
Abstract. Background: The B-1 malignancy, CLL has been
associated with a failure to undergo apoptosis and increased
endogenous IL-10 production. This study was undertaken to
identify IL-10 effects in the NZB murine model of CLL.
Materials and Methods: Antisense IL-10 was employed in vitro
and in vivo to decrease IL-10 protein. Following treatment,
cells were analyzed for alterations in cell cycle and RNA was
studied for alterations in gene expression. Additional in vivo
studies employed NZB mice in which the IL-10 gene was
deleted. Results: IL-10 (-/-) knockout NZB mice
overwhelmingly failed to develop leukemia. In vitro antisense
IL-10 treatment resulted in a G2/M block and apoptosis and
in vivo treatment with antisense IL-10 increased the survival
of mice. Microarray analysis indicated a significant role for IL-
10 in cell cycle regulation via cdc25C up-regulation and
decreased p47phox redox activity. Conclusion: In summary, IL-
10 is a critical survival factor for malignant B cells via anti-
apoptotic and cell cycle effects.

CLL is characterized as a malignant expansion of B-1 cells,

a subset of B cells which express features normally found

on other hematopoietic cells, i.e. CD5 (T lymphocytes) and

Mac-1/CD11b (macrophages) (1). B-1 cells are found

predominantly in the peritoneum and clonal expansion of

B-1 cells in the peritoneum has been implicated in CLL,

the most common leukemia in the western world (2). B-1

cells compose a minor fraction of splenic B cells and are

not normally present in lymph nodes. In contrast, they are

the main B cell population in the peritoneal and pleural

cavities. (1).

The role of IL-10 in cancer has been somewhat

controversial. In one report, apoptosis was observed after

treating B-CLL samples with IL-10 in vitro (3). Other

laboratories have since found IL-10 in B-CLL samples and

did not find IL-10 to be associated with apoptotic induction

(4-7). Although initially termed "cytokine synthesis inhibitory

factor" (CSIF) and characterized as a product of T helper 2

(Th2) cells that down-regulated interferon gamma in mice

(8), IL-10 is now well known to have complex effects on

many cell types (see review) (9). When analyzing CLL

patients by ELISA, serum IL-10 levels were higher in CLL

patients (median 5.04 pg/ml) than in normal volunteers

(median undetectable, n=55) and increased IL-10 was an

independent prognostic factor for decreased survival (10). 

In order to examine the role of IL-10 in the protection of

malignant cells from apoptosis, the NZB strain of mice, a

murine model of CLL (2), was employed. Previous studies

of the NZB have established that IL-10 is produced in an

autocrine manner by the malignant B-1 cells in NZB (11-

16). As a source of NZB malignant B-1 cells, an in vitro
established line, LNC, (11) was used. LNC has previously

been shown to express high levels of IL-10 and following in
vivo transfer to result in a fatal B-1 malignant expansion. In

contrast to wild-type, NZB IL-10 (-/-) knockout mice

overwhelmingly fail to develop leukemic symptoms (12).

Microarray analysis of DNA can provide unprecedented

clues into biological processes with great accuracy (17).

Therefore, in this manuscript RNA was obtained from:

untreated, antisense IL-10 or scrambled oligo-treated LNC,

an NZB malignant B-1 cell line, and employed in microarray

experiments. In this report, several new pathways influenced

by IL-10 are elucidated. 

Materials and Methods

Mice. NZB and BABL/c mice were obtained from Jackson

Laboratory (Bar Harbor, ME, USA), and aged at the NJMS/UMDNJ

research animal facility under specific pathogen-free conditions.

Congenic NZB IL-10-deficient mice (IL-10 KO) were generated

from IL-10 mice deficient on a C57BL/6 background (mice kind

gift of Dr. Werner Muller, GBF Braunshweig, Germany) and

backcrossed 8 times by speed congenics using a marker-assisted
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selection protocol for breeding (12). IL-10 KO mice were

maintained by breeding heterozygous pairs to generate +/+, +/-

and -/- progeny. IL-10-deficient mice were identified by DNA

from tail clippings and RT-PCR for IL-10. NZB X DAB/1F1 mice

(bred at NJMS) were used as recipients of NZB-derived B-1

malignant cells. Mice were employed at the indicated ages and,

following the treatment outlined below, spleen and peritoneal

cells (PWC) obtained.

