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Abstract
RNA interference, or RNAi, is designed to work by Watson-Crick base pairing and to result in a
posttranscriptional block in protein synthesis. Antiapoptotic proteins are a major focus of cancer therapy and
make attractive targets for RNAi. An IL-10 RNAi sequence was designed in accordance with Tuschl rules and
was modeled to a hairpin configuration. In chronic lymphocytic leukemia (CLL), the most common leukemia in
the Western world, the failure to undergo apoptosis may be responsible for the accumulation of malignant B-1
cells. Interleukin-10, despite controversy, has been shown to have antiapoptotic properties, and increased
endogenous IL-10 production has been found in CLL by several labs. A malignant B-1 cell line, LNC, derived
from an NZB mouse (a murine model for CLL) was utilized as a target for IL-10 RNAi. Our earlier studies of
antisense IL-10 resulted in antiproliferative and proapoptotic effects. The cytotoxic effects of IL-10 RNAi were
dose- and time-dependent, with an optimal dose 10-fold lower than that of antisense IL-10. IL-10 RNAi lowered
IL-10 protein as measured by ELISA. 2 µM IL-10 RNAi initiated a G2/M block and a decrease in the message for
cdc25C, the M-phase inducer phosphatase. IL-10 RNAi efficiently induced apoptosis. Bcl7C, a member of the
antiapoptotic Bcl family, was significantly down-regulated. IL-10 modulating Bcl7C expression represents a novel
mechanism in the evasion of apoptosis. This approach, by itself or in conjunction with current therapies, merits
consideration in similar B-cell malignancies.

Introduction
Although many metastatic tumors produce IL-10, a potent anti-inflammatory agent, to block the antitumor
response, the role of IL-10 in leukemia is still controversial. In an early study, investigators found that the CLL
patients they studied did not have detectable IL-10 in their sera, and exogenous IL-10 administration to cultured
CLL cells led to apoptosis (1). They did not note this phenomenon in other malignant B-cell samples in their
possession. Subsequently, several possible methodological problems for their observations were noted in the
literature (2, 3), particularly the use of fresh versus frozen specimens. Other labs have since found IL-10 in BCLL samples (4, 5). When analyzing 151 CLL patients by ELISA, Fayad et al. found serum IL-10 levels were
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higher in CLL patients (median 5.04 pg/ml) than in normal volunteers (median undetectable, n = 55). They also
found that when analyzed individually or in combination with IL-6, elevated IL-10 was an independent prognostic
factor for decreased survival (6). This paper seeks to elucidate the specific genes and pathways involved with IL10 in leukemia. Elaborating the antiapoptotic mechanisms of IL-10 has implications in the treatment of cancer. In
this report the apoptotic-inducing properties of blocking IL-10 are examined in a leukemic cell line.
As a source of malignant B-1 cells, we used an in vitro established cell line, LNC (7), derived from the lymph
node of an NZB mouse, which is used as a murine model of CLL (8). LNC expresses high levels of IL-10, and
following in vivo transfer, results in a fatal B-1 malignant expansion. In contrast, NZB IL-10 (-/-) knockout mice
overwhelmingly fail to develop leukemic symptoms (9). The antiproliferative effects of antisense IL-10 on B
lymphocytes were reported previously (10), and additionally, an increased requirement for IL-10 was
demonstrated during the malignant process (11). Earlier lab work utilizing antisense IL-10 demonstrated a G2/M
cell cycle block and apoptosis, whereas Western analysis showed decreased levels of p27Kip1 (12). This paper
seeks to extend this research with the administration of IL-10 RNAi and the examination of critical cell cycle
components and apoptosis regulators.
Previous work showed that double-stranded RNA could inhibit translation (13, 14, 15, 16, 17, 18). This effect has
several names, including RNAi and posttranscriptional silencing. RNAi is now a widely used technique that has
been used in a variety of systems to decrease target gene expression (19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29,
30). Early observations that hairpin RNA could naturally produce the RNAi effect led our lab to model the IL-10
RNAi sequence used in this experiment (31, 32, 33). The production of optimum RNAi effects not only depends
on biological factors affecting the target, such as RNA folding (34), but on the need to avoid interfering with other,
similar, proteins. The idea that the malignant B-cell line, LNC, would take up RNAi free-floating in the media was
based on work demonstrating RNAi uptake by simply soaking worms and allowing for ingestion of the RNAi
sequence (35).
