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FIG. 2. Effects of EWS/ETS on cell growth in UET-13 cells. (A) Growth curve for UET-13 transfectants, Cells were seeded at 10°/well and
cultured as described for Fig. 1. The increase in cell number was analyzed by MTT assay. Values are means with the standard errors (SE) from
three independent experiments. Diamond symbols indicate UET-13 transfectants in the abserice of tetracycline (Tet); box symbols indicate UET-13
transfectants in the presence of tetracycline. (B) Cells were cultured as described for panel A in the absence or presence of tetracycline for 3 days
and then stained with P, and DNA contents were analyzed by flow cytometry (¥ axis, relative intensity of fluorescence; y axis, relative cell number).
(C) Cells treated as described for panel B were stained with FITC-annexin V and analyzed.

Microarray data accession numbers. Microarray data have been deposited in
the Gene Expression Omnibus database GEO (www.nebinlm.nih.gov/geo) (ac-
cession numbers GSES665 and GSES596).

RESULTS

EWS/ETS expression results in morphological changes in
UET-13 cells, To investigate how the expression of EWS/ETS
affects human MPCs, we used UET-13 cells as a model of
human. MPCs. and. expressed EWS/FLI1 (UET-13TR-EWS/
FLI1) and EWS/ERG (UET-13TR-EWS/ERG) in a tetracy-
cline-inducible manner (Fig. 1A). As shown in Fig.'1B and C,
we confirmed that the tetracycline treatment could induce
EWS/ETS expression by RT-PCR analysis and Western blot-
ting. The inducibility: upon- the -addition of ‘doxycycline was
comparable to that upon the addition of tetracycline.

Using these cell systems, first we examined the effect of
EWS/ETS expression on morphology in UET-13 transfectants.
When tetracycline was added to the culture, the morphologies
of both UET-13TR-EWS/FLII and UET-13TR-EWS/ERG
cells were dramatically changed (Fig. 1D). Tetracycline-treated
UET-13TR-EWS/ETS cells consisted of a mixture of small
round-to-polygonal cells and short spindle cells. The cell mor-
phology resembled that of EFT cell lines. To assess the repro-

ducibility of this phenotypic change, other UET-13TR-EWS/
ETS clones were examined, and similar morphological changes
were observed. Since tetracycline treatment did not affect the
morphology. of UET-13TR: ¢cells (Fig. 1D), it was suggested
that the morphological alteration in UET-13 cells from a mes-
enchymal cell shape to small round cells, one of the charac-
teristics of EFT, can be attributed to EWS/ETS expression.
EWS/ETS expression inhibits cell growth in UET-13 cells.
Next, the effect of EWS/ETS expression on the growth of
UET-13 cells was analyzed: As shown in Fig. 2A,; an MTT assay
revealed that the addition of tetracycline had no effect on the
growth of UET-13TR cells but slightly inhibited that of UET-
I3TR-EWS/ETS cells. We also assessed the cell growth of
UET-13 transfectants after tetracycline addition by cell count-
ing and obtained results well in accord with those from the
MTT assay (data not shown). To determine the mechanism of
this inhibition, DNA content and the binding of annexin V to
UET-13 transfectants were examined. No significant increase
in either sub-Gj-phase cells (Fig. 2B) or annexin V binding
cells (Fig. 2C) was detected, suggesting that EWS/ETS-medi-
ated growth inhibition in UET-13 cells was not due to the
activation of an apoptotic pathway. Moreover, no significant
decrease in S-G,-phase cells was observed (Fig. 2B).
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FIG. 3. Effects of tetracycline-mediated EWS/ETS expression on the expression and distribution of CD99 in UET-13 cells. (A) Relative CD99
levels in UET-13 transfectants in the absence or presence of tetracycline (Tet). UET-13 transfectants were treated with or without 3 pg/ml of
tetracycline for the indicated periods. Real-time RT-PCR was performed to investigate the expression pattern of CD99. Signal intensities of CD99
were normalized using those of a control housekeeping gene (human GAPDH gene). Data are relative values with standard deviations from
triplicate wells and are normalized to the mRNA level at 0 h, which is arbitrarily set to 1 in the graphical presentation. (B and C) Immunocy-
tostaining of CD99 in UET-13 transfectants. Cells were cultured on coverslips in the absence or presence of tetracycline for 72 h and then stained
with anti-CD99 antibody 12E7 (B) or O13 (C) as described in Materials and Methods. RD-ES cells were also examined as a positive control. For

the staining of nuclei, DAPI was used.

Effect of EWS/ETS on CDY9 expression in UET-13 cells. The
p30/32MIC-2 gene product, CD99, is a cell surface glycopro-
tein expressed in EFT with a strong membranous staining
pattern and thus constitutes a useful marker for EFT (2, 30).
Knowing the dramatic change of morphology in UET-13 cells,
we next investigated the mRNA level of CD99 in tetracycline-
treated and untreated UET-13 transfectants by quantitative
real-time RT-PCR. CD99 levels were clearly elevated by tet-
racycline treatment in both UET-13TR-EWS/FLI1 and UET-
I3TR-EWS/ERG cells in a time-dependent manner (Fig. 3A).

We also examined the protein expression of CD99 by im-
munostaining using 12E7 antibody, which is most widely used
as an anti-CD99 antibody. An EFT cell line, RD-ES, showed
strong membranous staining of CD99 (Fig. 3B), while neither
UET-13TR cells nor UET-13 cells had such a staining. Of note
is the fact that although [2E7 reactivity was observed only in
the cytoplasm in perinuclear regions in both UET-13TR (Fig.

3B) and UET-13 (data not shown) cells, this antibody is well
known to cross-react with a cytoplasmic protein not yet char-
acterized. Since another anti-CD99 antibody, O13, did not
react with either UET-13TR (Fig. 3C) or UET-13 (data not
shown) cells, we concluded that the perinuclear staining of
12E7 mentioned above was a cross-reaction with unrelated
proteins.

In the absence of tetracycline, both UET-13TR-EWS/FLII
and UET-13TR-EWS/ERG cells were also negative with anti-
CD99 antibodies (a pattern designated CD997), similar to
UET-13 cells. Surprisingly, however, tetracycline induced a
membranous staining pattern (designated CD99™) in UET-
I3TR-EWS/FLII and UET-13TR-EWS/ERG cells, and some
CDY9" cells had irregularly contoured nuclei (Fig. 3B). The
same results were observed with another anti-CD99 antibody,
O13 (Fig. 3C), indicating that the membranous staining ob-
served for UET-13 transfectants with the anti-CD99 antibodies
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FIG. 4. EWS/ETS expression, alteration of CD99 distribution, and cell morphological changes in UET-13 cells. (A) Immunofluorescence
studies using anti-Flil (red), anti-CD99 (green), and DAPI (blue). UET-13TR-EWS/FLI1 cells were cultured on coverslips in the absence or
presence of tetracycline (Tet) for 72 h and then stained as described in Materials and Methods. White arrowheads indicate CD99” cells that have
a strong staining pattern with anti-Flil antibodies and also have remarkable CD99 expression and morphological features. (B) Immunofluores-
cence analysis by triple staining with whole cells (Celltracker; blue), CD99 (anti-CD99; green), and nuclei (PI; red). UET-13TR-EWS/FLI1 cells
were cultured as described for panel A and then stained as described in Materials and Methods. (C to E) Measurements of whole-cell size (C),
nuclear size (D), and N/C ratio (E) in tetracycline-treated UET-13 transfectants. UET-13TR-EWS/FLI1 and UET-13TR-EWS/ERG cells were
cultured on coverslips in the presence of tetracycline for 72 h and then stained as described in Materials and Methods. These samples were
analyzed by the image analysis software Image J (n = 50). (C and D) Data are relative values with the SE and are normalized to the size
of CD99 " cells, which is arbitrarily set to 100. (E) Data are relative values with the SE and are normalized to the size of CD99™ cells, which

is arbitrarily set to 1.

