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Altered localization of CXCL13 expressing cells in mice deficient
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Introduction

Summary

The mouse Pactolus gene is an evolutionary paralogue to the CD18/f32
integrin subunit and is preferentially expressed by neutrophils. When first
identified, it was assumed Pactolus would function as an adhesion recep-
tor similar to other P integrin subunits. The analysis of mice genetically
deficient in Pactolus, however, did not define any lesion in neutrophil
migration, adhesion or phagocytosis. Therefore a wider analysis of the
Pactolus deficiency was initiated using transcriptional profiling during an
inflammatory insult. This screen identified a single transcript, CXCL13,
that was elevated in cells from a peritoneal lavage of the wild type animal
compared to the Pactolus-deficient animal. Our analyses confirmed resi-
dent macrophages as being responsible for the chemokine using intra-
cellular CXCL13 staining and additional cell markers to phenotypically
characterize such cells. The resident CXCL13-expressing cells (which do
not express Pactolus) are functionally distinct from the macrophages
recruited into the peritoneal cavity following the inflammatory stimula-
tion since the recruited macrophages do not express detectable levels of
the chemokine. The numbers and expression patterns of these resident
CXCL13-expressing cells do not vary in naive animals of wild type
or Pactolus-deficient origin. Additionally, Pactolus-deficient neutrophils
do not preferentially kill (compared to wild type) CXCl13-expressing
macrophages. These data suggest that during an inflammatory response,
Pactolus may help retain CXCL13-expressing cells within the peritoneal
environment.

Keywords: neutrophils; adhesion receptor; chemokine; cell migration

cytoplasmic and transmembrane domains that show little
similarity to the same domains of any of the B integrin

The mouse Pactolus protein is encoded by the itgh2l
(integrin beta 2-like) gene which is a direct duplication
of that encoding the integrin B2 (CDI18) subunit."?
Although the genes for these two proteins reside on dif-
ferent chromosomes, they possess virtually identical exon/
intron junctions and encode extremely similar proteins.
The Pactolus protein, however, does vary from CD18 in a
number of key regions as it lacks the metal ion dependent
adhesion site (MIDAS) domain structure that is critical
for a chain pairing and substrate recognition®” and the

subunits. The Pactolus protein is more heavily modified
by N-linked glycosylation and sialic acid additions than
CD18 even though the glycosylation addition sites are lar-
gely conserved between the two proteins.>® Pactolus also
varies from CD18 in its tissue specific expression profile.
While CD18 is expressed by granulocytes, lymphocytes
and macrophages, the transcription of the Pactolus gene
in vivo is restricted to cells of the neutrophil lineage.® The
rat possesses a similar gene but it is not present within
the human genome.

Abbreviations: MIDAS, metal ion dependent adhesion site; PCR, polymerase chain reaction; RT, reverse transcription;
PBS, phosphate-buffered saline; LPS, lipopolysaccharide; SNP, single nucleotide polymorphism; FACS, fluorescence activated cell

sorting.
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The Pactolus protein is expressed in the earliest stages
of neutrophil development. The vast majority of the pro-
tein is shuttled into a set of dense granules where it
remains until the cells are stimulated.* Developing gra-
nulocytes in the marrow and circulating neutrophils in
the blood possess minimal Pactolus protein on their cell
surface. However, neutrophils that are recruited into the
tissue via an inflammatory irritation (such as injection of
thioglycollate into the peritoneal cavity) have translocated
virtually all of the intracellular stores of Pactolus to the
cell surface. Induction of apoptosis/necrosis of murine
neutrophils also results in the translocation of Pactolus to
the cell surface.

A Pactolus-deficient animal was generated and ana-
lysed; the animal did not show any gross abnormalities in
any organ, or in any cell distribution in the spleen or
bone marrow, and blood constituents were identical to
wild type.” Migration of neutrophils into the skin via a
contact hypersensitivity assay and into the peritoneal cav-
ity via thioglycollate injection did not show any alteration
in timing or cell type indicating this protein does not
function in cell migration as does the CD18 protein. The
Pactolus-deficient animal also did not show any difference
in susceptibility to gram positive or Gram-negative bac-
teria compared to the wild type animal.’

Defining the function of the Pactolus protein has been
an experimental challenge. Its movement to the cell sur-
face at the terminal stages of the neutrophil life cycle sug-
gests it could serve as a phagocytic receptor, yet targeting
complexes to the protein does not enhance their uptake
(as opposed to targeting complexes to CD18, which is a
very effective phagocytic receptor).'’ Conversely, Pactolus
may serve a ligand function for the recognition and
uptake by macrophages of dead and dying neutrophils.
Macrophages possess a number of receptors that bind to
ligands on the surface of apoptotic and necrotic cells
including scavenger receptors, the phosphatidyl serine
receptor, integrins and lectins.''™* The lectins presumably
bind to sugars (either constitutively displayed or shuttled
to the cell surface upon apoptosis) held by proteins or
lipids. Pactolus could serve as a lectin ligand because of
the extensive addition of sialic acid residues.

