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CD30 is expressed on a variety of B-cell ymphomas, such as Hodgkin lymphoma, primary
effusion lymphoma, and a diffuse large B-cell ymphoma subgroup. In normal tissues, CD30
is expressed on some activated B and T lymphocytes. However, the physiological function
of CD30 signaling and its contribution to the generation of CD30* lymphomas are still
poorly understood. To gain a better understanding of CD30 signaling in B cells, we studied
the expression of CD30 in different murine B-cell populations. We show that B1 cells
expressed higher levels of CD30 than B2 cells and that CD30 was upregulated in IRF4+
plasmablasts (PBs). Furthermore, we generated and analyzed mice expressing a consti-
tutively active CD30 receptor in B lymphocytes. These mice displayed an increase in B1 cells
_/ inthe peritoneal cavity (PerC) and secondary lymphoid organs as well as increased numbers

of plasma cells (PCs). TI-2 immunization resulted in a further expansion of B1 cells and PCs.
We provide evidence that the expanded B1 population in the spleen included a fraction of PBs. CD30 signals seemed to

® CD30 signaling drives
the expansion of B1
cells and PBs/PCs in
transgenic mice.

® Chronic CD30
signaling in murine
B cells results in the
development of B-cell
lymphomas.

enhance PC differentiation by increasing activation of NF-kB and promoting higher levels of phosphorylated STAT3 and
STAT6 and nuclear IRF4. In addition, chronic CD30 signaling led to B-cell lymphomagenesis in aged mice. These
lymphomas were localized in the spleen and PerC and had a B1-like/plasmablastic phenotype. We conclude that our
mouse model mirrors chronic B-cell activation with increased numbers of CD30+ lymphocytes and provides experimental
proof that chronic CD30 signaling increases the risk of B-cell lymphomagenesis. (Blood. 2019;133(24):2597-2609)

The role of CD30 signaling in B lymphocytes is still poorly un-
derstood. Studies in CD30 knockout mice have not revealed
a clear function of CD30 signaling in B cells.® CD30 knockout
mice had a defect in sustaining GC responses and inducing
secondary immune responses; however, this defect was attrib-
uted to the impaired generation of CD4* memory T cells.™ No
studies have investigated whether CD30-deficient B cells also
contribute to this phenotype. Similarly, although CD30 is highly
expressed on several B-cell lymphomas, it is unclear whether
deregulated CD30 signaling actively drives B-cell lymphoma-
genesis. Because CD30* lymphomas are often correlated with
viral infections,' there might be a correlation between chronic
immune stimulation and development of CD30* lymphomas.
This hypothesis was strengthened by recent cohort studies
showing that elevated levels of soluble CD30 in immunocom-

Introduction

CD30 is a member of the tumor necrosis factor receptor su-
perfamily.! Initially, CD30 was defined as a marker of Hodgkin
lymphoma (HL),? but it was later also detected on anaplastic
large-cell lymphoma,? primary effusion lymphomas,?* and
a diffuse large B-cell lymphoma (DLBCL) subgroup.># In addition,
CD30 is expressed on virally infected lymphocytes, including
Epstein-Barr virus (EBV)-infected B cells or HIV-infected T cells, as
well as on lymphocytes of patients with autoimmune diseases.’
Elevated levels of soluble CD30, which arise from the extracel-
lular cleavage of CD30, are often detectable in the sera of
patients with CD30* lymphomas and chronic infections.’® In
healthy persons, CD30 is expressed only on a few activated B and
T lymphocytes. CD30* B lymphocytes are generally localized in
the extrafollicular (EF) regions of lymphoid tissues.”'" A few CD30*
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B cells are located in germinal centers (GCs) and are considered to
be a subgroup of positively selected centrocytes (CCs)."?
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petent healthy persons were associated with an increased risk of
developing non-HL."¢-2°
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To study the role of CD30 signaling in B-cell activation and
lymphomagenesis, we generated a new transgenic mouse strain
(LMP1/CD30"ST9" mice) expressing a constitutive active CD30
receptor upon Cre-mediated recombination. We demonstrate
that B cell-specific expression of LMP1/CD30 led to the ex-
pansion of B1 cells and enhanced plasma cell (PC) differentia-
tion. Furthermore, we provide evidence that chronic CD30
signaling resulted in lymphoma development.

Methods

Mice

The LMP1/CD30 transgene was inserted together with a loxP-
flanked stop cassette into the Rosa26 locus of embryonic stem
cells. Chimeric mice were obtained from the microinjection of
embryonic stem cells into blastocysts and used to establish the
LMP1/CD30fST" transgenic mouse line. For the B cell-specific
expression of LMP1/CD30, we used CD19-Cre mice or Cy1-Cre
mice,?'?2 which were kindly provided by Klaus Rajewsky. R26/
CAG-CARA15%PF mice were used as reporter mice.?*> Mice
were analyzed on a BALB/c background. Mice were bred and
maintained in specific pathogen-free conditions, and experi-
ments were performed in compliance with the German Animal
Welfare Law and were approved by the Institutional Commit-
tee on Animal Experimentation and the government of Upper
Bavaria.

Cell purification

B cells were isolated from splenic-cell suspensions using CD43
MicroBeads or the Pan-B Cell Isolation Kit (Miltenyi-Biotec,
Bergisch-Gladbach, Germany) according to the manufacturer’s
instructions (magnetic-activated cell sorting separation). B1
(CD23'*wCD43*) and B2 cells (CD23+*CD43") were sorted with
a BD FACSAria Ill.

Protein detection

Whole-cell extracts were prepared with NP40 lysis buffer. Nu-
clear and cytoplasmic extracts were generated with the NE-PER
Kit (ThermoScientific, Waltham, MA). Western blot analyses were
performed as described previously?* or with the WES system,
a fully automated western blot system (ProteinSimple, San Jose,
CA), according to the manufacturer's instructions (additional
information in supplemental Methods).

In vitro cultures

In vitro culture conditions are described in supplemental
Methods.

Flow cytometry

All fluorescence-activated cell sorting antibodies were pur-
chased from BD Biosciences (Heidelberg, Germany), except for
the coxsackie/adenovirus receptor (CAR) antibody (Santa Cruz
Biotechnology, Dallas, TX).

For intracellular fluorescence-activated cell sorting staining, cells
were fixed with 2% paraformaldehyde and permeabilized with
methanol. Analysis was performed with the FACSCalibur (BD
Biosciences) or LSRFortessa (BD Biosciences). Results were an-
alyzed with FlowJo software (version 10; TreeStar).
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Histology

Immunohistochemistry was performed by using OCT (VWR
Chemicals, Radnor, PA) or paraffin-embedded tissues. Further
information is given in supplemental Methods.

Statistics

Means, standard deviations, and P values were calculated using
Prism7 software (GraphPad Software) through Student unpaired
ttests, 1- or 2-way analyses of variance, or Mann-Whitney U tests,
where appropriate. Because of their lognormal distribution, values
for some parameters like immunoglobulin titers and protein and
messenger RNA (mRNA) levels were logtransformed before
statistical analysis.

Results

Expression of CD30 on murine B cells

We examined CD30 surface expression on different mature
B-cell populations ex vivo and after in vitro activation. In the
peritoneal cavity (PerC), B1 cells expressed more CD30 than
B2 cells, with slightly higher levels in B1a than B1b cells. These
expression differences were also observed in splenic B cells but
to a lower extent (Figure 1A; supplemental Figure 1A). This was
in accordance with in silico data revealing CD30 mRNA ex-
pression was higher in B1a and B1b cells compared with B2
cells in the PerC and was slightly increased in B1a compared
with follicular B cells and marginal zone B cells in the spleen
(Figure 1B). Mitogenic stimulation of splenic B cells in vitro led
to an upregulation of CD30, with CD30 being upregulated
more strongly in B1 than in B2 cells (Figure 1C; supplemental
Figure 1B-C).

Moreover, in silico analysis revealed upregulation of CD30
mRNA in blasts and PBs after in vitro stimulation (Figure 1D),
in accordance with a higher CD30 surface expression on IRF4*
PBs/PCs compared with IRF4~ B cells (Figure 1E). These data
show that B1 cells and PBs express more CD30 on their cell
surfaces than naive B2 cells.

Generation of conditional transgenic mouse

strain LMP1/CD30fToP

To study the function of CD30 in B-cell activation and lym-
phomagenesis, we generated mice conditionally expressing
a constitutive active CD30 receptor. We cloned an LMP1/CD30
fusion gene consisting of the transmembrane domain of the
EBV latent membrane protein 1 (LMP1™) and the intracellu-
lar signaling domain of CD30. LMP1/CD30 exerts ligand-
independent CD30 signaling by self-aggregation of LMP1™
in the plasma membrane. We have already demonstrated the
efficacy of this approach by generating a constitutive active
CDA40 receptor.?+#2> The functionality of the LMP1/CD30 fusion
protein was verified by an NF-kB—dependent luciferase activ-
ity assay in HEK293 cells after transient transfection with an
LMP1/CD30 expression construct (supplemental Figure 2A).
The transgene was inserted together with a loxP-flanked stop
cassette into the rosa26 locus. After removal of the stop cas-
sette by Cre, LMP1/CD30 was expressed under the control
of the rosa26 promoter together with the reporter gene hCD2
(supplemental Figure 2B).
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Figure 1. Expression of CD30 on B cells. (A) The histograms show an overlay of CD30 surface expression on Bla (CD5*B220°*CD19+), B1b (CD5°*B220'°*CD19"), and B2 cells
(B220"e"CD19+) of the PerC and spleen (n = 3). (B) In silico analysis of immgen.org data showing CD30 (TNFRSF8) mRNA expression in different B-cell populations of the PerC
and spleen. (C) The overlays show CD30 and CD86 surface expression of splenic B cells in the absence of stimulation (day 0) and after 1 or 3 days of CD40 plus IgM stimulation.
Staining of CD86 was used as positive control for B-cell activation (n = 3). (D) CD30 mRNA expression at different B-cell activation stages after CD40 and lipopolysaccharide (LPS)
stimulation of unstimulated follicular B (FoB) cells, CD40/IL4 blasts (B220+CD138), CD40/IL4/IL5 plasmablasts (PBs) (B220'°“CD138*), LPS blasts (BLIMP1-CD138~), LPS PB SDC~
(Blimp1+CD1387), LPS PB SDC1+ (BLIMP1+CD138"), and splenic PCs. CD30 mRNA expression was determined by in silico analysis of expression data published by Shi et al.*’ (E)
The histogram shows an overlay of CD30 surface expression of IRF4* vs IRF4~ splenic B cells of a control mouse 3 days after immunization with NP-Ficoll. Gating was performed
as shown in the dot plot. Dot plots were pregated on a large lymphocyte gate and Thy1.2™ cells. The analysis is representative of 2 independent experiments with 3 mice each.
FPKM, fragments per kilobase of exon per million reads mapped; MZB, marginal zone B cells.