was really CD99 derived. Despite the fact that cells were single
colony derived, there was a heterogeneous response to tetra-
cycline treatment in UET-13TR-EWS/FLIL and UET-13TR-
EWS/ERG cells, but most of the CD99" cells had a small
round morphology, one of the characteristics of EFT. To assess
the correlation between EWS/FLIL expression and the change
of the CDY9 expression pattern, we performed immunofluo-
rescence studies using anti-Flil and anti-CD99 antibodies. As
shown in Fig. 4A, tetracycline treatment induced a marked

enhancement of nuclear staining with anti-Flil antibodies in a
large number of UET-13TR-EWS/FLIL cells, indicating the
induction of EWS/FLII proteins. Furthermore, we observed
that the cells with a strong signal for Flil tended to reveal a
membranous staining pattern with anti-CD99 antibodies and a
small round morphology (Fig. 4A). To further verify the cor-
relation between CD99 expression pattern and cell morphol-
ogy, we estimated the size of cells by triple staining using
Celltracker Blue, PI, and anti-CD99 antibody (Fig. 4B). As
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TABLE 2. Immunophenotypic characterization of UET-13 transfectants and EFT cells
Result for*:
MPC . SWE e 1T UET-13TR- UET-13TR- EFFP
status’ CDmarker — UET-13 UET-131R EWS/FLI1 EWS/ERG RD-ES status” SK.ESI
Tet Tet* Tet™ Tet* Tet™ Tet®

M+ CD29 + 4 + + + :

M+ CD39 + + + + + + + + +

M+ CD90 + + -+ + + + + F+

M+ CD10s + + + + + + 4 + +

M+ CD166 + + + + + + + + +

M+ CD44 + + + + t + + - -

M+ CD73 + + + + + + + - -

M-+ CD10 + + + + Down + Down - -

M+ CchI3 + + + + Down + Down - -

M+ CD49%¢ + + + + Down + Down + -

M+ Cho1 + + + + Down + Down - -

M+ CDhss + + + + Down + + + -

M+ CD54 - - - - Up - Up + + E+

M(—) Cb117 - - - - Up - Up + + E+

M+/~ CD271 - - - - Up - Up + + E+
CD40 - - - - - - - + + E+
CD56 - - - - - - - + + E+

M(-) CD133 - - - - - - - + +

M(—) CD14 = - - - - - - - -

M(-) CD34 - - - - - - -

M(—) CD45 - - - - - - - - -

¢ M(-), negative for MPCs; M+/—, positive for BM-derived MPCs but negative after in vitro culture; M+, positive for MPCs.
b+, most cells positive; ~, negative; Up, up-regulated by tetracycline treatment; Down, down-regulated by tetracycline treatment. Boldface indicates the antigens
the immunophenotypes of which were changed in favor of EFT. Tet™, tetracycline negative; Tet™, tetracycline positive.

Y E+, positive for EFTs,

presented in Fig. 4C and D, the results clearly showed that the
majority of CD99™ cells were significantly smaller in both
whole-cell size and nuclear size than the CD99™ cells. More-
over, CD99™ cells also had a substantially increased N/C ratio
(Fig. 4E). These results indicated that EWS/ETS expression
promoted CD99 expression in UET-13 cells, and CD99 expres-
sion status is correlated with the degree of morphological
change.

EWS/ETS expression altered the immunophenotype . of
UET-13 cells. Human MPCs reveal a characteristic expression
of several surface antigens and can be identified on the basis of
the reactivity with a set of monoclonal antibodies against CD
antigens (25, 42).On the other hand, some CD antigens are
characteristically expressed on EFT cells (17, 28, 33). Using the
combinations of these antibodies listed in Table 2, which are
useful for the immunodetection of either MPCs or EFT cells,
we further examined whether EWS/ETS expression affects the
immunophenotype of UET-13 cells and comparedits effect
with that on the immunophenotype of EET cell lines (Table 2
and Fig. 5). As shown in Table 2, UET-13 cells express most of
the human primary MPCs markers. Some of the antigens ex-
pressed in. MPCs,; namely, CD29;, CD59, CD90, CD105; and
CD166, were also found to be expressed in EET cell lines, but
others, namely; CD10, CD13; CD44; CD61, and CD73; were
not. In contrast, antigens recognized to be present in EFT cells,
including CD40, CD56;, and CD133, were absent from UET-13
cells. Interestingly, when. the effect of tetracycline-mediated
EWS/ETS. expression on the immunophenotype of UET-13
cells was. tested, levels of some of the antigens present in
UET-13 ¢cells, such as CD10, CD13, and CD61, were found to
be decreased (Fig. 5). In contrast, some of the markers found

in EFT cells, i.e., CD34, CD117, and CD271, became positive
in UET-13TR-EWS/ETS cells after tetracycline treatment. Be-
cause UET-13TR cells did not show such immunophenotypic
change upon treatment with tetracycline, these results indi-
cated that, at least in part, the immunophenotype of UET-13
cells was changed in favor of EFT in the presence of EWS/
ETS.

EWS/ETS in UET-13 cells modulates EFT-like gene expres-
sion, To further examine the molecular ‘mechanism of EWS/
ETS-dependent cellular modulation in human mesenchymal
progenitor background, we performed DNA microarray-based
expression profiling using the Affymetrix human genome U133
Plus 2.0 array. As a first step to this approach, we validated our
experimental systems by analyzing the sequential changes of
known EWS/ETS target genes, i.e., inhibitor of differentiation
2 (ID2) (14, 39), NK2 transcription factor related, locus 2
(NKX2.2) (9, 48), and insulin-like growth factor binding pro-
tein 3 (IGFBP3) (41). Consistent with previous reports, levels
of ID2 and NKX2.2 increased with the expression of EWS/ETS
in a time-dependent manner, whereas the. expression: fevel of
IGFBP3 decreased (Fig: 6A): Employing the same procedure,
we also examined: whether- the: change of surface antigen ex-
pression was regulated at the transcriptional: level and: deter-
mined the mRNA expression levels of some surface antigens in
UET-13 transfectants with or without tetracycline treatment.
In accordance with the results of immunocytometric and im-
munochistological experiments, the mRNA expression levels of
CD10, CD13, CD49e¢, and CD61 were decreased; while those
of CD54, €D99; CD117, and CD271 were markedly increased
in_ tetracycline-treated UET-13TR-EWS/ETS cells (Fig. 6B
and C), indicating that the expression of these antigens is
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FIG. 5. Immunophenotypic change on induction'of EWS/ETS expression in:UET-13 cells, UET-13 transfectants were cultured with or without
3 pg/ml of tetracycline for 1 week and flow cytometric analyses were performed by using a set of antibodies as-indicated. The histograms of UET-13
transfectants with (empty) and without (gray) tetracycline treatment were overlaid, Dotted lines indicate fluorescence intensities in negative control
panels (Cnt). Arrows indicate the immunophenotypic change caused by tetracycline, The immunophenotypes of the EFT cell lines RD-ES and

SK-ES1 were also examined.

controlled at the transcriptional level in the presence of EWS/
ETS:.

We next investigated the candidate genes whose expression
is regulated by EWS/ETS in - human MPCs. First; we selected
the genes with up-regulated or down-regulated expression by
EWS/ETS induction using gene cluster analysis (Fig. 7A; UET-
I3TR-EWS/FLIL up, 4,294 probes; down; 4,103 probes; UET-
13TR-EWS/ERG up, 3,338 probes; down, 3,705 probes). To
reduce. the number of the candidate genes, we selected up-
regulated genes that are expressed in tetracycline-treated cells at
least 1.5-fold higher than in untreated cells (UET-13TR-EWS/
FLI1, 1,137 probes; UET-13TR-EWS/ERG,; 835 probes): Simi-
larly, the down-regulated genes that are expressed in tetracycline-
treated cells at least 0.75-fold lower than in untreated cells (UET-

I3TR-EWS/FLIL, 1,803 probes; UET-13TR-EWS/ERG,; 773
probes). By:selecting common: probes in both cells, we- finally
identified-a group of candidate genes significantly controlled by
EWS/ETS induction in the human mesenchymal progenitor back-
ground. ‘Since” microarray analysis was perfornmied as a global
screening in a single experiment, it is likely that there is a fair bit
of noise in the derived gene profiles due to the lack of replicate
data. This may account in part for the limited overlap between the
profiles induced by EWS-FLI1 and EWS-ERG, whereas we still
identified 349 probes of common up-regulated genes and 293
probes of common down-regulated genes (see the supplemental
material). In- addition to the EFT-specific genes mentioned
above, these contained those previously described as EFT-specific
genes, such as those for OB-cadherin/cadherin-11 (31), Janus