IL-10 was chosen as a target for RNAi based on its regulatory role in the immune response. IL-10 was initially
described as a cytokine synthesis inhibitory factor (36). IL-10-deficient mice can develop severe chronic
inflammatory bowel disease, most likely due to the absence of the normally suppressive effect of IL-10 on
immune inflammatory responses (37, 38). Tumor cells can take advantage of these immunosuppressive features
by producing IL-10. IL-10 production by tumor cells was found to interfere with Taxol® (paclitaxel), allowing
malignant cells to better survive treatment with a major chemotherapeutic drug (39). In contrast to its
immunosuppressive role, IL-10 is also a co-stimulator for the proliferation of B-cell precursors and B cells
following their stimulation by anti-IgM (40). Our lab is interested in the effect of IL-10 on a subset of B cells that
are CD5+ and B200 dull, termed B-1 cells. The major producer of B-cell-derived IL-10 is the B-1 cell (41).
Elevated IL-10 levels have been found in a variety of tumors and were an independent prognosis factor for
decreased response to chemotherapy in patients with advanced gastrointestinal malignancies (42). IL-10 has
been found to be elevated in CLL patients in microarray analysis (43). In addition, after treatment with Rituximab,
a monoclonal antibody directed at CD20, decreased production of IL-10 was reported in B-cell non-Hodgkin's
lymphoma. The authors concluded that this inhibition of IL-10 sensitized these cells to apoptosis, which also
supports the role of IL-10 as an antiapoptotic protein (44). In the present study, blocking IL-10 message with IL10 RNAi produced specific cell cycle and apoptotic effects. These data suggest a role for IL-10 in the protection
of a malignant B lymphocyte from apoptosis.
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Results
Selection of a target on IL-10 for RNAi
The RNAi sequence was modeled on a hairpin loop after utilizing idealized RNA folding analysis of IL-10 (Figure
1A). Double-stranded RNA occurs naturally in hairpin structures. Although the role of tertiary structure is not
clear in RNAi, a target sequence that is exposed for RNAi binding in the model may be desirable. A 21nucleotide sequence targeting an amino acid motif at nucleotide 317 was created. This area appears as a hairpin
in the idealized model. RNAi and scrambled sequences were diluted in diethylpyrocarbonate (DEPC) water and
annealed in annealing buffer for 1 min at 90°C and 1 hr at 37°C. To ensure that sequences were double
stranded, RNAi was stained with ethidium bromide and run on an acrylamide gel (Figure 1B). A band can clearly
be seen in the dsRNAi lane, but not in the lane for either single strand.

Figure 1. RNAi modeling and annealing. (A) An idealized model of RNA folding for IL-10 based
on enthalpy and free-energy calculations. Brackets indicate the location of the mouse IL-10 RNAi
employed in these experiments. The sequence begins at nucleotide 317 and appears exposed in
a hairpin. (B) Acrylamide gel of RNA stained with ethidium bromide. Lane 1 is dH2O as a negative
control, lane 2 is dsRNAi, lane 3 is ssRNAi strand 1, and lane 4 is ssRNAi strand 2. The size of
the ladder on the far left (y-axis) is given in nucleotides. The arrow indicates the band for dsRNAi.

IL-10 RNAi acts in a time-dependent manner
Cellular proliferation of LNC in log growth was measured from an initial concentration of 0.75 × 106 cells per ml
(Figure 2). Cells were placed in fresh media before treatment with 2 µM IL-10 RNAi or scrambled IL-10 dsRNA
(dsScr). Cells that were untreated or given the scrambled sequences remained in log growth, whereas the RNAi
cells stopped proliferating after 24 hr and cell count for the RNAi treatment group was less than the initial
concentration at 72 hr.
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Figure 2. RNAi inhibits cellular growth in a time-dependent manner. The graph shows the
cell count over 72 hr of no treatment (dashed line), treatment with 2 µM scrambled IL-10 dsRNA
(dsScr, dotted line), and treatment with 2 µM RNAi IL-10 (RNAi, solid line). The x-axis
corresponds to the number of days of treatment and the y-axis to the cell number. The graph is
representative of triplicate IL-10 RNAi treatments.