Constitutive CD30 expression in B cells leads to
expansion of mature B cells

To activate LMP1/CD30 in all B cells, we crossed LMP1/
CD30sPfl mice with CD19-Cre mice. In all analyses, we used
mice that were heterozygous for LMP1/CD30 and CD19-Cre,
designated LMP1/CD30 hereafter. Controls were mostly CD19-
Cre*’~ mice. Deletion efficiency of the stop cassette was low
in developing B cells of the bone marrow but reached >94% in
mature B cells (supplemental Figure 3A-B). LMP1/CD30 protein

CHRONIC CD30 SIGNALING IN B LYMPHOCYTES

from splenic B lymphocytes was detected at a size of ~54 kDa
(supplemental Figure 3C).

LMP1/CD30 mice displayed splenomegaly and significantly
increased B-cell numbers in the spleen compared with controls,
whereas T-cell numbers were comparable (Figure 2A). Splenic
sections revealed a normal follicle structure with a B- and T-cell
zone surrounded by a marginal zone. However, more B cells
expressing high levels of IgM were located in the red pulp
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Figure 2. Constitutive CD30 expression in B cells leads to the expansion of B1 cells and PCs. (A) Splenic weights and absolute splenic B- and T-cell numbers from LMP1/
CD30 mice and controls (ctrl) age 8 to 12 weeks are shown. (B) Splenic sections from LMP1/CD30 and ctrl mice were stained for immunoglobulin M (IgM; brown/red), CD3 (light
blue), and MOMA-1 (dark blue) to visualize B cells, T cells, and metallophilic macrophages, respectively. Slides were analyzed with an Axioskop (Zeiss) with a Zeiss Plan
NEOFLUAR (objective 10x/0.3). Images were obtained with an AxioCam MRc5 digital camera in combination with AxioVision rel.4.6.3.0 software (Carl Zeiss Microlmaging
GmbH, Jena, Germany). (C) Splenic B lymphocytes (CD19*) were analyzed for the expression of IgM/IgD, distribution of follicular B cells (CD21™CD23*) and marginal zone
B cells (CD21Ms"CD23'°w), distribution of B1 (CD43+*CD23°*) and B2 (CD43-CD23*) cells, and distribution of B1a (CD5*B220'%), B1b (CD5'°*B220'*%), and B2 (B220+CD5') by
flow cytometry (n = 6). (D) Flow cytometric analysis of splenic and bone marrow lymphocytes stained for PCs (B220~/°*CD138"*). Cells were pregated using a large lymphocyte
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Figure 3. Constitutive CD30 expression expands PCs in vivo and in vitro. (A) Serum concentrations of total immunoglobulins of the indicated isotypes were determined by
enzyme-linked immunosorbent assay. Horizontal bars represent mean values. (B) Quantitative reverse transcription polymerase chain reaction analysis showing the relative
expression of Prdm1 (BLIMP1), Xbp1, and Pax5 in CD43*CD23"* B1 vs CD43-CD23* B2 cells from control (ctrl) and LMP1/CD30 mice. Expression was standardized to the
housekeeping gene Ywhaz. (C) Relative mean fluorescence intensity (MF) of IRF4 in B1 (CD43*CD23"°%) and B2 cells (CD43-CD23") from LMP1/CD30 and ctrl mice. Relative MFls
were related to the MFI of ctrl B2 cells, which was set as 1. Data are from 3 independent experiments. (D) B1 (CD43*CD23°") and B2 cells (CD43-CD23") were analyzed for their
CD138/B220 expression and shown as an overlay (n = 4). (E) B1 cells (CD43*CD23"°") were sorted and reanalyzed as described in supplemental Figure 6. CD138"B220"" cells
were excluded in the sorted population. After sorting, B1 cells (CD138-CD43+CD23"°") were cultivated without stimulation for 3 days and subsequently analyzed for their CD138/
B220 expression. The dot plots show the gating strategy, and the graph compiles data of percentages of CD138"9"B220'*% cells from the indicated genotypes from 3 in-
dependent experiments. *P < .05, **P < .01, ***P < .0001. ns, not significant.

compared with control sections (Figure 2B). Analysis of the B-cell
compartment in the spleen revealed an expansion of mature
B cells, with B1 cells and PBs/PCs being the most highly ex-
panded (Figure 2C-D; supplemental Table 2). In all B-cell sub-
populations, expression of endogenous CD30 on the cell surface
was comparable between mutant and control mice (supple-
mental Figure 3D). Increased percentages of PBs/PCs and

B1 cells were also detected in other organs. Thus, percentages
of PCs were elevated in the bone marrow (Figure 2D), and
percentages of B1 cells were elevated in lymph nodes and
blood (supplemental Figure 4A-B). In the PerC, total lympho-
cyte numbers were increased (supplemental Figure 4C), with
a four- to fivefold increase in B1a- and B1b-cell numbers (Figure 2E).
Consequently, constitutive CD30 signaling resulted in the

Figure 2 (continued) gate (n = 6). Numbers in the fluorescence-activated cell sorting plots indicate the mean and standard deviation values of the percentages of the gated
populations. (E) Total numbers of B lymphocytes (CD19*) in the PerC were counted and calculated based on their staining: B1a (CD5"B220°%), B1b (CD5°*B220"") and
B2 (CD5'°*B220*). B cells from LMP1/CD30 mice were gated on hCD2. Data were collected from 8- to 16-week-old mice. *P < .05, **P < .01, ***P = 001, ****P < .0001.
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Figure 4. Increased PC differentiation of B2 cells upon CD40 stimulation. (A-B) Sorted splenic B2 cells (CD23*CD43~) from LMP1/CD30 and control (ctrl) mice were
stimulated with anti-CD40 antibody for 3 days and analyzed for their B220/CD138 and CD43/CD23 surface expression. Sorting strategy and purity of the sorted B2 cells are
shown in supplemental Figure 7A. Numbers in the fluorescence-activated cell sorting (FACS) plots indicate mean and standard deviation values of the percentages of gated
populations in different FACS analyses. (C) CD23°“CD43* and CD23*CD43" cells were gated as shown in panel B. B220/CD138 staining of CD23'°*CD43* and
CD23*CD43" cells is shown as an overlay (n = 3). (D) Histograms show overlays of CXCR4 and CD22 surface expression of CD23°*CD43* and CD23"CD43" cells from
ctrl and LMP1/CD30 mice. (E) Determination of phosphorylated STAT6 (pSTATé) and pSTAT3 levels in nuclear extracts of splenic B cells stimulated with an anti-CD40
antibody for the indicated time points. Splenic B cells were purified by MACS using magnetic beads binding to CD43 to remove most of the B1 cells. Protein levels were
analyzed and quantified using the WES separation system and software. Determination of p65 (F) and IRF4 (G) in cytoplasmic and nuclear extracts from the indicated
genotypes. B cells purified by CD43 depletion were stimulated for 10 minutes with anti-CD40 antibody. Protein levels of p65 and IRF4 were analyzed and quantified using
the WES separation system and software. For each mouse, the value after stimulation was standardized with the corresponding unstimulated value (n = 5). (H) pJAK3
levels were analyzed in the cytoplasm of unstimulated splenic B lymphocytes. *P < .05, **P < .01, ***P = .001.

expansion of mature B lymphocytes, with a stronger expansion
of B1 cells and PBs/PCs.

total IgM, 1gG2a, IgG3, and IgA antibody titers in the serum
were elevated (Figure 3A). Moreover, unstimulated and stim-
ulated LMP1/CD30* B cells generated more PBs and secreted
more IgM than controls in in vitro cultures (supplemental Figure

Constitutive CD30 signaling enhances 5A-C). Analysis of the expression levels of Blimp1 (Prdm?1), Irf4, and

PC differentiation

The upregulation of CD30 in PBs (Figure 1D-E) and the ex-
pansion of PBs/PCs in LMP1/CD30 mice suggest a role for
CD30 signaling in PC differentiation. In accordance with this,

2602 & blood® 13 JUNE 2019 | VOLUME 133, NUMBER 24

Xbp1, which are upregulated, and Pax5, which is downregulated
during PC differentiation,? revealed that splenic B1 cells of LMP1/
CD30 mice expressed more Prdm71 mRNA and higher IRF4
protein levels compared with controls (Figure 3B-C). Furthermore,

SPERLING et al

€202 YoIe €0 uo 3sanb Aq Jpd-ge1088P00IA/088E L8L/L6GZ/72/EE L /Pd-ajoe/poojq/Bio suoneolqndyse//:diy wouy papeojumoq



D

A plasma cells B1a cells
6 . hakdaiel preeeen 20 N *kkk
= e 15 -
g 4 O g i}
3 - g 10 4
> 2 L] >
o ] a 54
ol < — 0
B IgM 19G3
“» 1000 A - - 30 A %
© ©
]
2 100 np W 2 20 4
5 5 "
3 10 & 310 —
S A
-t T r -
(o IgM IgG3
10000 - ** 10000 4 ns
2 - 2
g o T.:_ % I.
2 1000 4 ¢ £ 1000 4 "'. -
= ° = ]
= < o * "
100 ':$-_l_l— 100 'L_l—
O ctrl not immunized [ ] LMP1/CD30 not immunized
® ctrl + NP-Ficoll W LMP1/CD30 + NP-Ficoll
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secreting cell.

the percentage of CD138+B220'* cells within the B1-cell fraction
was higher in LMP1/CD30 mice than in controls (Figure 3D),
suggesting that LMP1/CD30 expression drives PC differentiation
of B1 cells. This was corroborated by our finding that sorted LMP1/
CD30-expressing B1 cells differentiated to PBs in vitro, even in the
absence of additional stimulation (Figure 3E).