VoL. 28, 2008

A

EFFECTS OF EWS/ETS EXPRESSION IN HUMAN MPCs

5 -1D2 372 ..
=) - Tet + 2 - Tet +
R - Tet -
@ \\ ,.I?E: ! \\\V//* -
3 ..
= . 3 "NKx22  ~ _ -
8 4 2 Tet +
% E _
g , Tet+ 1o # Tet -
¥ Tet- et
@ SEAE R s O _ .
o
2 IGFBP3 . . 1GFBP3
3 = s Tet -
&) Tet - \‘m%‘/
. 08- -
Tel+ : Tet +
el +
0 -

0 24 48 712

0 24 a8 72

Hours of EWS/FLI
expression

C

Hours of EWS/ERG
expression

1276D10 27 co10 *7 cpsa
4-
08— 3'*1
04+ : 2“‘
-
0 L 20 5 A
'27¢cpi3 :
z 15~
g 08 - X §
@ 3
% 0a- l . | 3
- , >
2 .9 5
¢ 1276h4ge 12 7Cbage 2
g °
§ 08~ 0.8 - , g
E 04 0.4 g
g 4 ; 41 5
o
[1] 0
'27CDst 2 TCD61
08~ : 0.8 ~
N l " l
0 0
Tet: - + - + +
UET13-TR UET13-TR UET13-TR UET13-TR
EWS/FLI EWS/ERG EWS/FLI1 EWS/ERG
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Plus 2.0 array as described in Materials and Methods. (A) The sequential changes of 1D2, NKX2.2, and IGFBP3 mRNA levels in UET-13
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symbols indicate UET-13 transfectants in the presence of tetracycline. (B and C) Microarray studies for the determination of expression profiles
of surface antigens in UET-13 transfectants. UET-13 transfectants were treated with or without 3 jug/ml of tetracycline for 72 h. mRNA levels were
determined with the Affymetrix human genome U133 Plus 2.0 array.

kinase | (JAK1) (49), keratin 18, and six-transmembrane epithe-
lial antigen of the prostate (STEAP) (22). The expression pattern
of these genes (642 probes) in UET-13 transfectants in the ab-
sence or presence of tetracycline is shown in the gene cluster in

Fig. 7B. The expression of these genes was indeed changed sig-
nificantly after EWS/ETS expression in both cells. They included
genes associated with signal transduction (such as those for epi-
dermal growth factor receptor, FAS [CD95], and fibroblast
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growth factor receptor 1) and development (such as jagged-1 and
frizzied-4, -7, and -8). Interestingly, in addition to the surface
antigens presented in Fig. 6B and C, the expression profiling of
EWS/ETS-expressing UET-13 cells displayed the modulation of
several genes associated with cell adhesion, cytoskeletal structure,
and membrane trafficking, such as those for collagen-11 and -21,
ephrin receptor-A2, -B2, and -B3, ephrin-Bl, claudin-1, integrin-
all, -aM, and -B2, CDO66 (carcinoembryonic antigen-related cell
adhesion molecule-1), and CD102 (intercellular cell adhesion
molecule-2). They also included genes of chemokines CCL-2 and
-3. These data raise the possibility that EWS/ETS can contribute
to the membrane condition in human MPCs via the regulation of
these cell surface molecules and chemokines.

Using these genes, we performed a PCA to visualize the shift
in the gene expression pattern among the 642 probes. As
shown in Fig. 7C, the plots of UET-13 transfectants treated
with tetracycline became closer to those of EFT cells than to
those of UET-13 transfectants without tetracycline treatment.
These results indicated that the expression pattern of these
genes was altered from that of UET-13 cells to that of EFT
cells in an EWS/ETS-dependent manner. Since the gene ex-
pression profile of UET-13 cells is similar to those of other cell
types of mesenchymal origin (data not shown), our results
highlighted that the phenotypic alteration from mesenchyme
to EFT-like cells in UET-13 cells induced by tetracycline treat-
ment was accompanied by a change in the global gene expres-
sion profile.

EWS/ETS expression enhances the Matrigel invasion of
UET-13 cells. To assess the role of EWS/ETS in malignant
transformation in human MPCs, UET-13 transfectants were
examined by invasion assay.As shown in Fig. 8A; tetracycline
treatment did not affect the Matrigel invasion ability of UET-
13TR cells. When examined similarly, however, tetracycline
treatment resulted in an apparently increased invasion (P <
0.05) for both UET-13TR-EWS/ELIL (Fig. 8B) and UET-
13TR-EWS/ERG. (Fig. 8C) cells. The results: indicated: that
EWS/ETS expression can induce Matrigel invasion properties
in human MPCs.

DISCUSSION

In the present study, using UET-13"cells as a model of
human MPCs, we demonstrated that ectopic expression of
EWS/ETS promoted the acquisition of an EFT-like-pheno-
type, including cellular morphology, immunophenotype, and
gene expression profile. Moreover, EWS/ETS expression en-
hances the ability of UET-13 cells to invade Matrigel:: This
assay is thought to mimic the early steps of tumor invasion in
vivo (34), and the ability to penetrate the Matrigel has been
positively correlated with invasion potential in several studies.
Therefore, we concluded that EWS/ETS expression could me-
diate a-part of the feature of tumor transformation in-human
MPCs. Thus, our culture systém would provide a good model
for testing the effects of EWS/ETS in human MPCs,

Several lines of evidence have indicated the transforming
ability of EWS/FLI1, whereas that of EWS/ERG is not yet to
be clarified. Therefore, it is noteworthy that our data demon-
strated that EWS/ERG could promote an EFT-like phenotype
in UET-13 cells similarly to EWS/FLIL. Thus, EWS/ERG also
has the ability to induce an EFT-like phenotype in the human
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FIG. 8. Effects of EWS/ETS expression on the Matrigel invasion
ability of UET-13 cells. UET-13TR (A), UET-13TR-EWS/FLI1 (B),
and UET-13TR-EWS/ERG (C) cells were cultured in the absence or
presence of tetracycline (Tet) for 72 h and then plated (2.5 X 10"y on
Matrigel-coated or uncoated filter inserts. After 20 h of culture, in-
vading. cells were stained with hematoxylin-eosin and counted in five
fields per membrane as described in Materials and Methods. #, P <
0.05.

system. The major steps in the development of EFT should be
commonly regulated by distinct chimeric EWS/ETS proteins.
Indeed, several genes are common transcriptional targets of
different: chimeric. EWS/ETS proteins in the. murine system
(11,24, 35). Our data also showed that the 642 probes are
coregulated 'in - both  EWS/FLI1-expressing: cells. and EWS/
ERG-expressing cells. Further comparative studies of both the
EWS/FLI1- and the EWS/ERG-mediated onset of EFT could
allow us to understand the:common- functions of EWS/FLI1
and EWS/ERG in: EFT. In- addition, our systems are also
useful. for precisely distinguishing between the functions of
these chimeric: molecules in the development of EFT.

As mentioned-above; the: imnmiunophenotypic analysis also
revealed that.the expression: profiles of surface antigens in
UET-13 cells were changed in favor of EFT cellsin the pres-
ence of EWS/ETS (Fig. 4). Notably, the expression of CD354
(interceliular - cell - adhesion “molecule-1 [ICAML1]), CDI117
(c-kit), and CD271 (low-affinity nerve growth factor receptor
[LNGEFRY)) increased: inn EWS/ETS-expressing UET-13 cells.
These markers-are positive in EET cell lines (17, 28,-33), and
in addition, CD117 is detected in'about 40% of patient samples
(17) and is negative in- human primary MPCs (4; 43). Thus, it
is reasonable to consider that a phenotypic marker of EFT was
induced in UET-13 cells.by EWS/ETS expression. On the
other hand, CD54 and CD271 are positive in human primary
MPCs (8, 25, 42), whereas these markers are negative in
UET-13 cells. However, a previous report showed the disap-
pearance of some positive markers, including CD271, from
primary human MPCs during the process of ex vivo expansion
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(25), and it has been speculated that the expression of these
molecules in MPCs is induced in vivo via interaction with the
bone marrow microenvironment and that the necessary stimuli
are absent from ex vivo culture conditions. Therefore, the
immunophenotype of UET-13 cells rather might be related to
that of ex vivo-expanded primary human MPCs. In addition, it
may be possible that EWS/ETS expression led to the reexpres-
sion of these disappeared markers in UET-13 cells without the
necessary stimuli. In this case, the maintenance of CD271
expression outside of the bone marrow microenvironment
might be a characteristic of EFT. Thus, our results proved that
both EWS/FLII and EWS/ERG can be major causes of the
expression of these markers and that human MPCs that pre-
cisely recapitulate the expression are strong candidates for the
cell origins of EFT cells. The findings also imply that these
antigens are suitable targets for diagnostic tools and new ther-
apeutic agents. In fact, imatinib mesylate, which demonstrates
anticancer activity against malighant cells expressing BCR-
ABL as well as CD117 and platelet-derived growth factor re-
ceplor, inhibits proliferation and. increases sensitivity to vin-
cristine and doxorubicin in EFT cells (17):

