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Interferon (IFN)-f in preclinical studies, compared to IFN-02, bound with higher affinity to its receptor, induced
to higher levels of IFN-stimulated gene products, induced more apoptosis in melanoma cells, and had antitumor
effects against melanoma. A maximally tolerated dose of 12x10° international units/m? after 2 weeks sub-
cutaneously daily with dose escalation to 18x10° international units/m? was thus used in a phase II trial of
IFN-Bla in cutaneous metastatic melanoma (1 =17) and uveal melanoma (1 =4). It resulted in expected but
reversible drug-related severe (grade 3) adverse events in 13/21 patients; anorexia and fatigue were mostly of
mild or moderate severity and infrequently needed dose reduction. Although a single patient had a sustained
regression, overall IFN-Bla did not have clinical benefit (response rate <10%; median progression-free survival
1.8 months). Effective and potent induction in peripheral blood cells and into serum of products of IFN-
stimulated genes such as the pro-apoptotic cytokine, TRAIL, and the immunomodulatory and anti-angiogenic
chemokines, CXCL10 and CCLS, confirmed gene regulatory actions. To probe further anti-angiogenic mecha-
nisms, both VEGF-A and CXCL-5 were assessed; compared to before treatment, both proteins decreased.
Continued improvements in understanding of antitumor mechanisms will enhance usefulness of IFNs for nodal

or distant metastases from melanoma.

Introduction

INTERFERON (IFN)-02 FOR METASTATIC MELANOMA has re-
sulted in disease regression in 15% of patients with meta-
static disease and prolongation of disease-free and overall
survival in patients with newly diagnosed disease at risk for
recurrence (Kirkwood and others 2002; Ascierto and Kirk-
wood 2008; Balch and others 2009). Different IFNs have
different biological effects on cell proliferation, virus repli-
cation, and immune cell function (Pestka and others 2004;
Honda and others 2005; Borden and others 2007). IFN-f
shares, however, only 30% amino acid homology with IFNs-
o and although binding to the same receptor does so with
higher affinity and with a likely differing steric interaction
and signaling effects (Ruzicka and others 1987; Pestka and
others 2004; Borden and others 2007). Possibly, as a result of
the differing receptor interaction, IFN-B induces more
strongly the transcriptionally regulated IFN-stimulated
genes (ISGs) (Der and others 1988; Leaman and others 2003).
Furthermore, it more potently induces antiproliferative ef-
fects and apoptosis in tumor cells in vitro than does IFN-02
(Schiller and others 1986; Krasagakis and others 1991;
Chawla-Sarkar and other 2001).

In murine studies, IFN-f has resulted in antitumor effects
for transplantable syngeneic melanomas (Ida and others
1982; Ryuke and others 2003), and in the nude mouse,
human IFN- resulted in greater antitumor effects than IFN-
a2 for melanoma xenografts (Gomi and others 1984; Johns
and others 1992). A deficiency in humans in IFN-B produc-
tion has been identified in the epidermis overlying melano-
mas with a concomitant increase in angiogenesis (McCarty
and others 2003). Since IFN-B has antiangiogenic effects in
the nude mouse (Sidky and Borden 1987), these antitumor
effects may result from vascular inhibition in addition to
direct effects on tumor. However, a high dose daily infusion
of IFN-B (60 million units) for 4 days resulted in partial re-
sponses in 3/15 patients with metastatic melanoma (Abdi
and others 1988).

A phase I trial of IFN-fla had identified a maximally
tolerated dose of 12x10° international units (IU)/m? with
escalation to 18x10° IU/m? daily (Ravandi and others 1999).
Although in humans a low dose of IFN-B1 intravenously
twice weekly was ineffective as was continuous infusion
(Sarna and others 1987), with the need for improved treat-
ments for metastatic melanoma, a phase II trial of IFN-Bla
was initiated. Objectives were to identify antitumor effects,
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adverse events, and gene regulatory actions at the maximally
tolerated dose.

