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Abstract

A novel biopharmaceutical, consisting of the F8 mAb (specific
to a splice isoform of fibronectin) simultaneously fused to both
TNF and IL2, was found to react with themajority of solid tumors
and hematologic malignancies in mouse and man, but not with
healthy adult tissues. The product selectively localized to neo-
plastic lesions in vivo, as evidenced byquantitative biodistribution
studies using radioiodinated protein preparations. When the
potency of the cytokine payloads was matched by a single-point
mutation, the resulting fusionprotein (IL2-F8-TNFmut) eradicated
soft-tissue sarcomas in immunocompetent mice, which did not

respond to individual antibody–cytokine fusion proteins or by
standard doxorubicin treatment. Durable complete responses
were also observed in mice bearing CT26, C1498, and F9
tumors. The simultaneous delivery of multiple proinflamma-
tory payloads to the cancer site conferred protective immunity
against subsequent tumor challenges. A fully human homolog
of IL2-F8-TNFmut, which retained selectivity similar to its
murine counterpart when tested on human material, may open
new clinical applications for the immunotherapy of cancer.
Mol Cancer Ther; 16(11); 2442–51. �2017 AACR.

Introduction
There is a growing interest in the use of immunomodulatory

approaches to boost the activity of cellular components of the
patient's immune system (e.g., T cells and NK cells) to kill tumor
cells (1–3). Various strategies, based onmAb products, have been
explored for the selective activation of anticancer immunity at the
site of disease. They include the use of intact antibodies capable of
promoting antibody-dependent cell cytotoxicity (4, 5), immuno-
logic checkpoint inhibitors (2, 6), and various types of bifunc-
tional antibody molecules (7–13).

Antibody–cytokine fusion proteins (also called "immunocyto-
kines") represent one type of bifunctional antibody products,
which is being considered for the treatment of cancer and other
conditions (7, 9, 14, 15). Immunocytokines are able to increase
the therapeutic index of the corresponding cytokine payload,
as a result of a selective localization at the tumor site (8, 9, 11,
12, 14, 16). Various immunocytokine products, based on IL2,

IL12 or TNF, are currently being studied in clinical trials for the
treatment of various cancer types (17–19).

When used as single agents, proinflammatory immunocyto-
kines are rarely able to induce complete remission in mouse
models of cancer and in patients (20–22). However, the combi-
nation of tumor-targeting products based on pairs of synergistic
payloads (e.g., IL12/TNF, IL2/IL12, IL4/IL12) could eradicate
cancer in immunocompetent mice, which did not respond to
individual immunocytokines or by conventional chemotherapy
(23–27).

We have recently reported that the combination of two immu-
nocytokine products, based on IL2 and TNF, was able to induce
durable complete responses in mouse models of cancer (25) and
in patients with stage IIIB/C melanoma (17). However, the
clinical development of combination therapies is cumbersome,
as multiple products need to be produced to industrial standards
and individual dose escalation studies need to be performed.
Moreover, the determination of the optimal dose for product
combinations represents a complex multidimensional clinical
challenge (28).

The use of products with two cytokine payloads could poten-
tially simplify clinical development, enabling the simultaneous
delivery of two immunomodulatory agents to the tumor site. The
approach has previously been described by the group of Gillies
and colleagues (29) and by our group (30), more than a decade
ago, for IL12 derivatives. However, fusion proteins featuring
multiple payloads have not yet been moved into clinical devel-
opment programs, as a result of pharmacokinetic limitations (30)
and of suboptimal matching of cytokine potency (29, 30). For
example, the reported MTD of IL12 in cancer patients was less
than 100micrograms per week (18), while IL2 has been dosed up
to 74 mg per week (19).

Here, we describe a novel class of dual-cytokine fusion
proteins, consisting of the tumor-targeting antibody F8 (specific
to the alternatively spliced EDA domain of fibronectin, a
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tumor-associated antigen; ref. 31) simultaneously fused toboth IL2
and TNF. The product was able to selectively localize to neoplastic
lesions in vivo, as evidenced by quantitative biodistribution studies
performed with radioiodinated protein preparations. When the
activity of TNF was decreased by a single-point mutation to match
the one of IL2, the resulting fusionprotein (termed IL2-F8-TNFmut)
was able to induce durable complete responses inmicewithWEHI-
164 sarcomas, which was not triggered by doxorubicin or by
individual immunocytokine products (e.g., F8-IL2 or F8-TNF) used
as single agents (24).

