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Abstract
CTCL is responsive at all stages to immunotherapy. We determined whether a novel agonist for
TLR 7/8 (3M007) combined with either IFN-γ or IL-15 enhanced patients' immune responses in
vitro. Our data demonstrate synergism between IFN-γ and 007 in the activation of patients' NK
cytolytic activity against CTCL tumor cell lines and increased production of cytokines by
dendritic cells compared to 007 alone. Microarray studies of gene expression of patients' PBMC
primed with IFN-γ followed by stimulation with 007 identified significant upregulation of
expression of IL-12- p35 (α-chain), IL-12-p40 (β-chain) and nine IFN-α genes. Importantly, the
underlying mechanism of increased levels of IFN-α and IL-12 from combined treatment appears
to involve IFN regulatory factor 8 (IRF-8). These results further support our hypothesis that
combinations of biological modifiers activating different arms of the immune system may provide
significant therapeutic benefits for patients with advanced CTCL.
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INTRODUCTION
Cutaneous T-cell lymphomas (CTCL) are typically clonal proliferative disorders of skin-
trafficking T-cells. The most common form is mycosis fungoides characterized by cutaneous
patches, plaques and tumors and occasionally erythroderma. Sezary syndrome is a less
common leukemic variant of CTCL associated with erythroderma, lymphadenopathy and
circulating malignant T-cells. 1,2Although the vast majority of cases of mycosis fungoides
and Sezary syndrome are associated with a CD4 phenotype, rarely, the skin-invasive
malignant population expresses a CD8 phenotype.3 Lack of CD26 and, less frequently, the
lack of CD7 on circulating malignant T-cells are quite characteristic.4,5

Advanced forms of CTCL, such as Sezary syndrome, are typified by the overt finding of
circulating malignant T-cells and are associated with an array of disorders of cell mediated
immunity. Circulating malignant T-cells have been observed to express features of Th2 cells
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with production of varying amounts of IL-4, IL-5 and IL-10. Other findings, that typify Th2
features of the malignant population, include the absence of expression of the IL-12 -β2
receptor, which is the signaling receptor for IL-12, in addition to the high expression of Gata
3, a transcription factor critical for Th2 expression. Moreover, the malignant T-cells are poor
producers of IFN-γ.6–10

Profound defects in other components of the cellular immune system, which are critical for
the anti-tumor response, have also been observed including the depressed production of the
dendritic cell derived cytokines IFN-α, IL-12 and IL-15. In addition, CD8 T cell and NK
cell functions become disordered with advancing leukemic involvement in the absence of
exogenous medications including steroids and chemotherapeutics.11,12 Undoubtedly, also
contributing to the immune depression is the loss of the normal T-cell repertoire that has
been observed, even in early stages of disease, but which becomes more profound with
advancing stages of CTCL.13,14 It is quite clear that the extent of the immune dysregulation
appears to be correlated with the burden of circulating malignant T-cells.

Substantial emerging evidence supports the hypothesis that the host immune response may
be critical for control of disease progression.15,16 Recent efforts using a multimodality
immunotherapy approach for Sezary syndrome have been associated with a high clinical
response rate and, in some cases, quite durable remissions.17 Thus, efforts have been
directed at the development of immune augmentative therapies of the type that might
support anti-tumor immunity.18,19 In that regard, IFN-α and IFN-γ as well as recombinant
IL-12 have all exhibited evidence of clinical efficacy.20 As each of these cytokines are
components of the innate immune response, IFN-α from plasmacytoid dendritic cells
(pDCs), IL-12 from myeloid DCs (mDCs) and IFN-γ from natural killer (NK) cells, one
rational approach to therapy of CTCL might be the use of agents which can activate multiple
cell populations of the innate immune system, more closely mimicking the natural sequence
of events.21 Recently, Wysocka et al. published that in vitro activation of antigen presenting
cells through the use of TLR agonists can lead to the potent augmentation of the cellular
immune response of highly immune depressed patients with Sezary syndrome.12,22 In this
study we sought to determine whether priming of antigen presenting cells with IFN-γ or
IL-15 might lead to the synergistic enhancement of cell mediated immune responses when
combined with the novel TLR 7/8 agonist 007, which is being considered for a phase II
clinical trial for CTCL. Our study, which includes microarray analysis of global gene
expression, indicates that multifactor stimulation indeed significantly enhances immune
responses by activating several arms of the immune system of Sezary syndrome patients.
These findings suggest that a novel therapeutic approach to CTCL might include treatment
with a TLR agonist in combination with IFN-γ or other immune potentiating cytokine with
similar effects.