In contrast, LMP1/CD30-expressing B2 cells did not spontane-
ously differentiate to PBs in vitro (supplemental Figure 7A-B).
However, PC differentiation was enhanced upon CD40 stimu-
lation in comparison with controls (Figure 4A). Interestingly,
CDA40 stimulation of B2 cells generated CD23'°“CD43* cells,
and the percentage of this population was higher in LMP1/
CD30-expressing cells compared with control B cells (Figure 4B).
In both genotypes, the CD23"°*CD43* population contained
a fraction of CD138* cells (Figure 4C) and expressed higher
levels of CXCR4 and lower levels of CD22 (Figure 4D), in accor-
dance with a plasmablastic phenotype.?” Therefore, we assume
that the expanded CD23°*CD43* population in LMP1/CD30 mice
consisted of a mixture of expanded B1 cells and PC progenitors,
which have a similar gene expression profile (supplemental
Figure 8). PBs could originate spontaneously either from
B1 cells or from CD40-stimulated B2 cells.

Next, we analyzed which signaling pathways were responsible
for this phenotype. We detected higher phosphorylated STAT3

CHRONIC CD30 SIGNALING IN B LYMPHOCYTES

(pSTAT3) and pSTAT6 as well as p65 and IRF4 levels in the
nuclear fractions of CD40-stimulated LMP1/CD30-expressing
splenic B2 cells compared with controls (Figure 4E-G). CD40 has
been shown to interact with JAK3, leading to STAT3 and STATé
phosphorylation.?82? Therefore, we studied whether LMP1/
CD30 activates JAK3. Indeed, basal JAK3 phosphorylation was
increased in LMP1/CD30" B cells in comparison with controls
(Figure 4H). These data suggest that the higher basal activation
of JAK3 in LMP1/CD30 B cells enhanced activation of JAK/STAT
signaling by CD40. Interestingly, phosphorylation of STAT3 has
a crucial role in PC differentiation by upregulating BLIMP1,3°31
and IRF4 is a known NF-kB target gene.3?3 Therefore, we
conclude that CD30 signaling in cooperation with CD40 sig-
naling strengthens the upregulation of IRF4 and BLIMP1 by
enhancing JAK/STAT and NF-«kB signaling and thus leads to
enhanced PC differentiation.

LMP1/CD30 enhances generation of splenic B1a
cells and PCs upon TI-2 immunization

Next, we analyzed whether the enhanced PC differentiation
resulted in elevated immune responses. Immunization with the
TI-2 antigen NP Ficoll resulted in a further increase in the per-
centages of total PCs and B1a cells in LMP1/CD30 mice but not
in controls (Figure 5A). Moreover, immunized LMP1/CD30 mice
had more NP-specific IgM and IgG3 PCs in the spleen and
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displayed higher NP/IgM titers in the serum than controls (Figure
5B-C). These data show that CD30 signaling drove PC differ-
entiation and expansion of B1a cells upon TI-2 immunization.

To analyze whether CD30 signaling had the same effect during
thymus-dependent immune responses, we immunized mice with
the thymus-dependent antigen NP-CGG. Strikingly, GC for-
mation was strongly impaired in LMP1/CD30 mice, suggesting
that LMP1/CD30 expression in pre-GC B cells interfered with the
initiation of GCs (Figure 5D; supplemental Figure 9A). To analyze
whether this was due to the antigen that we used for immuni-
zation, we analyzed GCs in Peyer’s patches (PPs), where they are
continuously generated independently of immunization (sup-
plemental Figure 9B). GC B cells were detected in PPs of LMP1/
CD30 mice; however, the percentages of hCD2* B cells were
lower in GC in comparison with non-GC B cells, suggesting
a counter selection of LMP1/CD30-expressing GC B cells in PPs
as well (supplemental Figure 9C). Because a large fraction of
mucosal IgA* PCs are generated in PPs, 343 we asked whether
the impaired intestinal germinal center reaction in LMP1/CD30
mice led to a reduction of IgA* PCs in PPs and the lamina
propria. Percentages of IgA* PCs in LMP1/CD30 mice and
controls were similar in both the lamina propria and PPs (sup-
plemental Figure 9D). However, in LMP1/CD30 mice, most of
the IgA* PCs did not express hCD2, suggesting that they were
generated mainly from undeleted GC cells (supplemental
Figure 9C). These findings suggest that the elevated IgA titers in
LMP1/CD30 mice were due to the increased number of B1 cells,
which show efficient class switching to IgA upon Tl stimulation.®*
Therefore, constitutive CD30 signaling in mature B cells resulted
in enhanced Tl immune responses but strongly interfered with
the GC reaction.

LMP1/CD30 expression drives PC differentiation in
GC and non-GC B cells

To restrict LMP1/CD30 expression to GC (and post-GC) B cells,
thereby preventing the blockade of GC establishment by
constitutive CD30 signaling, we crossed LMP1/CD30fsToP
mice with Cy1-Cre mice?? (hereafter named LMP1/CD30//y1-Cre).
For controls, we used the reporter mice R26/CAG-CARA 1St FF,
expressing a truncated version of the human CAR upon Cre-
mediated recombination.?® Immunization with NP-CGG resulted
in significant more reporter-positive B cells in LMP1/CD30//y1-
Cre mice than in controls (Figure 6A; supplemental Figure 10A).
Because the percentage of GC B cells within the reporter-positive
cells was lower in LMP1/CD30//y1-Cre mice (supplemental
Figure 10B), the increased number of reporter-positive cells could

be mainly attributed to non-GC B cells (Figure 6A). Total per-
centages of reporter-positive GC and NP* GC B cells within all
lymphocytes were comparable in LMP1/CD30//y1-Cre and CAR//
v1-Cre mice (Figure 6A; supplemental Figure 10B-C). In addition,
GCs were clearly visible in splenic sections of LMP1/CD30//y1-
Cre mice 14 days postimmunization (Figure éB). These data in-
dicate that GC B cells were generated if LMP1/CD30 expression
started in GC B cells.

Similar to LMP1/CD30//CD19-Cre mice, percentages of reporter-
positive B220'°*CD138* and CD23'**CD43* cells were higher
in LMP1/CD30//y1-Cre mice than in controls (Figure 6C; sup-
plemental Figure 11A). All CD23°*CD43* cells had a non-GC
phenotype, whereas B220'°*CD138M"is cells were elevated both in
the GC and non-GC B cell fractions (supplemental Figure 11B). Al
B220'°“CD138" cells were CD23"°*CD43* and expressed low
levels of CD19, in accordance with a PB/PC phenotype (supple-
mental Figure 11C). In contrast, CD23'°“CD43" cells were either
CD19* or CD19~ and therefore may have been (pre) PBs or
reporter-positive B1 cells (supplemental Figure 11C). These data
suggest that the increased percentages of B220°*CD138" and
CD23'“CD43" cells in LMP1/CD30//y1-Cre mice were due to
enhanced PC differentiation in GC B cells. Accordingly, NP-specific
IgM and low-affinity IgG1 PCs in the spleens and antibody titers in
the serum were higher in LMP1/CD30//~1-Cre mice in comparison
with controls, whereas high-affinity NP IgG1 PCs and titers were
comparable between both genotypes (Figure 6D). These data
indicate that the generation of PC-secreting low-affinity antibodies
was enhanced in LMP1/CD30//y1-Cre mice. In contrast, genera-
tion of memory B cells was rather decreased in LMP1/CD30//y1-
Cre mice, as indicated by lower percentages of reporter-positive
IgG1* cells (supplemental Figure 11D). Furthermore, the remaining
IgG1* B cells in LMP1/CD30//y1-Cre mice expressed lower levels
of IgG1 at the cell surface than controls, suggesting an incipient
PC differentiation.” Because we observed the strong and fast
upregulation of IRF4 upon CD40 stimulation in vitro, we tested
whether LMP1/CD30 expression enhanced PC differentiation
through upregulation of IRF4. LMP1/CD30 expression did not lead
to higher IRF4 expression levels in any reporter-positive lympho-
cytes (data not shown), but it did lead to a higher percentage of
IRF4+ cells (supplemental Figure 12A). Interestingly, the percent-
age of IRF4* cells was higher in the fractions of both CBs and
CCs (Figure 6F; supplemental Figure 12B). Five days after im-
munization, IRF4* B cells were localized mainly at the T-/B-cell
border, suggesting that they originated from early GCs, as
described by Zhang et al*® (Figure 6E). Fourteen days post-
immunization, IRF4* B cells were detected at the edge of GCs or