IL-10 RNAi acts in a dose-dependent manner
The cell growth response to RNAi was studied by MTT analysis. The MTT assay is a colorimetric assay that
quantifies the ability of viable cells to reduce a tetrazolium salt. Dead cells are unable to perform this reduction.
Proliferation was examined over the course of 16.5 hr (Figure 3A). Cells in normal log growth were treated with
RNAi, with dsScr, or left untreated (control). RNAi inhibited cell growth, whereas the control and dsScr-treated
cells experienced normal log growth. MTT analysis demonstrates the decrease in proliferating cells in a doserelated response when compared to untreated or dsScr-treated cells. There was a significant difference between
IL-10 RNAi and dsScr in the dose range from 0.5-2 µM (P < 0.05). An optimum dose was chosen as 2 µM, and
the examination of cell viability was repeated for 48 hr (Figure 3B). Cell viability was decreased by treatment with
2 µM RNAi at 48 hr (P = 0.0003).
Cell cycle analysis of IL-10 RNAi treatment
LNC treated with 2 µM IL-10 RNAi exhibited a transient G2/M block at 24 hr with apoptosis at 24 and 42 hr,
whereas the scrambled sequences did not (Figure 4). The percentage of apoptotic cells, as measured by PI at
24 hr for RNAi-treated LNC, is 14.33 times that determined for the cells treated with the scrambled sequence
(16.05/1.12). After 42 hr of RNAi treatment, the percentage of apoptotic cells cells is 25.77 times that of
untreated cells (18.04/.070). Cells were gated to eliminate debris and possibly fragmented cells.
IL-10 RNAi decreases IL-10 protein level as determined by ELISA
IL-10 protein levels in cell supernatants were examined by ELISA after 72 hr of treatment with RNAi or dsScr and
were compared to protein levels in untreated cells (Figure 5). RNAi but not dsScr significantly reduced IL-10
protein levels in treated LNC (P = 0.019). IL-10 protein was reduced by 64% after RNA interference of IL-10.
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Figure 3. RNAi effectively limits cellular proliferation in a dose-dependent manner. Columns
corresponds to treatment groups, with the mean OD values for MTT analysis plotted on the y-axis
and the bars corresponding to the standard error of the mean. (A) Cells treated for 16.5 hr with
varying concentrations of IL-10 RNAi (RNAi) or scrambled IL-10 dsRNA (dsScr) (0.2-2.0 µM):
Gray bar, 0.2 µM ; horizontal stripe, 0.5 µM; diamond bar, 1.0 µM; hatched bar, 2.0 µM. Error bars
are the SEM of triplicate results. Asterisks indicate P < 0.05 for a Student's t-test comparing dsScr
to RNAi. (B) Cells treated for 48 hr with 2 µM RNAi or dsScr. Error bars are the SEM of triplicate
results. Asterisks indicate P < 0.05 for a Student's t-test comparing dsScr to RNAi.

Figure 4. RNAi induces a G2/M block and apoptosis. Histograms showing PI staining of DNA
content, with the x-axis reflecting DNA content and the y-axis the cell number. Arrows indicate
sub-G1 cells (apoptotic). Flow cytometric determination of cell cycle distribution of LNC cells
following 24 hr (A-C) or 42 hr (D-F) of treatment: Control (A) and (D), scrambled IL-10 dsScr (B)
and (E), RNAi IL-10 (RNAi) (C) and (F). The distribution of cells in each phase of the cell cycle
following treatment was summed to give the percentage of cycling cells. The percentage of
apoptotic cells is expressed as a percentage of the whole gated population.
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Figure 5. IL-10 protein analysis by ELISA. The amount of IL-10 protein in LNC supernatants
was measured by ELISA. Columns correspond to groups treated for 72 hr with either 2 µM IL-10
RNAi (hatched bar), 2 µM dsScr (black bar), or untreated control (gray bar). Error bars are the
SEM of triplicate results. Asterisks indicate P < 0.05 for a Student's t-test comparing dsScr to
RNAi.

IL-10 RNAi decreases IL-10 message as analysed by real-time RT-PCR
Real-time RT-PCR was employed to determine the amount of IL-10 message at 72 hr (Figure 6). Real-time PCR
was performed with the Taqman™ assay, and the amount of RNA message was normalized with ribosomal 18S.