MATERIAL AND METHODS
Patients

Sezary syndrome (SS) patients were diagnosed on the basis of clinical, histopathologic and
immunohistologic criteria.23 Flow cytometric analysis of peripheral blood samples with
assessment of numbers of CD4+/CD26−/CD7− cells was routinely used to quantify the
numbers of circulating malignant T-cells.4 Presence of circulating malignant T-cells was
verified by examination of one-micron sections of formalin-fixed peripheral blood buffy
coats for lymphocytes with atypical ceribriform appearing nuclei. Patients with
erythroderma and circulating malignant T-cells were defined to have Sezary syndrome (SS).
Donation of peripheral blood samples by patients was undertaken according to protocols
approved by the University of Pennsylvania Institutional Review Board.
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Preparation and Culture of Mononuclear Cells
Peripheral blood mononuclear cells (PBMC) from patients were collected from blood as
previously described.24 Cells were cultured in RPMI 1640 (Life Technologies, Inc.,
Gaitheresburg, MD), supplemented with 10% fetal bovine serum (FBS, Hyclone, Utah,
endotoxin level <0.06 EU/ml), penicillin/ streptomycin, and L-glutamine (all reagents
purchased from Gibco-BRL, Grand Island, NY). To induce immune responses in vitro,
PBMC from patients were cultured in 24-well plates at a density of 2×106/ml/well for 24
hours (h) with 007 at concentrations of 10μg/ml. Cell free supernatants were then collected
to determine cytokine levels and cells were harvested for flow cytometric analysis. To assess
IFN-γ or IL-15 priming effects on IL-12 p70 or IFN-α production induced by 007, PBMC
were stimulated with medium, IFN-γ (10ng/ml) or IL-15 (1ng/ml) for 4h followed by
stimulation with 007 (10ug/ml) for an additional 20h. At that point supernatants were
collected and stored for further analysis.

Reagents
The synthetic imidazoquinoline 007 was a gift of 3M Pharmaceuticals, (St. Paul, MN).25

Recombinant IFN-γ and IL-15 were purchased from R&D Systems, Inc. (Minneapolis,
MN). CR51 was purchased from Perkin Elmer, Wellesley, MA.

Detection of Cytokines
Culture supernatants were harvested and tested for the presence of IFN-α and IL-12p70 by
ELISA according to the manufacturer's recommendations, using antibody pairs from
Endogen (IFN-α, Woburn, MA, sensitivity 10 pg/ml) or R&D Systems Inc (L-12p70
Minneapolis, MN, sensitivity: 10 pg/ml).

Flow Cytometric Analysis
To analyze expression of CD69 on NK cells or T-cells, PBMC were stained with anti-CD3-
PerCp, anti-CD56/CD16-APC, anti-CD69-FITC or anti-CD8-PerCp and anti-CD69-FITC.
Murine immunoglobulins of appropriate isotypes were used as a control. All antibodies were
purchased from BD Biosciences, San Jose, CA.

Cells were analyzed with the FACS Calibur (Becton Dickinson) flow cytometer using
CELLQuest software (Becton Dickinson, San Jose, CA) at the Flow Cytometry and Cell
Sorting Core, Abramson Cancer Center, University of Pennsylvania, Philadelphia, PA.
50,000 events were collected to analyze NK cells and CD8 T-cells.