Materials and Methods
Cell lines, animals, and tumor models

CHO cells, WEHI-164 fibrosarcoma cells, CTLL2 cells, F9
teratocarcinoma cells, CT26 colon carcinoma cells, L-M fibro-
blasts, HT1080 fibrosarcoma cells, A375 melanoma cells, and
C1498 acute myeloid leukemia chloroma cells were obtained
from the ATCC between 2015 and 2017, expanded, and stored as
cryopreserved aliquots in liquid nitrogen. Cells were grown
according to the manufacturer's protocol and kept in culture for
no longer than 14 passages. Authentication of the cell lines also
including check of post-freeze viability, growth properties and
morphology, test for mycoplasma contamination, isoenzyme
assay, and sterility test were performed by the cell bank before
shipment.

Eight-week-old female 129/SvEvmice, Balb/cmice andC57BL/
6 were obtained from Janvier. Tumor cells were implanted sub-
cutaneously in the flank using 1.5 � 107 cells (F9), 5 � 106 cells
(WEHI-164), 2 � 106 cells (CT26) and 1 � 106 cells (C1498).
Experiments were performed under a project license granted by
the Veterin€aramt des Kantons Z€urich, Switzerland (27/2015).

Cloning, expression, and protein in vitro characterization
The fusion protein IL2-F8-TNF contains the antibody F8 (31)

fused to murine TNFa at the C-terminus by a 15-amino-acid
linker (24) andmurine IL2 (gene from Eurofins Genomics) at the
N-terminus by a 12-amino-acid linker. The gene encoding for
the F8 antibody and the gene encoding murine TNF and murine
IL2 were PCR amplified, PCR assembled, and cloned into the
mammalian expression vector pcDNA3.1(þ) (Invitrogen) by a
NheI/NotI restriction site as described previously (32).

The fusion protein IL2-F8-TNFmut contains an arginine-to-
tryptophan mutation in the amino acid position 111 of the
murine TNF gene, which was inserted by PCR and cloned into
the vector pcDNA3.1(þ).

The fully human IL2-F8-TNFmut contains an arginine-to-ala-
nine mutation in the amino acid position 108 of the human TNF
gene, which was inserted by PCR and cloned into the vector
pcDNA3.1(þ).

The fusion proteins were expressed using transient gene expres-
sion in CHO cells as described previously (32, 33).

The fusion proteins were purified from the cell culturemedium
to homogeneity by protein A chromatography and analyzed
by SDS-PAGE, size exclusion chromatography (Superdex200
10/300GL, GE Healthcare) and surface plasmon analysis
(BIAcore) on a EDA antigen-coated sensor chip.

The biological activity of murine TNF and IL2 was determined
on WEHI-164, CTLL2 cells, respectively, as described previously
(24, 34), while the biological activity of human TNF was deter-
mined on L-M fibroblasts, HT1080, and A375 cells.

Immunofluorescence studies
Antigen expression was confirmed on ice-cold acetone–fixed

8-mm cryostat sections of WEHI-164, CT26, F9, and C1498
stained with IL2-F8-TNFmut (final concentration 5 mg/mL) and
detected with rat anti-IL2 (eBioscience; 14-7022-85) and anti-rat
AlexaFluor488 (Invitrogen; A21208). For vascular staining, goat
anti-CD31 (R&D Systems; AF3628) and anti-goat AlexaFluor594
(Invitrogen; A11058) antibodies were used.

Frozen tumor and normal tissue specimens in microarray
format were obtained from Amsbio and stained with a biotiny-
lated preparation of the fully human IL2-F8-TNFmut fusion pro-
tein and detected with Streptavidin-AlexaFluor488 (Invitrogen;
S11223). Cell nuclei were counterstained with DAPI (Invitrogen;
D1306).