Figure 6. CD30 signaling enhances PC differentiation upon TD immunization with NP-CGG. (A) Displayed are the percentages of reporter-positive lymphocytes,
CD38°*CD95"sh reporter-positive GC B cells, and NP* reporter-positive GC B cells in LMP1/CD30//y1-Cre mice and CAR//y1-Cre upon NP-CGG immunization at the indicated
time points. Gating strategy of reporter-positive lymphocytes, GC B cells, and NP+ GC B cells, as well as graphs compiling values of different experiments including the statistics, is
shown in supplemental Figure 10A-C. (B) GCs were clearly visible 14 days after immunization with NP-CGG in LMP1/CD30//y1-Cre and CAR//y1-Cre mice. Splenic sections from
these mice as well as from unimmunized control (ctrl) mice were stained for GC B cells (PNA; blue) and IgM* cells (IgM; brown). Slices were analyzed as described in Figure 2B. (C) Left
graph shows the percentages of CD23°“CD43* cells within the fraction of reporter-positive (CAR™, hCD2*) lymphocytes 5 and 14 days postimmunization in LMP1/CD30//y1-Cre
(hCD2") and CAR//y1-Cre (CARY) mice. Right graph shows the percentages of CD138"B220° PBs and PCs in the fraction of reporter-positive (CAR", hCD2") lymphocytes.
Corresponding gating strategies are shown in supplemental Figure 11A. (D) Upper row: NP-IgM as well as total (NP13) and high-affinity (NP4) NP-specific IgG1-secreting PCs were
determined by ELISpot analysis 14 days postimmunization using splenocytes from the 2 genotypes. Lower row: serum titers of the indicated antibodies were measured by
ELISA 14 days after immunization with NP-CGG. (E) Splenic sections from LMP1/CD30//y1-Cre and CAR//y1-Cre mice 5 and 14 days after immunization with NP-CGG and
unimmunized (n.i.) ctrl mice were stained for GC B cells (GL7; green), B cells (B220; red), and PBs (IRF4; cyan). Images of immunofluorescences were obtained with the Leica TCS SP5 Il with an
8-kHz resonant scanner and HCX PL APO CS 20X objective and LAS AF software. (F) Percentage of IRF4* cells in the fraction of reporter-positive centroblasts (CBs) (CXCR4""CD86'*) and
CCs (CXCR4"*CD86"s") was determined 14 days postimmunization. Graph compiles the percentages of IRF4* cells in CBs and CCs from different experiments. Gating strategy of reporter®
CB and CC as well as IRF4" cells is shown in supplemental Figure 12B. *P < .05, **P < .01, ***P = 001, ****P < .0001.
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follicles, which suggests that these cells were going to exit the
GC reaction (Figure 6E). These data suggest that LMP1/CD30
expression facilitated the generation of IRF4* B cells in the GC.
Interestingly, CD30 expression was higher on reporter-positive GCs
and memory B cells (CD38%IgG1*) as well as on CD38*IgG1~ cells
from LMP1/CD30//y1-Cre mice in comparison with control mice,
suggesting that LMP1/CD30 influenced either the CD30 stability
or expression of endogenous CD30 if it was induced in GC
B cells (supplemental Figure 13A-B). Thus, in LMP1/CD30//Cry1-
Cre mice, both physiological CD30 stimulation and LMP1/CD30
expression might influence the differentiation of GC B cells. Fur-
thermore, we detected in mutant and control mice a subpopu-
lation of CD30Ms"gG1* cells, most likely corresponding to
activated memory B cells.

Lymphomas with B1-like/PB phenotype arise in
spleen and PerC of LMP1/CD30 mice

Next, we were interested to investigate whether chronic CD30
signaling had oncogenic potential in B cells. Our results suggest
that upon antigenic stimulation, chronic CD30 signaling resulted
in expansion of B1 cells and PBs, which displayed enhanced
proliferation as indicated by increased Ki-67 levels (supple-
mental Figure 14A). To test whether the expansion of B1 cells
and PB cells led to lymphoma development, we aged cohorts
of mice. LMP1/CD30 mice were analyzed together with age-
matched controls when they showed first signs of morbidity
(supplemental Figure 14B). Compared with young LMP1/CD30
mice and old control mice, aged LMP1/CD30 mice had in-
creased splenomegaly, with elevated B- and T-cell numbers
(Figure 7A). A high percentage of B cells displayed the phe-
notype B220'°*CD21'*vCD23'°*CD43* and were either CD5* or
CD5~ (Figure 7B; supplemental Figure 14C) in accordance with
a B1a, B1b, or PB phenotype. Most B cells were CD138~ but
expressed higher levels of IRF4 compared with age-matched
control B cells (Figure 7C; supplemental Figure 14D). T cells
were highly activated and shifted to an effector memory T-cell
phenotype (Figure 7D). In addition, B1b cells were expanded
in the PerC (Figure 7E; supplemental Figure 14E), and the
B220'*~CD21'°*CD23"*" population was enriched in the blood
(Figure 7F). Histopathological examination of the spleen
revealed a disrupted structure, nodular infiltration of the white
pulp by lymphocytes, and many intermingled blasts as well as
diffuse infiltration of the red pulp (Figure 7G). Other samples
showed confluent sheets of blasts. Approximately 80% of mice
developed monoclonal lymphomas (Figure 7H; supplemental
Table 3). Finally, we tested whether AID, which may induce
misguided somatic hypermutation or class switch recombina-
tion and thereby contributes to lymphomagenesis, was upre-
gulated in LMP1/CD30-expressing B cells. However, AID was
comparably expressed in LMP1/CD30 and control B cells. Taken

together, because in LMP1/CD30 mice the GC reaction was
impaired and LMP1/CD30-expressing B cells did not aberrantly
induce AID, we suggest that lymphomas arose from B cells with
unmutated immunoglobulin genes. The origin of these lym-
phomas was most likely PBs that arose either spontaneously or
during Tl immune responses and were continuously stimulated
by the constitutive active CD30 signal.

Discussion

Until now, the contribution of CD30 signaling to lymphoma
development and its function in B-cell physiology were poorly
understood. Studies in normal B cells were hampered by low
numbers of CD30" B cells in vivo, and CD30-deficient mice did
not reveal a clear phenotype, probably because of the redundancy
of tumor necrosis factor receptor signaling in vivo. We chose an
alternative approach by studying the effect of constitutively active
CD30 signaling in B cells. Here we provide evidence that chronic
CD30 signaling triggered the expansion of B1 cells and PBs,
resulting in B-cell lymphoma development in aged mice.

B1 cell and PC expansion in young LMP1/CD30 mice correlated
well with expression data showing the upregulation of CD30 in
B1 cells and PC progenitors.®? Physiologically, some activated
T cells in the spleen and PerC express CD30L* and might
stimulate B1 cells, resulting in their proliferation and PC differ-
entiation. B1 cells are known producers of natural antibodies
of the IgM and 1gG3 subtypes and are a major source of IgA
antibodies.?>4! Thus, the elevated total antibody titers in LMP1/
CD30 mice may have resulted from higher titers of natural anti-
bodies and IgA antibodies produced by LMP1/CD30-expressing
B1 cells as well as enhanced Tl immune responses. Similar per-
centages of IgA* PCs in the intestine in mutant and control mice
suggest that the elevated IgA titers in LMP1/CD30 mice were
generated from B1 cells in a GC-independent manner.

We suggest that costimulation of the BCR and CD40, as occurs
during initiation of GCs and during positive selection of CCs,
leads to the upregulation of CD30. CD40 signaling is essential
for initiation of GCs, but enhanced or prolonged CD40 stimu-
lation blocks the GC formation.?* CD30/CD40 costimulation
at the initiation of the GC reaction, as occurs in LMP1/CD30
mice, may block the development of GCs by amplifying signals,
thereby driving cells into the direction of EF PC differentiation.

In GCs, PC differentiation seems to be initiated in some CCs.%”
Recently, Weniger et al'? provided evidence that CD30* GC
B cells represented positively selected CCs, which returned to
the dark zone to undergo additional rounds of proliferation and
hypermutation. In LMP1/CD30//y1-Cre mice, the percentage of

Figure 7. Lymphomas with a B1-like phenotype arise in the spleen and PerC of aged LMP1/CD30 mice. (A) Splenic weights and B- and T-cell numbers in the spleen of aged
LMP1/CD30 mice compared with old control (ctrl) mice and young LMP1/CD30 mice. (B) Representative flow cytometric analyses of splenic B cells (CD19*) for CD43/CD23
and CD21/CD23 surface expression. Graph compiles the percentages of the CD21'°*CD23'*% population of aged mice. (C) Flow cytometric analysis of splenic B cells
to determine the percentage of PCs (B220°*CD138"). Numbers represent means and standard deviations (SDs). (D) T cells in the spleen of aged mice were analyzed to
determine the percentages and SDs of naive T cells (CD62LMs"CD44'°%), central memory T cells (CD62LM9"CD44Msh), and effector memory T cells (CD62°*CD44+). (E) Diagram
showing total B-cell numbers in the PerC. (F) Flow cytometric analysis of the CD21'**CD23°* population in blood B lymphocytes (CD19"). Numbers in the fluorescence-activated
cell sorting plots indicate mean and SD values of the percentages of the gated populations. (G) Hematoxylin and eosin staining as well as anti-B220 (B cells) and anti-CD3 (T cells)
immunohistochemistry of spleen sections of an aged ctrl and LMP1/CD30 mouse. Sections were scanned with an AxioScan.Z1 digital slide scanner (Zeiss, Jena, Germany)
equipped with a 20X magnification objective (EC Plan-Neofluar 20x/0.50; Zeiss) and a Hitachi HV-F202SCL 3CCD camera. Imaging acquisition was performed using ZEN 2.3
SP1 blue edition imaging software (Zeiss) and NetScope Viewer Pro (Net-Base Software GmbH, Freiburg, Germany). (H) Kaplan-Meier curve of lymphoma development in
LMP1/CD30 mice. Significance of lymphoma development was calculated by the log-rank (Mantel-Cox) test. *P < .05, **P < .01, ***P = 001, ****P < .0001.
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IRFA* B cells was clearly increased in both CBs and CCs. IRF4*+
cells may also arise in the light zone, when LMP1/CD30-
expressing CCs receive a CD40 signal from T cells in the process
of positive selection. Like CD30* B cells, they may migrate back
to the dark zone but are unable to switch off the CD30 signal and
therefore prematurely leave the GC as IgM PCs or low-affinity
IgG1 PCs. Afterinduction of LMP1/CD30 in GC B cells, increased
numbers of IRF4* blasts were detected at the edge of the GC
and B-cell follicles. In human tonsils of healthy patients,
CD30*IRF4* B-cell blasts have been described as located in the
same area."® It is still unclear whether CD30*IRF4™* EF blasts in
humans originate from CD30* positively selected CCs or from
activated memory B cells. Our data suggest that at least some
CD30* GC B cells leave the GC and differentiate to CD30*IRF4*
EF blasts. Interestingly, Weniger et al'? found that STAT3-, STAT6-,
and NF-kB-regulated gene sets were significantly enriched in
CD30* EF blasts, suggesting that these cells were triggered by
CD30L-expressing T cells. This results in activation of the same
signaling pathways as in LMP1/CD30-expressing B cells. CD30*
EF blasts are highly proliferative. Physiologically, the CD30 and
other costimulatory signals are switched off after some rounds of
division, and the cells most likely start to differentiate to PCs. In
contrast, CD30 signaling is constitutively active in LMP1/CD30-
expressing B cells, resulting in enhanced proliferation of PBs. In
humans, deregulated CD30 signaling may occur during chronic
B-cell activation, where increased numbers of CD30* B lympho-
cytes are continuously stimulated by infiltrating T cells. Large
numbers of CD30* B cells are found upon EBV infections and in
some patients with rheumatoid arthritis developing an atypical
lymphoproliferative disease. The expanded CD30" B lymphocytes
are localized in the interfollicular region, often in combination with
PCs, PBs, and infiltrating T cells.*?4¢ Interestingly, directly after
infectious mononucleosis, the risk for HL is increased. Moreover,
lymphoproliferative diseases, occuring upon EBV reactivation or in
rheumatoid arthritis patients, may proceed to DLBCL.**%7 This
corroborates our finding that chronic CD30 signaling of B lym-
phocytes is a predisposing factor for B-cell lymphoma de-
velopment. Similarities in expression profiles of HL and some
DLBCLs with CD30" EF blasts suggest that CD30* EF blasts are
the progenitor cells for CD30* lymphomas. Furthermore, hyper-
activation of the JAK/STAT and NF-kB signaling pathways is often
found in CD30* DLBCL and HL,*® indicating that deregulation of
these signaling pathways may be a predisposing factor for B-cell
lymphomagenesis. There are several parallels between our
mouse model and human diseases with elevated numbers of
CD30" EF blasts. (1) In the premalignant state, increased
numbers of immunoblasts are localized in the interfollicular
region. (2) Like CD30* EF blasts, activated LMP1/CD30 B cells
show enhanced JAK/STAT and NF-kB signaling. (3) The high
IRF4 levels in lymphomas of LMP1/CD30 mice suggest that
they derive from PBs rather than B1 cells. (4) In some cases, the
histology of LMP1/CD30-expressing lymphomas was reminis-
cent of DLBCL. We therefore conclude that our mouse model
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Supplemental Methods:

