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Tyrosine phosphorylation of signaling molecules that mediate B cell activation in response
to various stimuli is tightly regulated by protein tyrosine phosphatases (PTPs). PTP1B is a
ubiquitously expressed tyrosine phosphatase with well-characterized functions in metabolic
signaling pathways. We show here that PTP1B negatively requlates CD40, B cell activating
factor receptor (BAFF-R), and TLR4 signaling in B cells. Specifically, PTP1B counteracts p38
mitogen-activated protein kinase (MAPK) activation by directly dephosphorylating Tyr'82 of
this kinase. Mice with a B cell-specific PTP1B deficiency show increased T cell-dependent
immune responses and elevated total serum IgG. Furthermore, aged animals develop sys-
temic autoimmunity with elevated serum anti-dsDNA, spontaneous germinal centers in the
spleen, and deposition of IgG immune complexes and C3 in the kidney. In a clinical setting,
we observed that B cells of rheumatoid arthritis patients have significantly reduced PTP1B
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expression. Our data suggest that PTP1B plays an important role in the control of B cell
activation and the maintenance of immunological tolerance.

The B cell antigen receptor (BCR) mediates
the antigen-specific activation of B cells, lead-
ing to their proliferation and differentiation
into antibody-secreting plasma cells. In a T cell—
dependent (TD) immune response, interaction
with helper T cells stimulates B cells to switch
to high-affinity IgG antibody production. This
process is regulated by co-receptors, most im-
portantly by the TNF receptor family member
CD40 (Elgueta et al., 2009). Another member
of this family, namely the B cell activating fac-
tor receptor (BAFF-R), is involved in survival
signals in B cells (Gross et al., 2001; Schiemann
et al., 2001). The downstream signaling of acti-
vated B cells includes several tyrosine phos-
phorylation steps, which are under the tight
control of protein tyrosine phosphatases (PTPs;
Pao et al., 2007a; Kurosaki and Hikida, 2009).
Most nonreceptor PTPs play an inhibitory role
in the regulation of B cell activation; therefore,
they are important to maintain immunological
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tolerance. Indeed, loss of PTP function can lead
to autoimmune disorders (Vang et al., 2008).
PTPI1B (encoded by Ptpnl) is a ubiqui-
tously expressed PTP comprising an N-terminal
catalytic domain, a proline-rich region, and a
hydrophobic C terminus that localizes the enzyme
at the cytoplasmic face of the ER (Frangioni et al.,
1992). PTP1B can also be released from the
ER and relocated to the cytoplasm by a calpain-
mediated proteolytic cleavage (Frangioni et al.,
1993). PTP1B is an important negative regula-
tor of the insulin receptor and various growth
factor receptors, such as epidermal growth factor,
platelet-derived growth factor, and insulin-like
growth factor-I receptors (Cicirelli et al., 1990;
Lammers et al., 1993). PTP1B also limits Toll-like
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receptor signaling in macrophages (Xu et al., 2008) and in-
hibits leptin receptor signaling by dephosphorylating the
receptor-associated kinase JAK2 (Myers et al., 2001). Other
nonreceptor tyrosine kinases, including c-Src, Ber-Abl, and
TYK2, as well as the transcription factor STAT6, are also sub-
strates of PTP1B (LaMontagne et al., 1998; Bjorge et al.,
2000; Myers et al., 2001; Lu et al., 2008). PTP1B-deficient
mice are resistant to diet-induced obesity and are hypersensitive
to insulin (Elchebly et al., 1999). Additionally, PTP1B promotes
the development of breast cancer by activating c-Src in ErbB2-
mediated transformation (Bentires-Alj and Neel, 2007; Julien
et al., 2007; Arias-Romero et al., 2009).

It has been reported that PTP1B-deficient mice have
increased numbers of pro- and pre-B cells (IgM ™, IgD™) in
the bone marrow and higher proportions of B cells in lymph
nodes and aged mice showed lymphadenopathy (Dubé et al.,
2005). However, as PTP1B is ubiquitously expressed, these
effects may not be entirely B cell autonomous. To study the
role of PTP1B in B cell development and in the regulation of’
mature B cells, we generated mice with a B cell-specific dele-
tion of Ptpnl. Here, we show that PTP1B regulates CD40
and BAFF-R signaling and dephosphorylates the mitogen-
activated protein kinase (MAPK) p38. Furthermore, we found
that a deficiency or down regulation of PTP1B is associated
with autoimmunity in mice and humans.

RESULTS

Ptpn17-mb1cre mice show no impairment

of B cell development

To study B cell-specific functions of PTP1B, we crossed mice
carrying floxed Ptpn1 alleles (Bence et al., 2006) together with
mb1cre mice. The latter have the mammalian codon-optimized
hCre recombinase inserted into the mb-1 locus (encoding the
BCR signaling subunit Iga; Hobeika et al., 2006). In these
mice, hCre is expressed exclusively in the B cell lineage from
the early pro-B cell stage on. First we confirmed that the dele-
tion of floxed Pfpn1 alleles is restricted to B cells. We genotyped
tail biopsies and different populations from the bone marrow
(B220*-IgM~, B220*-IgM™, B220~, [gM ™) and the spleen
(CD19*, Thy1.2*). The floxed allele was efficiently deleted in
B cells in the presence of the mblcre allele, and there was no
detectable deletion in the non—B cell fractions (Fig. 1 A). We
then analyzed the B cell populations of different develop-
mental stages based on defined surface marker patterns and
found no major difference in Ptpn1//~mb1cre compared with
Ptpn*/*-mb]cre or Ppn1"f control mice (Fig. 1, C and D). Total
B cell numbers in the bone marrow and in the spleen were
also similar in these animals (Fig. 1 B).

PTP1B-negative B cells respond better

to anti-CD40 and BAFF stimulus

To investigate the role of PTP1B for the expansion of mature
B cells, we exposed purified CD43~ splenic B cells to differ-
ent stimuli and analyzed their proliferation by measuring
[*H]thymidine incorporation. The PTP1B-deficient B cells
display the same proliferative response as B cells from control
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mice when cultured with anti-IgM or anti-IgM and IL-4
(Fig. 2 A). However, when stimulated with anti-CD40, the
PTP1B-deficient B cells showed a significantly higher prolif-
eration rate than control B cells (Fig. 2 A). Another important
TNF family receptor on the B cell surface apart from CD40
is the BAFF-R, which regulates the survival of B cells in the
periphery. We tested the survival of splenic B cells, isolated
from control or Pipn1”~mb]lcre mice, in the presence of BAFE
After 10 d of culturing, the PTP1B-deficient B cells showed
a significantly higher survival rate, suggesting that PTP1B also
regulates BAFF-R signaling (Fig. 2 B).