The differences in the cycle threshold (CT) values between ribosomal 18S and IL-10 gene expression (Delta CT)
were calculated, and a comparison value between control and 2 µM RNAi-treated LNC cells was determined
(Delta Delta CT). The Delta Delta CT value was found to be 1.12 ± 0.30. A higher CT value for RNAi indicates
less RNA, as more cycles were required to reach the same RNA density point on the graph.

Figure 6. IL-10 message analysis by real-time RT-PCR. Fluorescence of Taqman™ reporter
dyes for IL-10 and ribosomal 18S are labeled. Black curves represent results from LNC cells
treated for 72 hr with 2 µM IL-10 RNAi. Gray curves are untreated control. Ribosomal 18S was
used to normalize samples. The graph is representative of three real-time PCR reactions.
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Analysis of selected genes by RT-PCR
Using 2 µM RNAi, a dose 10 times smaller than that of antisense, there is a decrease in IL-10, cdc25C, IL-10 R1,
and p27 expression at 48 hr. In contrast, no change was observed for IL-10 R2. IL-10 homologs were also
analyzed after 48 hr of RNAi treatment, but no significant difference was observed for IL-19, IL-22, or IFNlambda (data not shown). The mRNA levels of TNF-alpha, while not significantly affected, were increased to
114.4% of control (Figure 7A). At a dose of 1.5 µM RNAi, TNF-alpha levels also increased to 128% of control
after 48 hr (data not shown). The dsScr sequence, which was used as a negative control for nonspecific effects,
did not have any significant effects. The samples of gel electrophoresis of PCR amplicons shown (Figure 7B) are
representative of triplicate gels. The mRNA expression of apoptotic regulators was analyzed to determine
possible pathways influenced by IL-10 RNAi (Figure 8A). There was a significant reduction in the RNA message
for the prosurvival protein Bcl7C (P = 0.027), and an increase in the levels of the proapoptotic Bax. Bcl2 levels
were not significantly affected. The ratio of prosurvival Bcl2 to proapoptotic Bax was reduced by 37.4% (± 5.7%)
after treatment. The gel samples shown are representative of triplicate gels (Figure 8B).

Figure 7. Semiquantitative RT-PCR analysis of IL-10 and critical cell cycle components. (A)
Graphic analysis of semiquantitative RT-PCR for IL-10, cdc25C, p27, IL-10 R1, IL-10 R2 and TNFalpha RNA levels after 48 hours of treatment with either 2 µM IL-10 RNAi (hatched bars), 2 µM
dsSCR (gray bars) as compared to an untreated control. Numbers correspond to the percentage
of control values from triplicate gels and error bars to the SEM. Asterisks indicate P < 0.05 for a
Student's t-test comparing dsScr to RNAi. (B) Representative PCR gels stained with ethidium
bromide: Control (lane 1), 2 µM dsSCR (lane 2) and 2 µM IL-10 RNAi (lane 3).
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Figure 8. Semiquantitative RT-PCR analysis of apoptosis regulators. (A) Graphic analysis of
semiquantitative RT-PCR for Bcl2, Bcl7C, and Bax RNA levels after 48 hr of treatment with either
2 µM IL-10 RNAi (hatched bars) or 2 µM dsScr (gray bars) when compared to an untreated
control. Numbers represent percent of control values from triplicate gels. Error bars are SEM.
Asterisks indicate P < 0.05 for a Students t-test comparing dsScr to RNAi. (B) Representative
PCR gels stained with ethidium bromide. Lane 1 is control, lane 2 is 2 µM dsScr and lane 3 is 2
µM IL-10 RNAi.

Discussion
RNAi was used to decrease IL-10 levels and employed interference with 21 nucleotide dsRNA oligos termed
short-interfering RNAi (siRNAi). The targeted RNA sequences, unique for IL-10, appear in the idealized model of
RNA tertiary structure on the open stretch of a hairpin. The structure and folding of the RNAi are known to be
important (34). IL-10 had previously been shown to be critical to LNC malignancy and was an ideal target
candidate for this B-1 type cell. Here IL-10 RNA interference was used to reduce the levels of IL-10 mRNA and
to significantly decrease the translation into IL-10 protein, as measured by ELISA. Both PCR and real-time
Taqman™ assays demonstrated a sustained decrease in IL-10 mRNA levels following RNAi treatment. RNA
interference of IL-10 subsequently induced the apoptosis of these malignant cells.