Protein detection

For quantification, the compass software for simple Western blot was used
(ProteinSimple). Cytoplasmic extracts and whole cell extracts were standardized on
ap-tubulin and nuclear extracts on laminB2. The anti-pSTAT3 (D3A7)-, anti-laminB2
(E1S1Q)- anti-ap-tubulin, pJAK3 (D44E3)-, and anti-IRF4 (P173)-antibodies were
purchased from Cell Signaling (Danvers, MA, USA). The anti-p65 antibody (sc-
101749) and anti-CD30 (C3) were from Santa Cruz (Dallas, TX, USA) and the anti-
PSTAT6 (46H1L12) antibody was from Invitrogen (Carlsbad, CA, USA).

In vitro culture

Splenic B cells were cultured in round or flat bottom 96-well plates (5 x 10° cells/well)
in complete RPMI 1640-medium supplemented with 10% fetal calf serum (FCS). For
in vitro cultivation the following stimuli were used: lipopolysaccharide (LPS) (50
pg/ml; Escherichia coli 055:B5; Merck KG, Germany), anti-CD40-antibody (5 pg/ml,
HM40-3, 16-0402-85, eBioscience, Frankfurt, Germany), or anti-lgM-antibody (15
pg/ml, 115-006-020 Jackson Immunology Research, Danvers, MA, USA).

Quantitative RT-PCR (QRT-PCR)

RNA was isolated with the peqGOLDTriFAST™ Kit (Peqlab, Erlangen, Germany).
cDNA was synthesized with the SuperScript™ |l Reverse Transcriptase (Invitrogen).
gRT-PCR was performed using a LightCycler 480 SYBR Green | Master Kit (Roche)
with the Light Cycler 480 II machine (Roche Diagnostics, Mannheim Germany).
Primer sequences are shown in supplemental table 1. For the detection of AID, cells
were sorted into TRIzol LS reagent (life technologies) and RNA was isolated with the
Qiagen Mini RNA Kit. cDNA was transcribed with the Reverse transcription kit
QuantiTect (Qiagen). gRT-PCR was performed with the Light Cycler 480 Probes
Master (Roche) in the Light Cycler 480 Il machine (Roche Diagnostics, Mannheim

Germany).



Immunization of mice

For T cell dependent (TD)-immune responses we immunized mice intraperitoneally
with 100ug 4-hydroxy-3-nitrophenylacetyl (NP)-chicken-gamma-globulin (CCG), and
for T cell independent (TI)-immunization we used 50ug NP-Ficoll.

Histology of cryosections (immunohistochemistry and immunofluorescences)

Immunohistochemistry was performed by using OCT (VWR Chemicals, Radnor, PA,
USA) embedded tissues which were sliced with a cryostat with 8 um thickness.
Tissue sections were air dried for 15 min and fixed for 10 min with aceton and dried
for another 5 min. After washing with PBS, sections were blocked with 5% goat
serum in PBS with 1% BSA for 20 min at RT. After washing for 5 min with PBS,
slides were blocked with the Avidin-Biotin Blocking Kit (SP-2001, Vector). Then,
slides were washed 3 times for 5 min with PBS and the 1% antibody was applied for
1h in PBS with 1% BSA. After incubating slides with all antibodies, tissue sections
were developed with the AEC substrate Kit (Vector Laboratories SK-4200) and the
Alkaline Phosphatase Kit (Vector Laboratories SK-5300). After washing and drying,
sections were embedded in Kaiser's Gelatine (Merck KGaA, Darmstadt, Germany).
The following antibodies were used: PNA-Bio (B-1075, Vector) with Streptavidin-
Alkaline Phosphatase (S-2890, Sigma-Aldrich, St. Louis, USA), anti-mouse Momal
(AGT-2011, Biomedicals, Santa Ana, CA, USA), and goat anti-mouse IgM POX (A-
8786, Sigma-Aldrich). Slides of immunohistochemical stained cryosections were
analyzed with an Axioskop (Zeiss) with a Zeiss Plan NEOFLUAR objective 10x/0.3.
Images were obtained with an AxioCam MRc5 digital camera in combination with

AxioVision rel.4.6.3.0 software (Carl Zeiss Microlmaging GmbH, Jena, Germany).

For immunofluorescence, tissue slices were air dried and fixed with 3% PFA for 10
min and rinsed with PBS afterwards. The rehydration was performed for 5 min with
PBS+ (PBS + 50 mM NH4CI). Afterwards, slices were permeabilized and blocked
with 0.3% Triton X, 1% BSA, 2% goat serum in PBS for 20 min. After rinsing with
PBS, the 1* antibody diluted in PBS with 1% BSA was incubated for 1h at RT. After 3
X 5 min washing with PBS the 2" antibody was incubated for 1h at RT. After
washing, slides were embedded in SlowFade Gold. The following 1% antibodies were
used: anti-B220-APC (RA3-6B2, BD), anti-GL7-FITC (GL7, BD), anti-IRF4 (rat, 3E4,
eBioscience). Anti-rat Alexa Fluor 594 (A-11007, Thermo Scientific), and anti-FITC



Alexa Fluor 488 (A-11094, Thermo Scientific) served as secondary antibodies. The
images of immunofluorescences were obtained with the Leica TCS SP5 Il with an 8
kHz resonant scanner and a HCX PL APO CS 20x objective and the LAS AF

software.

Staining of Paraffin-sections

Excised specimens were fixed in 4 % (w/v) neutrally buffered formalin, embedded in
paraffin and cut into 3 pm slices for H&E staining or for immunohistochemistry.
Immunohistochemical staining was performed under standardized conditions on a
Discovery XT automated stainer (Ventana Medical Systems, Tucson, AZ) using
rabbit anti-CD3 (1:250, abcam16669; Abcam, Cambridge, UK) or rat anti-mouse
CD45R (1:100, Cat-Nr. 550286; BD Pharmingen) as a primary antibody and
Discovery Universal (Ventana Medical Systems, Tucson, AZ) as secondary antibody.
Signal detection was conducted using the Discovery® DAB Map Kit (Ventana
Medical Systems, Tucson, AZ). The stained paraffin tissue sections were scanned
with an AxioScan.Z1 digital slide scanner (Zeiss, Jena, Germany) equipped with a
20x magnification objective (EC Plan-Neofluar 20x/0.50, Zeiss, Jena, Germany) and
a Hitachi HV-F202SCL 3CCD Camera. Imaging acquisition was performed using an
Imaging Software ZEN 2.3 SP1 blue edition (Zeiss, Jena, Germany) and NetScope
Viewer Pro (Net-Base Software GmbH, Freiburg, Germany).