Cell lines. LNC cells, an in vitro established line, obtained from the

lymph node of a year old NZB mouse with CLL (11), were used as

a source of malignant B-1 cells. HU-1 cells (fibroblastic) were

obtained from the spleen of a 10-month-old IL-10 KO mouse and

spleen cells from an age-matched NZB WT was used for the NZB-3

cell line. All in vitro cell lines were maintained in Iscove’s modified

Dulbecco’s medium supplemented with 10% fetal calf serum, 200

mM L-glutamine and a 1% solution of penicillin, streptomycin and

fungizone (Gibco BRL, Rockville, MD, USA). All experiments

were performed with initial cell viability >90%.

Flow cytometry. Flow cytometry was used to detect surface marker

expression, cell cycle changes and apoptosis. Cell cycle was

detected by staining the DNA with propidium iodide (PI),

(Calbiochem, San Diego, CA, USA). For PI staining, 1 x 106 cells

were stained with hypotonic PI (0.05 mg/ml PI, 0.1%Triton X-100).

FACS data were acquired on a Becton Dickinson FACS caliber

with a 488-nm argon laser. Acquisition was done using CELLQuest

software (Becton Dickinson, San Jose, CA, USA), and analysis was

performed using ModFit LT software (Verity House Inc.,

Topsham, ME, USA). Apoptotic cells were calculated from the

subG1 fraction as previously described (18). Additional apoptosis

analysis employed double labeling with 1 Ìg/ml annexin-FITC

(Caltag Lab, Burlinghame, CA, USA) and PI (isotonic) (19). In

experiments involving in vivo treatment with IL-10, peritoneal

lavage cells were obtained and stained with CD5-PE, CD19-APC

and anti-BrdU-FITC. Fluorescein (FITC)-labeled antisense or

scrambled oligonucleotides (see below) were employed to treat

LNC at various concentrations for flow analysis of oligo uptake.

Two ÌM FITC- treated LNC were used as a negative control. Cells

were fixed in 2% paraformaldehyde and individual cells were

analyzed for fluorescence by flow cytometry. 

RT-PCR. Transcriptional determinations by reverse transcriptase

polymerase chain reaction (RT-PCR) were made via RNA isolation

(RNeasy mini-kit, Qiagen, Valencia, CA, USA). cDNA production

was performed with Amplitaq Gold (Roche, Indianapolis, IN, USA).

The primers were obtained from Operon (Alameda, CA, USA) or

the UMDNJ Molecular Resource Facility, after a BLAST search and

are as follows: IL-10 (5’ CGGGAAGACAATAACTG 3’ upstream),

(5’ ATTTCCGATAAGGCTTGG 3’ downstream) and HPRT (5'

GTTGGATACAGGCCAGACTTTGTTG 3' upstream), (5' GATT

CAACTTGCGCTCATCTTAGGC 3' downstream). Following PCR

reaction, the amplicons were electrophoresed, stained with ethidium

bromide and analyzed with a fluorimager (Molecular Dynamics,

Sunnyvale, CA, USA). 

Antisense oligonucleotide treatment in vitro. Phosphorothioate

derivitized oligonucleotides were synthesized by Operon (Alameda),

and added to cells at a concentration of 20 ÌM. The IL-10 antisense

sequence (ASN) was: (5’ CATTTCCGATAAGGCTTGG 3’) which

binds to nucleotides 315-333 on the IL-10 mRNA (GenBank

accession number M37897). For control oligonucleotides, scrambled

sense was utilized: (SCR IL-10): (5’ TTACTCGCTAAAGCGGTGT

3’) The ASN IL-10 sequence has previously been shown to

demonstrate an optimal decrease in IL-10 production in vitro (20). 

