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Tissue inhibitor of metalloproteinases 1 regulation of interleukin-10
in B-cell differentiation and lymphomagenesis
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William G. Stetler-Stevenson, and Maryalice Stetler-Stevenson

Tissue inhibitors of metalloproteinases
(TIMPs), first described as specific inhibi-
tors of matrix metalloproteinases, have
recently been shown to exert growth fac-
tor activities. It was previously demon-
strated that TIMP-1 inhibits apoptosis in
germinal center B cells and induces fur-
ther differentiation. Interleukin-10 (IL-10)
is reported as a vital factor for the differen-
tiation and survival of germinal center B
cells and is also a negative prognostic
factor in non-Hodgkin lymphoma (NHL).

However, the mechanism of IL-10 activity
in B cells and the regulation of its expres-

sion are not well understood. IL-10 has
been shown to up-regulate TIMP-1 in tis-
sue macrophages, monocytes, and pros-
tate cancer cell lines, but IL-10 modula-
tion of TIMP-1 in B cells and the effect of
TIMP-1 on IL-10 expression has not been
previously studied. It was found that

TIMP-1 expression regulates IL-10 levels
in B cells and that TIMP-1 mediates spe-
cific B-cell differentiation steps. TIMP-1

inhibition of apoptosis is not IL-10 depen-

dent. TIMP-1 expression in B-cell NHL
correlates closely with IL-10 expression

and with high histologic grade. Thus,

TIMP-1 regulates IL-10 expression in B-
cell NHL and, through the inhibition of

apoptosis, appears responsible for the

negative prognosis associated with IL-10

expression in these tumors. (Blood. 2001;
97:1796-1802)

© 2001 by The American Society of Hematology

Introduction

Tissue inhibitors of metalloproteinases (TIMPs) are a family of The phenotypic changes induced by TIMP-1 normally occur in
closely related proteins that were first describeds the specific the germinal center during the interaction of B cells and T cells and
inhibitors of matrix metalloproteinases (MMP). However, in addiin proximity to the TIMP-1—containing germinal center strora8

tion to blocking MMP activity, TIMPs have also been shown ta&CD77 expression is highly restricted to germinal-center B lympho-
exert growth factor activities that are independent of their enzgytes and is a neutral glycolipid expressed by a subset of B
matic inhibitory functiort1® We have previously reported on thelymphocytes that readily enter programmed cell dé&thApopto-
high-level expression of TIMP-1 by normal activated tonsillar Bis in these cells is prevented by CD40 engagement and by soluble
cells and centroblast-like Burkitt lymphoma cell linésTIMP-1  CD2322 A model of B-cell maturation has been proposed in which
expression is operative at a specific stage in B-cell developmeéhne ligation of CD40 drives differentiating B cells to lose CD77
and is associated with the germinal center phenotype that occsusface expression and to express membrane and soluble CD23,
with the generation of lymphoblasts.TIMP-1 expression by all of which are associated with an antiapoptotic state. Thus,
tonsillar germinal center B cells is dependent on the germin@lMP-1—by up-regulating the expression of CD40 and CD23
center milieu, with expression decreasing rapidly on in vitrand by decreasing the expression of CD77—is implicated in the
isolation!! Induction of endogenous TIMP-1, or treatment witmormal development of B cells and the survival of normal and
recombinant TIMP-1 protein, effects further B-cell differentianeoplastic B cells.

tion in centroblast-like Burkitt lymphoma cell lines. This is Human interleukin-10 (IL-10) is a cytokine normally pro-
evidenced by the TIMP-1 modulation of expression of thduced by activated T cells, monocytes, B cells, and thymo-
differentiation-specific antigens CD10, CD38, surface immunaytes!® IL-10 contributes to antigen- or mitogen-driven B-cell
globulin (slg), CD77, CD40, and CDZ3. We have also differentiation and, in non-Hodgkin lymphomas, acts as a
previously shown that TIMP-1 inhibits apoptosis in normagrowth factor?324 Activation of CD40 ligand induces IL-10
germinal center B cells and Burkitt lymphoma cell linfédn B secretion and modulates immunoglobulin production. Further-
cells, this is at least partially attributed to TIMP-1 up-regulatiomore, IL-10 is an important factor for the differentiation and
of the antiapoptotic factor Bcl-X However, TIMP-1 may also survival of germinal center B cellS.Because TIMP-1 expres
inhibit apoptosis by regulating the expression of CD40, CD78jon in Burkitt lymphoma cell lines induces a more mature
and CD23. Li et a* have recently demonstrated that TIMP-1phenotype and affects CD40 and immunoglobulin expresion,
inhibits apoptosis in human breast epithelial cells and is inducedpossible effect of TIMP-1 on IL-10 expression was contem-
by the antiapoptotic factor Bcl-2, indicating this effect is noplated. IL-10 has been shown to up-regulate TIMP-1 in tissue
tissue specific. macrophages, peripheral blood monocytes, and prostate cancer
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cell lines2526 put the IL-10 modulation of TIMP-1 in B cells grade) were examined for IL-10 expression because of the availability of
and the effect of TIMP-1 on IL-10 expression have not beegflequate cDNA. ' '
studied. Therefore, we examined the relation between TIMP-1 Amplified products were electrophoresed on a 4% low melting point