For ex vivo immunofluorescence analysis, mice were injected
according to the therapy schedule and sacrificed 24 hours after
injection. Tumors were excised and embedded in cryoembedding
medium (Thermo Scientific) and cryostat sections (8 mm) were
stained using the following antibodies: rat anti-IL2 (eBioscience;
14-7022-85), rat anti-CD4 (Biolegend; 100423), rat anti-CD8
(Biolegend; 100702), rat anti-FoxP3 (eBioscience; 14-5773-82),
rabbit anti-AsialoGM1 (Wako; 986-10001), rabbit anti-caspase-3
(Sigma; C8487), rat anti-CD31 (BD Biosciences; 553370), goat
anti-CD31 (R&D Systems; AF3628), rat anti-NKp46 (Biolegend;
137601), and detected with anti-rat AlexaFluor488 (Invitrogen;
A21208), anti-rabbit AlexaFluor488 (Invitrogen; A11008), anti-
goat AlexaFluor594 (Invitrogen; A11058), anti-rat AlexaFluor594
(Invitrogen; A21209). Slides were mounted with fluorescent
mounting medium and analyzed with Axioskop2 mot plus
microscope (Zeiss).

Biodistribution studies
The capability of targeting EDA in vivo was assessed by quan-

titative biodistribution analysis, according to previously pub-
lished experimental procedures (31). Five to 10 mg of radio-
iodinated fusion protein was injected into the lateral tail vein of
F9 tumor-bearing mice (32). Mice were sacrificed 24 hours after
injection, organs were excised, weighed, and the radioactivity of
organs and tumors was measured using a Cobra g counter and
expressed as percentage of injected dose per gramof tissue (%ID/g
� SEM; n ¼ 3–4 mice/group).

Therapy studies and in vivo depletion of CD4þ T cells, CD8þ

T cells, and NK cells
Mice were monitored daily and tumor volume was measured

with a caliper (volume ¼ length � width2 � 0.5). When tumors
reached a suitable volume (approx. 70–100 mm3), mice were
injected three times into the lateral tail vein with the pharmaco-
logic agents. Fusion proteins were dissolved in PBS, also used as
negative control, and administered every 48 or 72 hours. The
commercial anti-PD-1 antibody (clone J43; BioXCell)was admin-
istered intravenously once at a dose of 200 mg. For the tumor
rechallenge study, mice with complete responses were injected
subcutaneously with 5 � 106 WEHI-164 cells in the flank.

For the in vivo depletion of CD4þ T cells, CD8þ T cells, and NK
cells, WEHI-164 tumor–bearing mice were injected intra-perito-
neally with 30 mL anti-Asialo GM1 (Wako; 986-10001), 250 mg
anti-CD4 (clone GK1.5; BioXCell), or 250 mg anti-CD8 (clone
2.43; BioXCell) antibodies on day 2, 5, 8, and 11 after tumor
implantation. A saline group and a treatment group without
depletion were included as controls.
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Figure 1.

Cloning expression and characterization of IL2-F8-TNF and IL2-F8-TNFmut.A, Schematic representation of the domain assembly of F8-IL2 in diabody format, as well
as of F8-TNF and IL2-F8-TNF in noncovalent homotrimeric format.B andC,Starting from left: size exclusion chromatographyprofile, BIAcore analysis onEDA-coated
sensor chip, and ESI-MS profile of IL2-F8-TNF and of IL2-F8-TNFmut, respectively. D, SDS-PAGE analysis; MW, molecular weight; R, reducing conditions; NR,
nonreducing conditions. E, IL2 bioactivity assay, based on the proliferation of CTLL2 cells. F, TNF bioactivity assay, based on the killing of WEHI-164 cells.
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Results are expressed as tumor volume in mm3 � SEM. For
WEHI-164 studies, 5 mice per group (6 mice per group for the
depletion experiment)were used. For therapy studieswithC1498,
CT26, and F9 tumors, 4 mice per group were used.

Toxicity assessment
Twelve-week-old Balb/cmice were injected three times into the

lateral tail vein with immunocytokine (50 mg). The fusion protein
was dissolved in PBS, also used as negative control, and admin-
istered every 48hours. Twodays after the last injections,micewere
sacrificed and a necropsy was performed by a veterinary pathol-
ogist. An initial macroscopic examination of the external surface
of the body, all orifices, the cranial, thoracic, and abdominal
cavities and their contents and organs and tissues from every
animal was performed.

