
J'~ spleens, prepared RNA and analysed the expression
level of IDO mRNA using qRT-PCR. Figure 5(a) shows
that the level of IDO RNA in the CD11c" fraction from
J7'~ mice was roughly 50% of that seen in C57BL/6 mice,
in essence correlating with the reduction of mPDCA-1*
and CD47/CD8a" DC shown in Fig. 3.

The enzymatic activity of IDO is to break down the
essential amino acid tryptophan to kynurenine.® An esti-
mate of the overall IDO activity in an animal is therefore
reflected in the levels of tryptophan and kynurenine in
serum. We therefore compared the levels in C57BL/6
and J7/~ mice using HPLC. In Fig. 5(b) these data are
shown as the kynurenine/tryptophan ratio. There was a
statistically significant difference (P = 0-032) between the
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Figure 5. Decreased expression of IDO in J~/~ mice. (a) Analysis of
RNA expression of IDO using RT-PCR of CD1lc fractionated cells
(80-90% purity) from the spleens of C57BL/6 and J~~ mice (n = 6)
relative to f2-microglobulin expression. The error bar represents the
standard deviation. (b) Ratio of serum kynurenine over tryptophan
from age- and sex-matched wt and J™'~ mice are shown. Each sym-
bol represents one mouse and the horizontal bar represents the
mean. Statistical analysis was performed using Student’s t-test;
PP < 0-001, **P < 0-01 and *P < 0-05.
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kynurenine/tryptophan ratio seen in serum from C57BL/6
mice compared with J™/~ mice, indicating a lower overall
IDO enzymatic activity in ]/~ mice.

We also investigated lymph node sections from C57BL/
6 and ]~ mice for IDO and J-chain expression using
immune histology. As shown in Fig. 6(a), a subpopula-
tion of CD11c" cells could be seen that coexpressed
J-chain or IDO. Moreover, IDO expression and J-chain
expression overlapped to a significant extent, indicating
that within the CD11c" population J-chain was mostly
expressed in an IDO" subpopulation. When lymph nodes
from ]/~ mice were stained using the same reagents
(Fig. 6b), only background staining was observed with the
anti-J-chain antibody. Also, we noted that the number of
IDO" cells was less in lymph nodes from J~~ mice. Upon
quantifying the number of IDO" cells per lymph node
cross-section in C57BL/6 and J~/~ mice, this reduction
was substantial (Fig. 6¢). To further validate this finding
we prepared protein extracts from CD11c¢” and CD11c"
populations from C57BL/6 and J~'~ mice and analysed
these by Western blotting. As shown in Fig. 6(d), while
the extracts from both mouse strains contained similar
levels of actin, the level of IDO was lower in the extracts
from J™'~ mice, especially in the CD11c" cells.

J~~ mice have a deficiency in tolerance induction

CD8a." DC, pDC and IDO activity have all been associ-
ated with regulation of tolerance induction."*'® We
therefore proceeded to investigate whether the changes

Anti-J

Figure 6. Some CD11c" cells coexpress J-chain
and IDO. (a) Immunfluorescence analysis of
CDllc (red), IDO (green) and J-chain (pur-
ple) expression in lymph nodes from C57BL/6
and (b) J7/~ mice. (¢) Summary of IDO" cells
counted in lymph node cross-sections from
C57BL/6 and 17/7 mice. Cross-sections were
obtained from four different mice. Statistical
analysis was performed using Student’s t-test.

CD11c*

wt j_/_ (d) Western blot analysis of IDO and actin
[ levels in protein extracts from CD1lc" and
“' - CDl11c™ cells from spleens of C57BL/6 and 7=

mice.
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Figure 7. Lack of tolerance in J™~ mice as detected by the serum
IgG anti-OVA response. (a) C57BL/6 and J™~ mice were orally toler-
ized with OVA, or vehicle as a negative control. All mice were subse-
quently immunized with alum-precipitated OVA intraperitoneally
7 days after tolerization. Mice were killed 14 days after immuniza-
tion and the serum was analysed for OVA-specific IgG as described
in Materials and methods. (b) Systemic tolerance was induced by
intravenous injection of OVA and challenged as described above. A
minimum of six sex- and age-matched mice were used in each
group. The error bar represents the standard deviation. Statistical
analysis was performed wusing Student’s t-test; ***P < 0-001,
**P < 0-01 and *P < 0-05. (¢) The data from (a) and (b) summa-
rized as the ratio in IgG titre between tolerized and non-tolerized
animals. (d) Estimation of OVA-specifc splenic T-cell proliferation
in tolerized and non-tolerized C57BL/6 and J™~ mice as described in
Materials and methods.

in the DC compartment in ]/~ mice had a functional
correlate. We compared the effect of oral and systemic
tolerization with OVA in J~/~ and C57BL/6 mice. Briefly,
mice were fed OVA using a high dose (50 mg) of OVA