Based upon the models described above, Pactolus bind-
ing to a cognate receptor could have an inhibitory or
activating response to the responding cell. Such a
response could be expected to alter the function(s) of a
cell including potentially altering its transcriptional pro-
file. To test if this was the case, an experimental plan was
devised using Pactolus-deficient mice to create an inflam-
matory response that would bring necrotic and apoptotic
neutrophils together with macrophages recruited into the
site. Transcriptional profiling of this event comparing the
Pactolus-deficient animal with wild type animals identi-
fied a single gene product, CXCL13, that varied between
the types of mice. The source of the CXCL13, however,
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was not from the recruited macrophages but from the
resident, peritoneal cells present prior to the inflamma-
tory insult, suggesting that the Pactolus deficiency alters
the maintenance of such cells within the peritoneal cavity.

Materials and methods

Mice

BALB/c mice were obtained from the National Cancer
Institute, National Institutes of Health (Bethesda, MD),
and 129/sv mice were obtained from the Jackson Laborat-
ory (Bar Harbor, ME). All animal experiments were
reviewed and approved by the University of Utah Animal
Use Committee. Previously described Pactolus-deficient
mouse’ were back-crossed seven times to BALB/c and
used for the described experiments. Genotyping of such
animals by microsatellite analysis was carried out by the
University of Utah DNA Sequencing core facility.

Affymetrix analysis

Total RNA was isolated from peritoneal lavage cells using
CsCl guanidine."® Equal amount of total RNA (3-33 pg)
from five mice were pooled. Duplicate mouse 2.0 Affyme-
trix chips were hybridized per pool. All of the individual
mouse RNA samples were then analysed with gene speci-
fic sequences and quantitative reverse transcription—
polymerase chain reaction (RT-PCR) to verify the
Affymetrix data.

RT-PCR

Total RNA was isolated from cells using TRIzol reagent
(Invitrogen, Carlsbad, CA) according to the manufac-
turer’s instructions. RNA was resuspended in water and
quantified by A,s absorbance. cDNA was synthesized
from 5 pg of RNA, 10 pl of 5x first strand buffer, 5 pl of
5 mm deoxynucleotide phosphate (ANTP), 5 ul of 0-1 M
dithiothreitol, 2 ul of 1-25 mm random primers (Life
Technologies, Inc., Gaithersburg, MD), 2 ul of Moloney
murine leukaemia virus reverse transcriptase, and water
to final volume of 50 pl. The reaction was incubated at
37° for 1 hr cDNA was cleaned using a PCR purification
kit (Qiagen, Valencia, CA). cDNA levels were assessed
using quantitative PCR on the LightCycler (Roche, India-
nopolis, IN). Amplification was performed in a 10 pl final
volume containing 3 mM MgCl,, 50 mm Tris (pH 8-3),
500 ng of bovine serum albumin/pl, 200 pm (each) dNTP,
1:30 000 dilution of SYBR Green I (Molecular Probes,
Eugene, OR), 5 uM (each) primer, 0-05 U of Tagq polym-
erase/pl, 11 ng of TaqStart antibody (BD Biosciences, San
Diego, CA)/pl. Oligonucleotides used were Actin: #62; 5'-
GTAACAATGCCATGTTCAAT-3', and #339; 5-CTCCA
TCGTGGGCCGCTCTAG-3', CXCLI13: #2499; 5'-AACTC
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CACCTCCAGGCAGAATG-3, and #2500; 5'-TGTGTAA
TGGGCTTCCAGAATACC-3', -2 microglobulin #2723;
5'-AGACTGATACATACGCCTGCAG-3’, and #2724; 5'-
GCAGGTTCAAATGAATCTTCAG-3', F4/80 #2715; 5'-
TCCTCTTCTGGGGCTTCAG, and #2716; 5'-GAAAGTT
GGTTTGTCCATTGC-3'.

Neutrophil isolation

Bone marrow neutrophils were isolated following the pro-
tocol previously described.'® Briefly, bone marrow tissue
was flushed from murine femurs with cold phosphate-
buffered saline (PBS). The red blood cells were lysed by
treating the marrow with ACK lysing buffer (0-15m
NH,CL, 1 mm KHCOs;, and 0-1 mM Na,-ethylenediamine-
tetra-acetic acid) for 4 min on ice. After two washes, the
cells were resuspended in PBS and layered onto a Percoll
(Amersham Pharmacia Biotech, Arlington Heights, IL)
gradient consisting of equal volumes of the different densi-
ties of PBS and 1-080 g/ml percoll (lower layer). The gradi-
ents were then centrifuged at 1000 g for 20 min at 4°. Cells
were visible as a pellet (most mature neutrophils) and at
the interface of the two densities (mostly less mature neu-
trophils and B cells). The pellet was removed and centri-
fuged in PBS to remove the Percoll and were ready for use.
Gradient dilutions were made following the protocol from
Amersham Pharmacia Biotech using 0-15 M NaCl.

Thioglycollate recruitment

Cells were recruited to the peritoneal cavity after injecting
0-5 ml 3% thioglycollate (Difco, B. D. Diagnostics, Frank-
lin Lakes, NJ). At specific time points a peritoneal lavage
was performed using cold PBS. For isolating neutrophils
from the peritoneal lavage, a Percoll density of 1-06 g/ml
was used (see neutrophil isolation).

In vitro macrophage incubation

Peritoneal macrophages were harvested 4 days after
0-5 ml 3% thioglycollate was administered. Lavages from
three individual mice were pooled and plated into six-well
dishes (~1 x 10%well) and incubated over night at 37°.
Mature bone marrow neutrophils (~5 x 10°), and lipo-
polysaccharide (LPS, 5 ng/ml) was added. At each time
point the wells were washed in PBS and the adherent cells
were lysed in TRIzol for total RNA purification.