IL-10 and antisense IL-10 in vivo treatment. BALB/c mice (age 4

months) were injected i.p. daily for 7 days with 200 Ìl (200 Ìg IL-

10) of culture supernatant from P815 cells transfected with IL-10 or

from P815 transfected with empty vector, as previously described

(13). Four hours prior to obtaining peritoneal washout cells, the

mice were injected with 100 Ìl of 10 mg/ml BrdU. For antisense

studies, (NZB X DBA/2) mice (age 3 months) received an Alzet

mini-osmotic pump (implanted s.c.) which delivered 300 Ìg/day of

oligo for 4 weeks (pumps replaced with fresh oligo-containing

pumps at 2 weeks) containing either antisense IL-10 or scrambled

antisense. The mice received a transplantation of 20 x 106 LNC

(i.v.) cells on the same day the pump was implanted. Transferred

malignant B cells normally results in the in vivo expansion and

death of the recipient at 30-45 days. Mice were killed when disease

progression was apparent and survival day recorded and all aspects

of humane animal use were reviewed and approved by IACUC.

Transmission electron microscopy. Cells were washed with PBS

and pelleted. The cell pellet was resuspended in 2.5%

gluteraldehyde and left for 1hour. The fixative was decanted, and

the pellet was allowed to stand in 0.1M sodium phosphate buffer

for 30 minutes. The buffer was decanted and the pellet was

broken up into 1 mm pieces, which were cut in a Nova Ultrotome

(LKB, Broma, Sweden) and mounted on 200 mesh copper grids,

stained with a solution of 1% uranyl acetate/0.1% methanol, and

examined according to standard procedures on a Philips 201

electron microscope. 

Histological examination and image acquisition. Fresh frozen

sections were cut into 5 micron sections, stained with Hematoxylin

and Eosin (H&E) and gradually dehydrated until fixed in 100%

xylene. Computerized images of H&E- stained glass slides were

obtained using a Leica DM-RB compound microscope (Leica

Microskopie und System Gmbh, Germany) with a 10x PL Fluotar

lens and the "Image Pro Plus Version 4.0 for Windows" image

processing and analysis system (Media Cybernetics, Silver Springs,

MD, USA). Digitized images were acquired by a DEI CE color

camera (Optronics, Goleta, CA, USA) and processed by a

Microsoft NT Workstation on a Trinitron Pentiumì III computer.

Optical images were obtained by adjusting the zoom, brightness

sharpness and contrast to achieve optimal definition. 

Gene chip analysis. Affymetrix gene chips for mice (U74A,

Affymetrix, Santa Clara, CA, USA) were used to assay differential

RNA expression between 24-hour treatment of AS IL-10, SS IL-10

and untreated LNC cells. The cRNAs were prepared from 12 Ìg of

cytoplasmic RNA (RNeasy mini-kit, Qiagen) according to the

manufacturer’s instructions. Data was analyzed in Excel (Microsoft,

Redmond, WA, USA). The original fold change data are stored in

the NCBI microarray database (http://www.ncbi.nlm.nih.gov/geo/) as

GSE1108. Genes were determined differentially expressed by

antisense treatment if the Affymetrix analysis absolute call

determined a difference, the fold change absolute value was greater

than 2 when compared to untreated and the absolute value difference
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Figure 1. IL-10 knockout mice. Histological examination of cells and tissue obtained from NZB IL-10 KO (upper panel) and NZB mice (lower panel).
A and C, H&E stain of intestines show inflammation in the NZB IL-10 KO (-/-) but not an age-matched NZB. Arrow indicates cellular infiltration and
inflammation. B and D, Analysis of pertioneal populations. Peritoneal cells from NZB IL-10 KO (-/-) and wild-type NZB were analyzed by transmission
electron microscopy (TEM).

Figure 2. In vivo IL-10. BABL/c mice were injected daily with 200 ng IL-10 (top panel) or control supernantant (bottom panel) followed by injection
of BrdU (4 hours prior to lavage) and peritoneal washout cells were obtained on Day 7. Cells were stained with anti-CD19, anti-CD5 and anti-BrdU.
Single histograms have markers to indicate CD19-positive population and arrow indicates increase in CD19 B cells following IL-10 treatment. Dual
histograms are stained with CD5 (y axis) and BrdU (x axis). Box indicates cycling CD5-positive cells in the mice treated with IL-10. The numbers to the
right are the percent of cells in each quadrant.



was greater than 2 when compared with scrambled oligo treatment.

Information on each differential gene was obtained from Unigene

(<http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=unigene>).

Pathway analysis was performed at the Affymetrix web site

(www.affymetrix.com <http://www.affymetrix.com>) with the Gene

Ontogeny Mining Tool (GO) (21, 22). 