and IL-10 expression in a series of cell lines and non-Hodgkﬁ‘gamse gel, and bands were visualized with 2% ethidium bromide and
lymphoma specimens transferred onto a nylon membrane (Dupont-NEN Research, Boston, MA)

by Southern blot analysis. Blots were hybridized using standard conditions
with TIMP-1, IL-10, andB-actin probes labeled wit§{P] dCTP by using a
random primer labeling kit from Gibco BRL (Gaithersburg, MD). Radio-
Materials and methods graphs were scanned by an AGFA Arcus flat-bed scanner, and densities
were determined using NIH Image 1.41.

Cells

The following Burkitt lymphoma cell lines were kindly provided by Dr lanEnzyme-linked immunosorbent assay determinations
Magrath, (National Cancer Institute) or were purchased from ATCg . . .

. . - . ecreted TIMP-1 was quantitated by using a TIMP-1 enzyme-linked
(Rockville, MD): AG876, PAB82, Jijyoe, DW6, Daudi, ST846, and JD38immunosorbent assay (ELISA; Oncogene Research, Cambridge, MA) kit

LXSN retroviral transduction was used to induce TIMP-1 expression in th
TIMP-1- cell line JD38, as describéd. Briefly, TIMP-1 cDNA was tﬁat detects free TIMP-1 and MMP-bound TIMP-1. Secreted IL-10 was

obtained by polymerase chain reaction and subcloned into LXSN by D uantitated using an Immunotech (Westbrook, ME) ELISA kit that detects

recombinant techniques. Empty LXSN or LXSN-TIMP-1 constructs wera" 2" IL-10 and the Epstein-Barr virus (EBV) IL-10 viral homolog. Equal
. : ; numbers of cells (5 1®/mL) were cultured in fresh media. After 48
transfected into packaging cell lines. Nonadherent JD38 cells were %o-

cultured with adherent LXSN or LXSN—TIMP-1 packaging cells (GP ours, cells were centrifuged and supernatants were tested for TIMP-1 or

envAM12) for 48 hours. LXSN and LXSN—TIMP-1infected cells WereIL—lO following the manufacturer’s instructions. All ELISA determinations

selected by using 2500 mg/mL G418 (Gibco-BRL, Rockville, MD) for 1gvere performed 3 times, with triplicate samples within each determination.
days. Individual clones were selected by repeated limiting dilution.
Clonality was confirmed by restriction enzyme digestion witina and ~ Reverse zymography

Southern blot _anal)_/sis, with unique sites of integration detec_ted inthe‘]DI??%talIoproteinase inhibitory activity was assayed by electrophoresis in

clones l.JSEd in this study. JD38 clones have been.stabne for TIMF"gjlyacrylamide gels containing gelatin as matrix metalloproteinase sub-

expression and phenotype for more than 3 years. Cell lines were culture {fite and HT1080 fibroblast culture conditioned media as a source of
; ) . o

RPMI 1640 obtained from Gibco BRL, supplemented with 10% fet atrix metalloproteinase, as previously describeBriefly, 12% or 15%

bovine serum (without serum, as indicated) and antibiotics in 5% @O . . . - .
. ) ) ; ; polyacrylamide gels were prepared with Tris-HCI containing 0.1% sodium
° - 0,
3t73C7:;(C::eIIhs wgrz_alsto :jncubated in AIM-V obtained from Gibco in 5/‘Ecododecyl sulfate (SDS), 2.5 mg/mL gelatin, and 10% (vol) HT1080
a c W e?_ n rl:_:ahe ’ d 10) and | d 21) B-cell fibroblast culture-conditioned media. Aliquots of conditioned media (15
onsecutive high-grade ¢a 10) and low-grade (# 21) B-cell non- L) were suspended in sample buffer (50 mol/L Tris-HCI, 2% SDS, 0.1%

Hodgkin lymphomas were retrieved from the Hematopathology Secti r?omophenol blue, 10% glycerol, pH 6.8) and applied to gels followed by

frozen-tissue bank at the National Ce_ancer I_nstltu_te (Natlon_al Institutes &fectrophoresis at 20 mA/gel. Gels were incubated in 2.5% (vol/vol) Triton
Health, Bethesda, MD). Hematoxylin—eosin-stained sections from t