We also studied the proliferative response of the CD43~
splenic B cells of control and Ptpn1//-mblcre mice with
TLR2, -3, -4, -7, and -9 stimulations. When the cells were
treated with ligands for TLR2, -3, -7, and -9, we did not ob-
serve any major difference between the control and PTP1B~
cells (not depicted). However, PTP1B™ B cells proliferated
significantly better than the control cells in response to LPS
stimulus (Fig. 2 A).

To analyze in more detail which subpopulations of splenic
B cells are affected the most in the CD40- and BAFF-R—
mediated proliferation and survival responses, we repeated
these experiments on sorted transitional (T1-2 and T3), mar-
ginal zone (MZ), and follicular (FO) B cells. The cells were
labeled with CFESE and stimulated with anti-IgM, anti-CD40,
BAFF, or anti-IgM and BAFF together and analyzed by flow
cytometry after 4 d. At the time of the measurement, the cells
were also labeled with 7AAD to gate on the living popula-
tion. These experiments showed that mainly the FO and MZ
B cells drive the elevated proliferation of PTP1B-deficient
B cells upon anti-CD40 stimulation (Fig. 2, D and E). The
PTP1B™ transitional populations and the MZ B cells showed
a higher survival rate than the control cells in the presence of
BAFF already after 4 d (Fig. 2 F). Interestingly, especially the
PTP1B-deficient MZ B cells but also the T1-2 population
showed higher survival upon anti-IgM stimulus compared
with the respective control population (Fig. 2 F). PTP1B~
MZ B cells were also better rescued by BAFF from anti-IgM—
induced cell death than the control cells (Fig. 2 F). Moreover,
the surviving cells of the anti-IgM— or anti-IgM + BAFF—
treated samples also showed higher proliferation than the
control populations (Fig. 2 E).

We verified by flow cytometry that control and PTP1B-
deficient B cells express similar amounts of CD40, BAFF-R,
and TLR4 on their cell surface (Fig. 2 C and not depicted).
Thus, the increased reactivity of PTP1B-deficient B cells to
anti-CD40, BAFE or LPS is not caused by increased receptor
expression but rather altered signal processing.

PTP1B-deficient splenic B cells show

increased p38 and Akt activation

Signal transduction from CD40 involves several pathways
including the MAPK, NF-kB, and PI-3 kinase pathway
(Elgueta et al., 2009). To study the role of PTP1B in CD40-
mediated signaling processes, we isolated CD43~ splenic B cells
from Pipn17f control and Pipn17/-mb1cre mice and stimulated
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them for different times with anti-CD40. The phosphory-
lation and expression of signaling molecules downstream of
CD40 were analyzed by Western blotting. Although the acti-
vation of the JNK and NF-kB pathways was not affected
by the PTP1B deletion, we observed higher p38 and Akt
phosphorylation in PTP1B-deficient B cells (Fig. 3 A). De-
pending on the cell type, p38 regulates several downstream
molecules (Cuadrado and Nebreda, 2010). In B cells, MK2
(MAPKAPK-2) is a key substrate of p38, playing an impor-
tant role in the proliferation and class switch recombination
of these cells (Craxton et al., 1998). MK2 directly phosphory-
lates Hsp27, a small heat shock protein which has an impor-
tant role in actin rearrangement during B cell activation. In
line with the p38 phosphorylation data, we found that upon

JEM Vol. 211, No. 3

anti-CD40 stimulation, the p38 downstream targets MK2
and Hsp27 are also more strongly phosphorylated in PTP1B-
deficient B cells than in the control samples (Fig. 3 A).
Because PTP1B-deficient B cells survived better in the
presence of BAFE we next analyzed the signal transduction
from the BAFF-R in a 0—4-h time frame. We found increased
p38 and Akt phosphorylation in PTP1B-deficient B cells in
comparison with control B cells (Fig. 3 B). The activation of
the alternative NF-kB pathway, however, was unchanged in
the PTP1B-deficient B cells (Fig. 3 B), even when we stim-
ulated the cells for 12—-18 h (not depicted). The response to
BCR triggering with anti-IgM antibody F(ab’), fragments
did not reveal an altered p38 or Akt phosphorylation between
PTP1B-deficient or -sufficient B cells (Fig. 3 C).This finding
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Figure 2. PTP1B-deficient B cells show increased proliferation in response to anti-CD40 and LPS and higher survival rate in response
to BAFF. (A) CD43~ B cells from the spleen of 9-10-wk-old control (Ptpn17) and Ptpn17-mb1cre mice were cultured with anti-IgM F(ab’),, anti-
IgM F(ab’), + IL-4, anti-CD40, or LPS for 36 h, and then [*H]thymidine was added for an additional 12 h and [*H]thymidine incorporation was
measured. Data are shown as mean + SD of three experiments. Statistical analysis was performed using one-tailed Student's t test (¥, P < 0.05;

* P<0.01;" P<0.001). (B) CD43~ B cells from the spleen of 9-10-wk-old control (Ptpn17) and Ptpn17-mbicre mice were cultured for 10 d in
the presence of recombinant mouse BAFF added in the given concentrations. The number of surviving cells was determined by cytofluorometry
using 7AAD. Results are shown as mean + SD. Statistical analysis was performed by a one-tailed Student's t test (*, P < 0.05;*, P < 0.01; n =4
independent experiments). (C) Expression of CD40 and BAFF-R on splenic B cells of Ptpn 17 (shaded gray) and Ptpn17-mb1cre (thick black curve)
mice were determined by flow cytometry (isotype control is shown as a thin black curve). Data shown are from the CD19* lymphocyte gate and
representative of three experiments. (D-F) Splenic B cells were sorted to T1-2, T3, MZ, and FO populations (according to the gating strategy shown
in Fig. 1 D [bottom]), labeled with CFSE, and then stimulated with 25 ng/ml rmBAFF, 10 pg/ml anti-IgM F(ab’),, 10 ug/ml anti-IlgM F(ab’), together

430 PTP1B controls B cell autoimmunity | Medgyesi et al.

102 ‘€ aunc uo Bio ssaidni wal woll papeojumoq


http://jem.rupress.org/

Published March 3, 2014

PTP1B~

01 2 4

Article

Figure 3. CD40, BAFF-R, and BCR
signaling of isolated splenic B cells.
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is in agreement with the proliferation data and shows that
PTP1B dominantly controls TNF family receptors rather
than antigen receptor signaling. Note that the BCR stimula-
tion induces much weaker p38 activation than CD40 triggering,
as has been described previously (Craxton et al., 1998).