Notably, our results also indicate that UET-13 cells, which
have the MPC phenotype, possess the potential to acquire an
EFT-like phenotype upon the expression of EWS/ETS. Unlike
what is seen for human primary fibroblasts (31), ectopic EWS/
ETS expression induces an EFT-like morphological change in
human MPCs, suggesting that the cell type affects susceptibility
to the events following EWS/ETS expression. In murine MPCs,
retrovirally transduced EWS/FLII has been reported to induce
the expression of CD99, a most useful marker for EFT, though
the results are controversial (6, 45). However, our direct evi-
dence obtained with UET-13 cells clearly demonstrated that
CD99 expression is induced by EWS/ETS. proteins in human
MPCs. Moreover, we. showed: that the.- expression of CD99
might correlate - with EWS/ETS-mediated - morphological
change, whereas the functional role of CD99 and the correla-
tion between CD99 expression status'and EWS/ETS-mediated
morphological change in the development of EFT remain un-
clarified.

Consistent with the morphological and immunophenotypic
changes, the expression pattern of a set of genes in EWS/ETS-
expressing UET-13 cells shifted to that in EFT cells (Fig. 7C).
Although - EWS/ETS.  expression - enhanced - the - ability - of
UET-13 cells to invade Matrigel, it did not promote: migratory
ability and surface-independent growth, as assessed by migra-
tion assay and.soft agar colony formation assay (data’ not
shown). We also failed to develop EFT-like tumors by injecting
EWS/ETS-inducing UET-13 cells into irradiated- nude: mice
treated with tetracycline (data not shown). These results imply
that EWS/ETS expression is not sufficient to. induce: the: full
transformation in UET-13 cells, and other genetic abnormal-
ities not regulated by EWS/ETS could still be required for the
full transformation of human MPCs into EFT cells. An iden-
tification of these genes will greatly improve our understanding
of the additional genetic lesions that occur after EWS/ETS
expression. The genes expressed in EFT cell lines but-not-in
EWS/ETS-expressing UET-13 cells would be candidates: for
such genes.

In summary, we reported the development of an inducible
EWS/ETS expression system in UET-13 cells as a model for
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the development of EFT in MPCs. In our system, the chimeric
genes alone are sufficient to confer EFT-like phenotypes, EFT-
specific gene expression pattern, and partial but not full fea-
tures of malignant transformation. Further analysis using our
system should elucidate the pathogenic mechanism by which
EFTs develop from MPCs, especially the initiating events me-
diated by EWS/ETS expression. Our system should also aid in
the identification of novel targets of the EWS/ETS-mediated
pathway as potential anticancer targets.
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Introduction

Summary

B-cell-activating factor (BAFF) is a survival and maturation factor for B
cells belonging to the tumour necrosis factor superfamily. Among three
identified functional receptors, the BAFF receptor (BAFF-R) is thought to
be responsible for the effect of BAFF on B cells though details of how
remain unclear. We determined that a hairy-cell leukaemia line, MLMA,
expressed a relatively high level of BAFF-R and was susceptible to apopto-
sis mediated by either CD20 or B-cell antigen receptor (BCR). Using
MLMA cells as an in vitro model of mature B cells, we found that treat-
ment with BAFF could inhibit apoptosis mediated by both CD20 and
BCR. We also observed, using immunoblot analysis and microarray analy-
sis, that BAFF treatment induced activation of nuclear factor-xB2 follow-
ing clevation of the expression level of Bel-2, which may be involved in
the molecular mechanisin of BAFF-mediated inhibition of apoptosis.
Interestingly, BAFF treatment was also found to induce the expression of
a series of genes, such as that for CD40, related to cell survival, suggesting
the involvement of a multiple mechanism in the BAFF-mediated anti-
apoptotic effect. MLMA cells should provide a model for investigating the
molecular basis of the effect of BAFF on B cells in vitro and will help
to clucidate how B cells survive in the immune system in which BAFF-
mediated signalling is involved.

Keywords: apoptosis; B-cell-activating factor; Bel-2; B-cell receptor; CD20

stimulates cell proliferation and the secretion of immuno-
s 7 o Lo
globulin in B cells.”™ Transgenic mice that overexpress

The immune system comprises a variety of immune effec-
tor cells, including T and B lymphocytes and antigen-
presenting cells, such as dendritic cells and others; it
protects individuals from infections and cancer. To main-
tain these sophisticated mechanisms, a very subtle balance
between the life and death of the immune effector cells
must be maintained to eliminate, by apoptosis, potentially
harmful self-reactive lymphocytes and only allow the
survival, development and activation of safe and protec-
tive immune cells. For this purpose, a number of
molecules are involved in this regulatory system.'
B-cell-activating factor (BAFF, also termed BlyS, TALL-1,
THANK and zINF4) produced by monocytes, dendritic
cells and some T cells is a member of the tumour necrosis
factor (TNF) superfamily and is a type 2 transmem-
brane-bound protein that can also be expressed as a
soluble gand.” BAFF was first described as a factor that

570

BAFF in lymphoid tissues exhibited hyperplasia of the
mature B-cell compar(mcnt.h’m In contrast, mice defi-
cient in BAFF showed a deficit in peripheral B lympho-

1010
cytes

and an almost complete loss of follicular and
marginal zone B lymphocytes in secondary lymphoid
organs. This suggests an absolute requirement for BAFF
in normal B-cell development.” In contrast, a later exam-
ination of immunized BAFF-null mice validated the
BAFE-independent nature of germinal centre formation
and that antibody responses, including high-affinity
responses, were attenuated, indicating that BAFF s
required for maintenance, but not initiation, of the ger-
minal centre reaction.”” Based on the above evidence,
BAFF is considered to be a survival and maturation factor
for B lymphocytes and has emerged as a crucial factor
that modulates B-cell tolerance and homeostasis.”" How-
ever, the precise role of BAFF in B-cell development is

© 2008 Blackwell Publishing Ltd, Immunology, 125, 570590



still controversial and it has been reported that the capac-
ity of B lymphocytes to bind BAFF is correlated with their
maturation state and that the effect of BAFF is dependent
on the maturation stage of the B lymphocytes.™"

Recent studies have further shown that BAFF affects not
only B lymphocytes but also T lymphocytes.'™'® The three
distinct receptors for BAFF, namely the BAFF receptor
(BAFF-R, also termed BR3), the B-cell maturation antigen
(BCMA), and the transmembrane activator and calcium
modulator and cyclophilin ligand interactor (TACI), have
been identified and BAFF binds with a similar high affinity
to these receptors.”’”™™ Among these receptors, however,
BAFF-R is thought to be responsible for the survival and
differentiation of B cells,24 whereas the molecular basis of
BAFF-mediated signalling remains unclear.

A number of systems inducing apoptosis in B cells are
present to eliminate inappropriate clones, such as self-
acting B cells. For example, it is reported that stimulation
via particular surface molecules, including B-cell receptor
antigen (BCR) and CD20, induces apoptosis in cultured
B cells. ™ The balance between apoptosis-inducing sys-
tems and survival systems, such as CD20 and BAFF-medi-
ated signalling, would be important for the maintenance
of appropriate B-cell development, though details are not
known.

To elucidate the molecular basis of the interaction
between apoptosis-inducing signals and BAFF-mediated
cell survival signals in B cells, we have employed a B-cell
line that expresses BAFF-R and is sensitive to CD20-med-
iated and BCR-mediated apoptosis. In this paper, we
present evidence that BAFF-mediated stimulation inhibits
the apoptosis induced by both CD20-mediated and BCR-
mediated signalling. The possible mechanisms involved in
BAFF-mediated cell responses that regulate these apopto-
tic stimuli are discussed.