Methods
Inclusion and exclusion criteria

All patients met the following eligibility criteria: histological
diagnosis of malignant melanoma, measurable disease as de-
fined by the National Cancer Institute (NCI) response evalua-
tion criteria in solid tumors guidelines, performance status
Eastern Cooperative Oncology Group (ECOG) of <2, recov-
ered >2 weeks from the toxicity of palliative (small port) ra-
diation therapy, <1 prior systemic regimen (chemotherapeutic
or biological) for metastatic disease, not have received any
adjuvant or metastatic disease IFN-02 <12 months prior, and
no major surgery within 28 days, together with granulocyte
count >1.2x10° L7}, platelets >100x 10° L7}, hemoglobin
>9.5gm/100mL, creatinine <1.5mg/dL, and bilirubin (total)
<1.5mL/dL, and must have provided written informed con-
sent as to the investigative nature of treatment in accordance
with institutional and federal guidelines. Excluded were
patients with uncontrolled central nervous system (CNS) me-
tastases in the prior 6 months, chronic infections, history of
serious cardiac arrhythmia, congestive heart failure, pregnant
or lactating women, fertile women or men unless surgically
sterile or using effective contraception, serologic evidence of
HIV or HBsAg, organ allografts, high dose glucocorticoids, age
<18, or history of severe psychiatric disorders. Although trial
and institutional procedures were subsequently improved, 2
patients in the first 5 entered (1 with anemia from chronic
bleeding from gastrointestinal metastases and 1 with prior but
asymptomatic atherosclerotic cardiac disease) had eligibility
parameters outside of specified; neither, however, experienced
any treatment-related adverse events and were included in all
analyses. Patients were assessed for adverse events weekly
for 4 weeks, biweekly for 2 weeks, and then monthly. Mea-
sureable disease was assessed at each visit and by imaging
every 2 months.

Treatment plan

Patients received IFN-Bla provided as Rebif® by Merck
Serono. Recombinant human IFN-B1a (Rebif) is composed of
the native amino acid sequence of natural human IFN-f. It is
produced in mammalian cells (Chinese hamster ovary cells)
and glycosylated like the natural protein. In its physico-
chemical and biological properties it has not been distin-
guishable from human fibroblast-derived natural IFN-B
(Frone®; Serono). It was administered at 12x10° IU/m?
subcutaneously (sq) daily with dose escalation after 14 days
and if no adverse events >grade 2 to 18x10° TU/m?. Patients
received IFN-B1la until disease progression or a dose-limiting
toxicity supervened. Near study end an amendment added
topical retinoid vitamin A créeme 0.05% applied once daily
for 4 final patients with cutaneous metastases.

ELISA and multiplex assays for ISG products

Bo-microglobulin (R&D Systems, Minneapolis, MN) was
quantitated in patients’ sera using a competitive binding
enzyme immunoassay. TRAIL, CXCL10 (IP-10), FGFB, and
CCL20 (MIP-3a) (R&D Systems), TRAIL-R1 and TRAIL-R4
(Gen-Probe, Inc. Canton,MA), and CCL8 (MCP-2) (RayBio-
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tech, Raitan, NJ) were quantitated in frozen stored patients’
sera using individual quantitative sandwich enzyme immu-
noassays for batched samples. IL-1RA, VEGF-A, TNF-q,
CSF-G, IL-1o IL-13, CCL-2 (MCP-1), IL-2, IL-6, IL-17, IFN-y,
CXCL8 (IL-8), CXCL5 (ENA-78), CCL3 (MIP-1a), CCL4
(MIP-1B), and CCL5 (RANTES) were quantitated in patients’
sera using the Luminex multi-analyte technology (Luminex
Corp., Austin, TX). All assays were performed according
to manufacturer’s instructions. The lower limits of sensitiv-
ity for all of the ELISAs were 0.4pug/mL for B2 micro-
globulin, 0.5ng/mL for neopterin, 0.3ng/mL (TRAILRI),
and 0.3-15pg/mL for all other proteins. The lower limits of
sensitivity for all products measured using the Luminex
technology was 10-15pg/mL.