Results

Histological analysis of NZB and NZB IL-10 KO. Because

IL-10 has been reported to be elevated in CLL, we

investigated the impact of removing IL-10 in the NZB

mouse model of this disease by creating NZB in which the

IL-10 gene was knocked out (NZB IL-10 KO). Histological

examination of the intestines from NZB and NZB IL-10 KO

mice supports the known anti-inflammatory role for IL-10

in controlling inflammatory bowel disease (IBD). Similar to

a previously reported analysis of intestines from mice devoid

of IL-10 (23), the NZB IL-10 KO mice also had cellular

infiltration in the intestines typical of an inflammatory

process, indicated by the arrow (Figure 1A). In contrast,

NZB, which develops auto-immunity and lymproliferative

disease, had an apparently healthy intestine (Figure 1C). 

To further analyze the role of IL-10 in the disease

processes specific to NZB, the peritoneal lavage was

analyzed. Peritoneal cells (PWC) from NZB IL-10 KO (-/-)

were compared to NZB by transmission electron microscopy

(TEM). NZB IL-10 KO peritoneal cells showed the

presence of diverse cell types including macrophages and

resting lymphocytes (Figure 1B). In contrast, NZB had a

monotonous field of homogenous-appearing resting B cells

(Figure 1D) characteristic of the clonal expansion of

malignant B cells. In summary, microscopic examination

clearly illustrated malignant B cell clonal expansion in the

NZB, which was absent from the NZB IL-10 KO.

In vivo effects of IL-10 administration. Since previous reports

had shown that B-1 cells produce and respond to IL-10 in

CLL (4), we wished to investigate the effect of in vivo
administration of IL-10 which might serve to increase B-1

cells in the peritoneum specifically. BABL/c mice were

injected i.p. with IL-10 and the peritoneal wash examined

for the presence of CD19- positive B cells. In addition,

detection of in vivo dividing cells was accomplished by

injection of BrdU to identify cells undergoing DNA

replication. Mice that received IL-10 had increased numbers

of B cells (Figure 2), which resulted in an increase in the

number of peritoneal B cells following the administration of

IL-10. The increase in CD5 dull BrdU+ cells was nearly

double as well, indicating that exogenous administration of

IL-10 increased the proliferation of peritoneal B-1 cells. 

In vitro antisense IL-10 treatment. Based on the above results,

IL-10 appears to play a pivotal role in the development of

B-1 malignancy. We next investigated the effects of removing

IL-10 in an already developed B-1 malignant cell. We have

developed several techniques to reduce IL-10 levels

including: antisense IL-10 oligonucleotides as well as RNAi

oligos, which result in decreased IL-10 protein production.
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Figure 3. Antisense IL-10 in vitro. (A) LNC cells were treated with varying doses of either scrambled (Scr) or antisense (Asn) IL-10 and assayed for cell
number at 48 hours. The gray bar is scrambled sense as a negative control and hatched bars represent antisense treatment. X-axis represents ÌM of oligo
treatment, y-axis is mean cell counts and error bars indicate standard errors of the mean. (B) FITC-labeled IL-10 antisense (5-20 ÌM) uptake by LNC
as measured by flow cytometric analysis. X-axis represents ÌM of oligo treatment, y-axis is mean percent of highly fluorescent cells 24 hours post exposure
to FITC-tagged oligonucleotides. FITC column (black bar) was treated with 2 ÌM FITC as a negative control, hatched bars represent antisense treatment.



The antisense oligos act in a dose-dependent manner. LNC

were treated with varying amounts of oligonucleotides and

analyzed for cell growth. Antisense IL-10 treatment reduced

cell growth in a dose-dependent manner (Figure 3A),

whereas the scrambled sequence failed to inhibit

proliferation. In order to examine the uptake of IL-10

antisense, FITC-labeled IL-10 antisense was employed at

various doses. The uptake occurred in a dose-dependent

manner (Figure 3B). Cells treated with 2 ÌM FITC were

employed as negative controls. Based on these results, a

concentration of 20 ÌM antisense IL-10 was employed to

study the induction of apoptosis. Annexin V staining, which

measures membrane changes indicative of early stage

apoptosis, increased with time in cells treated with antisense

IL-10 and this was not observed in the control oligo-treated

cells (Figure 4). In addition to increased annexin staining,

cells treated with antisense IL-10 had decreased proliferation

and reduced cell counts (data not shown).
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Figure 4. Apoptosis induction by antisense IL-10 in vitro. LNC cells were either untreated or treated with antisense IL-10 or scrambled IL-10
oligonucleotides (20 ÌM) for the indicated times. Dual plots are Annexin (x-axis) and PI (y-axis) staining of LNC cells. Numbers represent the percent
of the cells in each quadrant.