Fluorescence-activated cell sorting (FACS) analysis

After harvesting peritoneal cells, red blood cells were lysed
with ACK (see neutrophil isolation). 1 X 10° Cells were
resuspended in 100 ml staining buffer (PBS + 0-1%
bovine serum albumin (BSA)) prior to antibody staining.
Antibody used were Gr-1 (clone RB6-8C5), B220 (clone
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RA3-6B2), CXCR5 (clone 2G8) and I-A/I-E (clone 2G9)
all from BD Bioscience (San Diego, CA). F4/80 (clone
BMS8) from Caltag (Burlingame, CA). CXCL13 (poly-
clonal goat) from R & D Systems (Minneapolis, MN).

Magnetic bead separation

After harvesting peritoneal cells, cells were stained and
separated as recomendet by Miltenyi Biotech (Auburn,
CA). Cells were labelled with B220-Microbeads from Milte-
nyi Biotech. or F4/80-biotin (clone BM8) from Caltag plus
Streptavidin Microbeads from Miltenyi Biotech. Manu-
facturer’s protocol was followed.

Results

Depressed CXCL13 expression in inflammatory
responses of Pactolus-deficient animals

A Pactolus-deficient animal was created using standard
gene knockout technologies, and analysed.” Because the
Pactolus gene is a direct duplication of that of CD18/f2
integrin® phenotypes similar to those of animals lacking
CD18 (adhesion, migration, phagocytosis) were anticipa-
ted.!”'® However, animals lacking Pactolus were normal
for marrow and blood populations, for migration of
inflammatory cells into sites of irritation, and for responses
to infectious agents. Reasoning that any phenotype associ-
ated with a Pactolus deficiency would most likely be when
the protein is translocated to the cell surface, we utilized a
standard peritonitis model to recruit terminal neutrophils
into the peritoneal cavity of the mouse. Neutrophils
recruited into such a site do not re-circulate back into the
animal but are removed by recruited macrophages.'' Our
hypothesis was that the presence of Pactolus on the surface
of recruited neutrophils would influence their interactions
with other cell types in the peritoneal cavity (potentially
both resident and recruited), and the absence of such
interactions with the Pactolus-deficient animal might
result in altered transcriptional responses.

The majority of the Pactolus protein is held within the
maturing neutrophil in granules until such cells are
induced to degranulate, either via necrosis and apoptosis,
or direct activation. The vast majority of Pactolus is trans-
located to the surface of the neutrophil at the terminal stage
of its life span.” The Pactolus deficiency (originally derived
from a 129/sv and C57BL/6 chimera) was bred upon the
BALB/c background for seven generations. Micro-satellite
mapping of the backcrossed animals indicated that the bulk
of chromosome 16 (and the rest of the genome) was of
BALB/c origin except for the most telomeric region of that
chromosome which is where the Pactolus gene resides. This
region of the chromosome was of 129/sv derivation consis-
tent with the genetic background of the ES cell used to
create the knockout animal (Table 1).
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Table 1. Genotype of chromosome 16 from Pactolus-deficient BALB/c

mouse
Locus Distance (cM) MGI (cM) Strain
D16Mitl65 109 10-3 BALB
D16Mitl46 17-5 16-9 BALB
D16Mitl136 26-2 28-2 BALB
D16Mitl57 29-5 34-1 BALB
D16Mit49 393 53 BALB
D16Mit118 44.8 57 BALB
D16Mit52 51-4 66-8 129/sv
Pactolus 69

Thioglycollate-induced peritonitis was induced in five
wild type BALB/c and five Pactolus-deficient animals and
total cells were isolated from the peritoneal cavity 16 hr
after treatment. FACS analysis of each animal’s peritoneal
cells after harvest showed about 60% of the cell popula-
tion were Gr-1 positive neutrophils and 25% were F4/80
positive macrophages (data not shown). This single time
point was chosen because it represented the time at which
neutrophil recruitment into the cavity was waning and
the influx of macrophages was increasing. RNA was
obtained from the total cell population of each treated
animal, pooled and was used to screen the 2.0 version of
the mouse Affymetrix gene array. Rank product analysis
was performed on the samples and genes showing
enhanced or depressed expression in the two sets of sam-
ples were ranked.

A number of genes displayed altered expression profiles
in this screen, these genes were subdivided into three
groups. The first group could not be reproduced by
quantitative RT-PCR from each of the individual animal
samples used to generate the pool thus the altered expres-
sion was caused by a single aberrant sample in the
original pool. The second set mapped to genes on chro-
mosome 16 closely linked to Pactolus, and were presum-
ably of 129/sv origin. These genes showed expression
differences in comparing 129/sv recruited cells versus
those of BALB/c derivation, and were eliminated from
our study. The third set consisted of a single gene,
CXCL13, which was identified as having a 2-4-fold eleva-
tion of expression in the wild type animal compared to
the knockout (the CXCL13 gene is on murine chromo-
some 5). Each of the samples used to create the pool were
independently analysed: each wild type sample expressed
a higher level of CXCL13 than any of the Pactolus-defici-
ent samples (data not shown).