- ; . ; I9&‘100 for 60 minutes to remove SDS and then were incubated overnight in
original case were reviewed, and complete immunophenotyping wa veloping buffer (50 M Tris-HCl, 0.2 M NaCl, 5 mmol/L CaCD.02%
performed to c_onflrm the d|ag_r105|s. _Immunophenotypmg was _perform t/vol) Brij-35, adjusted to pH 7.6). This restores the matrix metalloprotein-
on frozen sections and paraﬁln sections by the |mmuno_perOX|dase teghe activity, resulting in gelatin degradation. Gels were stained for 3 hours
plque and o_n cell suspensions by flow cytometry. Hl'gh-grade CasES300 methanol, 10% glacial acetic acid, 0.5% Coomassie blue G-250
included 8 diffuse large B-cell lymphomas and 2 Burkitt Iymphomas( io-Rad, Richmond, CA), destained for 1.5 to 2 hours in 30% methanol

LO\_N—grade cases included 8 . small Iymphocync lymphomas and ]a d 10% glacial acetic acid, and dried overnight. TIMPs were visualized as
follicle-center lymphoma (all follicular, nondiffuse, and grade | or II). nondegraded gelatin staining positive with Coomassie blue.

cDNA production
TIMP-1—-IL-10 incubations

Viable frozen-cell suspensions were thawed on ice and RNA extracted ) ) o
using the RNAzol kit (Cinna/Biotecx Laboratories, Houston, TX) andDP38 cglls (3% 106109”5/“-) were incubated in serum-free media with
following the manufacturer’s instructions. RNA was treated with DNAasBOth native recombinant TIMP-1 and reduced and alkylated TIMP-1 (0-500
(Gibco BRL) and subjected to polymerase chain reaction (PCR) &mtin pg/mL) for 24 and 48 hqurs. JD38 cells 31C° ceIIs{mL) were incubated

to confirm the absence of genomic DNA before cDNA preparation. cDNK Serum-free media with 0 to 25 ng/mL recombinant IL-10 (Genzyme,
was prepared using 2g RNA and the superscriptase Il preamplificationC@mbridge, MA). TIMP-1—expressing clones were incubated witg/iL

system for first-strand cDNA synthesis (Gibco BRL, Gaithersburg, Mweutralizing anti-TIMP-1 monoclonal antibody (Oncogene Research Prod-
with the random primers supplied by the manufacturer. ucts). IL-10 was inactivated by incubation with neutralizing antibodies to

IL-10 (0.5 pg/mL) and with 50 pg/mL soluble IL-10 receptor (R & D
Systems, Minneapolis, MN). Incubation with an equivalent quantity of
isotype control antibody protein was performed in each experiment.
TIMP-1 and IL-10 expression was determined by semiquantitative reversenditioned media were collected after 24- and 48-hour incubation in
transcription (RT)-PCR. Multiple quantities of cDNA and cycle numberserum-free RPMI or AIM V medium (Gibco BRL). Supernatants were
were used to optimize the range for PCR determinations. Equal quantitiegfared of cells by centrifugation and, in some experiments, whole cell
cDNA were then used in PCR amplification. The following primers werg/sates prepared using RIPA buffer (150 nM NaCl, 1% NP-40, 0.1% SDS,
used for TIMP-1 RT-PCR: BSATAGTCGACATGGCCCCCTTTGAG 50 mM Tris-HCL, pH 8.0) containing protease inhibitors. Protein concentra-
CCCCTG-3and BGGAATTCCTC AGGCTATCTGGGACCGCAGGGA-  tion of supernatants and whole cell lysates was determined by BCA protein
3'. The following primers (specific for human IL-10; do not amplify viralassay from Pierce (Rockville, IL).

IL-10) were used for IL-10: 5ACCAAGACCCAGACATCAAG-3 and
5'-GAGGTACAATAAGGTTTCTCAAG-3'. B-Actin primers were as fol-
lows: 5-AAGAGAGGCATCCCTCACCT-3 and B-TACATGGCT-
GGGGTGTTGAA-3. Thirty-one B-cell non-Hodgkin lymphomas (10 Cells (1 10° were washed twice in phosphate-buffered saline contain
high grade, 21 low grade) were examined for TIMP-1 expressiomg 1% bovine serum albumin before staining, as descriBedlith
Twenty-seven B-cell non-Hodgkin lymphomas (10 high grade, 17 lofluorochrome-conjugated monoclonal antibodies against the following