Natural Killer Cytotoxicity Assay
PBMC stimulated with 007 +/− IFN-γ or IL-15, were the source of activated NK cells.
Priming with IFN-γ or IL-15 was performed as described above. After 24h stimulation, cells
were harvested, washed with PBS (Gibco-BRL, Grand Island, NY) and plated at different
concentrations. Human lymphoblastoma K562 cells or the SEZ4 malignant T-cell line
derived from the peripheral blood of a leukemic CTCL patient were used as targets. A
standard 4h Cr51-release assay was performed as previously described.24

Statistical Analysis
Data are expressed as means ± SD of tested individuals. Statistical significance was
determined using the Wilcoxon signed-rank test.
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Microarray Studies: Preparation of PBMC RNA
Gene expression was analyzed in PBMC from four SS patients. They included three CTCL
CD4 patients: one with low circulating tumor cell burden (<20% of lymphocytes) and two
with medium circulating tumor cell burden (20–50% of lymphocytes), the fourth patient was
a CTCL CD8 SS patient with medium circulating tumor cell burden. The four PBMCs were
treated as described above with IFN-γ and/or 007 and the cells were then harvested for
RNA extraction. Samples were collected from PBMC maintained in culture in growth
medium alone at 4h and at 7h, cells treated with IFN-γ alone collected at 4h and at 7h, cells
treated alone with 007 for 7h and from cells first treated with IFN-γ for 4h and then with
007 for an additional 3h. For each patient, six different samples were available. RNA was
processed as previously described and analyzed using Illumina HumanHT-12 v4 microarray
chips according to Illumina.26 All arrays were processed in the Wistar Institute Genomics
Facility.

Data Preprocessing
The gene-wise, median correlation of each array compared to all other arrays was computed
to ensure that no outliers existed within the data. All arrays were first quantile normalized
and the data filtered to remove non-informative probes. A probe was considered to be non-
informative if its intensity was lower that the background in the majority of the samples, or
if the maximum ratio between any two samples was below 1.2, resulting in 19,294 probes to
be used for further analysis.

Gene Expression Statistics
An ANOVA test was conducted on the data to identify differentially expressed probes
associated with all treatments. A total of 5,326 probes passed the p-value cutoff of 0.001
with a zero false discovery rate. Tukey's honestly significant difference test was then used to
determine the within-group differences with a 99% confidence interval. All preprocessing
and microarray data analysis were conducted in MATLAB 7.10.0.

Synergistic Response to Treatments
Arrays from cells kept in medium for 7h were used as the baseline control. There was
essentially no significant difference in the 4h and 7h results, but only 7h samples were used
for further comparisons. We first selected those genes that exhibited significant differential
expression with the combined IFN-γ/007 treatment compared to the medium control to
identify those genes that potentially displayed synergistic response due to the combined
treatment. The gene expression levels of the selected genes from medium versus IFN-γ/007
treatments were compared to the expression levels of samples treated 7h with only IFN-γ
and only 007. A gene was designated as being synergistically affected if the combined IFN-
γ/007 expression level was at least 50% greater than the sum of the expression levels of the
individual treatments.

Enrichment of Cell Type Specific Genes
Specificity of expression of a specific gene to lymphoid cell types (dendritic cells,
monocytes, myeloid cells, T-cells, B cells, NK cells and Neutrophils) was obtained from the
IRIS database.27 IRIS classifies markers as cell-type-specific if they are expressed three-fold
or more in one specific immune cell type or lineage compared to expression in other
immune cells. The data is based on large numbers of gene expression studies on isolated,
specific cell types. Significance of enrichment of genes of a specific cell type in a list of
changed genes was tested using Fisher Exact Test with significance level set at P<0.05.
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Pathway Analysis
Pathway analysis was conducted using the Ingenuity Pathway Analysis (IPA; Ingenuity
Systems, www.ingenuity.com) using the data from the comparison of the IFN-γ/007
treatment compared to samples in medium. The final list used as an input into IPA was
limited to those probes that exhibited an absolute fold change greater than 3. Similarly,
probe lists were obtained from the individual IFN-γ and 007 treated arrays versus the
medium control. To determine statistically significant canonical pathways, the Benjamini
and Hochberg multiple test corrected p-value was restricted to 0.01.