Although listed by the Cancer Genome Anatomy Project of the National Cancer Institute (45) as antiapoptotic,
the role of IL-10 in leukemia has been controversial. Once characterized as apoptotic (1), its role as a growth
factor has recently attracted interest, with one lab calling IL-10 "the most relevant cytokine for B cell survival both
in mice and humans", with important growth factor effects (46). IL-10 may be responsible for the long-lived, selfrenewing aspects of B-1 cells. IL-10 has been found to be antiapoptotic, but the mechanism by which it functions
as an antiapoptotic agent is not clear. IL-10 is well known to signal through the Jak/Stat pathway. It induces the
tyrosine phosphorylation of tyk2 and Jak1, and signals through STAT1 and STAT3 (47). STAT 3 has been
implicated in the prevention of apoptosis (48, 49) and is differentially expressed in normal, self-renewing B-1
cells as compared to conventional B lymphocytes (50).
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In addition, IL-10 might influence the apoptotic pathway by the regulation of the Bcl family (47, 51). The balance
between the antiapoptotic Bcl2 and the proapoptotic Bax is an important clinical parameter in CLL. In our studies,
the ratio of Bcl2/Bax was reduced by 37.4% after RNAi treatment, which is consistent with the induction of
apoptosis and supportive of a role for IL-10 in this pathway. This is consistent with our previous studies, in which
NZB IL-10 knockout B cells demonstrated a decrease in Bcl2 family expression relative to IL-10-producing NZB
(9). The levels of apoptotic proteins may help us to identify patients who might benefit from blocking IL-10, or IL10 inducible genes, in a clinical setting. We also found that IL-10 RNAi reduced the expression of Bcl7C. That
the expression of the Bcl7C gene (52) was reduced by IL-10 RNAi suggests that IL-10 may influence other
members of the Bcl family besides the well-known Bcl2.
Cell cycle perturbations are a hallmark of B-cell malignancies. Published reports have shown p27Kip1 to be
involved in CLL (53), and an elevated p27Kip1 status was linked with antiapoptosis. Also, p27Kip1 is an adverse
prognostic factor in B-CLL, and its expression was linked to the defect in apoptosis (54). Our earlier gel shift
assays showed that antisense IL-10 treatment decreases STAT binding to a STAT-inducible element in the
p27Kip1 promoter, and that p27Kip1 is down-regulated in antisense IL-10 treated cells, but not in control oligo
treated cells (12). We now extend this analysis further, with IL-10 RNAi treatment of the NZB malignant B-1 line,
LNC. RNAi, specific for IL-10, decreased p27Kip1 levels as well.
Published microarray analysis suggested a role for cdc25C in the cell cycle regulation of CLL cells (55, 56). IL-10
RNAi treatment resulted in a decrease in the levels of cdc25C mRNA levels. IL-10 RNAi effectively reproduced
the observed cell cycle changes induced by antisense IL-10 at a much lower concentration (12).
Semiquantitative RT-PCR analysis shows cdc25C message was down-regulated (P < 0.024 compared to
scrambled) when IL-10 was decreased by RNAi treatment as compared to both the scrambled and the untreated
control groups.
IL-10 RNAi was found initially to induce a G2/M block followed by apoptosis. Similar results were obtained by
antisense IL-10 (12). One of the target genes profoundly affected by decreased IL-10 levels was cdc25C. This
cell division control protein was initially called the M-phase inducer phosphatase; it is a dual specificity
phosphatase that acts at the end of G2, controlling the entry of vertebrate cells into mitosis (57).
Bioinformatics has already identified an autocrine signaling loop for IL-10 and its receptor 1 (58). Our RT-PCR
analysis of RNAi treatment showed that IL-10 R1 was markedly reduced by 12 hr and significantly reduced by 48
hr (P = 0.035), whereas IL-10 R2 was unchanged at 12 hr and remained slightly increased at 24 hr (data not
shown) and 48 hr. This may indicate an autocrine feedback signal, which explains why cdc25C was decreased
more than IL-10 at 48 hr. A less likely explanation, given the rapid onset of apoptosis, is that this RNAi sequence
is relatively inefficient, and other areas of the gene might create a more dramatic decrease in IL-10 RNA levels.