Enzyme-linked immunosorbent assay (ELISA)

To calculate total immunoglobulin (Ig) titers, microtiter plates (Nunc, Rochester, NY)
were coated overnight with 5 pg/ml lg-specific rat anti-mouse antibodies (IgM, 11/41;
lgG1, A85-3; IgG2a, R11-8; IgG2b, R9-91; I1gG3, R2-38; IgA, C11-3; BD
Biosciences). To calculate antigen-specific antibody titers microtiter plates were
coated with 5 pg/ml NP3- or NP17-BSA (Biosearch Technologies) in 0.1 M NaHCO3;
buffer (pH 9.2) at 4°C. After blocking with PBS-1% milk for 30 min a serial dilution of
the serum samples was applied to the wells and incubated for 1h. After incubation
with the biotin-conjugated secondary antibodies specific for the different isotypes
(IgM, R6-60.2; IgG1, A85-1; IgG2a, R19-15; IgG2b, R12-3; 1gG3, R40-82; IgA, C10-
1; BD Biosciences) for 30 min streptavidin-coupled alkaline phosphatase (AP) was
added for 30 min. Bound AP was detected by incubation with O-phenyldimine

(Sigma) in 0.1 M citric acid buffer containing 0.015% H,0O,. Each incubation step was



followed by three washing steps with PBS. The OD at 405 was determined with a
microplate reader (Photometer Sunrise RC; Tecan, Maennedorf, Switzerland) and
the total antibody concentrations were determined by using isotype-specific
standards (IgM, G155-228; 1gG1l, MOPC-31C; IgG2a, G155-178; 1gG2b, MPC-11;
IgG3, All12-3; M18-254; BD Biosciences) (total antibody titers). For NP-specific
antibody titers internal standards, consisting of serum pools from 5-8 mice immunized

with NP-CGG were used and NP-specific titers are given as relative units.

ELISpot

ELISpot-plates (Millipore, Billerica, MA, USA) were coated overnight with 5 pg/ml
NP3-, NP4- or NP17-bovine serum albumin (BSA) (Biosearch Technologies, Novata,
CA, USA) in 0.1 M NaHCOg3; buffer (pH 9.2) at 4°C. The next day, plates were
washed 3 times with PBS and blocked with RPMI-medium supplemented with 10%
FCS for at least 2 h (37°C). Thereafter the plates were cultured with splenic or bone
marrow (BM) cells (5x10° cell/well) in complete RPMI-medium supplemented with
10% serum for 40-48 h. Cells were removed and plates were washed 6 times with
PBS/0.01% Tween-20 and then incubated with biotinylated antibodies specific for
mouse 1gG1, IgM or IgG3 (BD Pharmingen) for 2 h at 37°C. After an additional
washing step, plates were incubated with Streptavidin-horseradish peroxidase (HRP)
(Vector Laboratories, Burlingame, CA, USA) for 45 min. To develop spots, one tablet
of 3,3 -Diaminobenzidine (DAB) peroxidase-substrate (0.7 mg/ml, Sigma-Aldrich) and
one tablet of UREA H,0, (2.0 mg/ml, Sigma-Aldrich) were diluted in 5 ml of water
and added for at least 5 min. Spots were counted by ELISpot Reader AID Elispot3.2

and its software (Autoimmune Diagnostika GmbH, Stral3berg, Germany).

Detection of plasma cells in the lamina propria

First, the peyers patches were removed from the small intestine. The remaining gut
was sliced longitudinally in several pieces. Afterwards, the tissue was incubated for
15 min at 37°C in HBSS (Gibco) containing 10% FCS and 2mM EDTA. Following, the
gut was shaked for 10 sec and the supernatant was removed. This step was
repeated twice. Then, the remaining tissue was incubated for 45 min at 37°C in RPMI
1640 containing 10% FCS, 0.24 mg/ml Collagenase A (10103578001, Roche), 0.25
mg/ml Collagenase VIII (C2139, Sigma Aldrich) and 50mM CaCL, Afterwards, the

tube with the tissue and the solution was shaked again for 10 s and the supernatant



which contained the lamina propria cells was stored. This step was repeated another

time. Afterwards the cell suspension was filtered through a 70 um and a 35 um mesh.



primer name

sequence (5-3")

Prdm1 for TGCGGAGAGGCTCCACTA
Prdm1 rev TGGGTTGCTTTCCGTTTG

Xbp1 for TGACGAGGTTCCAGAGGTG

Xbp1 rev TGCAGAGGTGCACATAGTCTG
Pax5 for CTCCTCGGACCATCAGGAC

Pax5 rev GGCCGTCCATTCACAAAA

YWHAZ for CGCTAATAATGCAGTTACTGAGAGA
YWHAZ rev TTGGAAGGCCGGTTAATTTT

AICDA for TCCTGCTCACTGGACTTCG

AICDA rev GCGTAGGAACAACAATTCCAC
Polr2a for AATCCGCATCATGAACAGTG

Polr2a rev TCATCATCCATTTTATCCACCA

Supplemental Table 1: Primer sequences for gqRT-PCR
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CD21°"CD23""

rTJcr’r:jtf:r genolype [mgg?hs] wesig:ﬁe[gwg] morr;c;r;rncgfrzglr?tnal cell number +10° population [%]
40| LMP1/CD30 5 319.8 Yes 1.7 73.4
80| LMP1/CD30 8 430 NO 2.8 323
85| LMP1/CD30 9 1555 YES 7.2 55.8
86| LMP1/CD30 9 543 YES 2.7 70.6
204 | LMP1/CD30 9 584 not done 2 63.3
145 | LMP1/CD30 10 749 not done 2.2 75
146 | LMP1/CD30 10 319 not done 2.2 49
9021 | LMP1/CD30 10 1890 NO 45 85.3
17590 | LMP1/CD30 10 2373 YES 9 94.8
23424 | LMP1/CD30 10 429 not done 3.05 74
188 | LMP1/CD30 11 446 YES 2 53.8
271| LMP1/CD30 12 1061 not done 3.2 64.5
21426 | LMP1/CD30 12 1140 YES 6.3 70.9
23627 | LMP1/CD30 12 3563 YES 10.7 89
23631 | LMP1/CD30 12 940 YES 11.4 83
156 | LMP1/CD30 12.5 1419 YES 3.2 80
11341 | LMP1/CD30 13 284 YES 1.3 50.2
166 | LMP1/CD30 13 not done NO not done not done
93| LMP1/CD30 14 1091 YES 5.4 58.2
64 | LMP1/CD30 14.5 640.2 YES 5 44.9
65| LMP1/CD30 14.5 2288.6 YES 7.2 96.2
18974 | LMP1/CD30 15 1763 YES 6.76 77
42| LMP1/CD30 15.5 474 NO 3.2 51.4
152 | LMP1/CD30 16 469 not done 0.46 35.9
877-42 | LMP1/CD30 17 1765 YES 19.6 45.3
1| LMP1/CD30 21 15475 YES not done not done

83 CD19-Cre 8 161.7 not done 0.61 5.9

81 CD19-Cre 9 131 not done 1.1 10.9
149 CD19-Cre 10 179 not done 1.8 32
17588 CD19-Cre 10 106 not done 0.7 12.4
10398 CD19-Cre 11 333 NO 0.77 12.7
269 CD19-Cre 12 126 not done 0.47 14.6
21873 CD19-Cre 12 155 not done 1.3 20
157 CD19-Cre 12.5 102.9 not done 0.63 11
19717 CD19-Cre 13 123 NO 0.98 25
21874 CD19-Cre 13 133 not done 0.86 45
94 CD19-Cre 14 136 not done 0.44 9.5
69 CD19-Cre 14.5 215 not done 2.9 10.4
57 CD19-Cre 14.5 108.5 not done 5.9 18.2
18973 CD19-Cre 15 139 not done 0.57 11
147 CD19-Cre 16 188 not done 0.36 13.1
878-43 CD19-Cre 17 109 no 0.34 10.8

Supplemental Table 3. Overview of the cohort of aged mice. Aged diseased LMP1/CD30 mice
were analysed together with age-matched healthy control mice. The mono- or oligoclonality of
lymphoproliferations arising in LMP1/CD30 mice was determined by Southern Blot analysis using a
radioactive-labeled JH Probe spanning the JH3-4 region of the murine IgH locus and EcoRI-
digested genomic DNA (data not shown).
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Supplemental Figure 1. CD30 expression in unstimulated and stimulated B cells. (A)

The histograms show overlays of the CD30 expression of splenic B2 (CD5°", B220",
CD19%), B1a (CD5", B220°", CD19*) and B1b (CD5"°", B220"" CD19") cells with an
isotype control. (B) The overlays show the CD30 surface expression of splenic B cells in
the absence of stimulation (day 0) and after 1 or 3 days of CD40-, IgM- and LPS-
stimulation. n=3 (C) Splenic B1 (CD43*CD23"") and B2 (CD43 CD23") cells were sorted

as described in Supplemental Figure 7 and co-stimulated with anti-lgM/anti-CD40 for 1

day. The overlays show the surface expression of CD30 or CD86 of stimulated (day 1) and

unstimulated (day 0) B1 and B2 cells. CD86 was used as positive control for B cell

activation.
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Supplemental Figure 2A. Generation of LMP1/CD30%5™ mice. To test the functionality
of the LMP1/CD30 fusion protein a NF-kappaB dependent luciferase activity assay was
performed as CD30 signaling is described to activate the NF-kappaB pathway'. The
expression plasmid pSG5 _LMP1/CD30 (the fusion protein encodes the LMP1 gene from aa
1-190 and the murine CD30 gene from aa 311-498) was transfected into HEK293 cells together
with the NF-kappaB dependent luciferase expression plasmid 3xNF-kB-conA-luc?. As
negative control the empty expression plasmid pSGS5_Oligo (pSG5 plasmid (from Agilent
Technologies, Santa Clara, CA, USA) with a modified multiple cloning site (MCS)) and as
positive controls pSG5 LMP1 and pSG5 LMP1/CD40 were used. In the LMP1/CD30 and
LMP1/CD40?® fusion proteins the intracellular signaling part of LMP1 is replaced by the
signaling part of CD30 or CD40 resulting in constitutive CD40- or CD30- signaling,
respectively. Transfections were done in technical duplicates and were performed 3 times
independently in total. For normalization a -gal expression plasmid was included in all
transfections. The graph shows mean values and standard deviations of the normalized
RLUs of luciferase activity with the indicated expression vectors.

1. Wright CW, Rumble JM, Duckett CS. CD30 activates both the canonical and alternative
NFkappaB pathways in anaplastic large cell lymphoma cells. J Biol Chem. 2007; 282(14):
10252-10262.