Role of the Funding Source
This work was supported by grants from the National Cancer Institute and the Leukemia and
Lymphoma Society. The funding sources were not involved in the design or completion of
this study. They were not involved in the preparation or submission of this manuscript.

RESULTS
Activation of NK Cells in Response to 007:Enhancement of Cytolytic Activity by IFN-γ or
IL-15

We have previously shown that synthetic agonists for TLR7 or TLR8 alone were capable of
activating the NK and CD8 T-cells of Sezary syndrome patients leading to upregulation of
CD69, an early activation molecule on the cell surface.22 Consistent with these findings,
stimulation with 007 also upregulated the expression of CD69 on NK cells (Figure1 A) and
CD8 T-cells (data not shown). Priming of patients' PBMC with IFN-γ or IL-15 prior to
stimulation with 007 did not seem to further significantly enhance expression of CD69 on
NK or CD8 T cells (data not shown). However, priming with IFN-γ or IL-15 significantly
increased (p<0.05) the cytolytic activity of NK cells compared to 007 alone. (Figure 1 B, -
C). As shown in Figure 1B, the lysis of the universal NK cell target, K562 was significantly
increased after cytokine priming (p<0.05). Importantly, we also observed a marked increase
in killing of SEZ4, a malignant T-cell line derived from a Sezary syndrome patient. (p<0.05;
Figure 1C).28 The enhanced killing of the SEZ4 cell line following priming with cytokines
and triggering with 007, provided a strong indication that the NK cells of Sezary syndrome
patients are capable of eliminating CTCL tumor cells.

Enhancement of IL-12 and IFN-α Production in Response to the TLR7/8 Agonist 007 and
IFN-γ or IL-15

Since the activation of NK cells and T cells by the TLR 7/8 agonist is indirect and depends
upon the activation of dendritic cells and the cytokines produced by these cells, we analyzed
the production of IFN-α and IL-12p70. We previously showed that despite the decreased
number of circulating DCs in CTCL patients compared to healthy volunteers, the production
of these DC-dependent cytokines could be markedly enhanced by subjecting the DCs to
priming with IFN-γ or IL-15, prior to stimulation with a TLR agonist.11 Therefore, we
examined the ability of the TLR agonist 007 to induce either IFN-α or IL-12 from the
PBMCs of Sezary syndrome patients and whether priming with IFN-γ or IL-15 led to
further increases in production. As shown in Figure 2A, 007 alone induced 108.3 pg/ml of
IL-12 p70. Importantly, there was a synergistic enhancement of IL-12p70 production if
PBMCs were first primed with IFN-γ, resulting in production of 4475.9 pg/ml of IL-12 p70
corresponding to a statistically significant (p< 0.001) 41.3 fold increase compared to 007
alone. Priming the PBMCS with IL-15 produced 301.6 pg/ml of IL-12 p70 which was a
statistically significant increase of 2.7 fold compared to medium (p<0.05) but IL-15 was less
potent than IFN-γ. Priming with IFN-γ also significantly enhanced IFN-α production in
response to 007. A 1.9 fold increase in production of IFN-α was detected upon priming of
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PBMC with IFN-γ (1364.5 pg/ml; p<0.05), compared to levels induced by 007 alone (694.8
pg/ml) (Figure 2B). In contrast, priming with IL-15 did not significantly enhance production
of IFN-α in response to 007.