Figure 5. In vivo survival with antisense IL-10. (NZB X DBA/2) F1 mice
were implanted with a mini-osmotic pump (Alzet) containing either antisense
IL-10 or scrambled antisense IL-10 oligonucleotides. The mice were
transferred with 20 x 106 LNC cells. Columns represent the mean survival of
mice and the bars represent the SEM. Approximately10 mice in each group. 



Following in vivo treatment of already established

malignant B-1 cell lines with antisense IL-10, the in vivo
effects of antisense IL-10 were studied. Recipient (NZB X

DBA/2) F1 mice were transferred with malignant B-1 cell

lines, which grow in the recipient. Normally LNC cells will

rapidly grow in vivo in the recipient mice resulting in death

by Day 30. In contrast, mice which received mini-osmotic

pumps delivering a constant amount of antisense IL-10 over

a 28-day period survived twice as long as mice who did not

receive the protective effects of antisense IL-10 (Figure 5). 

IL-10-related alterations in cell cycle distribution. To determine

the mechanism by which antisense IL-10 was anti-proliferative,

studies of the cell cycle were performed. Blocking IL-10 has

profound effects on the cell cycle distribution. Treatment of

the NZB-derived malignant cell line, LNC with antisense IL-10

resulted in a G2/M block at 24 hours (Figure 6A). A similar

block in G2/M was observed in cells derived from NZB IL-10

KO mice with no treatment. Splenic fibroblasts were obtained

from mice with and without a functional gene encoding IL-10.

Spleen cells, designated HU-1, from an NZB IL-10 KO mouse

(verified by DNA analysis of the tail clipping) were cultured

alongside an age-matched wild-type NZB (NZB-3) and by one

month both cultures had a fibroblastic morphology. After 6

months, these cells were analyzed by PI staining for their cell

cycle distribution (Figure 6B) and the lack of IL-10 in HU-1

cells was confirmed by RT-PCR. Both the LNC line treated

with antisense IL-10 (Figure 6A) and the HU-1 devoid of IL-

10 (Figure 6B) demonstrated an increased percentage of cells

in the G2/M-phase of the cell cycle. 

Microarray analysis of antisense IL-10-treated malignant B-1
cells. Analysis was performed to determine the gene

expression regulated by IL-10. Microarray analysis was

performed on the murine malignant B-1 cell line by

comparing the effects of treatment with either antisense or

scrambled IL-10 to untreated LNC. Scrambled oligo was

used to control for the nonspecific effects of oligo

administration. Antisense IL-10 treatment for 24 hours (a

time which demonstrates a G2/M block but little apoptosis)

influenced a limited number of genes out of the 12,000

tested and indicated a significant role for several genes in

cell cycle regulation by IL-10, including the M-phase

inducer phosphatase, cdc25C. After eliminating genes

determined to have no change by Affymetrix difference call

analysis, 48 genes with antisense IL-10 fold changes greater

than 2 when compared to control and also different from

scrambled (non-specific) by 2-fold (Asn-Scr) are graphically
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Figure 6. Cell cycle effects of decreased IL-10. (A) LNC cells were cultured in media, antisense IL-10 or scrambled IL-10 for 24 hours and the cell cycle
distribution determined with propidium iodide staining. (B) Cell cycle distribution following PI staining of Hu-1 cells obtained from 6-month cultures of
NZB IL-10 spleen (the increased percent of cells in G2/M are indicated by arrow). For comparison, fibroblasts cultured from an age-matched WT NZB
are shown. Numbers represent percent of cells in the cell cycle. PI graphs are representative of triplicate results. (C) RT-PCR analysis of IL-10 mRNA
expression. NZB mice and LNC produced high levels of IL-10 (lanes 1 and 4) but none was detectable in the IL-10 KO spleen cells or the HU-1 cell line
(lanes 2 and 3). The housekeeping gene HPRT had similar expression in each sample.



illustrated and the genes are divided into common groups

(Figure 7). Of the limited number of genes affected by IL-

10 removal, genes which regulate proliferation were the

majority of the genes with altered expression in response

to antisense IL-10 treatment when compared to both

scrambled oligo treatment and untreated sources of RNA. 

