Inhibition of B Cell Receptor-Mediated Apoptosis by IFN*

Leon Su and Michael David

IFNs are a family of cytokines that are involved in the regulation of immune and inflammatory responses. Clinical use of IFN¢/
encompasses treatment for a variety of diseases; however, prolonged exposure to Ie#{3 results in elevated levels of autoreactive
Abs. In this study, we investigated the potential of IFNs to modulate apoptotic signals in B cells. We demonstrate that IFd-or
IFN- B inhibit Ag receptor-mediated apoptosis in a dose-dependent manner. Inhibition of phosphatidylinositol’3PI13)-kinase did
not abolish the effect of IFN, indicating that the antiapoptotic mechanism is PI3-kinase- and protein kinase B/Akt-independent.
Instead, IFN-a and IFN-B, but not IFN- v, significantly increase the levels of the survival protein Bcl-2, and to a lesser extent,
Bcl-x, expression. Thus, IFNe/B-mediated inhibition of B cell Ag receptor-triggered apoptosis may offer a model for the process
that leads to the escape of self-reactive B cells from negative selection and consequently results in autoantibody productiofhe
Journal of Immunology, 1999, 162: 6317-6321.

nterferons stand out among the members of the cytokine suEBV-negative germinal center B cell line Ramos, we demonstrate
perfamily through their unique pleiotropy of biological ef- that type | IFNs not only cause up-regulation of Bcl-2 and, to a
fects, which encompass growth inhibition, antiviral defense,much lesser extent, Bcl-xexpression, but are, in fact, also able to
and immunomodulatory properties (1, 2). Consequently, IFNs findprevent BCR-mediated apoptosis.
diverse clinical application in the treatment of tumors (particularly
of hematologic and dermatologic malignancies), as well as in the .
therapy of viral infections (hepatitis C) or immunological disorders Materials and Methods
(multiple sclerosis, myasthenia gravis). Therapy with type | IFNs,Cells and reagents
IFN-a and IFN, is associated with a variety of undesirable side Ramos cells were cultured in RPMI 1640 supplemented with 10% FCS,
effects, one of the most common being the development of auta--glutamine, penicillin, and streptomycin (Irvine Scientific, Santa Ana,
reactive Abs (3-9). A similar autoimmune response has been off=A)- Goat F(ah), anti-human IgM [i-chain-specific) was obtained from
§erved ip instances of.systemic infectious d.isease, a condition th Ollftzh\fgs gbﬁtcehc:sne?jl(;?gmAjggf;?éeéi égéﬂg?:;ﬂl_:‘te) 'Pgﬁi%’tﬁ\glljggg_
is also likely to result in a massive production of type I IFNs. it polyclonal Ab to human Bcl-xand murine mAb to human PTP1D were
The rise of autoreactive Abs is ordinarily prevented through theordered from Transduction Laboratories (Lexington, KY). Phospho-spe-
elimination of B cells recognizing self Ag at various stages duringcific Akt and STAT1 Abs were obtained from New England Biolabs (Bev-

; ; ; ; i erly, MA). Merocyanin 540 (MC540) and propidium iodine were pur-
their development in the bone marrow and in peripheral Iymphmdihaseo| from Sigma (St. Louis, MO), and genistein, wortmannin. and