Materials and methods

Cells and reagents

The human hairy cell leukaemia cell line MLMA was
obtained from the Japanese Cancer Research Resources
Bank (JCRB, Tokyo, Japan). Cells were cultured in
RPMI-1640 medium supplemented with 10% fetal calf
serum at 37° in a humidified 5% CO; atmosphere.
Recombinant human BAFF and a proliferation-induc-
ing ligand (APRIL) were obtained from R&D Systems,
Inc. (Minneapolis, MN), and used at a concentration of
400 ng/ml for cell stimulation unless otherwise described.
The mouse monoclonal antibodies (mAbs) used for the
immunofluorescence analysis were anti-CD10, anti-CD20,
anti-CD21, anti-CD22, anti-CD24, anti-CD40, anti-
human leucocyte antigen DR (HLA-DR; Beckman Coul-
ter, Inc., Fullerton, CA); anti-CD19 (Becton Dickinson
and Company, BD, Franklin Lakes, NJ); anti-x, anti-A,
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anti-, anti-8, anti-y (Dako, Denmark A/S); anti-BAFF-R
{Santa Cruz Biotechnology, Santa Cruz, CA); and anti-
CD45 (American Type Culture Collection, ATCC, Manas-
sas, VA). The rat mAbs against BCMA (Vicky-1) and
TACI (1A1) were purchased from Santa Cruz Biotechnol-
ogy. The mouse mAbs used for the immunochemical
analysis were anti-caspase-2, anti-caspase-3 and anti-gly-
cogen synthase kinase-38 (GSK-3f; Becton Dickinson);
anti-caspase-9 (Medical & Biological Laboratories Co.,
Ltd, Nagoya, Japan); anti-nuclear factor-kB (NF-xB) p52
(C-5), anti-Bcl-2 (100) from Santa Cruz; and anti-B-actin
(AC-15) from Sigma-Aldrich Co. (St Louis, MO). The
rabbit polyclonal antibodies used were anti-cleaved poly
ADP-ribose polymerase (PARP), anti-cleaved caspase-3,
anti-phospho-GSK-38 (Ser9) and anti-phospho-GSK-3a/8
(Ser9, 21) from Cell Signaling Technology, Inc. (Danvers,
MA). A goat anti-NF-xB p50 (C-19) from Santa Cruz
was also used. Secondary antibodies, including fluorescein
isothiocyanate- (FITC) and enzyme-conjugated antibod-
ies, were purchased from either Jackson ImmunoResearch
Laboratories, Inc. {West Grove, PA) or Dako. To cross-
link BCR, purified anti-p rabbit polyclonal antibody
(10 pg/ml) from Jackson ImmunoResearch Laboratories,
Inc. was used. To cross-link CD20, a mouse anti-CD20
mAb from Beckman Coulter and a secondary anti-mouse
immunoglobulin antibody from Jackson ImmunoResearch
Laboratories, Inc. were used each at a concentration of
5 ug/ml

Immunofluorescence analysis and detection of apoptosis

Cells were stained with FITC-labelled mAbs and analysed
by flow cytometry (EPICS-XL, Beckman Coulter) as
described previously.”” To quantify the incidence of apop-
tosts, cells were incubated with FITC-labelled annexin V
using a MEBCYTO-Apoptosis kit (Medical & Biological
Laboratories Co., Ltd) and then analysed by flow cyto-
metry according to the manufacturer’s directions. Apop-
totic cells were also detected by nuclear-staining with
DAPI and examined by confocal microscopy as described
previously.”™ The enzymatic activity of caspases -2, -3, -9
was assessed by using a colorimetric protease assay kit for
each caspase (Medical & Biological Laboratories Co., Ltd)
according to the manufacturer’s protocol.

linmunoblotiing

. . . 2
Immunoblotting was performed as described previously.”

Briefly, cell lysates were prepared by solubilizing the cells
in lysis buffer (containing 20 mm Na,PO,, pH 74,
150 mM NaCl, 1% Triton X-100, 1% aprotinin, 1 mm
phenylmethylsulphonylfluoride, 100 my NaF, and 2 mum
Na3;VOy,), and the total protein concentration was deter-
mined using a Bio-Rad protein assay kit {Bio-Rad, Hercu-
les, CA). For each cell lysate, 20 pg was separated by
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sodium dodecyl sulphate~polyacrylamide gel electropho-
resis and transferred to a nitrocellulose membrane using a
semidry Transblot system (Bio-Rad). After blocking with
3% skimmed milk in phosphate-buffered saline, the
membrane was incubated with the appropriate combina-
tion of primary and secondary antibodies as indicated,
washed intensively, and examined using the enhanced
chemiluminescence reagent system (ECL plus; GE Health-
care Bio-Sciences AB, Uppsala, Sweden).

DNA microarray analysis

The DNA niicroarray analysis was performed using Gene-
Cip (Affymetrix, Santa Clara, CA). Total RNA isolated
from MLMA cells treated with and without BAFF for
12 hr was reverse transcribed and labelled using One-
Cycle Target Labeling and Control Reagents as instructed
by the manufacturer (Affymetrix). The labelled probes
were hybridized to Human Genome U133 Plus 2.0 Arrays
(Affymetrix). The arrays were analysed using GenecHwp
OPERATING Software 1.2 (Affymetrix). Background subtrac-

tion and normalization were performed with GENESPRING

GX 7.3 software (Agilent Technologies, Santa Clara, CA).
Signal intensities were prenormalized based on the med-
ian of all measurements on that chip. To account for the
difference in detection efficiency between the spots,

(a) CcD20
# ; 44 gj
40 [ 40 i 40 -
P o

3

prenormalized signal intensities on each gene were nor-
malized to the median of prenormalized measurements
for that gene. The data were filtered with the following
steps. (1) Genes that were scored as absent in both sam-
ples were eliminated. (2) Genes with a signal intensity
lower than 90 in both samples were eliminated. (3) Per-
forming cluster analysis using filtering genes, genes were
selected that exhibited increased expression or decreased
expression in BAFF-treated cells.

Results

Immunophenotypic characterization of MLMA cells

While screening to identify human cell lines expressing
BAFF-R, we found that MLMA cells expressed higher
levels of BAFF-R than other human B-cell lines. Although
the MLMA cell line is known to have been established
from a patient with hairy-cell leukaemia, details were not
reported. Therefore, we first examined the immuno-
phenotypic characteristics of MLMA cells. Consistent with
the JCRB records, flow cytometric analysis revealed that
MLMA cells expressed high levels of p heavy chain and
low levels of § heavy chain with expression of x light
chain (Fig. 1a). In addition to the CD19 and HLA-DR,
MLMA cells were found to express mature B-cell

CD24 HLA-DR IgM
80 8 : -

40

i ! b

107 10° 10" 10° 10° 107 10° 10" 105 10° 107 10° 107 10° 10° 107 10° 10" 10¢ 10° 107 10° 101 10¢ 10°

80 ¢ 80

cp1o ch21 oo

a0 ] 40 o 40

i

CD40 80 K 80. -
i . 3
! 40 ‘ 40 .

] i

igh

(AR

% &

1010° 10" 10° 10* 107 10° 10° 10¢ 10 107 1b" 10" 104:10%:107 107110" 10° 10° 1077 10° 10" 10* 107

. | oo1e oo cb22 g0

s | a0 i a0 |
% i
i

b

Cpas
s . o *_ g 'oG

\ = '
Ly 40
& 45 3 7'}
i - :

2 ‘

107 10° 100 10° 10° 107 10° 107 10° 10° 1010° 107 105 10% 10 102 10" 10° 10° 1077 10° 10° 105 107

b
éo) . Control 80 BAFF-R
| ;
| LA
0 40 A

¥

e

..M._.c‘) >

107 10° 10" 105 10° 107 10° 10' 10° 10°

g0 . BOMA g V TACH

40 o 40 / \

P T A i
10 10° 10" 100 10° 10" 107

10" 10° 10°

Figure 1. Immunophenotypic characterization of MLMA cells. (a) MLMA cells were stained with specific fluorescein isothiocyanate (FITC)-

labelled monoclonal antibodies (mAbs) against B-cell differentiation antigens and analysed by flow cytometry. The x-axis represents fluorescence

intensity and the y-axis the relative cell number; control was isotype-matched mouse immunoglobulin. (b The expression of B-cell-activating fac-

tor receptor {(BAFE-R), transmembrane activator and calcium modulator and cyclophilin ligand interactor (TACI), and B-cell maturation antigen

{BCMA) on MLMA cells was also examined as in (a).
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antigens, including CD20, CD21, CD22 and CD40, but
not CD24. Notably, MLMA cells showed the expression
of CD10. When the expression of three types of receptors
for BAFF was similarly examined, MLMA cells exhibited
apparent expression of BAFF-R, while the levels of BCMA
and TACI were found to be quite low (Fig. 1b). The data
indicate that MLMA cells exhibit immunophenotypic
characteristics of mature B cells expressing BAFF-R.