p38 MAPK is a direct substrate of PTP1B

Upon activation, p38 MAPK is phosphorylated on threo-
nine and tyrosine residues. Thus, it is a potential substrate of
PTPs. To test for a colocalization between p38 MAPK and
PTP1B, we performed a proximity ligation assay (PLA) on
fixed splenic B cells that were either left untreated or stim-
ulated with anti-CD40 before fixation. The fixed and per-
meabilized cells were incubated with oligonucleotide-coupled
p38- and PTP1B-specific antibodies and subjected to a PLA
reaction. A fluorescent signal indicating the close proximity
of p38 and PTP1B was strongly induced in B cells treated
with anti-CD40 for 10 min, showing that their colocalization
is triggered by the stimulus (Fig. 4, A and B). As a negative
control, PTP1B-deficient splenic B cells did not give a PLA
signal (Fig. 4, A and B). Using an anti-]NK together with the
anti-PTP1DB antibody in the PLA reaction also did not give
a positive signal (Fig. 4, A and B). This finding is in line
with our Western blot analysis (Fig. 3 A) and suggests that in

anti-CD40-stimulated B cells, PTP1B specifically associates
with p38 but not with JNK.

To confirm the interaction of PTP1B with p38, we ex-
pressed FLAG-tagged fusion proteins containing either WT
or a substrate-trapping mutant (D'8'A) of PTP1B in A20
mouse B lymphoma cells. The D'3'A mutant is catalytically
inactive, but it is still able to bind and trap the substrate (Flint
et al., 1997). The FLAG-tagged PTP1B was immunoprecipi-
tated from the lysate of untreated or anti-CD40-stimulated
A20 cells, and the samples were subjected to Western blotting.
More p38 was coprecipitated with the DA mutant PTP1B
from the lysates of anti-CD40—stimulated B cells, suggesting
that p38 is a direct substrate of PTP1B (Fig. 4 C).

The dual-specificity kinase MKK6 is known to phos-
phorylate the activation loop of p38 at T'® and Y'#2. To test
whether PTP1B interacts with the dual-phosphorylated p38,
we expressed the FLAG-tagged PTP1B (WT or D'$A) with
or without a constitutively active MKK6 (ca-MKK6) in A20
B cells (Raingeaud et al., 1996). In this experiment, more p38
was coprecipitated together with WT or the D'8!A mutant of
PTP1B from the lysates of cells expressing ca-MKKG6 (Fig. 4 D).
This shows that the phosphorylation of p38 increases its inter-
action with PTP1B.

To show that PTP1B not only binds but also dephos-
phorylates Y'82 of p38, we performed an in vitro phosphatase

with 25 ng/ml rmBAFF, or 10 ug/ml anti-CD40. After 4 d, the dead cells were stained with 7AAD, and the proliferation was measured by flow
cytometry. (D) Proliferation of anti-CD40-stimulated cells. (E) Percentage of proliferating 7AAD~ cells (see CFSE gating in D). (F) Percentage of
7AAD™ cells of the total population. Results are shown as mean + SD. Statistical analysis was performed by a two-tailed Student's ¢ test (*, P < 0.05;

** P <0.01; n=3independent experiments).
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Figure 4. p38 is a substrate of PTP1B. (A) CD43~ B cells from the spleen of 9-10-wk-old control (Ptpn17) and Ptpn 17-mb1cre mice were immobilized on
glass slides and stimulated with 10 pg/ml anti-CD40 for 10 min, and colocalization of PTP1B and p38 was visualized by confocal microscopy using the PLA
method. PTP1B and JNK interaction is shown as a control. The data shown are representative of three experiments with similar results. Bars, 10 um. (B) Analysis
of the PLA data was performed with the BlobFinder software. Each dot represents one cell. Statistical analysis was performed using a Mann-Whitney test (**, P <
0.001). (C and D) A20 B lymphoma cells were transfected with FLAG-tagged PTP1B WT and the D'8'A substrate trapping mutant. Cells were either stimulated by
anti-CD40 (C) or cotransfected with constitutively active MKKG (D). PTP1B was precipitated by anti-FLAG. Samples were analyzed by Western blot. Results shown
are representative of three independent experiments with similar results. (E) Synthetic peptide representing amino acids 177-186 of p38 MAPK (p38-DR) was
used as a substrate for PTP1B in an in vitro phosphatase assay. Free phosphate in the solution was measured by Malachite green. A serine-phosphorylated pep-
tide was used as a negative control (pS control). CIP was applied as a positive control for the phosphatase activity. Results are shown as the mean + SD of three

experiments. (F) Constitutively active MKKG was coexpressed with HA-tagged p38 in S2 cells. Immunoprecipitated p38 (phosphorylated on T'® and Y'82) was
used as a substrate for PTP1B in vitro phosphatase assay, and the samples were analyzed by Western blot. CIP was used as positive control. The data shown are
representative of three experiments with similar results. (C, D, and F) The molecular masses of the bands (in kilodaltons) are indicated in parentheses.

assay with a synthetic phosphopeptide (DR) corresponding to
the activation site of p38 (D'77-pY'82-R'%). In this assay, the
phosphatase activity was measured by the release of the free
phosphate. Recombinant PTP1B expressed and purified from
Escherichia coli efficiently dephosphorylated the phosphotyro-
sine of the DR peptide, but not the phosphoserine of a con-
trol peptide (pS control). Calf intestinal phosphatase (CIP) was
used as a positive control for phosphatase activity (Fig. 4 E).
To confirm that PTP1B can dephosphorylate the dual
phosphorylated (T'8 andY'#2) p38, we coexpressed HA-tagged
p38 and ca-MKKG6 in S2 cells. The phosphorylated p38 was
then immunopurified and incubated with either recombi-
nant PTP1B or CIP (as a positive control). After SDS-PAGE
and Western blotting, the membrane was probed with an
anti—phospho-p38 antibody that detects only the double-
phosphorylated p38 (Fig. 4 F). This assay clearly showed that
dual-phosphorylated p38 is a substrate of PTP1B.

Ptpn17-mb1cre mice have an elevated TD immune response
The CD40L-CD40 interaction plays an important co-
stimulatory role in the T/B cell collaboration and the estab-
lishment of a TD immune response. This co-stimulatory signal
is also required for class switch recombination and affinity
maturation of B cells. The T cell-independent (TI) immune
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response results mainly in low-affinity IgM production and
does not require CD40. We next analyzed the immune re-
sponses of PTP1B-deficient Ptpn 1/-mb1cre mice exposed to
either TT (TNP-Ficoll) or TD (TNP-BSA) antigens.