Reverse transcription—polymerase chain reaction

Flow cytometric immunophenotyping
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A
501 S0 g Results
3 40 — 40 E TIMP-1 up-regulation of IL-10 expression
% 30 | 30”3 IL-10 expression was studied in a series of Burkitt lymphoma cell
) x lines with known TIMP-1 expressiol¥:.13 Figure 1A shows that
E 20 S IL-10 is expressed and secreted by all TIMPBurkitt lymphoma
g 20 ™ lines studied (AG876, PA682, Jijyoe, DWE). In contrast, TIMP-1
= = Burkitt cell lines do not secrete IL-10 (Daudi, ST846, JD38).
10 — 10 Furthermore, IL-10 expression is proportional to levels of TIMP-1
0 secretion. To determine whether IL-10 expression was dependent
0 > o D 6 e o 5 on TIMP-1 expression, we analyzed the TIMP-Burkitt lym-
‘)\}b o> & & O e{,\ Q"D phoma cell line JD38 transfected by retroviral infection with the
FHF O E N inat
R A2 human TIMP-1 gene. ELISA used for the IL-10 determination also
detected viral IL-10. The EBV Burkitt cell line JD38 offered
B another advantage: we could examine the effects of TIMP-1 and
IL-10 in the absence of viral IL-10. Figure 1B shows the effects of
) TIMP-1 expression, mediated by retroviral vector, on human IL-10
%D 257 expression by JD38 cells. Up-regulation of TIMP-1 induces the
= ] —+ + secretion of IL-10, as shown by 3 independent TIMP-1 clones
=N 20 (clones 8, 20, 24). TIMP-1-induced IL-10 levels are similar to
3 15 those seen in TIMP-1-expressing, IL“1@urkitt cell lines. In
< contrast, TIMP-1 JD38 cells carrying empty LXSN vector and
o 107 parental cells do not secrete IL-10.
: 5 To further determine the role of TIMP-1 in controlling IL-10
£ expression, cells were cultured in the presence of increasing
g JD38 cell Itured in th f
= T T T T ' concentrations of human recombinant TIMP-1 and analyzed for
= JD38 LXSN TIMP-1 TIMP-1TIMP-1 IL-10 secretion. Figure 2A shows that when cells are cultured in
) 200 24
Figure 1. TIMP-1 induces IL-10 expression.  (A) TIMP-1 and IL-10 expression 140
in Burkitt lymphoma lines. A series of Burkitt lymphoma cell lines was examined
for secreted TIMP-1 (M) and IL-10 (CJ). All ELISA determinations were per- S 120 T
formed 3 times, with triplicate samples within each determination. (B) TIMP-1 ~F T e
induction of IL-10. LXSN retroviral transduction was used to induce TIMP-1 g 100 A =
expression in the TIMP-1- cell line JD38 and IL-10 secretion measured by )] 80 4
ELISA (y-axis). o
S 60 3
=
antigens: fluorescein isothiocyanate (FITC)-CD38, FITC-CD20, phyco- 1
erythrin (PE)-CD5, FITC-CD45, PE-CD14, FITC-mouse {géhd PE d 20
1gG, (DAKO, Carpinteria, CA); PE- CD38 (Becton Dickinson, San 0
Jose, CA); PE-CD40 and unconjugated CD77 (Immunotech, Miami,
FL); and FITC-CD10 (Coulter, Miami, FL). Labeled cells were analyzed 0 25 100 200 500
in a Facscan (Becton Dickinson, San Jose, CA) with Cellquest software TIMP-I (ng/mL)
to determine the percentage of positive cells and fluorescence intensity
(ie, quantitation of antibody-staining intensity). After data acquisition, B
fluorescent calibrated beads (Flow Cytometry Standards, San Juan,
Puerto Rico) were used to standardize fluorescence intensity of different 3200'
antigens and data were expressed as molecule equivalent of surface E i —l—
fluorochrome units. = 160 r[—
=1y
£120
Cell viability—proliferation assays = L
— 380
All cells were reviewed microscopically for morphologic evidence of 1
apoptosis such as blebbing and nuclear condensation. Viability was d 40
determined by cellular exclusion of trypan blue. Apoptosis was measured | i
by light scatter as previously descriB&dind by staining with Annexin 0

V-FITC from Caltag (Burlington, CA) according to the manufacturer’s
protocol. To measure proliferation, cells were incubated with bromodeoxyuri-
dine (BrdU) for 30 minutes at 37°C. S-phase and BrdU incorporation were

0

4 40 400
TIMP-1 (ng/mL)

simultaneously detected by flow cytometric analysis of staining withigure 2. Recombinant TIMP-1 induces IL-10 expression by a mechanism

the DNA-binding fluorescent dye propidium iodide— and FITC-labele

gdependent of inhibition of matrix metalloproteinases. TIMP-1~JD38 cells were
INcubated in serum-free media with native recombinant TIMP-1 (A) and reduced and

anti-BrdU (Becton Dickinson, San Jose, CA), according to manufaguyiated TIMP-1 (B) (destroys enzyme inhibitory but not growth factor activity) and
turer’s guidelines. secreted IL-10 measured by ELISA.
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serum-free conditions, exogenous TIMP-1 not only maintains highA
viability (as shown previously) but also induces JD38 cells to
secrete |L-10. Furthermore, inhibition of secreted TIMP-1 in the
TIMP-1-expressing JD38 clone 24 by a neutralizing anti-TIMP-1
antibody results in the decreased expression of IL-10 (data not
shown). This demonstrates that TIMP-1 can regulate the produc-
tion of IL-10 by Burkitt lymphomas. This activity of TIMP-1 on
IL-10 induction is independent of its enzymatic inhibitory function. o 25 25