The altered expression of CXCL13 in the Pactolus-defi-
cient animal, compared to wild type BALB/c animals, was
analysed. Cells were obtained from test animals following
thioglycollate injection 16 hr after induction and evalu-
ated for CXCL13 expression. As shown in Fig. 1(a), there
is a reduction in CXCL13 expression in the 16 hr rec-
ruited cells between the BALB/c sample versus that of
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the Pactolus-deficient animal (f = 0-06). A comparison
of CXCLI3 expression between the BALB/c recruited
cells versus those from 129/sv lineage (Fig. 1b) did not
demonstrate any significant difference. The influx of
neutrophils into the peritoneal cavity 16 hr after the
inflammatory irritation was the same between the BALB/c
wild type and Pactolus-deficient animal (Fig. 1c). To
determine if there were inherent differences in CXCL13
expression between the various strains of mice used in
these analyses, we analysed untreated resident peritoneal
cells for transcript anomalies. As shown in Fig. 1(d), the
levels of CXCL13 expression in cells from a naive, un-
fractionated peritoneal wash from 129/sv, BALB/c and the
Pactolus-deficient animals were not significantly different.
Note that the number of CXCLI3 transcripts per 1000
B-actin transcripts is about 40 fold higher in this panel
versus Fig. 1(a or b). This apparent reduction is caused,
in part, by the influx of neutrophils and other cell types
that possess transcripts for B-actin but lack those for
CXCL13 (see below).

The previous analyses were performed on RNA
obtained from the total cellular pool of recruited and
resident cells. The expansion of cell numbers 16 hr after
injection of thioglycollate is 30—40-fold (data not shown)
and is primarily made up of neutrophils and macropha-
ges. To help determine the source of the CXCLI3 tran-
scripts in such samples, thioglycollate recruited cells from
BALB/c and Pactolus-deficient animals were separated by
Percoll sedimentation into fractions enriched for neu-
trophils or macrophages. As shown in Fig. 2(a) the dense
neutrophil-enriched population possessed very low levels
of CXCL13 transcripts per B-actin transcripts. The top
layer, that was enriched for macrophages and lympho-
cytes, showed a much higher level of expression of
CXCL13 per PB-actin equivalence, and a nearly fourfold
increase of CXCL13 expression in the BALB/c sample
versus the Pactolus-deficient animal. The difference in
CXCL13 expression between wild type and knockout ani-
mal is more pronounced in the more homogeneous cell
samples in this figure (versus that of Fig. 1) which would
be expected as cells that possess B-actin transcripts but
not those for CXCL13 were removed from the sample.
The low level of expression of CXCL13 in the neutrophil-
enriched sample was most likely caused by the very small
percentage of cellular contamination inevitable with such
a separation protocol. When naive, wild type peritoneal
washes were examined in the same fashion, Fig. 2(b),
CXCL13 transcripts were found in both fractions suggest-
ing that alterations in the density of cells expressing the
chemokine may occur during an inflammatory response.
Increasing the Percoll step gradient to 1-08 g/ml still split
the CXCL13-producing cells into the top and bottom
fractions (data not shown).

The CXCL13 chemokine is recognized by the CXCR5
receptor found on B and T cells.'® To determine if the

215



R. B. Weiss et al.

4 25
3.5 c
£ 5| 2
© 3 s
A * =%
g|2° g |15
8 S
=) 2 =
hag @
|15 3]
3 g
3 ! O los
0-5
0 04
(@) BALB/c Pac KO (b) 129/sv BALB/c
70 140
60 < [120
g 100
50 &
— o
6 40 ‘% 80
2| 30 & | 60
3
20 Q1 40
(&)
10 20
0! 0-
© BALB/c Pac KO (d) 129/sv  BALB/c  Pac KO

Figure 1. Differential expression of CXCL13 in wild type and Pactolus-deficient animals. (a) Four BALB/c and four Pactolus-deficient mice (bred
upon BALB/c background for seven generations) were induced with a peritoneal injection of thioglycollate, cells were isolated from the cavity
16 hr later. Quantitative RT-PCR was done on each sample independently comparing CXCL13 transcripts per 1 x 10° B-actin transcripts. *t =
0-06. (b) Eight 129/sv and four BALB/c mice were induced with a peritoneal injection of thioglycollate and cells were isolated from the peritoneal
cavity 16 hr later. Quantitative RT-PCR was done comparing CXCL13 transcripts per 1 X 10> B-actin transcripts on each individual sample.
(c) Percentage of GR-1 positive cells (granulocytes) in a peritoneal lavage 16 hr after thioglycollate treatment between the BALB/c (five mice
examined and averaged) and Pactolus-deficient animals (five animals examined and averaged). (d) Cells were taken from a naive peritoneal lavage
from five 129/sv, five BALB/c and four Pactolus-deficient animals. RNA was obtained from the individual cell populations and analysed for
CXCL13 transcripts per 1 X 10> B-actin transcripts. Analysis of single experiments is shown but each were done multiple times and generated the

same data.

depressed level of CXCL13 transcripts in the Pactolus-
deficient animal following inflammatory irritation would
result in a depression of migration of CXCR5-bearing
cells, we obtained total peritoneal cells from animals 24
and 96 hr after thioglycollate injection, and analysed them
for populations of CXCR5-possessing cells (Fig. 3). Two
discrete populations of CXCR5 positive cells (B220" B
cells and B200™ T cells) were obtained from such animals
but there was no significant difference in either of these
CXCR5" populations between the wild type and Pactolus-
deficient animals. The number of neutrophils in wild type
and Pactolus-deficient mice drops dramatically after
recruitment such that 96 hr after thioglycollate induction,
only about 1% of the peritoneal cells are GR1" neutro-
phils (data not shown). Such cells are removed by macro-
phage phagocytosis: we do not see any preferential
phagocytosis of wild type or Pactolus-deficient neutro-
phils (data not shown).