Cross-linking of BCR and CD20 induces apoptosis in
MLMA cells

It has been well documented that cross-linking of BCR
using anti-p heavy chain antibodies induces apoptosis in
some B cells in vitro.”> Recent studies including our own
have also shown that CD20 cross-linking mediates apop-
tosis in human B-cell lines in a manner involving raft-
mediated signalling.”**" Therefore, we next examined
whether cross-linking of either BCR or CD20 mediated
apoptosis in MLMA cells. As shown in Fig. 2(a), when
anti-pt antibodies were added to the culture, a
time-dependent increase in the number of cells bound to
annexin V was observed, suggesting the occurrence of

BAFF inhibits apoptosis in B cells

apoptosis in MLMA cells after BCR cross-linking. The
apoptosis was confirmed by the morphological appear-
ance of nuclear fragmentation, a typical feature of
apoptosis, detected by either Giemsa-staining or nuclear-
staining with DAPI (Fig. 2b). Immunoblotting revealed
the cleavage of caspases -9, -3 and -2 and of PARP after
treatment with anti-p antibodies (Fig. 2¢), indicating that
caspase activation was involved in the apoptosis. In the
case of caspase-3, we also detected a 17 000 molecular
weight cleaved fragment by using a specific antibody
(Fig. 2¢). In addition, elevation of the enzymatic activity
of each caspase after cross-linking of BCR was detected
by a colorimetric protease assay (Fig. 2d). We also exam-
ined the effect of anti-CD20 antibodies and found that
CD20 cross-linking signalling induced apoptosis in
MLMA cells (Fig. 2).

BAFF inhibits CD20-mediated and BCR-mediated
apoptosis in MLMA cells

Next, we examined whether BAFF was able to inhibit
apoptosis mediated by cross-linking of CD20 and BCR.
As shown in Fig. 3(a), when BAFF was added to the
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Figure 2. Induction of apoptosis in MLMA cells mediated by CD20 and B-cell antigen receptor. {a) MLMA cells were treated with either rabbit
anti-pt heavy-chain polyclonal antibody (oy, 10 pg/ml) or a combination of anti-CD20 monoclonal antibody (mAb; «CD20, 5 pg/ml) and sec-
ondary rabbit anti-mouse immunoglobulin antibody (ReM, 5 pg/ml) for 48 hr and binding with fluorescein iosthiocyanate (FITC)-conjugated

annexin V was examined by tlow cytometry. Fach experiment was performed in triplicate and the means + SD are indicated. (b} The same sam-

ple preparations as in (a) were cytocentrifuged and morphological appearance was examined by Giemsa-staining and nuclear staining with DAP,

using light microscopy and confocal microscopy, respectively. (¢) Cell lysates were obtained from the same sample preparation as in (a) and the

proforms of each caspase, cleaved caspase-3 and cleaved PARP were detected by immunoblotting.
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culture, the incidence of apoptosis induced by both BCR-
mediated and CD20-mediated stimuli was reduced as
assessed by annexin V-binding. Although inhibition
tended to be more effective with a higher dose of BAFF,
the effect was not significant. We also examined the effect
of pretreatment with BAFF on the inhibition of apoptosis
but found none (Fig. 3b). In contrast, APRIL, another
ligand for BCMA and TACI], did not affect apoptosis
induced by the BCR-mediated and CD20-mediated stim-
uli, indicating the specificity of BAFF’s effect (Fig. 3¢).
Therefore, we concluded that BAFF-mediated stimuli are
able to inhibit apoptosis mediated by the cross-linking of
either CD20 or BCR and simultancous treatment with
apoptosis-inducing. stimuli is almost sufficient to achieve
maximum BAFF-mediated inhibition of apoptosis, at least
in these cases. However, the inhibitory effect of BAFF
against apoptosis mediated by the cross-linking of either
CD20 or BCR was only partial and it was more obvious
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when the inhibition of apoptosis was examined at several
different time-points.

Cellular effect of BAFF involved in the inhibition of
apoptosis in MLMA cells

We further examined the molecular basis of the BAFF-
mediated inhibition of apoptosis in MLMA cells. First, we
tested the effect of BAFF on the growth of MLMA cells.
As shown in Fig. 4, when BAFF was added to the culture,
the cell proliferation was slightly enhanced, as assessed by
cell counting, suggesting that BAFF promotes the growth
of MLMA cells.

Next, we examined the intracellular signalling induced
in MLMA cells by BAFF treatment. As shown in Fig. 5(a),
immunoblot analysis revealed cleavage of p100, the pre-
cursor of NF-xB2, and a increase in p52, the active form
of NF-xkB2 after BAFF treatment, suggesting that the

© 2008 Blackwell Publishing Ltd, Immunology, 125, 570-590
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Figure 4. Effect of B-cell-activating factor (BAFF) on MLMA cell
proliferation. Starting from a cell concentration at §x 107/ml,
MLMA cells were cultured in the presence (solid line) and absence
{dotted line) of 400 ng/ml of BAFF and cell numbers were counted
at the time-points indicated. Fach experiment was performed in trip-
licate and the means + SD are indicated.
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Figure 5. Intracellular signalling events and induction of Bel-2 pro-

tein by B-cell-activating factor (BAFF). Cell lysates were prepared
from MLMA cells treated with 400 ng/ml of BAFF for the periods
indicated and an immunoblot analysis was performed using the anti-
bodies indicated.

(a) 80

Figure 6. Effect of RB-cell-activating factor
(BAFF) on CD40 expression in MLMA cells.

BAFF inhibits apoptosis in B cells

activation of NF-xB2 occurred after the treatment. We
also observed the cleavage of the precursor of NF-xBl
after BAFF treatment (Fig. 5a). We further examined the
activation of other molecules after treatment with BAFF
and found that GSK-3f was transiently phosphorylated
(Fig. 5b). In addition, we observed an elevation in the
level of Bcl-2, an anti-apoptotic protein, after BAFF (reat-
ment,

To investigate the early responses to BAFF in MLMA
cells, global screening of candidate genes whose expres-
sion is regulated by BAFF was performed by employing a
microarray system. First, we selected up-regulated genes
that are expressed in MLMA cells treated with BAFF for
12 hr at a level at least 1-5-fold higher than in untreated
cells. Under these conditions, 178 probes were selected as
up-regulated genes (Table 1). Consistent with the results
of the immunoblot analysis presented in Fig. 5(a), the
gene expression of Bcl-2 was found to be up-regulated by
BAFF treatment (Table 1). Interestingly, the gene expres-
sion of CD40, a member of the TNF-receptor family
involved in B-cell survival, was also increased after treat-
ment with BAFF. The genes that are known to be
involved in anti-apoptotic effect, including Myb, Epstein—
Bart virus (EBV)-induced gene 3 (EBI3), and caspase 8
and FADD-like apoptosis regulator (CFLAR), were also
up-regulated by BAFF treatment.

We further confirmed the increased CD40 protein
expression by flow cytometry (Fig. 6a). Similarly, down-
regulated genes that were expressed in BAFF-treated cells
at a level at least 0-75-fold lower than in untreated cells
were selected. As shown in Table 2, 517 probes were
selected as down-regulated genes. The above results of
global gene expression profiling suggest that the expres-
sion of various types of genes was influenced by BAFF
stimulation in MLMA cells.