Figure 2B demonstrates that reduced and alkylated TIMP-1 (a form IL-10 (ng/mL) i ‘ ’
devoid of all MMP inhibitory function but retaining growth factor 0 13 % %
activity!329 can still induce IL-10 secretion in a concentration- IL-10 (ng/mL)
dependent manner. Induction of IL-10 secretion by TIMP-1 is C
evidence supportive of an autocrine loop. We have previously
demonstrated saturable cell surface binding of TIMP-1 to JD38
cells that is consistent with a TIMP-1 recept®This suggests

that TIMP-1 binding to a cell surface receptor mediates IL-10
expression.

(953
<
(=3
e
=
—
—
(24

% Apoptosis

= =

~N W '
Proliferation

Viable JD38 Cells x 10°/mL

Biologic activity of IL-10 versus TIMP-1 in B cells

Viable Cells x 10"/mL

In previous studies we have shown that TIMP-1 is a survival and
differentiation factor for B cell3213These effects could be directly & N o N N R
mediated by TIMP-1 activity or TIMP-1 induction of IL-10. We & & é;" &"‘ & &\;"’
therefore studied the effect of recombinant IL-10 on B-cell . ,b%" & x;,"v\’ q’,,x
differentiation and inhibition of apoptosis. JD38 cells are highly go@ ¥ ol
serum dependent and rapidly undergo apoptosis in Serum-fiee . ;s 1101 and iL-10 inhibit apoptosis in JD38 cells.  (A) ID38 cells (3 x 10°
media. Although rTIMP-1 prevents the induction of programmeﬂzlls/mL) were incubated for 48 hours in serum-free media with 0 to 25 ng/mL
cell death in JD38 cells under serum-free conditibhi, also recombinant IL-10, and viability was determined. (B) JD38 cells (3 X 10° cells/mL)
; _ ; ; e incubated for 48 hours in serum-free media with 0 to 250 ng/mL recombinant
Indu?es ,IL 10 expression. The nu.mber of viable Ce,"S under ser -10. Apoptosis () and proliferation (M) were determined. (C) JD38 cells and
deprivation was dose dependent in the JD38 cells incubated withiQp-1 cione 24 (3 x 10° cellsimL) were incubated for 48 hours in serum-free media
to 25 ng/mL rIL-10 (Figure 3A). However, treatment with rIL-10 atand viability was determined. Viability is shown on the y-axis. JD38: JD38 cells
concentrations observed in TIMP-Icell lines did not prevent incubated in serum-free media. JD38 + TIMP-1: JD38 cells incubated with 143 nM