Expression of CXCL13 following inflammatory insult
is caused by resident cells not recruited macrophages

The preceding data in this report indicated that the pri-
mary source of CXCL13 products following thioglycollate
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recruitment was from low density cells such as dend-
ritic cells or macrophages suggesting that differential inter-
actions between the wild type and Pactolus-deficient
neutrophils with either resident or recruited CXCLI13-
expressing cells were responsible for the difference in
CXCL13 phenotype. We sought to duplicate these
responses in vitro by incubating naive and recruited peri-
toneal cellular populations (both wild type and Pactolus-
deficient) with neutrophils isolated from the bone
marrow of wild type and Pactolus-deficient animals. Incu-
bating such purified neutrophil populations overnight
induces the translocation of Pactolus to the cell surface.’
Peritoneal wash populations were isolated from naive
BALB/c animals, held alone, or with the addition of four
to one bone-marrow derived neutrophils for 16 hr. The
isolated bone marrow polymorphonuclear cells (PMNs)
were also analysed without the addition of the peritoneal
wash cells. As shown in Fig. 4(a), the addition of the
bone marrow derived PMNs resulted in about a four- to
fivefold drop in CXCL13 expression. However, the quan-
tification of CXCL13 expression is based upon normaliza-
tion to P-actin transcripts: the PMNs possessed B-actin
mRNA but not CXCL13 products. Therefore, the four- to
fivefold drop in CXCL13 transcripts with the addition of
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1-06 g/ml Percoll

CXCL13/1000 actin

BALB/c PacKO BALB/c PacKO

(a) Top layer Bottom layer

35

30

25

20

15

CXCL13/1000 actin

10

Top Bottom

(b) 1.06 g/ml Percoll

Figure 2. CXCLI13 transcripts are found in the nongranulocyte cell
population. Total peritoneal lavage samples 16 hr after thioglycollate
treatment (four mice per set) (a) or from naive mice (b) were
obtained and separated, based upon density, in a Percoll gradient
(1-06 g/ml) (see Methods) RNA was obtained from the samples and
analysed for CXCLI13 transcripts (per B-actin control) by quantitative
PCR. Results from a single experiment are shown but is representa-
tive of multiple identical experiments. (*t = 0-03).

the knockout and wild type PMNs is wholly accounted
for by the relative dilution of the CXCL13 to [-actin
ratio. However, if the Pactolus-deficient neutrophils were
more prone to kill the CXCL13 expressing cells within
the peritoneal cavity, compared to the wild type PMNs,
then a more pronounced depression of CXCLI3 tran-
scripts should have been evident. The PMN samples alone
(wild type and knockout) did not possess any CXCL13
transcription products.

In a second analysis, peritoneal wash cells were derived
from wild type and Pactolus-deficient animals 96 hr after
thioglycollate injection and incubated with wild type
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Figure 3. Recruitment of CXCRS5 possessing cells following an
inflammatory stimulus. Thioglycollate was injected into the perito-
neal cavity of four BALB/c mice and four Pactolus-deficient (knock-
out) mice. After 24 and 96 hr, peritoneal cells were isolated from
pools of two mice per time point, and analysed by FACS for expres-
sion of CXCR5 and the B-cell marker B220. Similar trends in cell
recruitment were observed in other identical experiments.

or Pactolus-deficient bone marrow derived neutrophils
(Fig. 4b). The apparent quantity of CXCLI13 transcripts
was again reduced due to the addition the B-actin tran-
scripts contained within the PMNs. Again we saw no
specific depression of CXCL13 gene products after incu-
bation with the Pactolus-deficient neutrophils, compared
to the wild type cells, suggesting that the preferential
reduction in CXCL13 products seen during the peritoneal
inflammatory response (see Figs 1 and 2) is not caused
by preferential cell killing by the Pactolus-deficient neu-
trophils. Again, as shown previously, the quantity of
CXCL13 products produced by the peritoneal cells of the
Pactolus-deficient animal is comparable to those of wild
type (except at the height of the inflammatory response,
16 hr after induction).

The preceding data left open the question as to whether
the CXCL13 transcripts observed in the peritoneal washes
16 hr after induction were caused by freshly recruited
macrophages, the resident peritoneal population, or both.
This question was addressed, in part, by analysing relative
levels of CXCL13 expression at various time points fol-
lowing thioglycollate injection. CXCL13 expression was
quantified as copies per 1000 copies of B-actin. If the
expression of the chemokine was due solely to the resi-
dent cells, then the addition of recruited cells not expres-
sing the chemokine would serve to depress this ratio. On
the other hand, if recruited macrophages were expressing
CXCL13, then the relative level of the chemokine per
B-actin transcripts should remain high with a maximal
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Figure 4. Expression of CXCL13 in in vitro cultures. (a) Total peri-
toneal washes from naive animals were incubated alone (WASH) or
with bone marrow isolated neutrophils from wild type (BALB/c
PMN WASH) or from Pactolus-deficient animals (PacKO PMN
WASH), for 16 hr in tissue culture. Equivalent samples of the isola-
ted neutrophils (BALB/c PMN or PacKO PMN) were also analysed
in parallel. Relative levels of CXCL13 transcripts were obtained from
identical experiments and normalized to a 100% value from the
WASH sample. (b) Total peritoneal washes from wild type (BALB/c
Macrophage) and Pactolus-deficient (PacKO Macrophage) animals
96 hr after thioglycollate treatment were incubated either alone
(Blank) or with neutrophils isolated from the bone marrow of Pacto-
lus-deficient (PacKO PMN) or wild type (BALB/c PMN) animals.
The analysis of a single experiment is shown but is indicative of a
number of independent analyses that provided the same result.