(a) MLMA cells cultured with or without
BAFF for 3 days were stained with fluorescein
(FITC)-labelied
antibody (mAb) against CD40 and analysed by

—
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tlow cytometry as in Fig. 1. (b) The inhibitory
effect of CD40 stimulation on
induction was examined. MLMA cells were
treated with 500 ng/ml of CD40-ligand in the
presence of 2-5 ng/mi of interleukin-4 to stim-
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CD40 and BAFF receptor on apoptosis simi-
farly induced as in Fig. 2 were examined.
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Table 1. Up-regulated genes after BAFF stimulation

Affy 1D Gene pame Symbol Fold-change

204798 _at V-niyb myeloblastosis viral MYR 3.6934717
ancogene homolog

207861 _at Chemokine (C-C motif) ligand 22 CCL22 3.2195807

201669 _s_at Myristoylated alanine-rich protein MARCKS 30888734

213138_at
203927_at
239412 _at
205173 _x_at
230543 _at

201932 _at
203835_at
221912 _s_at

205599_at
218470_at
203685_at
202644 _s_at

204897 _at
217728_at
234339 _s_at

226354_at
209680_s_at
206508_at

223319_at
242312 _x_at
207608 _x_at

229437 _at

224468 _s_at
214101 _s_at
208624 _s_at

218819 _at

200648_s_at
210686_x_at

48639 _at
204283_at
1563796 _s_at
219424 _at
213747 _at
205419_at
210978 _s_at
201502 _s_at
207688_s_at
208949_s_at
216252 _x_at
203422 _at
227299 _at

kinase C substrate

AT rich interactive domain 5A

1kBe

Interferon regulatory factor 5

CID58 antigen

Similar to Chloride intracellular
channel protein 4

Leucine rich repeat containing 41

Leucine rich repeat containing 32

Human DNA sequence from clone
RP4-62215

TNF receptor-associated factor |

Tyrosyl-tRNA synthetase 2

B-cell CLLAymphoma 2

Tumor necrosis factor, alpha-induced
protein 3

Prostaglandin E receptor 4 (subtype EP4)

S100 calcium binding protein A6

Glioma tumor suppressor candidate
region gene 2

Lactamase, beta

Kinesin family member C1

Tumor necrosis factor (ligand)
superfamily, member 7

Gephyrin

AV736963 CB

Cytochrome P450, family 1, subfamily A,
polypeptide 2

BIC transcript

Multidrug resistance-related protein

Aminopeptidase puromycin sensitive

Fukaryotic translation initiation factor 4
gamma, 1

DEAD/H (Asp-Glu-Ala-Asp/His) box
polypeptide 26

Glutamate-ammeonia ligase

Solute carrier family 25, member 16

Invasion inhibitory protein 45
Phenylalanine-tRNA synthetase 2
KIAA1970 protein

Epstein—Barr virus induced gene 3
Antizyme inhibitor 1

Epstein—-Barr virus induced gene 2
Transgelin 2

1kBa

Inhibin, beta C

Lectin, galactoside-binding, soluble, 3
Fas

Polymerase {DNA directed), delta |
Cyclin |

ARID3A
NEKBIE
IRF5
CD38
USPIX

MUF1
GARP
MGC1203

TRAFI
CGl-04
BCL2
TNFAIP3

PTGER4
SI00A6
GLTSCR2

LACTB
KIFCI
TNESF7

GPHN

CYP1A2

BIC
MGC13170
NPEPPS
EIF4Gl

DDX26

GLUL

GDA; GDC; ML7; hML7; HGT .,
D10S105E; MGC39851

FLJ12438

FARS2

KIAA1970

EBI3

OAZIN

EBI2

TAGLN2

NFKBIA

INHBC

LGALS3

FAS

POLD}

CCNI

2-9730885
2-6444874
2.6300144
2-3103637
2-4929807

3778253
34398506
-296463

2
2
2

-283286

-2782216
2648098
- 2458956

2:2327275
2-188896
2-1786015

2-12382806
2-1163168
2-0985012

2-:0934503
2-0774355
2019507

19920377
1-9605879
1949555

193053304

1-923604

1-9081395
1-903342

1-8990294
1-8852582
1-.8749646
1-8620349
1-8602847
1-8380037
1-8418014
1-8220907
1-8162365
1-8159895
17921783
1-7856169
1.7854006
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Table 1, (Continued)

BAFF inhibits apoptosis in B cells

Afty ID Gene name Symbol Fold-change
218872_at Hypothetical protein FLJ20607 TSC 1-7839508
205749_at Cytochrome P450, family 1, subfamily A, CYPIAL 1-7801132
polypeptide 1

210514 _x_at HLA-G histocompatibility antigen, class I, G HLA-G 1-780091
211376 _s_at Chromosome 10 open reading frame 86 Cl0orf86 1-7799767
212063 _at CD44 antigen CD44 1.778577
201404_x_at Proteasome {prosome, macropain) subunit, beta type, 2 PSMB2 1-774633
209939_x_at CASP8 and FADD-like apoptosis regulator CFLAR 1-7721851
225775_at Tetraspanin 33 MGC50844 1-7708977
213642_at Ribosomal protein L27 RPL27 1-7626065
209100_at Interferon-related developmental regulator 2 IFRD2 1-7502396
201572_x_at DCMP deaminase DCTD 1-7400836
212642 _s at Human DNA sequence from clone RP1-67K17 HIVEP2 1-7382044
2218066_at TFEB 17346125
204562 _at Interferon regulatory factor 4 1RF4 1-7332152
230660_at SERTA domain containing 4 SERTAD4 1:7324636
229671 _s_at Chromosome 21 open reading frame 45 C2lorf4s 1-7187352
201797 _s_at Valyl-tRNA synthetase VARS2 1-7037842
212857_x_at Similar to hypothetical protein DKFZp434P0316 PC4 1-7007011
225360_at Hypothetical protein PP2447 PP2447 1-6819744
201565_s_at Inhibitor of DNA binding 2 1D2 1-6807232
213113 s_at Solute carrier family 43, member 3 SLC43A3 1-680492
212107 _s_at DEAH (Asp-Glu-Ala-His) box polypeptide 9 DHX9 1-6746678
204211 _x_at Eukaryotic translation initiation factor 2-alpha kinase 2 EIF2AK2 1-6744418
205153 _s_at CD40 antigen CD40 1-67123006
214531 _s_at Sorting nexin 1 SNIX1 1-6710757
226853 _at BMP2 inducible kinase BMP2K 1-6657684
217734_s_at WD repeat domain 6 WDR6 1-6582829
202418 _at Yip] interacting factor homolog A YIF1 1-6526384
203672_x_at Thiopurine S-methyltransferase TPMT 1-6522619
223287 _s_at Forkhead box Pl FOXP1 16494714
205621 _at AlKB, alkylation repair homolog ALKBH 1-6476021
233310_at Clone 25119 mRNA sequence 1-642435
201046_s_at RAD23 homolog A RAD23A 1-6409639
202161 _at Protein kinase N1 PKN1 1-6403072
219347 _at Nudix-type motif 15 NUDTI15 1-6394255
226099 _at Elongation factor, RNA polymerase 11, 2 ELL2 1-6393304
202715_at Carbamoyl-phosphate synthetase 2, CAD 1-6350683
214315_x_at Calreticulin CALR 1-6341119
227371 _at BAll-associated protein 2-like 1 LOC55971 1-6332316
37028 _at Protein phosphatase 1, regulatory (inhibitor) subunit 15A PPPIRISA 1-6298432
223079_s_at Glutaminase GLS 1-6280246
200613 _at Adaptor-related protein complex 2, mu 1 subunit AP2M1 1-6246499
218611 _at Immediate early response 5 IERS 1-6235775
228993 _s_at Programmed cell death 4 PDCD4 16221018
224241 _s_at Homo sapiens ¢cDNA clone IMAGE:2820510 PRO1855 1-6194851
205393_s_at CHK1 checkpoint homolog CHEK1 1-6177739
213826_s_at H3 histone, family 3A H3F3A 1-6139177
202819_s_at Transcription elongation factor B (SIH1), polypeptide 3 TCEB3 1-6136174
212064 _x_at MYC-associated zinc finger protein MAZ 1-613094
218847 _at IGF-11 mRNA-binding protein 2 INP-2 1-6124035
201421 _s_at WD repeat domain 77 MEP50 1-6116982
230509 _at 602041213F1 NCI_CGAP_Brn67 SNX22 1.610629
214383 _x_at Kelch domain containing 3 KLHDC3 1-604017
202265_at Polycomb group ring finger 4 PCGF4 1-6002513

© 2008 Blackwell Publishing Ltd, Immunology, 125, 570-590
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Table 1. {(Continued)