Selected tissues were fixed in 10% neutral buffered formalin,
dehydrated, embedded in paraffin, sectioned, stained with hema-
toxylin and eosin, and examined microscopically.

Results
Production and characterization of dual cytokine–antibody
fusions

Antibody fragments specific to splice isoforms of fibronec-
tin, fused to IL2 or to TNF, display promising therapeutic
activity in preclinical models of cancer and in clinical trials
(17, 25, 35). Because of their different potency, IL2 fusions are

typically administered at 10-fold higher doses compared
with TNF fusions, both in mouse and in man (17, 19, 24,
25, 36, 37). To combine the IL2 and TNF moieties into a single
molecular entity, a fusion protein was generated and expressed
in mammalian cells, which sequentially incorporated (starting
from the N-terminus) murine IL2, the F8 antibody in scFv
format and murine TNF. These functional moieties were con-
nected using short peptide linkers of 12 and 15 amino acids,
respectively (Fig. 1A; Supplementary Fig. S1). In addition, to
match the IL2 and TNF potency, several mutations of TNF (38)
were screened during an initial scouting study (Supplementary
Fig. S2) and the mutant with the best performance based on in
vitro cell killing was further characterized. A fusion protein was
generated, which featured the R467W mutation (38) in the
murine TNF moiety. The two fusion proteins, termed IL2-F8-
TNF and IL2-F8-TNFmut, were expressed in CHO cells and
purified to homogeneity exploiting the binding properties of
the VH domain of the F8 antibody to Protein A resin (31). Fig-
ure 1B–D shows the analytic characterization of IL2-F8-TNF
and IL2-F8-TNFmut by SDS-PAGE, gel filtration, ESI-MS, and
BIAcore analysis on antigen-coated microsensor chips. Analy-
sis of the in vitro activity of the two fusion proteins indicated
that IL2-F8-TNF and IL2-F8-TNFmut displayed a comparable
IL2 activity (based on a cell line proliferation assay), while TNF
activity was decreased in the R467W mutant (based on a cell
killing assay; Fig. 1E and F).

Figure 2.

Tumor-targeting properties of IL2-F8-TNF and IL2-F8-TNFmut.A,Quantitative biodistrubution analysis of radioiodinated IL2-F8-TNF (left) and IL2-F8-TNFmut (right)
in immunocompetent mice bearing F9 teratocarcinoma tumors. Five to 10 mg of radioiodinated fusion protein was injected intravenously into the lateral tail
vein and mice were sacrificed 24 hours after injection, organs were excised, weighed, and the radioactivity of organs and tumors was measured. Results are
expressed as percentage of injected dose per gram of tissue (%ID/g � SEM; n ¼ 3–4 mice per group). B, Microscopic fluorescence analysis of EDA expression on
WEHI-164 tumor section detectedwith IL2-F8-TNFmut (green for anti-murine IL2, Alexa Fluor 488) andanti-CD31 (red, AlexaFluor 594), 20�magnification, scale bars
¼ 100 mm. C, Confirmation by immunofluorescence analysis of tumor-targeting properties 24 hours after IL2-F8-TNFmut injection in mice bearing WEHI-164
sarcomas; cryosections were stained with anti-murine IL2 (green, Alexa Fluor 488) and anti-CD31 (red, Alexa Fluor 594), 20�magnification, scale bars ¼ 100 mm.
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The tumor-targeting properties of radioiodinated prepara-
tions of IL2-F8-TNF and IL2-F8-TNFmut were assessed by quan-
titative biodistribution analysis in immunocompetent mice,
bearing subcutaneously grafted murine F9 teratocarcinomas
(23, 24, 31). Both fusion proteins selectively localized to solid
tumors, with tumor:organ and tumor:blood ratios > 10:1, 24
hours after intravenous administration (Fig. 2A). The tumor-
targeting performance was also assessed in mice with WEHI-
164 sarcomas (24). A microscopic fluorescence analysis of
tumor sections, obtained from noninjected animals and from
mice 24 hours after administration of IL2-F8-TNFmut, con-
firmed that the fusion protein could uniformly localize to its
cognate EDA(þ)-fibronectin antigen within the tumor mass in
vivo (Fig. 2B and C).