value at the apex of macrophage recruitment, 20-40 hr
after thioglycollate induction. As shown in Fig. 5, as cells
are recruited into the cavity following thioglycollate
recruitment, the ratio of CXCL13 transcripts to B-actin
transcripts falls dramatically over the 42 hr time period
indicating that the resident peritoneal cells are largely
responsible for the production of the chemokine, not the
recruited cells. It is at the 16 hr time point of this assay
that a significant difference in response within the wild
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Figure 5. Enumeration of CXCLI13 transcripts in peritoneal cell
washed from naive and thioglycollate treated animals. Total cell pop-
ulations were obtained from naive (0 hr, five BALB/c and four Pact-
olus-deficient animals) and thioglycollate treated animals 5, 16 and
42 hr after induction (four BALB/c and three Pactolus-deficient, four
and four, and four and three, respectively) of the inflammatory
response. Total RNA samples were analysed for CXCL13 expression
per 1 x 10° B-actin transcripts. Averages between the different mouse
samples are shown. The same experiment was done repeatedly and
provided the same result.

type and Pactolus-deficient animals was observed (see
Fig. 1).

Characterization of the naive peritoneal
CXCL13-expressing cells and modulation during
an inflammatory response

The expression of CXCL13 in the normal, uninflamed
peritoneal cavity has been attributed to resident macroph-
ages and cells found within the peritoneal omentum and
peritoneal wall. The CXCL13-expressing peritoneal macro-
phages were characterized as CD11c", CD11b"*, F4/80"
and B220~.>%*' Radiation chimera analysis demonstrated
that the peritoneal macrophage population was sensitive
to radiation treatment but that the bulk of CXCLI3-
expressing cells within the omentum were not.?' Such
macrophage-like cells within the omentum had been pre-
viously proposed to originate from local precursors and
not to be dependent upon the bone marrow indicating
that there are two distinct populations of CXCL13-expres-
sing cells within the peritoneal environment. A number of
groups have also described dendritic cells as significant
sources of CXCL13 (dendritic cells adhere weakly to plas-
tic plates).”** Additionally, the expression of CXCL13
by B cells has been documented even though CXCL13 is
a strong B-cell chemoattractant and critical in establishing
correct lymphoid structures.”> >’

The preceding data indicated that the expression of
the CXCL13 chemokine seen during an inflammatory
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Figure 6. Expression of CXCL13 in naive peritoneal cells colocalizes with expression of F4/80. (a) Total peritoneal cells were isolated naive
BALB/c animals and fractionated, via magnetic bead separation, into B220" populations, and F4/80" populations. Cells were then lysed, RNA
obtained and analysed for CXCL13, CD19, and F4/80 transcripts per 1 x 10> B-actin transcripts. Two BALB/c mouse samples were pooled for the
analysis: data shown is percentage of total. (b) Total peritoneal cells were isolated from naive BALB/c animals and stained for flow cytometry.
Cells were either treated (+Bref) or not (—Bref) with Brefeldin A. Cells were labelled with antibodies against F4/80 in combination with isotype
immunoglobulin (Ig) and CXCL13. The RI region of the side scatter versus forward scatter contained those cells positive for CXCL13 staining:
the RI region was used in the lower four panels. (c) Total peritoneal cells were isolated from naive BALB/c animals and stained for flow cyto-
metry. Cells from the R1 gate (not shown) were analysed. Cells were treated with Brefeldin A, and labelled with antibodies against CXCL13 in
combination with CD11b, B220 and MHC class II. (d) Total peritoneal lavage cells 16 hr after thioglycollate recruitment from wild type (WT) and
the Pactolus-deficient animals (KO) were analysed for F4/80 and CXCL13 protein expression. Cells were treated with Brefeldin A, permeabilized
and fixed prior to staining. There was no difference noted in WT or KO cells for CXCL13 staining compared to the isotype control antibody (Ig).

response was linked to the resident cells of the peritoneal
cavity and could not be attributed to the recruited macro-
phages. These CXCL13-expressing resident cells must dif-
ferentially interact with the Pactolus-deficient or normal
neutrophils in the first wave of inflammatory recruitment
to give rise to the altered levels of CXCL13 transcripts.