Immune sera collected on day 7 after the immunization
with TNP-Ficoll did not show a significant difference of
antigen-specific IgM titers between Ptpn I”/-mb1cre and con-
trol mice (Fig. 5 A). To elicit a TD immune response, mice
were immunized on day 0 and boosted on day 21 with TNP-
BSA. Immune sera were collected on days 14, 21 (pre-boost),
28, and 35. Ptpn1/-mblcre mice showed elevated antigen-
specific IgG levels in the primary (day 14 and 21) and second-
ary immune responses (day 28 and 35) compared with control
littermates (Fig. 5 B).The finding of an increased TD immune
response in Ptpn1/-mblcre mice is in line with our bio-
chemical experiments showing an increased CD40 signaling
in PTP1B-deficient B cells.

Ptpn17*-mb1cre mice have elevated serum IgG

and anti-dsDNA levels

The analysis of the total serum IgG titers showed that the
Ptpn1/-mb1cre mice have an elevated serum IgG concentra-
tion compared with control littermates (Fig. 6 A). The isotype-
specific ELISAs showed higher concentrations of all four IgG
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isotypes (IgG1, -2a, -2b, and -3), although only the difference
in IgG2a level was statistically significant (Fig. 6 A). We also
observed that 52-wk-old Ptpn 1”/-mb1cre mice have elevated
MZ and FO B cell numbers in the spleen in comparison with
control mice (Fig. 6 B). Additionally, CD43~ splenic B cells
treated for 4 d with LPS showed increased differentiation to
CD138* plasma cells (Fig. 6 C).

Increased B cell numbers and total IgG concentrations
can indicate a systemic autoimmune response. We thus mea-
sured the concentration of anti-dsDNA IgG in the serum of
9-10-, 35-, and 52-wk-old control and Ptpn1”/-mb1cre mice
and found that the latter animals have significantly elevated
anti-dsDNA antibody concentration (Fig. 6 D). A deficiency
of another PTP that is prominently expressed in hematopoi-
etic cells, namely SHP1, is also associated with autoimmunity.
Indeed, SHP1-deficient mice (“motheaten” and “viable moth-
eaten”) show a severe lethal autoimmune phenotype (Shultz
and Green, 1976; Davidson et al., 1979). The B cell-specific
deletion of the Ptpn6 gene encoding SHP1 causes autoim-
munity, although not as strong as that of motheaten mice in
which SHP1 is deleted in all tissues (Pao et al., 2007b). We next
studied whether the loss of PTP1B can increase the severity
of the autoimmune disease associated with an SHP1 deficiency.
For this, we crossed the Ptpn 1/ mice with Ptpn6//-mb1lcre
animals. A comparison of the serum anti-dsDINA titers of 9—10-
wk-old control, Pipn6”-mb1cre,and Ptpn 17~ Ptpn6"~mb1cre
mice by ELISA showed that the additional deletion of Ptpni
significantly increased the autoimmune reaction of the Prpn6/”
JSmb1cre animals (Fig. 6 E).

To provide further evidence that a PTP1B deficiency is as-
sociated with autoimmunity, we used fixed human epithelial cells
(Hep-2) to probe sera from 9-10- or 52-wk-old Pipn1”-mb1cre
mice for the presence of autoantibodies. This assay, which 1is
also used in human diagnosis of autoimmunity (Sack et al.,2009),
clearly showed that the serum of 52-wk-old Ptpn1//~mb1cre
mice contained antinuclear antibodies (Fig. 7 A). To better
characterize the autoimmunity that develops with age in
Ptpn ¥~mb1cre mice, we stained cryosections of spleens
with peanut agglutinin (PNA), a marker of germinal center

JEM Vol. 211, No. 3

and mb1cre mice. Antigen-specific serum IgM (Tl) or
IgG (TD) titers were determined by ELISA. Each symbol
represents one animal. Horizontal lines indicate the
median. Statistical analysis was performed using the
Mann-Whitney test (*, P < 0.01; n = 6 independent
experiments). EC50, half maximal effective dilution.

B cells, and B220 as a B cell marker. Spleens from 52-wk-old
Prpn1”I-mb1cre mice showed spontaneous germinal center
formation, whereas control spleens were negative (Fig. 7 B).
‘We also analyzed cryosections of kidneys of these aged animals
and found IgG immune complex and C3 deposition in the
samples of Pipn1”/~-mb]1cre mice (Fig. 7 C).

B cells isolated from rheumatoid arthritis (RA) patients

have decreased PTPNT mRNA expression

As the B cell-specific deletion of PTP1B caused autoimmunity
in mice, we asked whether a reduced expression of PTP1B
is also associated with a human autoimmune disease. We
therefore analyzed PTPN1 mRNA levels (and HPRT1 as a
reference gene) of peripheral blood B cells of RA patients
and healthy donors by quantitative RT-PCR (RT-qPCR).
‘We found significantly lower expression of PTPN1 mRNA
in the samples of RA patients compared with the healthy
donors (Fig. 8 A). The non—B cell fractions in the blood of
RA patients, however, did not show a significantly different
PTPNT1 expression to that found in healthy donors (Fig. 8 B).
This indicates that the mechanism or mechanisms causing the
reduction of PTP1B expression affect specifically the B cells
of RA patients.

One reason for the lower PTP1B expression could be
an altered composition of B cell subpopulations in the blood
of RA patients compared with the healthy donors. Using
CD19 as general B cell marker and three additional surface
markers, we distinguished immature (CD10%), naive (CD107,
CD277,CD387), and memory (CD27*, CD387) B cells and
plasma cells (CD38"*, CD27**) according to Caraux et al.
(2010) and found no significant difference in the distribution
of the B cell subpopulations in the blood of healthy donors
and RA patients (Fig. 8 C).