organs (19' 11). B cell Ag receptor (B(:_"’Rr)wediated programm_ed rapamycin were obtained from Calbiochem (La Jolla, CA). l&&ENFN-,
cell death in germinal centers can be triggered by Ag binding in theand IFN-y were generous gifts from Hoffman LaRoche (Nutley, NJ),
absence of interaction with CD40 ligand-bearing CDPh cells ~ Chiron (Emeryville, CA), and Genentech (South San Francisco, CA),
(11). These findings can be reproduced in vitro with immature Brespectively.
cell lines by initiating apoptosis via cross-linking of the surface Ig
with anti-lgM p-chain Abs, and by the prevention of apoptotic cell Induction and detection of apoptosis
death throug_h simultaneous acpvatlon of CD40 S|gnallng (1_2, 13)A|I experiments were performed in RPMI 1640 with 10% FQSglu-
The abrogation of the apoptotic program after CD40 ligation istamine, penicillin, and streptomycin. Ramos cells{(5LC° cells/ml) were
likely mediated through the induction of the survival factors andcultured with anti-igM mAb (10ug/ml) in the presence or absence of
protooncogenes Bclxand Bel-2 (13). Indeed, transgenic mice 'F’I\I"“v 'FN;]ﬁv OF'F%'V'Z%“I'WE('; culture lallt?teséor Zﬁ h-gﬂe’éreatmemrd J

PR : . . cells were harvested and diluted in ice-cold PBS, pelleted, and resuspende
that express Bcl-2 in a disregulated manner dlspl_ay sm_JbstantlI FACS staining buffer (X PBS, 1% FCS, 0.1%Najl Cells were
production of autoreactive Abs, presumably due to impaired néggtained with MC540 and immediately analyzed by flow cytometry (FAC-
ative selection of self Ag-directed B cells (14-16). Based on these&calibur System; Becton Dickinson, Mountain View, CA; excitation 488
observations, we decided to investigate whether IFNs could proRm, detection 560—-600 nm).
mote B cell survival by way of a similar mechanism. Using the

Western blot analysis
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FIGURE 1. Ag receptor-mediated induction of anti-lgM (10 ug/mi)
apoptosis.A, Ramos cells were left untreatetby
pane) or treated with 1Q.g/ml anti-lgM Ab for 24 h
(bottom pangl Apoptotic cells were detected by flow o 2
cytometry after staining with MC540. Dot plotieft % o
paneld show cell size vs MC540 staining. Histogram = -
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Results employed to determine the extent of apoptosis (data not shown).

To establish a basic correlation between the level of cross-linking

The EBV-negative Burkitt lymphoma cells Ramos, whose pheno-and the magnitude of apoptosis, cells were treated with increasing

type is representative of germinal center B cells, have been re-

ported to undergo anti-g-induced programmed cell death (17). T§mounts of anti-IgM Ab and assayed for merocyanin binding. The

evaluate the extent of apoptosis initiated by cross-linking of the Agdoser;dzpendelr(lt induction  of _apopt05|sl aft_er a Zs-h. stimulation
receptor, Ramos cells were incubated for 24 h without (Figy. 1 reached a peak at a concentration opfiml anti-lgM Ab (Fig. 1B).

upper panal or with (lower pane) anti-igM Ab. Several other To.explore a potential modulatory function of IFNs on thg ap-
studies resorted to incubations for up to 48 h; however, we obOPIOtiC process, Ramos cells were incubated for 24 h with 10
served only minor differences in the rate of apoptosis between 24:9/ml of anti-IgM Ab in the presence or absence of IkN30,000

and 48 h (data not shown). Therefore, we restricted our analysis tb/Ml). As shown in Fig. 2, addition of IFN« during IgM cross-

24 h intervals to avoid interference with the antiproliferative ef- linking resulted in a 50% reduction of the rate of anti-IgM-induced
fects of IFN. The rate of apoptosis was determined by flow cy-apoptosis (compareop right and bottom panels The observed
tometry after staining cells with merocyanin, a fluorescent dye thatnhibition of Ag receptor-mediated programmed cell death corre-
detects changes in the organization of the membrane lipid bilayeigted directly with the concentration of IFN{Fig. 2B, left). Next,
associated with early apoptotic events (18). In agreement with eawe wanted to test whether the ability to prevent apoptosis was
lier reports, anti-lgM-mediated cross-linking triggered pro- restricted to IFNe, or if IFN-B and IFN-y were also able to in-
grammed cell death in~25% of the stimulated cells (12, 17). terfere with the progression of BCR-induced cell death. Ramos
Similar results were obtained when propidium iodine staining wascells were triggered to undergo apoptosis via BCR cross-linking in
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FIGURE 2. Inhibition of BCR-mediated apo- i - w ot ioh ol * w i
ptosis by type | IFNsA, Ramos cells were left
untreated top left pane), or treated with 10

pg/ml anti-lgM Ab in the absencetdp right

pane) or presence bottom panél of IFN-«

(10,000 U/ml) and the rate of apoptosis deter-
mined after 24 hB, Cells were treated with anti-