Analysis of Gene Expression Using Microarrays
A. IFN-γ priming followed by stimulation with 007 results in a significant
increase in IL-12 and IFN-α gene expression—To further characterize the underlying
mechanism of TLR7/8 agonist-induced responses and IFN-γ enhancing effect on these
responses, we analyzed global gene expression changes in cultured PBMC from four Sezary
syndrome patients (see methods). The changes in gene expression in response to treatment
were highly significant and relatively uniform across the four patient samples regardless of
circulating tumor cell burden or type. Although many genes changed due to the single and
combined treatments (4,910 genes), we first concentrated on those genes whose expression
was most significantly and synergistically affected by the combined treatment. The most
significantly affected genes with the most highly induced mRNA levels as a result of the
single and combined treatments are shown in Figure 3. Nine IFN genes were highly induced
by the dual treatment including 7 different IFN-α genes, as well as IFN-γ and IFN-β. The
IFN-α and the IFN-β genes were not affected by treatment with IFN-γ alone, but responded
to 007 and were significantly increased in transcription by the dual treatment. Only IFN-γ
showed a small increase in message levels in response to IFN-γ. In agreement with the
cytokine assays, expression of message for IL12-α (p35) and IL-12-β (p40) chains were
upregulated by treatment with the most significant effect on p40 message levels.

B. IFN-γ priming followed by stimulation with 007 results in significant
upregulation of IFN regulatory factor (IRF)-8—We examined expression patterns of
transcription factors that could be associated with the increased IFN-α and IL-12 gene
expression. We observed 63 transcription factors that were induced by single or combined
treatments. Within the signal transducer and activator of transcription (STAT) family,
STAT-1 and 2 were induced relatively equivalently by IFN-γ, 007, and combined treatment
while STAT 4 and 5A were primarily induced by 007. All treatments reduced expression of
the IRF2BP2 transcriptional repressor (data not shown).

Interferon regulatory factor-8 (IRF-8) was the only member of the IRF family that was
induced by both IFN-γ and 007 and synergistically upregulated by the combined treatment,
suggesting that it is the major transcription factor that contributes to increased transcription
of IL-12 and IFN-α genes and is essential to dendritic cell development.29,30 As shown in
Figure 4, priming of patients' PBMC with IFN-γ or stimulation with 007 increased IRF-8
message more than 4 and 5 fold respectively (compared to medium alone) but the
combination of IFN-γ + 007 resulted in more than a 12-fold increase in IRF-8 mRNA
expression. Stimulation with 007 induced expression of IRFs 2, 4, and 7 messages while
levels of IRF-1 message were similar regardless of treatment (Figure 4, data not shown).

We were also able to identify transcription factor binding sites. Gene set enrichment analysis
(GSEA) of promoter regions of significantly changed gene expression from the microarray
data revealed the significant overexpression of genes binding to IRF1 (35%), IRF2 (31%),
IRF7 (38%) IRF8 (45%) and NFκB (35%), in combined treatment, consistent with the up-
regulation of these transcription factors in IFN-γ + 007 treated samples compared to
untreated samples.31

C. Induced transcription is primarily associated with the myeloid lineage—To
identify the cell types that were specifically affected by treatment with IFN-γ, 007, or IFN-γ
+ 007, we examined all the genes differentially expressed in response to the single or
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combined treatments using the IRIS database of immune specific genes (See Materials and
Methods).27 We found that genes specific to myeloid lineages were significantly
overrepresented in our gene list. In particular, dendritic cell specific genes were
overrepresented in the list of significant genes for all three treatments, while genes identified
as monocyte specific were overrepresented only if 007 was present. Lymphoid genes
specific for T cells, B cells, or NK cells were not significantly different as a result of any of
the treatments (Table 1).