We next analyzed whether the PTPN1 expression level
was influenced by the type of medical treatment given to our
collection of RA patients. For this we grouped the collected
data according to the different drug treatment protocols
and compared them with the nontreated RA group. None
of the disease-modifying antirheumatic drugs (DMARD:s)
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Figure 6. Serum immunoglobulin titers of Ptpn17~mb1cre mice. (A) Total serum IgG titers were measured in 9-10-wk-old control and Ptpn17-mb1cre
mice. Controls include both Pton17f and mb1cre mice. Each symbol represents one animal (¥, P < 0.05; **, P < 0.01; n = 5). (B) Splenic B cell numbers
of 52-wk-old control and Ptpn17-mb1cre mice were determined by flow cytometry (see the gating strategy in Fig. 1 D). Statistical analysis was
performed by a two-tailed Student's t test (**, P < 0.01; **, P < 0.001; n = 3). Data are shown as mean + SD. (C) Isolated CD43~ splenic B cells were cul-
tured with 2 ug/ml LPS. After 4 d, the cells were stained with anti-CD19 and anti-CD138 and analyzed by flow cytometry. Data shown are representative
of three independent experiments. The column chart depicts the percentage of CD138* plasma cells in the CD19+ gate as mean + SD. Statistical analysis
was performed by a two-tailed Student's t test (*, P < 0.05; n = 3 independent experiments). (D) Serum anti-dsDNA titers were determined in control and
Ptpn 17-mb1cre mice of different ages. Controls include both Pton 17 and mb1cre mice (**, P < 0.01; n = 5). (E) Serum anti-dsDNA titers were measured
in 9-10-wk-old control, Ptpn67-mb1cre, and Ptpn67-Ptpn 17-mb1cre mice. Controls include both Ptpn67 and mb1cre mice (n = 6). Total IgG and anti-
dsDNA IgG titers were determined by ELISA. Each symbol represents one animal. Statistical analysis was performed using a Mann-Whitney test (**, P <
0.01). (A, D, and E) Horizontal lines indicate the median. EC50, half maximal effective dilution.

significantly affected the expression of PTPN1, and the same
was true for the glucocorticoid treatment (Fig. 8, D and E).
Most of the submitted biologicals such as CTLA4-Ig (abata-
cept), TNF-a blockers (etanercept and adalimumab), or anti—
IL-6 (tocilizumab) also did not exert any effect on PTPN1
expression. A remarkable exception is a group of five patients
that received anti-CD20 antibodies (rituximab) 5—6 mo before
the analysis. Their PTPN1 mRNA levels were higher com-
pared with the nontreated group (Fig. 8 F). Thus, the de novo
generated B cells that develop in rituximab-treated RA pa-
tients seem to be resistant to or less affected by mechanisms
that cause the low PTP1B levels in the RA patients. In sum-
mary, the low PTP1B expression in RA B cells is clearly
not caused by a specific treatment protocol. We also did not
find any correlation between PTPN1 expression and age,
sex, or the DAS28 (disease activity score) values of the pa-
tients (not depicted).

As mouse B cells show increased CD40 signaling in the
absence of PTP1B, we next tested the response of the B cells
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from RA patients and healthy donors to a CD40 stimulus.
Isolated B cells were labeled with CFSE and cultured in the
presence of CD40L + IL-4, and their proliferation was mea-
sured by flow cytometry (Fig. 8 G). This analysis shows that
stimulated human B cells from RA patients proliferate faster
than those from healthy donors and thus behave similarly to
B cells from Ptpn I"/-mb1cre mice.

DISCUSSION

Here, we have studied Ptpn1/~mb1cre mice with a B cell-
specific deletion of PTP1B. Our results show that PTP1B is a
negative regulator of CD40 and BAFF-R signaling and that
the loss or reduction of PTP1B expression in B cells is associ-
ated with autoimmunity in mice and humans.

The Ptpn?/-mb1cre mice have no major defect in B cell
development compared with control animals. This is in contrast
to a previous study on Pfpn1~/~ mice, in which a slight increase
of the proportion of immature B cells in the bone marrow and
of mature B cells in the peripheral lymph nodes was observed
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Figure 7. Aged Ptpn17-mb1cre mice develop autoimmunity. (A) Hep-2 slides were stained with sera from 9-10- or 52-wk-old control and

Ptpn 17-mb1cre mice and anti-IgG Alexa Fluor 488. One representative picture of each group of three mice is shown. (B) Cryosections of spleens of 52-wk-old
control and Ptpn 17-mb1cre mice were stained with PNA-biotin, streptavidin-Alexa Fluor 555 and anti-B220-Alexa Fluor 647. Nuclei were stained with
DAPI. (C) Kidney cryosections from the same mice were stained with goat anti-mouse 1gG-Cy3, rabbit anti-C3, and anti-rabbit Alexa Fluor 488. Nuclei

were stained with DAPI. One representative picture of each group of three mice is shown. Bars: (A) 25 um; (B and C) 100 um.

(Dubé et al., 2005). Considering that the phosphatase is ex-
pressed in almost all tissues, however, the described B cell phe-
notype of these mice might not be B cell intrinsic.

We found that PTP1B regulates the signaling of the
TNFR family members CD40 and BAFF-R. Our data also
revealed that PTP1B-deficient B cells display an elevated p38
MAPK and Akt phosphorylation when stimulated via CD40
or BAFF-R. An earlier study already linked PTP1B and
p38 activity and showed that a knockdown of PTP1B en-
hances TLR induced p38 activation in macrophages (Xu et al.,
2008). However, we provide the first evidence that the dual-
phosphorylated p38 MAPK is a direct substrate of PTP1B
and that the two enzymes are colocalized in CD40-triggered
WT B cells. The increased p38 activity in the PTP1B™ B cells
results in an elevated phosphorylation of MK2 and HSP27
(substrates of p38), and this can explain the increased prolifer-
ation of these B cells after an anti-CD40 stimulus. Indeed, it

JEM Vol. 211, No. 3

has been demonstrated that p38 and its substrate MK2 play
a crucial role in CD40-induced proliferation of B cells. Spe-
cific inhibition of p38 strongly diminished CD40-triggered
B cell proliferation (Craxton et al., 1998).This study also showed
that p38 is not required for BCR-induced proliferation. The
increased Akt activation in PTP1B-negative B cells could also
contribute to their higher proliferation rate. It was described
that inhibiting PTP1B by small molecule inhibitors resulted
in elevation of Akt phosphorylation and increased prolifera-
tion of CHO/HIRc cells (Xie et al., 2003).

As indicated by the rising anti-dsDNA antibody titers,
spontaneous germinal center formation in the spleen, and
IgG immune complex and C3 deposition in the kidney, aged
(35-52 wk old) Ptpn1”~mb1cre mice develop autoimmunity.
The elevated MZ and FO B cell compartment, the increased
responsiveness of these cells to CD40, BAFF-R, and LPS, and
the lower sensitivity of MZ and T1-T2 cells to BCR-induced
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apoptosis are likely strong contributors to autoimmunity.
Despite PTP1B™ B cells having elevated BAFF-R signaling,
we did not observe increased MZ B cell numbers in young
mice.This is in contrast to the BAFF transgenic mice that had
a two- to fourfold increase in MZ B cell numbers (Mackay
et al., 1999). The physiological serum BAFF concentration
of WT mice is ~1-5 ng/ml (Mecklenbriuker et al., 2004;
Zheng et al., 2005; Matsushita et al., 2007), whereas in the
BAFF Tg mice it is ~~300 ng/ml (Batten et al., 2004). In our
in vitro experiments, the markedly higher survival of PTP1B-
deficient cells was at high BAFF concentrations, whereas at
the range of the physiological concentrations the difference
was modest or disappeared. Most likely the low physiological
BAFF concentration is not sufficient to cause a higher expan-
sion of the MZ B cell pool in young Ptpn1/-mb1cre mice.
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In old mice, however, together with other factors (e.g., elevated
TLR4 signals and resistance to BCR induced apoptosis), the
increased BAFF-R signaling might be responsible for the
higher MZ B cell numbers.