2. Rodriguez MS, Wright J, Thompson J, Thomas D, Baleux F, Virelizier JL, Hay RT, and
Arenzana-Seisdedos F. Identification of lysine residues required for signal-induced ubiquitination
and degradation of | kappa B-alpha in vivo. Oncogene 1996; 12(11): 2425-2435.

3. Hémig-Holzel C, Hojer C, Rastelli J, et al. Constitutive CD40 signaling in B cells selectively
activates the noncanonical NF-kappaB pathway and promotes lymphomagenesis. J Exp Med. 2008;
205(6): 1317-1329.
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Supplemental Figure 2B. Generation of LMP1/CD30"57" mice

Targeting strategy for the insertion of a conditional /Imp1/cd30 allele (LMP1/CD30"°7°) together with
the reporter gene IRES-hCD2 into the murine rosa26-locus. The chimeric fusion protein LMP1/CD30 was
constructed by cloning the cytoplasmic part of murine CD30 into the vector pBSLMP1Ascl_a. The
cytoplasmic sequence of CD30 was amplified by PCR from vector pBmgNeo CD305.2 full length clone#2
(kindly provided by Eckhard R. Podack). The fusion protein encodes the LMP1 gene from aa 1-190 (N-
terminal cytoplasmic and transmembrane part of LMP1) and the murine CD30 gene from aa 311-498 (C-
terminal cytoplasmic part of CD30). The adenine at position 243bp downstream of the ATG of the LMP1
gene was replaced by a cytosine, introducing a silent mutation to destroy a potential splice acceptor site. In
this fusion protein the signaling part of LMP1 is replaced by the signaling part of CD30 resulting in
constitutive active CD30 signaling. To insert the Imp1/cd30 fusion gene into the rosa26-locus the target
vector DC-R260AGp-IRESCD21 was used encoding the reporter gene hCD2 and a loxP flanked STOP
cassette. The final target vector TV LMP1/CD30 _final was electroporated into C57BL/6J x 129S6/SvEvTac-
derived (IDG3.2) embryonic stem cells’. Recombinant embryonic stem cells were injected into C57BL/6
blastocytes and transferred into foster mice to obtain chimeric mice.

(1) Wildtype rosa26-locus consists of three exons whereat the transgene was inserted into intron 1 at the
restriction site Xba1. The regions used for homologous recombination are indicated as open boxes. (2) The
rosa26-locus after homologous recombination of the targeting construct (TV LMP1/CD30_final) (3) rosa26-
locus after insertion of the transgene and Cre-mediated deletion of the stop-cassette which leads to the
expression of the fusion protein LMP1/CD30 and the reporter gene hCD2. The scheme shows the Scat
recognition sites and the location of the probe, which was used for the Southern blot analysis to identify the
embryonic stem cells which had integrated the targeting vector by homologous recombination. The expected
fragments after Scal digestion and hybridization with the labeled rosa26-probe for identifying positive
integrated clones are indicated by thin lines. Abbreviations: E — exon; SAS— splice acceptor site; NEO —
neomycin; STOP — stop-cassette; IRES — internal ribosomal entry site; hCD2 — human truncated hCD2;
polyA — polyadenylation site. To achieve B cell specific deletion of the stop-cassette LMP1/CD30"™°" mice
were crossed to CD19-Cre mice. Offsprings were routinely screened by PCR analysis using primers specific
for the Imp1/cd30 and hCD2 transgenes (TVCD30c: 5-CAGTGATCGTGGGCTCTGTA-3" and hCD2rev: 5'-
GGAGACTGCACCTTTGGAAG-3') and the CD19-Cre locus’.

1. Calado DP, Sasaki Y, Godinho SA, et al. The cell-cycle regulator c-Myc is essential for the formation and
maintenance of germinal centers. Nat Immunol. 2012;13(11):1092-1100.

2. Hitz C, Wurst W, Kuhn R. Conditional brain-specific knockdown of MAPK using Cre/loxP regulated RNA interference.
Nucleic Acids Res. 2007;35(12):€90.

3. Rickert RC, Roes J, Rajewsky K. B lymphocyte-specific, Cre-mediated mutagenesis in mice. Nucleic Acids Res.
1997;25(6):1317-1318.
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Supplemental Figure 3: Expression of LMP1/CD30 upon CD19-Cre-mediated deletion
of the STOP cassette. (A) B lymphocytes of different lymphoid organs were analyzed for
the percentages of hCD2* cells. The table shows the mean and standard deviation values of
the percentages. hCD2* cells represent cells that had deleted the stop-cassette. (B) The
histogram shows exemplary the expression of hCD2* in LMP1/CD30-expressing and control
splenic B cells (CD19*). (C) Western-blot analysis for detection of the LMP1/CD30 fusion
protein. Western-blots were performed with whole cell extracts from splenic B lymphocytes
and an antibody raised against the cytoplasmic tail of CD30 (Santa Cruz). Equal protein
loading was controlled by an anti- a/B-tubulin antibody. (D) CD30-expression was
determined by FACS in the indicated B cell populations n=3
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Supplemental Figure 4: Characterization of lymphocytes in the lymph nodes, blood
and peritoneal cavity. (A) B lymphocytes (CD19*) from the inguinal lymph nodes were
analyzed for their expression of IgM/IgD, CD21/CD23, and CD43/CD23 by flow cytometry. n
26 (B) Blood B lymphocytes (CD19*) were tested for CD21/CD23 surface expression. n=6.
(A) and (B) Numbers in the FACS plots indicate the mean and SD values of the percentages
of the gated B cell populations. (C) Lymphocyte numbers in the peritoneal cavity were
calculated by counting total cell numbers in the peritoneal lavage and determination of the
percentages in the lymphocyte gate by flow cytometry.
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Supplemental Figure 5: LMP1/CD30-expressing B cells show an enhanced
plasma cell differentiation in vitro in the absence and presence of
LPS-stimulation. (A) Splenic B cells were isolated from LMP1/CD30 and control mice
using a Pan-B cell isolation kit and were cultivated without or with LPS-stimulation for 3
days. Plots are gated on living cells (TO-PRO-3-negative) and show the gated
plasmablasts which were analyzed with three different marker combinations
(CD138Me"B220"w; CD138"erCD22w; CD138""TACI*). (B) The graph compiles the
percentages of plasmablasts that were determined by a CD138/TACI staining. (C) IgM
titers in the supernatant of mutant and control B cells that were cultured in the absence
(w/0) or in the presence of LPS for 3 days. n23.
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Supplemental Figure 6: Sorting strategy for CD138™ B1 cells: Prior to cell sorting
splenic B cells were enriched by the Pan B cell isolation Kit. For cell sorting the indicated
gating strategy was applied: Cell doublets were excluded with FSC-H/FSC-A, living
lymphocytes were determined by SSC-A/FSC-A and B cells by CD19 surface expression.
Subsequently, a gate excluding the CD138*B220"" cells was used. Finally, the CD138~ B1
cells were sorted according their CD43/CD23 expression by using the red gate indicated in
the CD43/CD23 plot. After cell sorting the purity of the B1 cells were tested. Sorted cells
were gated on lymphocytes and the CD19, B220/CD138 and CD43/CD23 expression was

analyzed.
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Supplemental Figure 7A: Sorting strategy for B1 and B2 cells: Prior to cell sorting
splenic B cells were enriched by the Pan B cell isolation kit. For cell sorting the indicated
gating strategy was applied: Cell doublets were excluded with FSC-H/FSC-A, living
lymphocytes were determined by SSC-A/FSC-A and B cells by CD19". Finally B1 and B2
cells were sorted by using the black (B1) and red (B2) gate indicated in the CD43/CD23
plot. After cell sorting the purity of the B2 cells were tested. Sorted cells were gated on
lymphocytes and the CD19 and CD43/CD23 expression was analyzed. The purity of B1
cells was comparable to the analysis shown in Supplemental Figure 6.
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Supplemental Figure 7B: Sorted B1 (CD43*CD23"°") and B2 (CD43°CD23") cells of
LMP1/CD30-mice were kept in culture for 3d in the absence of stimulation and analyzed
by FACS staining for PBs (CD138"'B220""). n=6.
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Supplemental Figure 8: mRNA Expression of selected genes during LPS induced
in vitro plasma cell differentiation and in peritoneal B1 cells. /In silico analysis of
RNAseq data published by Shi and co-workers'. FPKM: fragments per kilobase of exon
per million reads mapped; FoB: unstimulated FoB cells; LPS blasts (BLIMP1-CD138"),
LPS PB SDC1- (BLIMP1*CD1387), LPS PB SDC1* (BLIMP1*CD138"), splenic PCs
(SDC1*=Syndecan1=CD138) and peritoneal B1 cells. Most of the surface markers are
similarly expressed in PC progenitors and B1 cells. We used the markers CXCR4 and
CD22 to differentiate between B1 cells and PB.