IgM Ab in the presence of increasing amounts of
IFN-a, IFN-B, or IFN-y for 24 h. Anti-IgM-in-

duced apoptosis was set to 100%.Cells were
exposed to either 500 nM wortmannin, 100 B
ng/ml rapamycin, or 25.g/ml genistein for 60

min before stimulation with anti-lgM and IFN-

(10,000 U/ml) for 24 h. Apoptosis was analyzed

as outlined above, and results are depicted as the
percentage of IFN-mediated rescue from apopto-

sis. D, Ramos cells were stimulated with 10
rg/ml anti-lgM in the presence of 500 nM wort-
mannin, 100 ng/ml rapamycin, or 2pg/ml
genistein. Anti-lgM-induced apoptosis was set

to 100%.E, Primary human foreskin fibroblasts 50 - 46
were treated with 5 ng/ml epidermal growth fac- C I
tor (lanes 2and 3) in the absencelgne 2 or
presenceléne 3 of 500 nM wortmannin, and
activation of Akt was analyzed by blotting with
a phospho-Akt-specific Ab. Ramos cells were
treated with IFNe (lanes 5and6) in the absence
(lane 5 or presence lgne 6 of 25 pg/ml
genistein, and activation of STAT1 was ana-
lyzed by blotting with a phospho-STAT1-spe- 200
cific Ab. D E
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the presence of increasing concentrations of [FFNr IFN-y, and  plied concentration is highly effective as a PI3-kinase inhibitor
the rate of apoptosis was determined after 24 h. B;Nvhich (Fig. 2E, lanes 2vs 3).
utilizes the same cell surface receptor as lkeNwas able to pre- The inhibitory effect of IFNa was not altered when it was
vent apoptosis to a similar extent as INFig. 2B, cente). In addel 1 h before 01 h after stimulation with anti-IlgM Ab (data
contrast, IFNy affected the apoptotic process only marginally not shown). This indicated that IFN-acts by a mechanism distinct
(Fig. 2B, right). from interference with early apoptotic signaling events and sug-
The receptor for type | IFNs has been shown to indirectly as-gested hindrance of the apoptotic program based on gene induc-
sociate with phosphatidylinositol' §PI13)-kinase via STAT3 (19) tion. It has been extensively documented that IFN-mediated gene
and to activate its enzymatic activity (20, 21). The PI3-kinasetranscription requires the activation of members of the STAT fam-
product PIP3 was identified as an effector molecule of the proily of transcription factors, which in turn depends on their tyrosine
tooncogene Akt/protein kinase B (22), a Ser/Thr kinase that exertphosphorylation and dimerization (24-28). Therefore, we pre-
its oncogenic potential through the prevention of apoptosis (23)treated cells with the tyrosine kinase-specific inhibitor genistein
Therefore, we decided to test whether the PI3-kinase inhibitordefore addition of IFNa and initiation of apoptosis by anti-IgM
wortmannin or rapamycin could abrogate the antiapoptotic effecAbs. As shown in Fig. €, genistein was indeed able to prevent
of IFN-a. Interestingly, inhibition of PI3-kinase activity by wort- IFN-«a from modulating the apoptotic response, thereby strength-
mannin or rapamycin (Fig.@ had no obvious effect on IFN*s ening the argument for IFN acting on a transcriptional level. Ef-
ability to prevent BCR-mediated apoptosis. The complete inhibi-fectiveness of the genistein pretreatment is also evident from the
tion of Akt activation by epidermal growth factor in primary hu- complete inhibition of STAT1 tyrosine phosphorylation in re-
man foreskin fibroblasts demonstrates that wortmannin at the apponse to IFNx (Fig. 2E, lanes 5vs 6). Neither inhibitors alone
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tern set by Bcl-2, the observed changes in protein levels were only