Several studies showed that TLRs (especially TLR7 and -9)
play an important role in supporting the activation of auto-
reactive B cells (Viglianti et al., 2003; Christensen et al., 2005;
Lau et al., 2005). PTP1B-deficient B cells are hypersensitive
to TLR 4 signals but not to TLR2, -3, -7, and -9 stimuli. The
elevated TLR 4 signaling in PTP1B~ B cells is in accordance
with earlier studies showing that PTP1B is a negative regula-
tor of LPS signaling in macrophages and that the Prpn1~/~
mice are more sensitive to LPS in vivo (Heinonen et al., 20006;
Xu et al., 2008). Both proliferation and plasma cell differenti-
ation of PTP1B-deficient B cells are augmented in response
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to LPS, suggesting that autoreactive B cells in the periphery
of Ptpn1~mb1lcre mice might have a lower threshold to dif-
ferentiate into autoimmune plasma cells.

The late onset of the disease is in contrast to Pipn6~mb]1cre
mice with a B cell-specific deletion of SHP1, which show
high-serum anti-dsDNA concentrations already at the young
age of 9-10 wk. The two phosphatases thus seem to control
autoimmunity in different ways. This is in line with our signaling
experiments showing that PTP1B does not regulate BCR sig-
naling, whereas SHP1 is one of the most important inhibitors
of the BCR.The notion that the two phosphatases control dif-
ferent signaling pathways is also supported by our study of
Ptpn6™-Ptpn 1"~mb1cre mice with a B cell-specific deletion
of PTP1B and SHP1 showing an aggravated autoimmunity
in comparison with the B cell-specific SHP1 deletion alone.

We found that the mature B cells of most RA patients
show a relatively modest but statistically significant decrease
in PTPN1 mRNA expression in comparison with healthy
donors. These data are in line with a recent appreciation that
B cells themselves, and not only the antibodies they produce,
seem to play an important role in the development or main-
tenance of RA (Yanaba et al., 2008; Engel et al., 2011). In
particular, the success of rituximab as a suitable treatment
for RA supports the notion that deregulated mature B cells
are involved in the disease process. We also observed that from
all anti-R A treatments, those patients who received rituximab
5—6 mo before the study had a PTPN1 expression level close
to normal. It is thus feasible that B cells with low PTP1B ex-
pression, and thus probably higher p38 MAPK activity, cause
or support the increased inflammation associated with RA.

An alternative explanation for the low PTP1B expression
in RA B cells could be an alteration in the B cell compart-
ments in the blood of these patients with different PTPN1
expression levels in different B cell subtypes. Indeed, one group
reported that, compared with healthy donors, RA patients
have increased numbers of plasmablasts in the blood (Szyszko
et al.,,2011). In contrast, three other studies show that there is
no such difference (Lin et al., 2009; Catalan et al., 2010; Mei
et al.,2010). We compared the composition of the B cell pool
in the blood of RA patients and healthy donors and did not
find a significant difference.

‘What causes the low PTPN1 mRNA expression in RA B
cells is not clear. We observed that peripheral blood B cells
from healthy donors stimulated by a plant mitogen phyto-
hemagglutinin have reduced PTPN1 mRNA expression (un-
published data). Thus, a condition with systemic inflammation
causing constant activation of B cells could induce the down-
regulation of PTP1B. It was described that PTP1B transcrip-
tion is negatively regulated by the early growth response
factor 1 (Egr-1; Fukada and Tonks, 2001) and that B cell acti-
vation increases Egr-1 expression (Seyfert et al., 1990). As a
consequence, high levels of Egr-1 may result in decreased
PTP1B levels. However, we checked Egr-1 expression in RA
B cell samples by gPCR and did not find a significant alteration
(unpublished data). Thus, the regulatory mechanism causing
PTPN1 mRNA reduction needs further investigation. The

JEM Vol. 211, No. 3

Article

low PTP1B expression might simply be a result of RA rather
than a supporting factor for the development of the disease.
However, our data from the Ptpn1”/-mb1cre mice clearly show
that the absence of PTP1B in B cells can cause autoimmunity.
Therefore, we speculate that inflammatory conditions associ-
ated with RA result in low PTP1B expression and that this
contributes to the disease development or progression.

Recent studies have highlighted the regulatory role of
PTP1B in metabolic diseases and suggested that a specific in-
hibition of this phosphatase could be a promising treatment
of obesity and type II diabetes. Some specific inhibitors have
already entered clinical trials (Liu, 2004; Shrestha et al., 2007).
According to our findings, however, such a treatment could
increase the risk of autoimmune diseases and thus should be
carefully monitored in this respect.

MATERIALS AND METHODS

Mice and cells. The floxed Ptpn1 and Ptpn6 and the mblcre mice have been
described previously (Bence et al., 2006; Hobeika et al., 2006; Pao et al.,2007b).
Pipn1”-mb1cre animals were on a mixed FVB x BALB/c background. Con-
trol animals were littermates having the same mixed background with a geno-
type of either Ptpn1”/ or mb1cre. The Pipn6”~mb]1cre mice were on C57BL/6]
and Ptpn 1"-Ptpn6”/~mb1cre mice were on a mixed FVB X C57BL/6] back-
ground. Genotyping was performed as described previously (Bence et al., 2006;
Hobeika et al., 2006; Pao et al., 2007b). Animal experiments were carried out
in compliance with guidelines of the German law. The animal experiment
protocols were approved by the ethics committee of the Max Planck Institute
of Immunobiology and Epigenetics (Freiburg, Germany) and the German
Government authorities (Regierungsprisidium Freiburg).