Systems analysis of the 48 differential genes was

performed. The gene ontogeny mining tool (GO) sorts

microarray results in a flow chart of related systems. Of the

48 genes passing our threshold, 21 were able to be analyzed

by GO (Figure 8). An additional threshold of 2 probe sets

was employed for inclusion in the lineage. Blocking IL-10

with antisense influenced several critical pathways including

leukotriene metabolism, oxidoreductase activity, integral

plasma membrane genes as well as both phosphorylation

and dephosphorylation events. The regulation of selected

nodes was analyzed quantitatively. Reducing IL-10 with

antisense down-regulated 10 out of 13 genes identified as

involved in cell growth and maintenance, 12 out of 19

metabolism genes and 6 out of 8 signal transduction genes. 
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Figure 7. Microarray analysis. IL-10 influenced a limited number of genes as detected by microarray analysis. Fold change in gene expression by
microarray analysis is presented by horizontal bars. Forty-eight genes were determined different by computer analysis and caused a two-fold or greater
change in LNC cells treated for 24 hours with antisense IL-10 when compared to both control and scrambled sense (to remove non-specific effects).
Microarray analysis of samples sorts genes affected in the microarray of antisense IL-10 treatment, with a fold change greater than 2, by common
groupings. Bars represent subtracting scrambled fold change from antisense fold change values.



Discussion

IL-10 has been termed "the most relevant cytokine for B cell

survival both in mice and humans" (24) and is the subject of

intense investigation (25). B-1 cells are the major producers

of antibodies in vivo as well as the major producer of B cell

-derived IL-10 (26). In the present study we found that IL-

10 had cell cycle regulation, anti-apoptotic effects and

protected malignant B-1 cells from death both in vitro and in
vivo. Evidence is presented here that IL-10 plays an

important role in the maintenance of malignant B-1 cells

through analysis of NZB IL-10 KO mice as well as in vitro
and in vivo studies involving blockage of IL-10 via antisense.

To further examine the pathways and genes involved in IL-

10-mediated growth, microarray analysis was performed. 

IL-10 sustains the growth of activated B cells (27),

promotes the differentiation of B cells into plasma cells (28-

30) and is involved in the development of AIDs-related B

lymphoma as an autocrine growth factor (31). CLL, the

most common leukemia in the western world, results from

an expansion of B-1 cells. The NZB mice develop CLL with

malignant B-1 cells present in blood, bone marrow, spleen

and peritoneum. In this report, normal non-NZB mice

injected with exogenous IL-10 had increased growth of

peritoneal B-1 cells, suggesting that IL-10 may be critical for

the development of B-1 malignant disease. In keeping with
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Figure 8. Microarray gene ontogeny analysis. (A) Quantitative analysis of selected GO nodes. Major pathways determined from microarray analysis by
the gene ontogeny mining tool (bold print) are listed in order of fold change from the most down-regulated. 



this, NZB mice devoid of IL-10 failed to develop B-1

malignant clones and electron microscopic analysis of

peritoneal cells demonstrated a monotonous expansion of

malignant B cells in the NZB but not the NZB IL-10 KO.

Antisense IL-10 in vivo has been shown by this

laboratory to efficiently decrease IL-10 protein levels, as

measured by ELISA (20, 32). Decreasing IL-10 by

antisense IL-10 resulted in apoptosis induction and

profound effects on the cell cycle in NZB-derived B-1

malignant cells, resulting in a G2/M arrest. In our antisense

IL-10 microarray analysis, IL-10 was found to affect a

limited number of genes. Microarray analysis of the NZB

mouse model parallels human CLL microarrays (33). In

addition to several known leukemia genes (Lyl, Lck,

cdc25C) down-regulated by antisense IL-10, novel

mechanisms in the role of IL-10 are identified.