. . . . rTIMP-1. JD38 + IL-10: JD38 cells incubated with 24 ng/mL rIL-10. Clone 24:
apOptOSIS_ of the TIMP-‘;L.JD3$ CQ||S in serum-free media (FlgureTlMP-l—expressing JD38 clone. 24 + aTIMP-1: TIMP-1—-expressing clone 24 was
3B). II-10 increased proliferation in the cells, as measured by Brdhéubated with 1 jg/mL neutralizing anti~TIMP-1 monoclonal antibody. 24 + alL-10:
incorporation (Figure 3B-C). AIthough the differences in BrdUL-10 was inactivated in TIMP-1-expressing clone 24 by incubation with neutralizing
. . P ntibodies to IL-10 (0.5 pg/mL) and with 50 pg/mL soluble IL-10 receptor. Incubation
mcorporatlc_)n are r_nOdeSF’ they are _Slgmflcant and Only_represe'ﬁit equivalent quantity of isotype control antibody protein was performed in each
30-minute incubation. Differences in the number of viable cellgperiment.
were observed after 48 hours, a much more sensitive indicator of
the action of IL-10. Thus, the increased number of viable cells was _ _
attributed to increased cell growth in the presence of identicgi Of these Burkitt lymphoma cells is prevented by the presence of
levels of apoptosisl A|th0ugh IL-10 has been reported to preve.-ﬁwhp'l alone, Wh.el'eas IL-10 stimulates cell prOll.feratlon. Neutr.al-
germinal center B-cell apoptosi this effect is differentiation ization of IL-10 in the presence of TIMP-1 did not result in
dependent—IL-10 also induces B-cell apoptosis in specific B-célfogrammed cell death. _ o
populations®! It is apparent that it is TIMP-1, not IL-10, that TIMR-l gffects further B-cel_l dlﬁerentlatlo.n, and TIMP-1—
prevents apoptosis in the current model; rTIMP-1 prevents apopfPressing lines are mature, activated B cells in a pre—plasma cell
sis and IL-10 has been shown to induce TIMP-1 expression #@ge* Induction of TIMP-1 (Figure A-B) or addition of recombi-
monocytes and prostate cancer c&li& To determine whether nant TIMP-1 protein down-regulates CD10, CD38, CD77, and
IL-10 induces TIMP-1 in B cells, we analyzed the supernatant §trface immunoglobulins while up-regulating CD23 and CD40 in
IL-10-treated cells for TIMP-1 protein by both ELISA and reverséD38 cells. Neutralization of TIMP-1 by anti-TIMP-1 antibody
zymography (data not shown). In addition, RT-PCR for TIMP-{everses this effect (F_lgure 4;). The induction of a more mature
cDNA was performed on the IL-10-treated cells. IL-10 inductioRhenotype may be a direct action of TIMP-1 or secondary to IL-10
of TIMP-1 was not observed by any of the methods used. To furth@¥Pression. Therefore, we incubated JD38 cells with riL-10 and
prove that TIMP-1-mediated inhibition of apoptosis occurs indepefnalyzed for the changes in immunophenotype. We did not observe
dently of IL-10, JD38 clones 20 and 24 (positive for both TIMP-8NY changes in levels of expression of CD40, CD10, or CD77 after
and IL-10 expression) were incubated in serum-free conditions ff¢ addition of IL-10 to TIMP-1 parental JD38 cells (Figure 4D).
the presence of both IL-10 neutralizing antibody and |L-1d his demonstrates that TIMP-1 regulation of these antigens is not
receptor blocking (nonactivating) antibody (ie, IL-10 activitycaused by IL-10 but is, in fact, dependent on TIMP-1 acting
simultaneously blocked by 2 methods). After the addition of bot#irectly or through an IL-10 independent pathway.
neutrahzmg antlbodlgs, thg JD3§ clones 20 and 24 did no.t.underlg)gpression of TIMP-1 and IL-10 in B-cell
apoptosis (TIM.P.-l is §t||| actlye). However, thg addltlon OFon-Hodgkin lymphoma
TIMP-1-neutralizing antibody did induce apoptosis (Figure 3C).
Isotype controls for anti—IL-10, anti—IL-10 receptor, and antiFhe in vitro effects of TIMP-1 on the survival and induction of
TIMP-1 antibodies did not induce apoptosis. In summary, apoptti-10 by B cells could have important implications in the clinical
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Figure 4. TIMP-1 induces further B-cell differentiation in IL-10-independent
manner: Y axis: Cell number. X axis: Log fluorescence staining with FITC-labeled
antibody. Dotted lines indicate staining with isotype control. Solid lines indicate
staining with anti-CD77. (A) Expression of CD77 in JD38 cells (do not express
TIMP-1 or IL-10 protein). Cells express CD77. (B) Expression of CD77 in TIMP-1
JD38 clone 24 (expresses and secretes TIMP-1 and IL-10). Cells are negative for
CD77 (0% positive for CD77). (C) Expression of CD77 in TIMP-1 JD38 clone 24 after
48-hour incubation with neutralizing anti-TIMP-1 antibody (no active TIMP-1). CD77
expression up-regulated. (D) Expression of CD77 in JD38 cells incubated with rIL-10
(no TIMP-1, active IL-10). Cells express CD77 (23% of the cells stain higher with
anti-CD77 than with isotype control).

behavior and response to therapy of B-cell malignancies. IL-10 ‘3 0.8 /L[]
expression has been associated with a poor prognosis in non—
Hodgkin lymphoma and may be important in the development of Y 0.6 - 1
B-cell neoplasia. These findings prompted us to determine the

relation between TIMP-1 and IL-10 expression in a series of B-cell i 04 -

non-Hodgkin lymphoma of either high grade£n10) or low grade
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Discussion

B-cell differentiation follows a complex series of steps and is
tightly regulated. Naive B cells are produced in the bone marrow
and travel to T-cell-rich extrafollicular areas, where they may be
stimulated to proliferate by T cells and antigen-presenting interfol-
licular dendritic cell$’?33 Stimulated B cells invade germinal
centers to either undergo apoptosis or to differentiate into highly
proliferative CD77-expressing centroblasts. The factors controlling
the process of B-cell differentiation versus apoptosis in the
germinal center are not completely understood. Stimulated T cells
play an important role in B-cell stimulation. Germinal center
stromal cells, such as follicular dendritic cells, are also essential for
germinal center B-cell survival and differentiation. Proliferation
within the germinal center is dependent on CD40 activation and on
IL-2 and IL-4. CD40 activation is important in the early survival of
these cells because CD40 engagement drives B cells to lose CD77
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(n = 21) using semiquantitative RT-PCR normalized foactin E 0.2 -
expression. A statistically significant differende< .00001) in the ~ H
expression of TIMP-1 is observed between high- and low-grade 0 : 1

tumors (Figure 5A), as determined by the Wilcoxon rank sum test. .
In high-grade B-cell lymphomas, 100% had high level TIMP-1 ngh Grade Low Grade
(greater than 0.7 relative density units). All low-grade tumors were