RNAi shows great promise in the clinical setting (59). RNAi targeting of the Fas protein abrogated hepatocyte
necrosis and inflammatory infiltrate (60). D-RNAi or a hybrid of messenger RNA-antisense DNA interference
targeting gag/pol expression blocked viral gene replication completely (61). Here, IL-10 RNAi was shown to
potently inhibit the growth of malignant B cells.
IL-10 is known to regulate the response of inflammatory cytokines such as TNF-alpha. IFN-gamma was not
detectable in LNC by RT-PCR before or after RNAi treatment (data not shown). Chronic intestinal inflammation in
IL-10-deficient mice has been shown to involve TNF. IL-10 exerts a direct effect on the 3' AU-rich elements of
TNF mRNA to inhibit the mRNA's translation, and the balance between TNF and IL-10 is thought to be critical
(62). We examined TNF-alpha by RT-PCR and found that RNAi treatment increased TNF-alpha levels, but not
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significantly. However, increased TNF and decreased IL-10 levels lead to a shift in the balance of TNF-alpha/IL10 and may be partly responsible for the apoptosis seen after IL-10 RNAi treatment. Autocrine IL-10 may have a
subtle influence on several pathways simultaneously, not exclusively by receptor-mediated events.
The efficiency of this RNAi sequence is typical for those reported to be modeled according to Tuschl rules (63 ).
In this system, there were dramatic effects on cell survival and on IL-10 protein levels through RNAi, although the
decrease in IL-10 RNA was less dramatic. Autocrine signaling may be responsible for this effect. In a murine
model of tuberculosis, a 23% reduction in IL-10 protein was attributed to the induction of type 1 cytokines (64).
Clarifying IL-10's role in biology is an area of intensive, ongoing research. Blocking IL-10 may be of clinical value
in cancer treatment. IL-10 can induce resistance to apoptosis, evasion of host defense, and increased resistance
to chemotherapeutics. However, blocking IL-10 may have deleterious effects leading to inflammation,
macrophage activation, and granuloma formation. IL-10's role in macrophage deactivation has been implicated in
Crohn's disease. These negative factors involved with removing IL-10 might be overcome through dosage or
localized delivery of the IL-10 blockade.
Based on the NZB mouse model, IL-10 is required for CD5+ B-1 cell malignancy. We have recently
characterized an NZB IL-10 knockout mouse strain with a dramatic decrease in the appearance of B-cell
malignancy (65). In response to treatment with IL-10 RNAi, malignant B-1 cells had decreased levels of IL-10
protein as well as decreased IL-10 and cdc25C RNA message. Cells underwent a G2/M cell cycle block and
apoptosis. RNAi IL-10 treatment induced a significant decrease in cdc25C and IL-10 R1 as measured by RTPCR. This paper demonstrates that IL-10 has a key role in the survival of malignant B-1 cells in the NZB model
of CLL. These data suggest that blocking IL-10 or IL-10 inducible genes may be of potential value, either alone
or in combination therapy, in treating certain leukemias.

Abbreviations
CLL, chronic lymphocytic leukemia; CT, cycle threshold; dsScr, scrambled dsRNA; RNAi, RNA interference
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Materials and methods
Cell line
LNC cells, an in vitro established line obtained from the lymph node of 1-yr-old NZB mice with CLL (7), were
used as a source of malignant B-1 cells. Cells 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). All experiments were performed with an initial cell viability of greater than
90%. Cells were counted using an automated counter (Coulter, Miami, FL) according to the manufacturer's
instructions.
RNA modeling
Sequences obtained from the NCBI web site (66) were entered into Mfold Software (D. Stewart and M. Zuker,
Washington University) (67) to model the optimal area of the IL-10 mRNA for RNAi targeting (31, 32, 33).
Synthesis of dsRNAi
RNA inhibitory and corresponding scrambled sequences were synthesized by in vitro transcription at the
University of Medicine and Dentistry of New Jersey (UMDNJ) Molecular Resource Facility as previously
described (68). Briefly, the 21-nucleotide murine IL-10 RNAi sense strand (5'
GCCUUAUCGGAAAUGAUCCdTdT 3') starts at nucleotide 319 on the IL-10 mRNA (GenBank Accession No.