IL-10 signals through tyrosine kinase, resulting in

phosphorylation of STAT1 and STAT3 (34). STAT 3 has

been implicated in the prevention of apoptosis (35, 36) and

found to be differentially expressed in normal, self-

renewing B-1 cells when compared to conventional B

lymphocytes (37). In the present manuscript, microarray

analysis via gene ontology analysis of pathways altered by

IL-10 antisense revealed tyrosine phosphorylation to be a

gene family involved. Oncogenes/oncoproteins turned down

by ASN IL-10 included Lyl, known to be involved in the

NFÎ B pathway of some T cell acute leukemias (38), Rab3d,

a member of the Ras oncogene family (39), Map kinase

kinase kinase kinase 3 (Map4k3) and the lymphocyte cell

kinase (Lck) which interacts with cdc2 (40). Interestingly

the strong proto-oncogene PIM1 and its structural homolog

PIM2, known to collaborate with myc (41), were turned up

following antisense IL-10 treatment. Notch 1 expression

was increased in malignant B cells following antisense IL-

10, which may have a profound effect in vivo. Notch 1 has

been shown to increase the ratio of CD8 to CD4 single

positive thymocytes (42) and, since IL-10 is known to down-

regulate Th1-CTL responses, an increase could be expected

after IL-10 removal. 

Advances in systems biology allow pathway analysis of

microarrays by biologic process, molecular function and

cellular component. Such analysis indicated metabolism

(n=19) and cell growth (n=13) were the largest pathways

affected in cellular and physiologic processes after antisense

IL-10 treatment. Cell cycle regulators were identified by

microarray analysis; cdc25C was reduced and phospholipase

C beta1 (Plcb1) increased by antisense IL-10. The nuclear

form of Plcb1 has been shown to be key in the regulation of

mitogen-induced cell growth and normally speeds the

progression of cells through G1 (43). The significance of an

antisense IL-10-induced increase in Plcb1 is not clear but

perhaps contributes further to the stall in G2/M following

antisense IL-10 treatment. Alternatively, postulating that

IL-10 normally speeds the progression of malignant B cells

through G2/M, low levels of Plcb1 (increased by antisense),

are consistent with high levels of p27, (reduced by

antisense). The cell cycle regulator, cdc25C, an M-phase

inducer phosphatase elevated in murine CLL, was

decreased by antisense IL-10, consistent with two previous

CLL microarrays (44, 45), which found elevated cdc25 in

CLL. Taken together, this suggests an upstream role for IL-

10, through cdc25C regulation, in the pivotal cellular

decision to divide. 

Two genes decreased in our antisense IL-10 microarray

involving adenosine (murine adenosine kinase and adenine

nucleotide translocator) are of interest since adenosine

receptor agonists have been shown to differentially

regulate IL-10 during hypoxia (oxygen deficiency) and

accumulation of intracellular adenosine has been

associated with increased levels of IL-10 (46). Another

gene decreased by antisense IL-10 was p47phox, a

component of the phagocyte NADPH oxidase pathway,

which enhances superoxide production (47) and a defect

in this is implicated in granulomatous disease (48) and

inflammatory bowel disease (IBD) (49). In addition,

Epstein-Barr virus, which has a viral IL-10 homolog,

transforms B cells, increases IL-10 and induces the

expression of phagocyte NADPH oxidase, p47phox protein

(50-51). The microarray data suggest dual attack/defense

mechanisms where malignant B cells achieve an advantage

through the stimulation of oxidative stress and redox

reactions have been shown in human CLL (52). In

summary, the antisense IL-10 microarray identified genes

previously known to be involved in CLL and revealed new

genes and pathways involved in CLL: a) oncogenes Bcl7C

b) proliferation cdc25C c) inflammation/activation p47phox. 

Finally, two independent methods were used in this

report to decrease IL-10: antisense and knockout mice. In

response to treatment with IL-10 antisense, malignant B-

1 cells underwent apoptosis, a G2/M cell cycle block as

well as decreased levels of IL-10 and cdc25C. The IL-10

KO mice on an NZB background failed to develop any

substantial symptoms of B-1 leukemia, observable in the

normal aging process of wild-type NZB. These data

strongly suggest blocking IL-10 may have clinical value,

either alone or in combination therapy, to treat certain B

cell leukemias.
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