B cells were isolated from the spleen of control (Pipn 1) and Prpn1""-mb1cre
mice by depletion using anti-CD43 antibody—coupled magnetic microbeads
(Miltenyi Biotec) and an automated magnetic cell sorter (autoMACS;
Miltenyi Biotec). The negative fraction obtained by magnetic sorting was
97-98% pure B cells according to FACS analysis after staining with anti-
CD19 (eBioscience) and anti-CD3 (BD). Cells were cultured in Iscove’s
medium (Biochrom) containing 10% heat-inactivated FCS (PAN Biotech
GmbH), 2 mM r-glutamine, 100 U/ml penicillin, 100 U/ml streptomycin
(Invitrogen), and 50 uM 2-mercaptoethanol (EMD).A20 mouse B lymphoma
cells were cultured in RPMI 1640 medium (Gibco) containing 5% heat-
inactivated FCS (PAA), 2 mM L-glutamine, 100 U/ml penicillin, 100 U/ml
streptomycin, and 50 pM 2-mercaptoethanol.

Plasmid constructs and transfection. cDNA encoding PTP1B WT and
the DA mutant was obtained by restriction digest from the pWZL-PTP1B
and pWZL-PTP1B D''A plasmids (LaMontagne et al., 1998; provided by
M. Bentires-Alj, Friedrich Miescher Institute for Biomedical Research, Basel,
Switzerland) and inserted together with a synthetic oligonucleotide, coding the
FLAG-tag, to the pMIG bicistronic retroviral vector (provided by W.S Pear,
University of Pennsylvania, Philadelphia, PA) between the BglIl and EcoRI
sites of the MICS to construct a fusion protein with an N-terminal FLAG tag.

HA-tagged p38 was cloned into pRmHa-3 vector (Bunch et al., 1988)
from pSRa-HA-p38 (gift from M. Karin, University of California, San Diego,
La Jolla, CA) between the Xhol and BamHI sites of the MCS by restriction
digest. Constitutively active MKK6 was cloned into the pPRmHa-3 vector
from pCDNA3-Flag MKK6(glu) (Addgene #13518; provided by R. Davis,
Howard Hughes Medical Institute, Worcester, MA) between the Smal and
Xbal sites of the MCS by restriction digest. For cotransfection with PTP1B
into A20 cells, MKK6(glu) was recloned without the FLAG tag into the bi-
cistronic pMIThy vector (gift of S. Herzog, BIOSS Centre for Biological
Signalling Studies, Freiburg, Germany) by PCR-based cloning between the
BglII and Xhol sites.

Transfection of S2 cells was previously described (Rolli et al., 2002).
Phoenix retroviral packaging cells were transfected according to the manufacturer’s
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instructions using GeneJuice (EMD Millipore). Retroviral supernatants were
harvested after 24 and 48 h.Viral supernatant was then added to A20 B lym-
phoma cells and centrifuged at 300 ¢ at 37 °C for 3 h. GFP-positive cells were
sorted by a MoFlo cell sorter (Beckman Coulter).

Flow cytometry. Cells were resuspended in PBS, 1% FCS, and 0.01% NaN;,
and were incubated on ice with the different fluorescent-labeled antibodies.
The measurement was performed with an LSRII flow cytometer (BD). All
antibodies used for surface labeling were purchased from eBioscience.

Proliferation and survival assay. CD43-negative isolated splenic B cells
were cultured with different stimuli at 2 X 10° cells per well in 96-well plates.
After 36 h, cells were pulsed with 1 pCi [methyl-3H] thymidine per well
for an additional 12 h, and incorporation was quantified using a Berthold-
Inotech Trace-96 (Berthold) B-counter. For stimulation, F(ab’), anti-IgM
(Jackson ImmunoR esearch Laboratories, Inc.), anti-CD40 (FGK45 provided
by A. Rolink, University of Basel, Basel, Switzerland), recombinant IL-4
(eBioscience), and S-form LPS (Enzo Life Sciences) were used.

For measuring the proliferation of human B cells and the different
splenic B cell subpopulations of the mice, 2 X 103 cells were labeled with
1 or 3 pg/ml CFSE (Sigma-Aldrich), respectively. The cells were then cultured
in the presence of the different stimulators. For the human B cells, 5 pg/ml
recombinant human sCD40L (ImmunoTools) and 10 ng/ml IL-4 (Immuno-
Tools and ORF Genetics) were used.The activators for the mouse B cells are
described above. After 96 h, proliferating cells were measured by flow cytom-
etry. Dead cells were labeled with 7AAD (Enzo Life Sciences).

For the survival assay, the cells were cultured in the presence of recom-
binant mouse BAFF (R&D Systems) for 10 d. The dead cells were labeled
with 7AAD, and the samples were measured by flow cytometry.

Cell stimulation and Western blot. Isolated splenic B cells from control
(Ptpn 1) and Ptpn1"/-mb 1 cre mice were incubated at 37°C for 5 h in Iscove’s
medium containing 1% FCS and then stimulated with 10 pg/ml anti-CD40
(FGK45 provided by A. Rolink), 50 ng/ml recombinant mouse BAFE or
10 pg/ml F(ab’), anti-IgM at 37°C for different durations. Cells were then re-
suspended in ice-cold lysis buffer containing 50 mM Tris-HCI, pH 8, 1% Triton
X-100,137.5 mM NaCl, 1 mM EDTA, pH 8, 1 mM sodium orthovanadate,
1 mM NaFE and protease inhibitor cocktail (Sigma-Aldrich). Lysates were
separated on 10% SDS-polyacrylamide gels and transferred to Hybond nitro-
cellulose membranes (GE Healthcare). Immunoreactive proteins were de-
tected using a chemiluminescence detection system (ECL; GE Healthcare).
Antibodies used were anti-PTP1B (EMD Millipore), anti-p-Akt, p-p38
MAPK, p-]NK, p-MAPKAPK?2, p-HSP27, Akt, p38 MAPK, JNK, IkB (Cell
Signaling Technology), anti-p100/p52 (Santa Cruz Biotechnology, Inc.), and
anti-GAPDH (Abcam).

Duolink and in situ PLA. Isolated splenic B cells were adhered on PTFE-
coated slides (Menzel-Glaser) in Iscove’s medium containing 1% FCS and
then stimulated for 15 min with anti-CD40.The cells were then fixed with
2% PFA for 30 min on ice, permeabilized with 0.5% saponin for 10 min, and
stained according to the manufacturer’s instructions with the Duolink kit
(Olink Bioscience). The antibody combinations used were rabbit anti-p38/
mouse anti-PTP1B (Cell Signaling Technology and BD, respectively) or rabbit
anti-JNK/mouse anti-PTP1B (Cell Signaling Technology and BD, respec-
tively). The nuclei were stained with 1 pg/ml Hoechst 33258.The images of
the cells were taken with a confocal microscope (LSM780; Carl Zeiss; objec-
tive: 63%X/1.4 oil immersion) and acquired with one z plane. The images were
acquired with the ZEN 2010 software (Carl Zeiss), and analysis was per-
formed using the BlobFinder software.