A N ant"ﬁ:?\'l% TNy marginal (Fig. 8). The levels of STATL1 tyrosine phosphorylation
@ e - induced by the different IFNs correlates directly with the extent of
By Bae 2t on8t 2 .= 2E£ f up-regulation of the Bcl proteins (Fig.C3. To ensure that the
OO a ¢ o0d d®av@dd o v o Q demonstrated up-regulation of Bcl-2 and Be¢lwas specific for
those proteins, and to verify equality of loading of the samples, the
I AP EID S I b e e e blot shown in Fig. & was stripped and reprobed for the unrelated
tyrosine phosphatase SHP-2, revealing identical amounts of the
protein in each sample (Fig.03. Addition of anti-lgM Ab to
Ramos cells during stimulation with IFN-(Fig. 3E, lane 3 or
B anti-Bolg IFN-B (data not shown) did not alter IFN-mediated up-regulation

of Bcl-2.

- - - AT o ccion

IFNs are widely recognized for their antiviral and antiproliferative
effects, and these properties are exploited through the clinical ap-
C AntipSTAT] plication of IFNs in the therapy of viral infections or malignant
diseases (1, 2). An undesirable side effect of IFN therapy that oc-
curs with recognized frequency is the development of autoreactive
Abs (3-9), a complication that frequently forces the interruption of
the treatment.

A critical outcome of B cell development is the selection of cells
D anti-SHP2 expressing functional Ag receptors lacking autoreactivity. Matur-
ing B cells undergo positive selection in the bone marrow to ensure
the presence of a functional B cell receptor. At later stages of
lymphocyte development, autoreactive B cells are then eliminated
from the mature B cell population by means of Ag receptor-me-

1 2 34 5 6 7 8 9 10 11 12 13 14 15 16 diated programmed cell death. Interference with this negative se-
lection process, i.e., through the ectopic expression of the protoon-
E "_anti-Bcl2_ cogene Bcl-2, results in the abrogation of the apoptosis protocol
L 3 3% and the escape of autoreactive B cells into the periphery with the
5 E E? subsequent production of self-directed Abs (14-16).

Recent studies have resulted in an increased appreciation of im-
munomodulatory responses elicited by IFNs that are distinct from
their ability to interfere with cell cycle progression and viral rep-
lication (30). These biological functions of IFNs include their ca-