M37897) and ends with a single T-for-A substitution at nucleotide 338 to complete the final TT overhang motif.
The RNAi antisense strand (5' GGAUCAUUUCCGAUAAGGCdTdT 3'), scrambled sense (5'
CUGUCAGAAGGCUAUCUCAdTdT 3'), and scrambled antisense (5' UGAGAUAGCCUUCUGACAGdTdT 3')
were synthesized with 2 deoxy thymidines (dT) as the final bases. Neither the IL-10 nor IL-10 scrambled
sequences match any known murine gene in the NCBI sequence database. Paired single-stranded sequences,
RNAi and scrambled, were diluted in DEPC water, annealed in 20% annealing buffer, 100 mM potassium acetate
(EMScience, Gibbstown, NJ), 30 mM Hepes-KOH at pH 7.4, 2 mM magnesium acetate (JT Baker, Phillipsburg,
NJ) for 1 min at 90°C, followed by incubation for 1 hr at 37°C, added to Iscove's Modified Dulbecco's medium,
and used at a final concentration of between 0.2-2 µM.
Cell proliferation study
Treated or untreated LNC cells (5 × 104) in 100 µl of complete media with or without oligonucleotide were plated
in triplicate wells in 96-well flat-bottomed plates. Twenty microliters of 3-(4,5-Dimethyl-thiazol-2-yl)-2,5-diphenyltetrazolium bromide (Sigma) (5 mg/ml MTT in PBS) were added to each well and incubated in a 37°C incubator
with 5% CO2 for 3-4 hr. The plates were then processed as described previously (69).
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Flow cytometry
Flow cytometry was used to detect cell cycle changes and apoptosis by staining the DNA with PI (Calbiochem,
San Diego, CA). For PI staining, 1 × 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
carried out using CELLQuest software (Becton Dickinson, San Jose, CA) and analysis was performed using
ModFit LT software (Verity House, Inc., Topsham, ME) as previously described (70). Apoptotic cells were
calculated from the subG1 fraction.
ELISA
The levels of IL-10 in the supernatants were determined using a commercially available IL-10 immunoassay
(Biosource, Camarillo, CA). Supernatants were spun at 1000 rpm for 5 min to pellet the cells and were then
transferred to a new tube. Supernatants were used undiluted and compared to a standard curve. A monoclonal
antimouse IL-10 antibody was precoated on 96-well plates and developed with peroxidase according to the
Biosource protocol. This ELISA is sensitive to 20 pg/ml IL-10.
RT-PCR
RNA isolation for transcriptional determinations by RT-PCR were carried out using RNeasy mini-kit (Qiagen,
Valencia, CA). Complementary DNA production was performed with Amplitaq Gold (Roche, Indianapolis, IN).
The primers, defined after a BLAST search, were obtained from Operon (Alameda, CA) or the University of
Medicine and Dentistry of New Jersey (UMDNJ) Molecular Resource Facility and are listed along with the
GenInfo Identifier (GI) number, and the product size and nucleotide span in Table 1.
Following the PCR reaction, the amplicons were electrophoresed, stained with ethidium bromide, and analyzed
with a fluorimager (Molecular Dynamics, Sunnyvale, CA). The ratio of the gene of interest compared to the
housekeeping gene hypoxanthine phosphoribosyltransferase (HPRT) was obtained by using the sum above
background method, as recommended by the manufacturer. Significance was determined by Student's t-test
using the standard deviation from the mean.
Real-time RT-PCR
RNA was isolated as previously described. Quantitative real-time RT-PCR was performed with the Light Cycler
version 2 (Roche, Indianapolis, IN) using commercially available Taqman™ (PE Biosystems, Foster City, CA)
primers for IL-10 and ribosomal 18S. Equal amounts of each of the RNA samples, quantified using ribosomal
18S as a standard, were reverse transcribed and used as PCR templates to obtain the CT value. The IL-10 CT
value was normalized with respect to the CT value for ribosomal 18S to obtain Delta CT. The difference between
treatment and control was calculated to obtain the change in Delta CT (Delta Delta CT) representing the real
increase in expression.
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Table 1. Genes, PCR primers and products.
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