RNA collection and analyses

Blood was collected in PAX tubes (PreAnalytiX, Inc.,
Franklin Lakes, NJ) before treatment and day 8, and RNA
was prepared using the PreAnalytiX Blood RNA kit ac-
cording to manufacturer’s instructions. cDNA was prepared
using the SuperScript III First-Strand Synthesis System (In-
vitrogen, Inc. Carlsbad, CA) according to instructions of the
manufacturer. Selected gene expression was assessed by
TagMan Gene Expression probes, TagqMan Universal poly-
merase chain reaction (PCR) MasterMix, and the ABI 7500
Cycler (Applied Biosystems, Branchburg, NJ) according to
the manufacturer. GAPH was used to normalize CT values
and fold expression was calculated based on pretreatment
CT values.

Biostatistics

Data were calculated at each day as mean and standard
deviation. Repeated measures analysis of variance was used
to determine if ISGs differed among days. Pairwise com-
parisons between days were performed using a Bonferroni
correction. All statistical tests were 2-sided; P <0.05 and
P < 0.017 were used to indicate significance of the overall test
and pairwise comparisons, respectively. Data were analyzed
using SAS® software (SAS Institute, Inc., Cary, NC).

Results
Patient characteristics and treatment administration

Entered on this trial were 21 patients with metastatic
melanoma (17 cutaneous and 4 uveal primaries) of median
age 61 (range 30-81), more male gender (n=16), and 20
Caucasians. Metastatic disease at the time of study enroll-
ment included cutaneous or soft tissues (1 =10), nodes (6),
and visceral sites (n1=16). Only 1 patient had previously
treated brain metastasis but did not have active disease at the
time of study entry. All patients were ambulatory (ECOG
performance status was 0 or 1) except 1 (performance status
2). Only 4 patients had had prior systemic therapy for met-
astatic disease, 7 had received IFN-02 after surgery for the
primary disease more than 12 months before, and 3 patients
had had prior radiation.

Nine patients received 1 cycle of therapy, 9 patients re-
ceived 2, and 1 patient each received 3, 6, and 12 cycles.
Toleration after 2 weeks allowed protocol defined dose es-
calation of IFN-Bla to 18x10° units/m? in 11 of the 21 pa-
tients with no unexpected or atypical adverse events. Eleven
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SIDE EFFECTS WITH ADMINISTRATION
OF INTERFERON-f1A

TABLE 1.

Toxicity grade (CTC Version 2.0)

1 2 3 4

Fever (without neutropenia) 11
Chills/rigors 15
Weight loss

Anorexia

Fatigue

Injection site reactions
Leukopenia
Lymphopenia
Thrombocytopenia
AST increased

ALT increased
Hypophosphatemia

O@%O\O%;\]ﬂ@

—
AN WNFPOWO WL NW
PR P NROONOODOOO
OO O ODODODDODDODODOD OO

patients (52%) had dose reductions (n=8) and/or delays
(n=10) at some point during treatment. All patients have
had IFN-Bla discontinued and all but 1 have expired from
progressive disease. Treatment was discontinued because of
progressive disease in 17 patients; 2 for patient request (1
after 12 months) and 1 each for recurring protocol defined
toxicity (grade 3 hepatic transaminases).

Side effects

The most commonly reported adverse events, possibly,
probably, or definitely associated with IFN-B1a, were the flu-
like and constitutional symptoms associated with IFNs and
injection-site reactions (Table 1). Flu-like symptoms of mild
or moderate fever (<40°C) or chills were experienced with
the first injection by 17/21 patients but was mild (<39°C) in
15. Almost all (19/21) patients had mild (1 =16) to moderate
(n=23) injection-site reactions. The latter were qualitatively
more marked than expected based upon experience with a
lower SQ dose of IFN-o2.

Fatigue was reported by 18/21 patients during treatment
but was graded as only mild or moderate (<1 performance
level decline) in 16. Anorexia occurred in 10/21 patients but
was never graded as worse than moderate. Despite having
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progressive malignancy, only 4 patients lost more than 5%
(grade 1) from starting weight during the period of admin-
istration of IFN-B and in only 1 patient did weight loss ex-
ceed 10%. Overall, the side effects of fatigue and anorexia
associated with high doses of IFN-02 in melanoma seemed
quantitatively less severe and bothersome.