1. Shi W, Liao Y, Willis SN, et al. Transcriptional profiling of mouse B cell terminal differentiation
defines a signature for antibody-secreting plasma cells. Nat Immunol. 2015;16(6):663-67 3.
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Supplemental Figure 9: LMP1/CD30-expression in naive B cells interferes with
GC formation in the spleen: (A) LMP1/CD30//CD19-Cre and ctrl mice were
immunized with the TD-antigen NP-CGG and the generation of GC B cells was
analyzed by a PNA/CD95 staining of splenic B cells 14d after immunization: Dot plots
are pre-gated on lymphocytes and B220" B cells, GC B cells are gated as
CD95""PNA""  n=6. The graph compiles the percentages of GC B cells of
unimmunized (w/0) and immunized (NP-CGG) mutant and control mice. Percentages
of GC B cells were calculated from CD95'PNA"" cells that were pre-gated on
lymphocytes and CD19+ or B220+ and in the case of LMP1/CD30 additionally on
hCD2+ (B) Peyer’'s patches (PP) of unimmunized LMP1/CD30 and ctrl mice were
analyzed for their germinal center B cells (CD38"°"CD95"). Plots are pre-gated on
CD19" lymphocytes. The right plot of LMP1/CD30 mice is additionally pregated on
hCD2" B lymphocytes as indicated. n=6. The graph compiles the percentages of GC
B cells in the PP of control and mutant mice. For mutant mice the percentages of GC
B cells are indicated and pre-gated either for CD19" or for CD19*hCD2" (C) The
graph shows the percentages of reporter” of GC (CD38°“CD95") and of non GCs
(CD38") B cells from the spleen and PP of unimmunized LMP1/CD30 mice as well as
the percentage of reporter” of IgA* B220"° PC in the PP and laminar propria (LP). (D)
Percentages of IgA* B220"° PC in PP and LP of unimmunized LMP1/CD30 and ctrl
mice: Plots are pre-gated on living lymphocytes.
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Supplemental Figure 10: Immunization with NP-CGG results in more reporter+ non-GC cells in
LMP1/CD30//y1Cre mice. In (A) the percentages of reporter* lymphocytes and reporter* B cells (CD19%) in the
spleen are shown 5 and 14 days after immunization with NP-CGG. The histograms show the gating strategy
of hCD2* and CAR* cells. The gating threshold was determined by the hCD2 and CAR staining in CAR//y1Cre
and LMP1/CD30//y1Cre mice, respectively. CAR-expression in CAR//y1cre (black line: LMP1/CD30//y1cre;
red line CAR//y1cre). hCD2-expression in LMP1/CD30//y1cre mice (black line: CAR//y1cre; red line:
LMP1/CD30//y1cre). (B) Reporter* splenic lymphocytes were analyzed for the distribution of GC
(CD38°*CD95"s") and non-GC (CD38*) cells at the indicated time points. The percentages of GC B cells within
the fraction of reporter* lymphocytes and CD19* lymphocytes (only at 14d) of different analyses are compiled
in the corresponding graphs. (C) The plots and the corresponding graph show the percentages of NP*
reporter* GC B cells in the spleen 14d post immunization with NP-CGG. Plots are pre-gated on reportert GC
B cells (CD38°*CD95"9") and the percentages were determined by gating on B220*NP* cells. Percentages of
NP* cells in the GC fraction was lower in LMP1/CD30/y1-Cre mice, but due to the higher percentage of
reporter+ cells percentages of NP+ cells in all lymphocytes were comparable (Figure 6A).
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Supplemental Figure 11A-C: Higher percentages of CD43*CD23°% and

CD138"9"B220'"v cells after TD-immunization of LMP1/CD30//y1Cre mice (A) Gating
strategy of CD43*CD23"" cells (red gate) and of CD138"e"B220"°" PC/PB 5d and 14d after
immunization with NP-CGG. The dot plots are pregated on living splenic lymphocytes and
reporter* cells. (B) The graphs depict the percentages of CD43*CD23°% and
CD138""B220"° populations in the GC (CD38"°*CD95"") and non GC (CD38*) fractions
14d p.i.. Reporter* GC and non-GC B cells were gated as shown in in supplemental Figure
10B. (C) The CD43/CD23 contour plots are pregated on reporter* lymphocytes. An overlay
of reporter* PB/PC (CD138"9"B220"°") is shown in blue. These cells have the phenotype
CD43*CD23" (red gate). The histogram shows an overlay of the CD19 surface expression
of reporter* lymphocytes (black), reporter'CD138"s"B220" PB/PC (blue)
reporter'CD43*CD23"" cells (red). All analyses are from splenic lymphocytes.
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Supplemental Figure 11D: Lower percentages of IgG1+ reporter+ B cells after TD-
immunization of LMP1/CD30//y1Cre mice: FACS plots showing the gating strategy of
IgG1*- cells from the spleen 14d p.i. with NP-CGG. The plots are pregated on reporter” B
lymphocytes (CD19%). The graph compiles the percentages of IgG1" reporter’ B
lymphocytes from different experiments. The IgG1 histogram depicts an overlay from the

indicated populations shown in the contour plot above.
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Supplemental Figure 12: TD immunization of LMP1/CD30//y1Cre mice results in higher
percentages of IRF4* centroblasts and centrocytes. (A) The graph compiles the
percentages of IRF4* reporter* splenic lymphocytes in control and mutant mice 5d and 14d
p.i. with NP-CGG (B) Gating strategy for splenic centroblasts and centrocytes. The contour
plots are pre-gated on reporter* germinal center B cells (CD19*CD38°*CD95"*) and show the
gating of centroblasts (CXCR4"s"CD86"*) and centrocytes (CXCR4"°*CD86"e"). The two cell
populations were analyzed for their IRF4-expression in the histograms. Control (blue) and
mutant (red) centroblasts and centrocytes are shown as an overlay.
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Supplemental Figure 13: CD30 expression of different sub-populations upon NP-CGG
immunization. LMP/CD30//y1Cre mice and CAR//y1Cre
NP-CGG and analyzed 14d p.i. (A) The graph displays the MFI of CD30 expression in the
indicated sub-populations, populations were pre-gated for CD19* B cells and divided into
reporter-, non GC B cells (CD38*,CD95); reporter* non GC B cells; GC B cells (reporter*,
CD38"°, CD95*) (B) The graph compiles the MFI of CD30 expression in the indicated
sub-populations, populations were pre-gated for CD19* B cells, both CD38*, 1gG1*
populations were also pre-gated for reporter* cells. The FACS histogram shows an example
of the gating strategy for CD30 low and high expressing cells, n=6.
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Supplemental Figure 14. Aged LMP1/CD30 mice develop lymphomas with a B1-
like phenotype. (A) Relative mean fluorescence intensity (MFI) of Ki-67" cells in
splenic B1 (CD43"CD23") and B2 cells (CD43'CD23") of LMP1/CD30 and control
mice. Relative MFIs are related to MFI of control B2 cells which were set to 1. (B)
Kaplan —Meier curve showing the age of diseased LMP1/CD30 mice. (C) Two
examples of aged LMP1/CD30 mice with an expansion of either CD5'B220"™" or
CD5""B220"" B cells. (D) The histograms show as an example overlays of IRF4
expression of two aged control and LMP1/CD30 lymphoma mice. (E) Flow cytometry
analysis of B cells of the peritoneal cavity stained for CD43, CD23 as well as CD5,
B220. (F) AlID-expression was determined by gRT-PCR: RNA was prepared from
FACS sorted CD19'reporter™? B cells (non-GC), and CD19" reporter” GC cells
(CD19%, CD38", CD95") isolated from CAR//y1Cre and LMP1/CD30//y1Cre mice 14
day after immunization with NP-CGG. In addition total splenic B cells were prepared
by using the pan B cell Kit from unimmunized LMP1/CD30//CD19-Cre mice and
controls (CD19-Cre). cDNA was produced by using the Reverse Transcription Kit

(QuantiTect, Qiagen). The expression levels were normalized to Polr2a. n=3



	18152 Cover
	Chronic CD30-signaling in B cells results in lymphomagenesis by driving the expansion of plasmablasts and B1 cells
	Abstract
	Introduction
	Methods
	Results
	Expression of CD30 on murine B cells
	Generation of conditional transgenic mousestrain LMP1/CD30flSTOP
	Constitutive CD30 expression in B cells leads toexpansion of mature B cells
	Constitutive CD30 signaling enhancesPC differentiation
	LMP1/CD30 enhances generation of splenic B1acells and PCs upon TI-2 immunization
	LMP1/CD30 expression drives PC differentiation inGC and non-GC B cells
	Lymphomas with B1-like/PB phenotype arise inspleen and PerC of LMP1/CD30 mice

	Discussion
	Acknowledgments
	References
	Supplementary Material
	Supplemental Methods
	Supplemental Tables
	Supplemental Table 1: Primer sequences for qRT-PCR
	Supplemental Table 2: percentages and cell numbers of B cell subsets (n ≥ 4)
	Supplemental Table 3. Overview of the cohort of aged mice.

	Supplemental Figures
	Supplemental Figure 1. CD30 expression in unstimulated and stimulated B cells.
	Supplemental Figure 2A. Generation of LMP1/CD30flSTOP mice.
	Supplemental Figure 2B. Generation of LMP1/CD30flSTOP mice
	Supplemental Figure 3: Expression of LMP1/CD30 upon CD19-Cre-mediated deletionof the STOP cassette.
	Supplemental Figure 4: Characterization of lymphocytes in the lymph nodes, bloodand peritoneal cavity.
	Supplemental Figure 5: LMP1/CD30-expressing B cells show an enhancedplasma cell differentiation in vitro in the absence and presence ofLPS-stimulation.
	Supplemental Figure 6: Sorting strategy for CD138− B1 cells:
	Supplemental Figure 7A: Sorting strategy for B1 and B2 cells:
	Supplemental Figure 7B:
	Supplemental Figure 8: mRNA Expression of selected genes during LPS inducedin vitro plasma cell differentiation and in peritoneal B1 cells.
	Supplemental Figure 9: LMP1/CD30-expression in naïve B cells interferes withGC formation in the spleen:
	Supplemental Figure 10: Immunization with NP-CGG results in more reporter+ non-GC cells inLMP1/CD30//γ1Cre mice.
	Supplemental Figure 11A-C: Higher percentages of CD43+CD23low andCD138highB220low cells after TD-immunization of LMP1/CD30//γ1Cre mice
	Supplemental Figure 11D: Lower percentages of IgG1+ reporter+ B cells after TDimmunizationof LMP1/CD30//1Cre mice:
	Supplemental Figure 12: TD immunization of LMP1/CD30//γ1Cre mice results in higherpercentages of IRF4+ centroblasts and centrocytes.
	Supplemental Figure 13: CD30 expression of different sub-populations upon NP-CGGimmunization.
	Supplemental Figure 14. Aged LMP1/CD30 mice develop lymphomas with a B1-like phenotype.





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Coated FOGRA39 \050ISO 12647-2:2004\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Coated FOGRA39 \050ISO 12647-2:2004\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Coated FOGRA39 \050ISO 12647-2:2004\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Coated FOGRA39 \050ISO 12647-2:2004\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Coated FOGRA39 \050ISO 12647-2:2004\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