We chose to more fully characterize the type of cells in
the peritoneal cavity that express CXCL13 (Fig. 6a). The

© 2006 Blackwell Publishing Ltd, Immunology, 119, 212-223

free peritoneal cells responsible for the CXCL13 expres-
sion were F4/80 positive and B220 negative, consistent
with a macrophage-like phenotype. This analysis was
extended using an antibody specific for CXCL13 for intra-
cellular staining of such cells. As shown (Fig. 6b), when
naive peritoneal lavage cells analysed by FACS analysis
using anti-F4/80 and anti-CXCL13 antibodies, a small
subset, but not all, of the F4/80" cells also stain for
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CXCL13. Peritoneal lavage cells from naive mice were fur-
ther analysed using double stains of anti-CXCL13 and
anti-CD11b, anti-B220 or anti-major histocompatibility
complex (MHC) II. Only a subset of the CD11b™" cells
expressed CXCL13 while MHCI™ cells (B cells) did not
express the chemokine (Fig. 6¢). As shown, the bulk of
CXCL13 product was associated with B220™ cells. Because
we observed a depression in CXCL13 gene products 16 hr
after thioglycollate recruitment and we can detect
CXCL13-expressing cells by FACS analysis, we analysed a
total peritoneal lavage wash for any differences in the
numbers of CXCLI13-expressing cells between the wild
type and Pactolus knockout animals 16 hr after thiogly-
collate treatment. As shown in Fig. 6(d), we could not
specifically detect CXCL13-expressing cells in the perito-
neal wash of the wild type or the Pactolus-deficient
animals. At this time point following thioglyocollate
recruitment, the major influx of neutrophils is over and
the entry of macrophages is robust such that the
CXCL13-expressing cells observed in the quiescent perito-
neal lavage would be lost in the population of recruited
cells. Attempting to gate on subpopulations before analy-
sis (such as CDI11b, F4/80) did not reduce the back-
ground such that the CXCL13-expressing cells could be
identified and quantified in either the wild type or Pacto-
lus knockout samples. Alternatively, the ability to detect
the protein in these cells could be lost following inflam-
matory activation.

Previous experiments in this report detail the differen-
tial loss of CXCL13 transcripts in wild type versus Pacto-
lus-deficient animals during an inflammatory insult. The
loss of CXCL13 gene products from these resident cells of

the peritoneal cavity could be caused by a number of rea-
sons: including preferential transcript degradation, silen-
cing of gene transcription, differential migration out of
the cavity, or apoptosis of resident cells expressing the
product. Co-incubation of fresh, naive peritoneal washes
with neutrophils did not demonstrate a net loss of
CXCL13 transcripts over a 16 hr period suggesting that
transcription was not being quenched and CXCLI13-
expressing cells were not being preferentially killed by the
Pactolus-deficient neutrophils (Fig. 4). These observations
suggested that differential migration of such cells out of
the peritoneal cavity was the most likely cause for the
differences between the Pactolus-deficient and wild type
animals.

The other cell type in the peritoneum that has been
described for CXCL13 production is a macrophage-like
cell embedded within the peritoneal wall, omentum mes-
entary and diaphragm.”’ We reasoned that if alterations
in numbers of the CXCL13-expressing cells in the perito-
neal wall were obvious hours after an inflammatory sti-
mulus, then it would be most likely due to a soluble
product from responding cells such as neutrophils. Alter-
natively, if alterations were obvious in the free peritoneal
cells but not apparent for the CXCL13-expressing cells in
the peritoneal wall, then cell to cell contact between the
wild type or Pactolus-deficient neutrophils might be caus-
ative. Accordingly, we first treated multiple BALB/c mice
with PBS or thioglycollate injections and evaluated perito-
neal lavage and peritoneal wall samples for CXCL13 and
control products. As shown in Fig. 7(a), CXCL13 gene
products were significantly reduced in the thioglycollate
treated samples, compared to the B-actin controls. As

CXCL13 F4/80 B2-micro
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Figure 7. Modulation of cells expressing CXCL13 in peritoneal wall samples following inflammatory activation. Three BALB/c animals were

mock treated (PBS) or injected with thioglycollate (Thio) for 16 hr. The peritoneal cavity constituents were first isolated (peritoneal cavity).

Anatomically identical sites of the peritoneal wall were excised and lysed (Peritoneal wall). Total RNA was obtained and analysed for (a) CXCL13,

(b) F4/80 and (c) B-2 microglobulin expression, by quantitative RT-PCR. This experiment is one of multiple that showed the same trend.
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discussed previously, the reduction in CXCL13/B-actin
transcripts for the peritoneal lavage is largely caused by
the migration into the cavity of other cells possessing
B-actin but not CXCL13 gene products. The same would
not be true for the peritoneal wall analysis in that the
structure of the wall was not remarkably influenced and
the total number of cells within it (expressing [B-actin)
should stay relatively uniform. Only a very small minority
of cells in the peritoneal wall express CXCL13.*" As inter-
nal controls for this experiment, we analysed transcripts
for F4/80 and B-2 microglobulin (again expressed as tran-
scripts per 1000 B-actin control). The former showed loss
for the marker within the peritoneal wall (consistent with
migration out of that site), while the latter was not signi-
ficantly altered between PBS and thioglycollate treatment.
The most likely interpretation of these data is that the
CXCL13-expressing cells migrate out of the peritoneal
wall.

We then sought to determine if there was any differ-
ence in the loss of CXCL13 transcripts with the peritoneal
wall sample between the wild type and Pactolus-deficient
animal following a 16 hr inflammatory stimulus. Physic-
ally identical samples of the peritoneal wall and omentum
were compared. As shown (Fig. 8), a significant reduction
in CXCLI13 expression in the Pactolus-deficient animal is
observed with both the peritoneal wall and peritoneal
wash samples while that for the omentum showed equiv-
alent transcript levels between the two sets of animals.