Affy 1D Gene name Symbol Fold-change
200894 _s_at FK506 binding protein 4, 59 kDa FKBP4 1-3997517
202024 _at ArsA arsenite transporter, ATP-binding, homolog | ASNA] 1-5976273
225625_at Similar to hypothetical protein 9330023G02 MGCI0512 1-3957043
224961 _at SCY1-like 2 SCYL2 1-539390683
222774 _s_at Neuropilin (NRP) and tolloid (TLL)-like 2 NETO2 1-5898373
225063 _at Ubiquitin-like 7 (bone marrow stromal cell-derived) BMSC-UbP 1-5887783
218305_at Importin 4 1PO4 1-5878817
204228 _at Peptidyl prolyl isomerase H (cyclophilin T PPIH 1-5876329
224966_s_at Dihydrouridine synthase 3-like (S. cerevisiae) LOC35693] 1-5869961
239364_at Ets variant gene 6 (TEL oncogene) ETV6 1-3839513
206138_s_at Phosphatidylinositol 4-kinase, catalytic, beta polypeptide PIK4CB 1.5855292
209797 _at Transmembrane protein 4 TMEM4 1-5808252
204116_at Interleukin 2 receptor, gamma 1L2RG 1-3777943
205965_at Rasic leucine zipper transcription factor, ATF-like BATF 1:377366
201545_s_at Poly(A) binding protein, nuclear | PABPNI1 1.5768379
205235_s_at M-phase phosphoprotein 1 MPHOSPH1 1-5718083
220924 _s_at Solute carrier family 38, member 2 SLC38A2 1-5694296
208858 _s_at Family with sequence similarity 62, member A MBC2 1-5689234
203235_at Thimet oligopeptidase 1 THOPI 1-5672989
215001 _s_at Glutamate-ammonia ligase (glutamine synthetase) GS; GLNS 1-5667295
224571 _at Interferon regulatory factor 2 binding protein 2 IRF2BP2 1-566219
235759_at EF-hand calcium binding protein | EFCBP! 1-5627139
218092_s_at HIV-1 Rev binding protein HRB 1-5355688
244413 _at Dendritic cell-associated lectin-1 DCALI 1-5547262
209781 _s_at KH domain containing, RNA binding, signal transduction associated 3 KHDRBS3 1-3527176
211965_at Zinc finger protein 36, C3H type-like 1 ZEP36L1 1-3514944
210740_s_at Inositol 1,3,4-triphosphate 53/6 kinase ITPKI 1-5482888
218097 _s_at CUE domain containing 2 CUEDC2 1-54619306
207618_s_at BCS1-like BCSIL 1-3440238
200628_s_ar Tryptophanyl-tRNA synthetase WARS 1-5433701
201490_s_at Peptidylprolyl isomerase F (cyclophilin F) PPIF 1:3432048
222425_s_at Polymerase {DNA-directed), delta interacting protein 2 POLDIP2 1-5430133
240277 _at Solute carrier family 30 (zinc transporter), member 7 SLC30A7 1-5403106
204882 _at Rho GTPase activating protein 25 ARHGAP25 1-:3393674
214784_x_at Exportin 0 XPO6 1-5390915
201801_s_at Solute carrier family 29 (nucleoside transporters), member 1 SLC29A1 1-5378566
202307 _s_at Transporter 1, ATP-binding cassette, sub-family B TAP1 1-5369159
224913 _s_at Translocase of inner mitochondrial membrane 50 homolog TIMMS50 1-53356098
226797_at Mbt domain containing 1 MBTD1 1-5314596
202887_s_at DNA-damage-inducible transcript 4 DDIT4 1-53085
207396_s_at Asparagine-linked glycosylation 3 homolog ALG3 1-5305443
228487 _s_at Ras responsive element binding protein 1 RREBI 1-:5286149
201473 _at Jun B proto-oncogene JUNB 1-5285981
222968 _at Chromosome 6 open reading frame 48 Coorfd8 1-5267475
203879 _at Phosphoinositide-3-kinase, catalytic, delta polypeptide PIK3CD 1-5265557
206181 _at Signaling lymphocytic activation molecule family member 1 SLAMFI 1-5258498
238567 _at Sphingosine-1-phosphate phosphotase 2 SGPP2 1-5248299
223427 _s_at Erythrocyte membrane protein band 4-1 like 4B EPB41L4B 1-5245888
215450_at Small nuclear ribonucleoprotein polypeptide E SNRPE 1-3239984
210428_s_at Hepatocyte growth factor-regulated tyrosine kinase substrate HGS 1:5230072
202968 _s_at Dual-specificity tyrosine-(Y)-phosphorylation regulated kinase 2 DYRK?2 1-5226749
217289 s_at glucose-6-phosphatase G6PT; GSD1a 1-5194279
230466_s_at Mesenchymal stem cell protein DSC96 1-3193534
229204 _at Heterochromatin protein 1, binding protein 3 HP1-BP74 1-5177599
223743_s_at Mitochondrial ribosomal protein 14 MRPL4 15151922
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Table 1. (Continued)

Affy ID Gene name Symbol Fold-change
200706_s_at Lipopolysaccharide-induced TNF factor LITAF 1-5070926
217782_s_at G protein pathway suppressor 1 GPSI 1-53069752
219279 _at DOCK10 1-5061336
215031 _x_at Ring finger protein 126 RNF126 1-5051547
203466_at MpV1i7 transgene, murine homolog, glomerulosclerosis MPV17 1:5044804
203114 _at Sjogren’s syndrome/scleroderma autoantigen 1 SSSCAL 1-3035471
222037 _at MCM4 minichromosome maintenance deficient 4 MCM4 1-5032879
45749 _at Family with sequence similarity 65, member A FL}13725 1-5015459
213224 _s_at Hypothetical protein LOC92482 LOC92482 1-5014849
204171 _at Ribosomal protein $6 kinase, 70 kDa, polypeptide 1 RPS6KBI 1-5013521
219628 _at P53 target zine finger protein WIGI 1-5013262

Table 2. Down-regulated genes after BAFF stimulation

Afty 1D Gene name Symbol Fold-change
223697 _x_at Chromosome 9 open reading frame 64 CYorf64 0-18046121
237461 _at NACHT, leucine rich repeat and PYD containing 7 NALP7 0-1989845
243808 _at Cyclin-dependent kinase 6 CDKé6 0-25961372
212027 _at wn02f07.x1 NCI_CGAP_Ut2 RBM25 027985397
211352_s_at Similar to Hin-2 CAGH16 0-2816477
225569 _at Eukaryotic translation initiation factor 2C, 2 EIF2C2 0-3363239
230128_at Homo sapiens ¢cDNA: FLJ21578 fis, clone COL06726 0-33926746
204698 _at Interferon stimulated exonuclease gene 20 kDa 15G20 0-33949938
222633 _at Transducin (beta)-like 1X-linked receptor | TBLIXRI 0-34330967
242601 _at Hypothetical protein LOC253012 LOC253012 0-35196936
207677_s_at Neutrophil cytosolic factor 4, 40 kDa NCF4 0-35400128
1533499_s_at Serpin peptidase inhibitor, clade A, member 9 SERPINA9 0-37200212
212028 _at RNA binding motif protein 25 RBM25 0-38822186
240798 _at Cut-like 1, CCAAT displacement protein CUTL1 0-39412326
202205_at Vasodilator-stimulated phosphoprotein VASP 0-39878875
212794 _s_at KIAAL033 KIAA1033 0-39967155
230831_at FERM domain containing 5 MGCl4161 0-41499138
222158_s_at Chromosome | open reading frame 121 PNAS-4 0-41996363
213577 _at Squalene epoxidase SQLE 0-42782143
1557953 _at Transcribed locus ZNF36 0-43064588
1558678 _s_at Metastasis associated lung adenocarcinoma transcript 1 MALATI 0-4366038
201291 _s_at Topoisomerase {DNA) H alpha 170 kDa TOP2A 043767774
222186_at Zinc finger, A20 domain containing 3 ZA20D3 0-43876088
225937 _at FP6778 044128555
205967 _at Histone 1, Hdc HIST1H4C 0-44577146
212592 _at Immunoglobulin J polypeptide 1G] 0-45744386
213850_s_at Splicing factor, arginine/serine-rich 2, interacting protein SFRS2IP 0-4588066
201678_s_at DC12 protein DC12 0-46194622
225640 _at Hypothetical gene supported by AK091718 0-4679212
* AFFX-M27830_M_at 0-4755289
225219_at 602071082F1 NCI_CGAP_Brn64 SMADS 0-47642624
207057_at Solute carrier family 16, member 7 SLC16A7 0-48003742
1569344 _a_at Homo sapiens, clone IMAGE:4044872, mRNA 0-48249447
223217 _s_at 1kBz NFKBIZ 048446876
201454_s_at Aminopeptidase puromycin sensitive NPEPPS 0-48679113
213906_at V-myb myeloblastosis viral oncogene homolog-like 1 MYBL1 0-4908449
210970_s_at Inhibitor of Bruton agammaglobulinemia tyrosine kinase IBTK 0-49121413
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