DISCUSSION
Our results demonstrate the ability of the novel TLR agonist 007 to potently activate
immune cellular responses in vitro in the peripheral blood cells of immunodepressed Sezary
syndrome patients. NK cells, as well as CD8 T cells, were rapidly activated by 007.
Moreover, the cytolytic activity of NK cells was also markedly upregulated by 007. As these
cells are critical to the host immune response against the tumor cells these effects are likely
to mediate a beneficial clinical effect.32

More importantly, we demonstrate a marked synergistic enhancement of IL-12 and IFN-α
cytokine production when patients' PBMCs were primed for 4 hours with IFN-γ prior to
stimulation with 007. Previously, our group, as well as others, has demonstrated similar
effects of IFN-γ synergism with multiple different TLR agonists.22,33 The cytokines that are
induced have the capacity to enhance functions of cytolytic T cells and NK cells. Moreover,
IFN-α mediates the anti-proliferative and pro-apoptotic effects on the malignant T
cells.34–36

IFN-γ's enhancement of IL-12 production is a result of an increase in both IL-12-p35 and
IL-12-p40 gene transcription and, as previously shown by our group and others, from a
decrease in the production of IL-10--a critical cytokine which counterbalances IL-12
synthesis.22,37–40 Our data also demonstrate the enhancing effect of IFN-γ on IFN-α gene
transcription following culture with single and combined treatments. Of note, the gene
expression of other members of the IL-12 family has been induced as well; both IL-23-a/p19
(which interacts with the IL-12 p40 chain) and IL-27 were significantly induced by both 007
and 007+IFN-γ (data not shown). Only IL-27 was found to be induced by IFN-γ alone.
These 3 related heterodimeric cytokines have overlapping and unique roles in regulating the
innate immune response41,42. Additional genes of interest include IDO2, a presumptive
immunomodulatory gene related to IDO1 that is expressed in monocytes/macrophages and
in antigen-presenting cells. Although it has not been clear as to whether IDO2 transcription,
like IDO1, is induced by IFN-γ, we find IDO2 expression to be induced by IFN-γ in these
studies.

Our data suggests that IFN-γ-dependent increases in IFN-α and IL-12 production may
result, at least in part, from enhanced expression of IRF-8. The IRF family has been
implicated in the regulation of IFN-α and IL-12 gene transcription.43 Interestingly, IL-12
and IFN-α have in turn been suggested to up-regulate mRNA/protein expression of IRF-8
creating a positive feedback loop.44 Among IRFs, IRF-1, in synergy with IRF-8, was found
to regulate transcription of the IL-12p35 gene whereas IRF-7 and IRF-8 have been
considered the major regulators of IFN-α gene transcription.29,30,45 Constitutively expressed
in plasmacytoid dendritic cells, IRF-7 and IRF-8 can be rapidly upregulated in response to
viral infection, TLR7/8 agonists such as single-stranded RNA or imidazoquinolines (007) or
CpGs, which are TLR-9 agonists. Additionally, IRF-8 expression is inducible by IFN-γ.46

Importantly IRF-8 −/− mice lack plasmacytoid dendritic cells as well as CD8α+ myeloid
dendritic cells that correspond to the recently described population of CD11c/CD141
dendritic cells in humans.30,47 The remaining CD8α− myeloid DC in these mice failed to
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mature upon stimulation with TLR agonists further supporting the importance of IRF-8 in
their activation. These data strongly support the notion that IRF-8 is essential to the
development of both plasmacytoid and myeloid dendritic cells. In this context, the increase
in the IRF-8 expression produced by the combination of 007 and IFN-γ not only provides an
explanation for the increased levels of IFN-α and IL-12, but also emphasizes the
immunotherapeutic benefit of combining 007, a TLR7/8 agonist, with IFN-γ for treatment
of CTCL patients with limited numbers of dendritic cells.

We also examined whether the effects on gene expression we detected with the single and
combined treatments had different affects on the PBMCs derived from CTCL patients with
malignant CD4 cells versus those with malignant cells of the CD8 phenotype. To address
this possibility, we analyzed the CD8 CTCL samples separately and re-evaluated the
differentially expressed genes based on similar criteria used in the initial analysis. Our
results revealed that the treatments were equally effective on CD8 CTCL as well as CD4
CTCLs. Among the genes that significantly changed after single treatment with IFN-γ or
007 when considering both CD4 and CD8 CTCLs, 72% and 81% of the genes exhibited
similar change when we excluded the CD8 samples from the analysis (data not shown). This
correlation further increased to 83% when we examined the genes affected by the combined
IFN-γ + 007 treatment suggesting the treatments would be equally effective for both CTCL
types.