No patient had leukopenia <2,000mm . Severe (1 =4;
<500mm?) lymphopenia and thrombocytopenia (n=4;
<50,000 mm ) did occur. AST elevations occurred in 12/21
and in 6 patients at the escalated dose was severe (>5x
normal) leading to dose alteration. Temporally associated
hypophosphatemia of <2.5mg/dL, a side effect not previ-
ously related to IFNs, resulted in 7/21 patients, including 1
patient with <2.0mg/dL. The hypophosphatemia had no
identified clinical association or complication.

Overall, 62% (13/21) of patients had at least one grade 3
event that resulted in protocol-defined alterations in dose.
Except for 2 instances of fatigue, all grade 3 adverse events
were hepatic transaminase elevations or hematologic count
suppression. Adverse events considered drug related were
all reversible and without clinically identifiable or continuing
sequelae. In 6/16 instances the grade 3 adverse events oc-
curred when dose was escalated to18x10° units/m?>. No life-
threatening adverse events occurred.

Response and survival

One patient with cutaneous melanoma had a partial and
sustained response in skin in the lower leg and lymph nodes
(pelvic). This patient had biopsied progressive cutaneous
nodules, a previously resected, progressive, painful large
(>7cm) pelvic mass and pulmonary metastases. After 3
months of IFN-, the cutaneous and pulmonary disease had
completely regressed and the pelvic mass had decreased and
eventually regressed on IFN-fla to fibrotic but non-
measureable pelvic mass on CT scans over 8 months. With
disappearance of his cutaneous disease, the patient asked to
withdraw from IFN-Bla after 13 months, but since an ab-
normal mass, possibly fibrosis, persisted at the site, he was
considered only a partial response. He has now remained off
treatment for >3 years without disease recurrence. All other
patients progressed in <6 months; median progression-
free survival was 7 weeks and median overall survival was
7 months. The last 4 patients entered onto the study had
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FIG. 1. Serum samples from melanoma patients were analyzed for f2 microglobulin (A), G1P2 (ISG15) (B), and neopterin
(C) expression at day 1 (pretreatment), day 8, and day 29 after interferon (IFN)b-1a treatment by ELISAs. Significant increases
(*P < 0.001) in B2 microglobulin, G1P2 (ISG15), and neopterin were identified at days 8 and 29. All patients received 22x106
international units (IU)/ m? on days 1-14 and 18x10° IU/m? on days 15-29. IFN, interferon; ISG, IFN-stimulated genes.
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FIG. 2. Serum samples from melanoma patients were analyzed for TRAIL (A) and IL-1IRA (B) expression at day 1 (pre-
treatment), day 8 and day 29 after IFNb-1a treatment. The level of TRAIL was determined using an ELISA and the level of IL-
1RA was determined using the Luminex multi-analyte technology. Expression of both TRAIL and IL-1RA was significantly
(*P <0.001) increased after treatment. All patients received 22x106 IU/m? on days 1-14 and 18x106IU/m?* on days 15-29.

retinoid créme additionally used topically without regression
of cutaneous metastases.

ISG product induction

To confirm biological activity of the subcutaneous IFN-B1a
and to probe mechanism of action, 10 random patients had
representative ISG protein products quantitated in serum.
These were assessed by ELISA or multiplex assay before
treatment, after 1 week, and after 1 month of daily injections.
Consistent with other studies of IFNs (Goldstein and others
1989; D’Cunha and others 1996; Ravandi and others 1999;
Buchwalder and others 2000; Borden 2005; Masci and others
2007), immunoregulatory IFN-stimulated proteins increased.
Although an expected inter-patient variability occurred, par-
ticularly in baseline levels, B2-microglobulin, guanosine
triphosphate (GTP) cyclohydrolase (measured as its product
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FIG. 3. Serum samples from melanoma patients were an-
alyzed for VEGFa expression at day 1 (pretreatment), day 8,
and day 29 after IFNb-1a treatment. The level of VEGFa was
determined using the Luminex multi-analyte technology. A
decrease in VEGFa (*P < 0.03) was identified at day 29. All
patients received 22x106IU/m* on days 1-14 and
18x106TU/m” on days 15-29.