J-chain and dendritic cells

and challenged 14 days later by an intraperitoneal (i.p.)
injection of 100 pg OVA in alum. The level of OVA-spe-
cific antibody in serum was determined after an addi-
tional 2 weeks. As can be seen in Fig. 7(a), the anti-OVA
serum response after challenging tolerized wild-type
animals was significantly reduced, while in J~~ mice no
tolerization was observed. Rather, the immune response
after challenge with OVA was increased in J~/~ animals
tolerized with OVA compared to the non-tolerized con-
trol group. Given the role for J-chain in mucosal trans-
port we wanted to confirm the observed phenotype using
systemic tolerization and therefore tolerized wild-type
and J7~ mice by intravenous injection of OVA and
challenged as above. As shown in Fig. 7(b), only C57BL/6
mice were tolerized. Figure 7(c) summarizes the data
from the experiments shown in Fig. 7(a) and (b) as
the ratio between tolerized and non-tolerized animals,
showing that ]~ mice had an aberrant response to
tolerogenic challenge. Lastly we wanted to confirm
that the effect on serum immunoglobulin levels also
could be detected in the T-cell compartment. Hence, we
repeated the experiments described above but isolated
total T cells from the spleens of treated animals and
investigated their proliferatory capacity. As shown in
Fig. 7(d), while T-cell proliferation in C57BL/6 mice was
reduced in OVA-treated animals compared to controls,
T cells from J~~ mice rather showed an increased prolife-
ratory capacity after OVA treatment. Thus, the aberrant
response of ]/~ mice can also be observed at the level of
T-cell proliferation.

Discussion

The current investigation was stimulated by two observa-
tions. First, that human DC were shown to express J-chain
RNA' and, second, that ]/~ mice have a deficiency in the
formation of B-cell memory that could be adoptively
transferred by T cells from 77/~ mice. In the latter study
we did not observe any differences between the T-cell
compartments of C57BL/6 and J~'~ mice (E. Killberg and
T. Leanderson, unpublished observations).

We have confirmed that DC, defined as CD11c" cells,
in the mouse express J-chain RNA. We then extended this
observation and could show that in lymph nodes from
normal C57BL/6 mice there is a subpopulation of
CD11c" cells that express also the J-chain protein. The
CD11c*/J* cells were mostly located outside, but in close
proximity to, the B-cell follicles. The function of CD11c"/
J* cells remains to be defined in detail. However, we show
here that a majority of these cells also express IDO, hint-
ing at the possibility that they are involved in immune
regulation. That the J-chain protein has a function in
these cells is supported by the observation that a reduced
number of IDO" cells was observed in lymph nodes from
J7/~ mice. Furthermore, both CD11c¢t CD4~ CD8o" and
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CDI11c" mPDCA-1" cells were reduced in spleens from
J7/~ mice compared to C57BL/6 controls, which are the
two major IDO-producing cell populations. Thus, J-chain
expression in CD11c" cells appears to occur primarily in
the IDO-producing subfraction.

Another observation that is intriguing is the fact that
the J-chain locus appears to show a gene dosage pheno-
type which here was evident in the analysis of DC subsets.
We have previously observed this phenomenon in all
assays where a phenotype has been observed in J~/~ mice.
This includes systemic and oral immune responses, as
well as serum IgM and IgA steady-state levels in indepen-
dently generated animals.>**** We have investigated the
possibility that the J-chain locus could be allelically
excluded but found this not to be the case (L. Erlandsson
and T. Leanderson, unpublished observation). We can at
this stage only speculate that J-chain expression needs to
reach a critical level to become biologically significant in
various cell populations. Clearly this is a finding that
merits further study in systems where J-chain expression
can be regulated in a quantitative fashion.

We then characterized the ]/~ mice further with regard
to IDO expression and function. One should here intro-
duce a note of caution. Although our ]/~ mice have been
backcrossed for 10 generations against C57BL/6 it is
impossible to be completely certain that the observed
phenotype is the result of the J-chain. A region of genetic
material surrounding the J-chain gene is most probably
still derived from the 1129 strain and could be the cause
of the phenotype observed. However, the fact that we
have seen the same change in CD11lc FACS profiles in
three separate backcrosses to C57BL/6, that J-chain
mRNA and protein could be detected in a subpopulation
of CD11c" cells from C57BL/6 and RAG™'~ mice, and the
data from human DC,' make us currently work under
the assumption that the J-chain itself is the functional
moiety behind the observations observed.

It has already been discussed above that a reduced
number of IDO" cells was observed in lymph node sec-
tions from ]/~ mice. Furthermore, a reduced level of
IDO RNA was also seen in the spleens from ]~/ mice
compared to C57BL/6. When we estimated the overall
IDO activity in J™/~ mice by measuring the ratio between
tryptophan and kynurenine in serum from healthy ani-
mals, a statistically significant reduction was seen in J~/~
compared to C57BL/6 mice.

IDO-expressing DC have been shown to be involved in
the regulation of immune tolerance.'®*> We therefore
lastly asked the question whether ]/~ mice had a func-
tional defect at the level of tolerance induction. We could
show that ]~ mice were less prone to be tolerized either
orally or systemically. The overall immunological impact
of this defect is unclear. We have not observed an
increased level of autoimmune disease in these animals,
but clearly further studies are needed concerning the

effect of the lack of J-chain on autoimmunity and
immune function.

In conclusion, we show that a subset of CD11c* DC in
the mouse express J-chain. The exact function of J-chain
in this cell population, and at what developmental stage
J-chain expression is critical, remain unknown. Future
studies should be focused on the clarification of these
issues at the biological and biochemical levels.
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