Our findings have important implications for the treatment of patients with advanced CTCL.
It appears to be possible to potently boost immune responses of this patient population by
combining a TLR agonist with IFN-γ. Both TLR agonists and IFN-γ are available in the
clinic and each has become standard of care for various forms of CTCL (see National
Comprehensive Cancer Network guidelines). Importantly, emerging evidence supports the
use of several different TLR agonists in the treatment of CTCL. Suchin and colleagues were
the first to report the efficacy of imiquimod, a topical TLR7 agonist for the treatment of
early skin disease associated with CTCL.48 This has been followed by additional
reports.49–52 Furthermore, a recent phase I trial using a systemically administered
recombinant CpG, a TLR9 agonist, demonstrated a 35% response rate among highly
refractory, heavily pretreated CTCL patients with advanced disease. Interestingly, complete
responses with resolution of all disease were noted among several patients in this trial.53

Based upon our in vitro observations in this study, it is now potentially possible to consider
the additive or synergistic boosting of immune responses among Sezary syndrome patients
using combined therapy with a TLR agonist and IFN-γ. The possibility of observing a
corresponding enhancement of clinical responses will be tested in a clinical trial.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
A. 007, a TLR7/8 agonist, potently activates the NK cells of Sezary syndrome patients and
upregulates CD69 expression.
PBMC from Sezary syndrome patients were cultured with media, IFN-γ, or IL-15 for 4h
followed by 20h stimulation with 007, a TLR7/8 agonist. Cells were then harvested, stained
with appropriate antibodies and analyzed for the expression of CD69 on CD56/CD16 NK
cells. Data represent mean ± standard deviation of tested individuals and are presented as a
percentage of NK cells positive for CD69 (n=12).
B and C. IFN-γ and IL-15 significantly upregulate the 007-induced cell-mediated cytolytic
killing activity of the PBMC of Sezary syndrome patients against tumor cell lines.
PBMC from patients were stimulated as described in Figure 1A, followed by a 4h Cr51 assay
using as targets either K562 leukemic cells (B) or the SEZ4, a Sezary-derived T cell line
(C). Data represent mean ± standard deviation of tested individuals (n=9)
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Figure 2.
A and B. Priming of PBMCs with IFN-γ and IL-15 prior to stimulation with the TLR7/8
agonist 007 significantly increases IL-12 p70 production (A) but only priming with IFN-γ
significantly increases levels of IFN-α (B).
PBMC from Sezary syndrome patients were cultured with media, IFN-γ, or IL-15 for 4h
followed by 20h stimulation with 007, a TLR7/8 agonist. Cytokine levels were measured in
cell-free supernatants by ELISA: A. IL-12p70; B. IFN-α. Data represent mean ± standard
deviation of tested individuals (n=10). ** p<0.005; * p<0.05
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Figure 3.
Gene expression intensities of interferons and interleukins that were synergistically
increased by the combined treatment of IFN-γ and 007 compared to single treatments.
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Figure 4.
Fold changes in gene expression of IRF-4, IRF-7, and IRF-8 in samples treated with IFN-γ,
007, and IFN-γ+007 compared to untreated samples. Combined treatment displays
synergistic effects of IFN-γ+007 on IRF-8 gene expression. IRF-7 fold changes are shown
as an average of two microarray probes.
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Table 1

Significantly increased numbers of specific cell type genes changed by each treatment. ns = non-significant
increase.

total number of cell type specific genes in IRIS induced by IFN-γ induced by 007 induced by IFN-γ + 007

DC 52 11 19 24

Myeloid 295 50 116 126

Monocyte 64 NS 32 26
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