neopterin), and ISG15 (G1P2) increased significantly (P < 0.01)
and in almost every patient (Fig. 1A—C). All increases in these
ISG protein products were sustained after 1 month of IFN-f1a.
B2-microglobulin increased further when the level at d29 was
compared to d8 (P<0.001). Even after 1 month of daily
treatment, however, no significant (P <0.05) changes were
identified in CSF-GM, IL-2, IL-6, IL-17, or IEN-y [in 3/10
patients IFN-y did increase from undetectable (<10 pg/mL)
to measurable (19-54pg/mL)].

Cytokines with both pleiotropic and more restricted-
lineage cellular effects were also assessed. Significantly in-
creased (P < 0.001) were TRAIL and IL-1RA (Fig. 2A, B). The
patient with the clinical response had the highest level of the
pro-apoptotic TRAIL gene product of any patient following
the escalated dose on d29. VEGF-A overall decreased mod-
estly (P <0.03, unadjusted for multiple comparisons) after 1
month of treatment in 9/10 patients (Fig. 3). Without sig-
nificant (P < 0.05) change were TRAIL-R4 (a decoy receptor),
TNF-a, and FGF-$ (data not shown).

Chemokines that increased most markedly (P <0.001)
were CCL2 (MCP-1), CCL8 (MCP-2), and CXCL10 (IP-10)
(Fig. 4A—C). CCL8 and B, microglobulin were the only ISG
products to be further significantly (P <0.01) stimulated
from d8 to d29. Less marked but significant increases after 29
days of treatment (P < 0.01) resulted in CCL20 (MIP-3a) and
CXCL8 (IL-8) (Fig. 4D, E). Identified unexpectedly was a
decrease in the proangiogenic CXCL5 (ENA-78) (Fig. 4F). No
changes resulted in CCL3 (MIP-1a), CCL4 (MIP-1B), or
CCL5 (RANTES) (data not shown).

To further confirm that increases in proteins resulted from
ISGs, RNA was purified from peripheral white cells drawn
on days 1 and 8 and specific gene products assessed with 37
different probes. Substantial relative increases occurred in
specific RNA after a week of IFN-B when assessed by
quantitative (q) real time (RT)-PCR in 3 patients (Table 2). In
a fourth patient (data not shown) slight increases (6-fold) in
IFI27 and ISGp27 also resulted without increases in other
ISGs (this patient did have expected increases in protein
products of ISGs, suggesting thus RNA loss during storage
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FIG. 4. Serum samples from melanoma patients were analyzed for CCL2 (MCP-1), CCL8 (MCP-2), CXCL10 (IP-10), CCL20
(MCP-3a), CXCL5 (ENA-78), and CXCLS8 (IL-8) expression (A-F) at day 1 (pretreatment), day 8, and day 29 after IFNb-1a
treatment. The levels of CCL2, CCL8, CXCL5 (ENA-78), and CXCL8 were determined using the Luminex multi-analyte
technology, and the levels of CXCL10 and CCL20 were determined using ELISAs. Significant increases (*P < 0.001) in CCL2,
CCL8, CXCLS, and CXCL10 were identified at days 8 and 29. A significant increase (**P < 0.05) in CCL20 was identified at
day 29. A significant decrease (*P <0.001) was identified at days 8 and 29 in CXCL5 (ENA-78). All patients received
22x106TU/m?2 on days 1-14 and 18x106TU/m? on days 15-29.

or extraction). Specific mRNA increases in ISG15, CCLS,
CXCL10, and TRAIL confirmed protein product increases of
the same genes in the 3 patients.