rE— pability to manipulate the events that mediate programmed cell

death. Interestingly, most of the investigations demonstrate the
FIGURE 3. Effect of IFNs on levels of Bcl-2 and Bclyx Cells were  ability of IFNs to initiate apoptosis in a variety of cell types (31),
treated with 10,000 U/ml IFNe or IFN-B, or with 20 ng/ml IFN+ for the  presumably through the transcriptional up-regulation of compo-
indicated times. Equal amounts of protein were resolved by SDS-PAGEpents of the Fas-initiated apoptotic signaling cascade (32). How-
and blots were analyzed for levels of Bel)(Bcl-x_ (B), and phospho-  eyer, a few studies also illustrate the potential of IFNs to act as
STATL (C). Reprobing with anti-SHPX) was performed to demonstrate o yative regulators of programmed cell death, even though the
equal loadingE, Ramos cells were stimulated for 24 h with IkNdanes . . . . e
) . underlying mechanism remained unidentified (33, 34).
2and3) in the absencddne 3 or presenceldne § of 10 ug/m anti-IgM Based on this information, we decided to investigate whether
Ab, and Bcl-2 levels analyzed by Western blot analyses. ! . - .
IFN treatment could lead to autoantibody production through in-
terference with the apoptosis-based negative selection process of
displayed an inhibitory effect on the anti-IgM-induced apoptosisself-directed B cells. The Burkitt ymphoma line Ramos, which in
per se (Fig. D). its developmental stage resembles germinal center B cells, yields
In vivo, germinal center B cells are prevented from undergoinga robust apoptotic response after the cross-linking of cell surface
apoptosis after Ag recognition by receiving additional signalsigM. As such, these cells provided an ideal model to investigate
through CD40 via interaction with CD40 ligand-bearing Th cells the putative modulatory actions of IFNs.
(12, 13). Activation of CD40 has been shown to result in the tran- In the present study, we show that type | IFNs are indeed able
scriptional up-regulation of the antiapoptotic protooncogenego drastically reduce the level of apoptosis initiated through Ag
Bcl-2 and Bcl-x (29). Furthermore, both Bcl proteins have been receptor cross-linking. The type | IFN receptor has been shown to
recognized for their ability to prevent anti-lgM-induced cell death associate with the lipid kinase PI3K (19), whose phosphorylation
(17). Therefore, we decided to analyze whether stimulation ofproduct is a known activator of the antiapoptotic serine/threonine
Ramos cells with IFNx/B or IFN-y would increase the expression kinase Akt (PKB) (22, 23, 35). Consequently, it seemed likely that
levels of either Bcl protein. Exposure of cells to INer IFN-B the prevention of IgM-mediated apoptosis by I3 involves the
for various times resulted in substantially increased amounts oéctivation of Akt. However, our results clearly show that the pre-
Bcl-2, whereas IFNy treatment had only a marginal effect on the vention of apoptosis by IFNJ/B occurs independently of PI3K
expression levels of this survival factor (Figh)3 Although the  and subsequent Akt activity, since inhibition of the lipid kinase did
regulation of Bcl-x expression by IFNs seems to follow the pat- not abrogate the antiapoptotic properties of I&N. Furthermore,
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we were unable to observe an IFN-mediated increase of Akt kinas#l.

activity (unpublished observations). Additional experiments eluci-
dating the kinetic requirements for IFM3 to prevent apoptosis
suggested that the underlying mechanism depended on IFN-in-

duced gene transcription. Abrogation of the antiapoptotic properd3-

ties of IFN-«/B in response to the tyrosine kinase inhibitor
genistein further supported the notion of survival signal originating

from a transcriptional response mediated through the Jak/STAT4

signaling cascade.

Previous studies had shown that CD40 ligation is able to prevent
programmed cell death in Ramos B cells (13), and that increased
expression levels of the protooncogene Bcl-2 are the basis for thi
event. The results presented here demonstrate that the survival

factor Bcl-2 is substantially up-regulated in response to type 6.

IFNs, whereas the related factor Bgl-is only slightly affected.
Interestingly, IFN«, which only marginally influenced BCR-me-
diated apoptosis, also failed to induce a significant change in Bcl-2
expression levels. These observations were found to further cor-
relate directly with the level of STAT1 tyrosine phosphorylation
induced in response to the individual IFNs.

In summary, our results demonstrate that type | IFNs, in contrast®:

to IFN-y, are able to prevent Ag receptor-mediated programmed

cell death. This abrogation of apoptosis is PI13-kinase-independentp.

but displays a direct correlation with the IRNg-induced up-reg-
ulation of the antiapoptotic survival factors Bcl-2 and, to a lesse
extent, Bcl-x. As inappropriate expression of Bcl-2/Bgl-Xs a
recognized cause for the development of self-directed Abs by lim-

iting apoptotic deletion of autoreactive B cells, our results providezz'

an attractive hypothesis by which the evolvement of autoimmune

responses in patients undergoing IFN therapy could be explaineds.
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