*
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BALB/c PacKO BALB/c PacKO BALB/c PacKO

CXCL13/1000 B-actin

Peritoneal Peritoneal Omentum

cavity wall

Figure 8. Differential loss of CXCL13 transcripts from the peritoneal
wall between Pactolus-deficient and BALB/c mice. Three BALB/c and
three Pactolus-deficient (knockout) animals were injected with thio-
glycollate and samples taken 16 hr later. Total peritoneal cells were
obtained from the cavity, as well as anatomically identical samples of
the peritoneal wall and the greater omentum. Total RNA was extrac-
ted and analysed for CXCL13 transcripts by quantitative RT-PCR.
Averages are shown from the sets of three mice. Other similar
experiments showed the same trend. *t = 0-065: *t = 0-027.
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These data suggest that the CXCl13-expressing cells in the
peritoneal wall are preferentially lost in that anatomical
site of the Pactolus-deficient animal during an inflamma-
tory response.

Discussion

In this report we have analysed the novel finding that the
level of expression of CXCL13 found in peritoneal cells
after a thioglycollate recruitment is depressed in animals
lacking the Pactolus protein compared to wild type con-
trols. This observation was made at the time point at
which we had hypothesized the effect of a Pactolus defici-
ency might be most evident when interactions between
recruited neutrophils and macrophages would be max-
imal. Pactolus is shuttled to the surface of the activated
neutrophil prior to that cells entry into apoptosis and/or
necrosis, presumably to either interact with another neu-
trophil ligand, or to bind to a cognate receptor on the
surface of macrophages. The difference in CXCL13 tran-
scripts between the wild type and Pactolus-deficient ani-
mals was not evident 4 hr after induction (primarily
during the neutrophil influx) nor 48 hr after induction
(at which point most of the neutrophils had been elimin-
ated) but instead 16 hr post induction when the ratio of
neutrophil to macrophages is about 3 : 1.

One concern about our observations between the wild
type (BALB/c) and Pactolus-deficient animal (extensively
bred upon the BALB/c background) was that the differen-
tial level of CXCLI13 expression by resident cells was pre-
set prior to the inflammatory induction. Thus a 129/sv
allele of a gene (that was functionally different from that
of BALB/c lineage) linked to the Pactolus knockout inser-
tion could differentially influence the level of expression
(either by manipulating total cell number or the level of
transcription) of CXCL13. However, all of our analyses
have shown that the quantity of CXCL13 transcripts
within various tissue samples was the same in the BALB/c,
129/sv controls and the Pactolus-deficient animal prior to
the inflammatory response. Therefore, the absence of the
Pactolus protein during the inflammatory response must
be causative for this phenomenon.

Our experimental hypothesis was that the greatest effect
of the Pactolus deficiency would have been linked to the
function of macrophages recruited into the peritoneal
cavity. Therefore, we were surprised to find that virtually
all of the CXCLI13 response (which was differential
between the wild type and Pactolus knockout animal) was
from the resident cells of the peritoneal cavity. Previous
reports have identified resident macrophages (CD11b™/
F4/80™") as the primary CXCL13-expressing cells within
the quiescent peritoneal cavity, the omentum and perito-
neal wall.*>*' CXCL13 is a B-cell homing chemokine
critical for lymphocyte homing to lymphoid tissues and
localization within the peritoneal cavity. Animals deficient

221



R. B. Weiss et al.

in CXCL13 show a lack of B1 cell localization in the peri-
toneal cavity.”!

The macrophages recruited into the peritoneal cavity
(both wild type and Pactolus-deficient) following the
thioglycollate treatment were CD11b"'/F4/80™", but were
not expressing the CXCL13 chemokine. The induction of
an inflammatory response such as that created with a
peritonitis model is characterized by a immediate migra-
tion of neutrophils into the site followed by a macro-
phages and, still later, T and B cells. We assumed that
CXCL13 would have been expressed by the recruited
macrophages to induce the migration of CXCR5-bearing
lymphocytes; however, that was not the case. This obser-
vation suggests that the resident peritoneal CXCL13
expressing macrophages are fundamentally different cells
than those macrophages recruited into the body cavity
following an inflammatory stimulus. Previous reports
have suggested CXCL13 expression by dendritic cells
(cD11b™/CD11cM), and, in one report, the cell surface
markers of the peritoneal CXCL13-expressing cells do
express both CD11b and CD11c.?? Therefore, at this time,
it is unclear whether or not the CXCL13 expressing cells
in the peritoneal cavity represent a specialized class of
macrophages or dendritic cells.

The central question left unresolved by this work is
why the recruitment of a Pactolus-deficient neutrophil
would promote the loss of CXCL13-expressing cells from
the peritoneal cavity during an inflammatory response.
The in vitro coculture of such cells with neutrophils did
not induce their death nor was there evidence of depres-
sion of CXCL13 transcription leaving the preferential
migration of such cells out of the peritoneal cavity as the
likely reason for the Pactolus-deficient phenotype. Such
a model suggests the differential release of a neutrophil
product that would serve to retain (wild type) or exclude
(Pactolus deficiency) CXCL13-expressing peritoneal cells
during the inflammatory response. Determining whether
or not this model is correct will require additional inquiry
into differential product release from wild type and
Pactolus-deficient neutrophils.
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