All other gene products, identified as increased more than
2x by qRT-PCR in at least 2 of the 3 patients (Table 2), were
ISGs known from in vitro studies (Der and others 1988;
Leaman and others 2003; Borden and others 2007) but most
not previously identified as increased by IFNs in patients.
Conversely, no increases resulted in genes such as CSF-GM,
SHP1, TRAIL-R1, PTEN, or TSP1 that are not identified ISGs
(data not shown).

Discussion

IFN-Bla at a maximally tolerated dose daily did little to
induce tumor regression in metastatic cutaneous melanoma
in patients with good performance status and limited prior
therapy (only 1/17 objective regressions). The high dose re-
sulted in expected severe (grade 3 but no life-threatening
grade 4) but reversible bone marrow suppression, trans-
aminase elevations or fatigue in 13/21 patients. The short
progression-free and overall survival of on this trial was
unfortunately quite consistent with a recent review of inter-
national results for patients with metastatic melanoma on
phase II trials of new agents (in which median progression-
free survival was 1.7 months and overall survival was 6.2
months (Korn and others 2008). A new IFN of clinical benefit
would likely need to achieve a response rate of at least 20%
to be of interest for additional study; with 1/17 responses, a
type Il error of ~ 0.10 for a response rate exceeding this level
was calculated (90% confidence interval = 0.1% — 25%).

Since IFNs are a component of host response to pathogens
and tumors, immunomodulation has had prominence as an
underlying mechanism for antitumor actions of IFNs (Dunn
and others 2006; Ferrantini and others 2007). Confirming this
effect, increases in f2-microglobulin, ISG-15, and the mono-
cyte activation product neopterin (Fig. 1A-C) occurred.
These ISG products may reflect increased innate immunity or
are ones that are components of the MHC complex, which
also increases with IFNs (Goldstein and others 1989; Borden
and others 2007). Although absence of detectable levels can
always reflect lability or technical factors, no significant in-
creases were identifiable in the proteins of nonspecific im-
mune cell activation (IL-lo, IL-B, or CSF-GM) or specific
immunity (IL-2, IL-6, IL-17, or IFN-y). Other studies have
failed to detect changes in the soluble IL-2R or T cell subsets
in patients in response to IFN-B (Ravandi and others 1999;
Reder and others 2008). In support, however, of immuno-
modulatory actions were also induction of the dendritic cell
and T cell chemoattractants, CCL8 and CCL20.

Apoptosis and antiproliferative effects, particularly with
IFN-B, have been recognized in vitro in an increasing diver-
sity of cell lines, including melanoma, colorectal, and bron-
chogenic carcinomas (Chawla-Sarkar and others 2002, 2003).
Even when genes were induced by IFN-02, IFN-B on a
comparative basis was almost always more potent in in-
ducing expression (Der and others 1988; Leaman and others
2003). Prominent among these were genes whose products
induce apoptosis, including TRAIL, which was confirmed
subsequently as contributing to apoptosis in melanoma cells
after IFN-f (Chawla-Sarkar and others 2002, 2003; Reder and
others 2008). In contrast to IFN-02 (Ji and others 2003;
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TABLE 2. FoLD CHANGE IN INTERFERON-STIMULATED
GENES RNA AFTER INTERFERON-B TREATMENT

Genes Patient #1 Patient #2 Patient #3
IF127 313 173 340
G1P2 204 94 116
CCLS8 161 24 161
CXCL10 120 43 41
G1P3 62 600 37
MX1 59 13 35
XAF1 28 20 19
IRF7 23 112 11
CXCL11 11 2 14
IL22RA1 9.8 1 3.1
TRAIL 9.3 39 6.7
BST2 8.3 5.4 6.1
AIM2 7.5 2.9 8.5
CCL7 3.6 0.9 2
STAT1 3.4 4.4 49
FasL 3 2.7 1.8
IFITM2 2.3 0.9 3.8

Peripheral blood was collected pretreatment and on day 8 of
treatment in PAX tubes. RNA was prepared using the PreAnalytiX
kit according to manufacturer’s instructions. cDNA was prepared
with SuperScript III First-Strand Synthesis system, quantitative real
time (RT)-polymerase chain reaction was performed with ABI
probes on an ABI 7500 Cycler, CT values were normalized with
GAPH, and fold change was calculated based on pretreatment CT
values. All patients received 22x106 international units/m? on days
1-14 and 18x106 international units/m? on days 15-29.