In vitro phosphatase assay. 15 pg tyrosine phosphorylated synthetic oligo-
peptide DEMTGpYVATR (GL Biochem) corresponding to amino acids
177-186 of (mouse and human) p38 MAPK was coincubated with 0.5 pg
recombinant human PTP1B (Cayman Chemical) for 30 min at 30°C in
phosphatase buffer containing 20 mM Hepes, pH 7.2, 50 mM NaCl, 5 mM
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MgCl,, and 5 mM MnCl,. As a negative control, the serine phosphorylated
CSMYEDIpSRGLQG (Eurogentec) peptide was used. As a positive control
for phosphatase activity, we added 1 U CIP to the peptides in parallel samples.
Free phosphate concentration was determined using the Malachite green
phosphate assay kit (BioAssay Systems) according to the manufacturer’s in-
structions. HA-tagged p38 was coexpressed with constitutively active MKK6
in S2 Schneider cells. Phosphorylated p38 was then immunoprecipitated
with anti-HA antibody (Roche). The precipitated p38 was subjected to
in vitro phosphatase treatment as described above.The samples were analyzed
by Western blot.

Immunization. Control (Ptpn1”/ and mblcre) and Ptpn1//~mblcre mice
were immunized with 20 pg thymus-independent antigen TNP-Ficoll
(Biosearch Technologies) intraperitoneally. Mice were bled before and 7 d after
immunization.To determine the thymus-dependent response, control (Ppn ¥/ or
mblcre) and Prpn1”~mblcre were immunized with 20 pg TNP-BSA (Bio-
search Technologies) precipitated with alum as adjuvant and injected intra-
peritoneally. At day 21, a second immunization (boost) was performed with
20 pg TNP-BSA. Mice were bled before immunization and on day 14, 21
(before the boost), 28, and 35 after injection.

ELISA. To determine antigen-specific IgM or IgG titers, 20 pg/ml TNP-
OVA (Biosearch Technologies) was used for coating (4°C overnight). For
measurement of total serum IgG concentrations, 1 pug/ml isotype-specific
coating antibodies was used (IgG, IgG1, IgG2a, IgG2b, and IgG3; Southern-
Biotech). The coating was performed at 4°C overnight. For the anti-dsDNA
ELISA, the plates were coated with 5 pg/ml double-stranded calf thymus ge-
nomic DNA (Sigma-Aldrich) for 2 h at room temperature. For detection,
1 pg/ml goat anti-mouse I[gM-HR PO (SouthernBiotech) or goat anti-mouse
IgG-HRPO (Thermo Fisher Scientific) and as a substrate TMB (Enzo Life
Sciences) were used.

Immunohistochemistry. The spleens and kidneys from 52-wk-old control
(Ptpn1”f and mblcre) and Ptpn1”~mblcre mice were frozen in Cryoblock
(Medite). (Spleens were fixed before with 4% paraformaldehyde and incu-
bated overnight at 4°C in 30% sucrose in PBS.) 8-pum sections were placed
on glass slides, and spleen samples were stained with PNA-biotin followed
by streptavidin—Alexa Fluor 555 (Invitrogen) and B220-Alexa Fluor 647
(BioLegend), whereas kidney sections were stained with anti-mouse IgG-Cy3
(Invitrogen), rabbit anti-C3 (Santa Cruz Biotechnology, Inc.), and donkey
anti—rabbit Alexa Fluor 488 (BioLegend). Nuclei were stained with DAPI,
and the slides were analyzed on an LSM780 confocal microscope (objective:
20%/0.8). Images were acquired by the ZEN 2010 software.

Study participants. RA patients (n = 58) were classified according to the
criteria of the American College of Rheumatology/European League against
Rheumatism collaborative initiative (Aletaha et al., 2010).The patient cohort
included 13 males and 45 females with a mean age of 57 (range from 26 to
82) yr. Patients had a mean disease activity score 28 (DAS28) of 3.7 (range
0.84-7.16), whereof 17 were in clinical remission (DAS28 < 2.6), 10 had
inactive (2.6 < DAS28 < 3.2), 19 moderate (3.2 < DAS28 < 5.1),and 12 ac-
tive disease (DAS28 > 5.1). Erythrocyte sedimentation rate (ESR) presented
with a mean of 26.9 (range 2—-110) mm/h. Positive rheumatoid factor (RF)
and anti-CCP antibodies (ACPAs) were detected in 41 patients; 17 patients
exhibited neither RF nor ACPAs. 34 patients received glucocorticoids in
a prednisolone equivalent dosage from 2 to 20 mg per day. The majority of
patients were treated with DMARDs, including methotrexate (n = 32), leflu-
nomide (n = 10), hydroxychloroquine (n = 3), and sulfasalazine (n = 3).
26 patients received biological agents: TNF-a inhibitors (etanercept or adali-
mumab [ = 13]), rituximab (1 = 5; several months before sample collection),
tocilizumab (n = 5), and abatacept (n = 3). 38 patients got nonsteroidal anti-
inflammatory drugs or cox-2 inhibitors.

The group of normal donors included 19 female and 4 male individuals
at the age of 29—77 yr fulfilling three criteria: (1) no history of rheumatic dis-
ease, (2) no medication, and (3) ESR < 20mm/h. The experiments applying
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human material were approved by the ethical committees of the Charité
University Medicine Berlin (Ethikkommission der Charité-Universititsmedizin
Berlin) and the Albert-Ludwigs-University Freiburg (Ethik-Kommission der
Albert-Ludwigs-Universitit Freiburg). Written informed consent was ob-
tained from all patients and healthy donors.

Separation of B cells of RA patients. 10—15-ml blood samples were
drawn into heparinized tubes and processed on Ficoll gradients (PAA Lab-
oratories GmbH). PBMCs were recovered, and B cells were positively
selected by autoMACS using anti-CD 19 microbeads according to the man-
ufacturer’s instructions.

RNA isolation, RT, and real-time PCR. DNA-free RNA was extracted
using the Quick-RINA MiniPrep kit (Zymo Research). Prepared RNA was
reverse transcribed into ¢cDNA using SCRIPT reverse transcriptase (Jena
Bioscience) and 20 mer oligo (dT) primer. Real-time PCR reaction for
PTPN1 and HPRT1 (as a reference gene) was performed using TagMan
Gene Expression Assays (Applied Biosystems) specific for the given genes on
a 7500 Fast real-time PCR (Applied Biosystems) instrument. The relative
mRNA levels were determined by the AACt method.

Statistical analysis. Statistical analysis was performed by Prism 4 (Graph-
Pad Software) and Stata software (StataCorp). The applied tests are indicated
in the figure legends.
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