either negative for TIMP-1 (& 2 of 21) or had low level B
expression (19 of 21; 90%), as determined by less than 0.65 relative 14
density. These data clearly establish a direct correlation between;‘ 0.9 -
TIMP-1 expression and the histologic grade of B-cell lymphomas g 0.8 M
and further support our hypothesis that TIMP-1 may play arole in ¢ :
the pathogenesis of B-cell ymphomas. a 0.7
The same lymphoma cases were examined for human IL-10 © ¢ |
MRNA by semiquantitative RT-PCR using primers that specifically E ¥
detect human IL-10 mRNA, and not viral IL-10. IL-10 levels are 'C_q 0.5 1
strongly associated with tumor grade € .00001) by the Wil- L 04
coxon rank sum test. As demonstrated in Figure 5B, all high-grade‘zl 0.3
lymphomas expressed IL-10, whereas only 4 of 17 (23.5%) © )
low-grade lymphomas were positive. There was a high correlation ™' 0.2 A
between TIMP-1 and IL-10 expression in these tumBrs-(.00001; ;ﬁ 0.14M
Fisher exact test). Data from our in vitro studies demonstrate that 0
IL-10 expression correlates with and is dependent on TIMP-1 0 T !
expression. Clinical data on B cell ymphomas further demonstrate ngh Grade Low Grade

a strong correlation between TIMP-1 expression, IL-10 expression,

Figure 5. TIMP-1 and IL-10 expression in B-cell non-Hodgkin lymphoma. (A)

and hi3t0|09ic grade. Together these data SUQQESt that TlM% elation of TIMP-1 expression, by RT-PCR, with histologic grade in B-cell
controls the expression of IL-10 in B-cell tumors. In view ofnon-Hodgkin lymphoma. Y-axis: relative density of TIMP-1 versus beta actin bands. A

TIMP-1 antiapoptosis activity in B cellf$, TIMP-1 may affect

significant difference is noted between high- and low-grade tumors (P < .00001). (B)
Correlation of IL-10 expression, by RT-PCR, with histologic grade in B-cell non-

prognosis by determlnlng the expression of factors involved in tl’ﬂ%dgkin lymphoma. Y-axis: relative density of IL-10 versus beta actin bands. A

survival and growth of B-cell tumors.

significant difference is noted between high- and low-grade tumors (P < .00001).
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IL-10 secretion and to modulate immunoglobulin production. On " @

stimulation with IL-10 in conjunction with CD40 activation, \ Val v Centroblast

centroblasts differentiate into nonproliferating centrocytes, with TIMP-1
down-regulation of CD77 and up-regulation of CD40. Because Macrophages, \ l
T

(a neutral glycolipid associated with susceptibility to apopto-
sis)19-21Activation of CD40 by its ligand is also reported to induce

TIMP-1 alone affects all these changes, CD40-induced B-cell Monocytes,

differentiation may be dependent on TIMP-1. Centrocytes can’crminal Cente oo D40
differentiate into either memory cells or plasma cells, and IL-10 2 IL-10 —

and CDA40 are both important in this procé&g’ Centrocyte

TIMP-1 expression by B cells is dependent on their environ- /

Stromal Cells
9

ment and on their state of differentiation. We have demonstfated
that TIMP-1 is expressed by isolated germinal center B cells and o CD40* CD40
that expression decreases rapidly, within 24 hours, under conven- CDAOL
tional culture conditions. Cell death on the culturing of isolated .

. . L . CD40 activated
germinal center B cells is coincident with decreased TIMP-1

expression by these B celi3.Addition of exogenous TIMP-1 Activated T cells l
prevents the germinal center B-cell apoptosis that normally occurs

in vitro. Therefore, germinal center B cells express TIMP-1 in the @
appropriate environment, and TIMP-1 inhibits programmed cell

death in these cells, indicating that TIMP-1 plays an important role Plasma Cell

in germinal center B-cell survivap Culturing of the isolated B Figure 6. Model for TIMP-1 control of B cell differentiation from the centroblast

cells with germinal center stromal cells also prolongs their survivatl?.plasma cell