Zimmer and others 2008), with IFN-B, TRAIL increased in
serum of almost all treated patients (Fig. 2A) with the highest
level occurred in the patient who had the sustained tumor
regression.

However, TRAILR1 may be silenced by methylation of its
promoter (Bae and others 2008). Resistance to TRAIL has
been attributed to expression of decoy receptors or to over-
expression of inhibitory proteins (Ashkenazi 2008). Our pa-
tients had no evidence for change in expression of receptor
TRAIL- R1 by qRT-PCR or for the decoy receptor TRAIL-R4
by ELISA (Wicovsky and others 2005).

A marked reduction in the level of the proangiogenic
chemokine, CXCL5, was identified (Fig. 4F). This reduction
in CXCL5 was in accord with reduction of secretion by
monocytes in vitro (Schnyder-Candrian and others 1995).
Furthermore, although relatively of less magnitude, possibly
reflecting its longer serum t; /,, a reduction in serum VEGF-A
by 28 days resulted from IFN-B (Fig. 4), as with IFN-02
(Yurkovetsky and others 2007). Post-translational mecha-
nisms that decrease expression of VEGF and potentially
CXCLS5 by IFNs have begun to be elucidated (Ray and others
2009). Consistent with post-translational inhibition was a
lack of decrease (or increase) in specific gene transcripts for
VEGF (data not shown). Conversely, the anti-angiogenic
CXCL10 was potently increased (Fig. 4C). CXCL10 has both
direct inhibitory effects on endothelial cell proliferation and
may suppress VEGF expression in murine breast carcinomas
(Angiolillo and others 1995; Feldman and others 2006; Taylor
and other 2008; Aronica and others 2009).

In contrast to other studies (Ji and others 2003; Zimmerer
and others 2008; Rani and others 2009), our focus was pro-
tein products of ISGs. However, transcriptional upregulation
of specific mRNA for 4 of the assessed protein products in
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serum was confirmed by qRT-PCR (Table 2). Several other
ISGs, often identified in vitro (Der and others 1998; Leaman
and others 2003; Borden and others 2007), were confirmed as
also increased in patients; these included IFI27, G1P3, XAF1,
IRF7, IL22RA, TRAIL, BST2, AIM2, CCL7, FASL, and
IFITM?2 (Table 2). Each of the gene products increased by
IFN-B, whether protein or RNA has at least 1 consensus se-
quence for STAT1 and/or IRF1 within its promoter region
predicted by a transcription factor analysis tool (www
.sabiosciences.com). The only exception to this was CXCLS,
which has no STAT1 or IRF1 site within its promoter region.
Furthermore, like CXCL5, production of CXCL8 by stimu-
lated human monocytes was decreased rather than increased
by an IFN-o and by IFN-y (Schnyder-Candrian and others
1995; Strieter and others 2004). Since CXCLS is secreted by
melanoma cells and increases in progression of metastatic
melanoma (Ugurel and others 2001; Brennecke and others
2005), its rise (Fig. 4E) probably thus reflected disease pro-
gression rather than induction by IFN-Bla.

IFNs have potent and pleiotropic gene regulatory effects
in melanoma, antitumor activity for syngeneic murine mel-
anomas, human melanoma xenografts, and effectiveness in
patients with melanoma primaries resected primaries at high
risk for recurrence (Borden and others 2007; Ascierto and
Kirkwood 2008). They thus remain a lead for continuing
investigation of therapeutic use with isoforms, long-acting
formulations, or as part of combinations. Identifying and
dissecting the relative role of the many genes that modulate
pleiotropic effects of IFNs remains largely unresolved (Bor-
den and Williams 2010). Understanding of actions of these
gene products regulated by IFNs will remain critical to im-
proved clinical use.
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