This observation is interesting because TIMP-1 is expressed by

germinal center stromal cells and macropha3@sThus, germinal Stromat*>*® Therefore, a view of B-cell differentiation evolves
center stromal cells may promote B-cell survival directly by which germinal center environment induces TIMP-1 expres-
secreting TIMP-1 or possibly by stimulating germinal center §ion in dlfferentlatlng_ B cells. This effect could be initiated or
cells to produce TIMP-1. In addition to promoting survival@ugmented by germinal center stromal cell TIMP-1. TIMP-1
TIMP-1 affects germinal center B-cell differentiation by upihen inhibits apoptosis and directly induces further B-cell
regulating CD40 and CD23 and down-regulating cBypur differentiation. TIMP-1 also induces IL-10 expression, which,
current study demonstrates that TIMP-1 induces IL-10 expressidf, the presence of CD40 ligand activation, results in further
an important step in B-cell differentiation. Furthermore, it idlifferentiation to the plasma cell stage. T cells and monocytes
TIMP-1, not IL-10, that regulates the expression of CD40 cp7$an affect B-cell differentiation by the secretion of IL-10, which
and CD10. IL-10 cannot substitute for TIMP-1 in its actions. This igl'(l)l\t/IF(’)r:]LIy stlmulgtes bB-ceII dlffehrentlatlond but also |ndu_|(_:ss
consistent with previous studies indicating that CDgerminal "L €Xpression by macrophages an mpnocytes. nus,
center B cells do not express IL-3#9.0ur data indicate that TIMP-1 may play a pivotal role in humoral-mediated immunity

exogenous IL-10 promotes proliferation of the centrocytes in ttp ag%n;r(?:;lngaB'ge_:_llIc\j/:giigﬁi?ennzrr%?;éhdeiscfgtrgﬁ:aarzt dt?rr:r:i-
absence of TIMP-1 but that TIMP-1 alone is able to inhibif; ge. play

: . . nity.*2 However, B-cell function has n n ied in th
apoptosis and to induce further differentiation in these cells. Basr%éze owever, B-cell function has not been studied in these

on these data, it appears that TIMP-1 plays an important role in IL-10 is a strong B-cell activator and is proposed to act as an

B-cell differentiation. Previous reports of the effects of IL-10 ang i, q/jne growth factor in certain non-Hodgkin lymphorfa':3°
CD40 activation in normal germinal center B cells were likel

biased by th f inating TIMP-1 f total ¥ has been proposed that IL-10 can contribute to B-cell malignant
lase y.t e presgnce _O contaminating ) rom etal ¢ isorders, in particular those associated with EBV infection,
serum, which contains high levels of TIMP-1, or germinal Cem%rough B-cell activation or immunosuppressnTIMP-1 is

stromal cells, which expresses TIMP-1. Monocytes or tissyg,qtant in the growth and survival of B cells, and, in the current
macrophages, which express TIMP-1 on IL-10 stimulaffamight 54,y \e have shown that TIMP-1 can regulate IL-10 expression in
also have been present. These studies should be interpreted Withe|is. To examine the clinical relevance of this correlation, we
caution because observed effects may, in part, result from TIMPsg, died the relation between TIMP-1, IL-10, and tumor grade in a
in the growth media from exogenous (serum) or endogenoygyies of high-grade and low-grade B-cell lymphomas. We found a
(IL-10-stimulated macrophage) sources. highly significant correlation between TIMP-1 expression and
We hypothesize that TIMP-1 expression is induced igjstologic grade. This is consistent with previous findiigand

centroblasts by the appropriate germinal center environment ggglicates that TIMP-1 may be a negative prognostic indicator in
that TIMP-1 not only inhibits apoptosis but also inducegon-Hodgkin lymphoma. Furthermore, TIMP-1 expression in this
differentiation to the centrocyte stage. TIMP-1 induces IL-1@eries of B-cell non-Hodgkin lymphomas correlates with human
expression (Figure 6) and up-regulates CD40, which makes tfig, not EBV) IL-10 expression. TIMP-1 appears to play a role in
cells responsive to CD40 activation. In CD40-activated B cellg-cell neoplasia and may up-regulate 1L-10 in these tumors.
IL-10 is known to induce cell proliferation and to stimulate théecause TIMP-1 is known to inhibit apoptosis, the reported
further differentiation of B cells into plasma cells. The phenoassociation of IL-10 with a negative prognosis may be a function of
typic changes induced by TIMP-1 normally occur in thehe association of IL-10 with TIMP-1 expression in addition to
germinal center during the interaction of B cells and T cells anltl-10 activity as a proliferation factor.

in proximity to the TIMP-l-containing germinal center The mechanism(s) of IL-10 action in B-cell tumors and in
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normal B-cell maturation is poorly understood. Because thekéstologic grade with TIMP-1 and IL-10 expression. Furthermore,
mechanisms are crucial to understanding B-cell differentiation ahid10 expression directly correlates with TIMP-1 expression in
because they are potential therapeutic targets for B-cell lymphbese tumor samples. These observations confirm previous reports
mas, they are actively studied by a number of investigators. In tb&élL-10 as a negative prognostic indicator in lymphoma. However,
current study, we have shown that TIMP-1 regulates IL-106ur data indicate that TIMP-1 expression controls IL-10 expression
production in B cells and that the induction of TIMP-1 expressioand is responsible for the poor prognosis in these tumors. Addi-
may be a key effector in the regulation of IL-10 in B-celltional studies are needed to determine the specific role TIMP-1

malignancies. In addition, there is a strong correlation of higblays in the development of B-cell malignancies.
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