Therapy experiments
First, we compared the therapeutic activity of F8-IL2, F8-TNF,

and IL2-F8-TNF in immunocompetent Balb/c mice, bearing
WEHI-164 sarcomas. Mice received equimolar doses of the
fusion proteins (2 mg F8-TNF, 2 mg F8-IL2, and 2.8 mg IL2-
F8-TNF) on day 5, 8, and 11 after tumor cell implantation. F8-
TNF and IL2-F8-TNF displayed a comparable therapeutic activ-
ity, but the dual cytokine–antibody fusion protein was better
tolerated, as evidenced by the comparison of body weight
profiles (Fig. 3A; Supplementary Fig. S3). As expected, treat-
ment with F8-IL2 resulted in a tumor growth profile similar to
the one obtained with saline, as the agent was used at a 10-fold
lower dose, compared with regimens which had previously
been shown to be active (25, 35).

In a second study, we doubled the injected quantities of the
therapeutic agents (4 mg F8-TNF, 4 mg F8-IL2, and 5.6 mg IL2-F8-
TNF), to reach the MTD of IL2-F8-TNF. A potent inhibition of
tumor cell growthwas observedwith F8-TNF, IL2-F8-TNF, and the
combination of F8-IL2þ F8-TNF. This last combination regimen,
however, was not well tolerated and mice in the group had to be
sacrificed at day 11 (Fig. 3B; Supplementary Fig. S3).

The therapeutic activity of the potency-matched IL2-F8-TNFmut

(administered at a dose of 50 mg) was compared with the one of
IL2-F8-TNF (used at 10 mg). The dual cytokine–antibody fusion
protein mutant induced durable complete responses in 100% of
mice in the study group, while only a transient tumor regression
was observed in the IL2-F8-TNF group. The body weight profiles
for the two fusion proteins were comparable (Fig. 3C; Supple-
mentary Fig. S3). A necroscopic analysis of mice after IL2-F8-
TNFmut treatment at the MTD revealed certain macroscopic and
microscopic findings. Macroscopically, a 2.3-fold increase in
spleen size (weight) was observed. Microscopically, a number of
abnormalities could be observed two days after the administra-
tion of the last dose of immunocytokine, including areas of
necrosis and fibrosis in the bone marrow, increased extramedul-
lary hematopoiesis (spleen, liver, lung), and cortical lymphoid
depletion in the thymus (Supplementary Fig. S4).

Mice with complete responses obtained with IL2-F8-TNFmut

treatmentwere rechallengedwithWEHI-164 cells 50days after the
primary tumor implantation and were found to have acquired a
protective immunity against the tumor (Fig. 3D).

To characterize product activity in additional tumor models,
the potency-matched IL2-F8-TNFmut product was also tested in
immunocompetent mice, bearing subcutaneous C1498 acute
myeloid leukemia chloroma lesions, CT26 colorectal carcinomas,
and F9 teratocarcinomas. Also in these models, the product

Figure 3.

Therapeutic performance of IL2-F8-TNF and IL2-F8-TNFmut in balb/c mice
bearing WEHI-164 fibrosarcoma tumors. Data represent mean tumor volume �
SEM, n ¼ 5 mice per group; CR, complete response. A, Comparison of single
agents F8-IL2 and F8-TNF versus IL2-F8-TNF, treatment started when tumors
reached a volume of 80 mm3 and mice were injected three times intravenously
every 72 hourswith either PBS, 2mgF8-TNF, 2mgF8-IL2, or 2.8mg IL2-F8-TNF.B,
Comparison of single agents F8-IL2 and F8-TNF, combination of F8-IL2 and F8-
TNF versus IL2-F8-TNF, treatment started when tumors reached a volume of 70
mm3 and mice were injected three times intravenously every 48 hours with
either PBS, 4 mg F8-TNF, 4 mg F8-IL2, the combination of F8-IL2 and F8-TNF or
5.6 mg IL2-F8-TNF. C, Therapeutic activity of the potency-matched IL2-F8-
TNFmut compared with IL2-F8-TNF, treatment started when tumors reached a
volume of 70 mm3 and mice were injected three times intravenously every 48
hours with either PBS, 10 mg IL2-F8-TNF or 50 mg IL2-F8-TNFmut. D, Tumor
rechallenge study. After 50 days, mice with complete responses were injected
subcutaneously with 5 � 106 WEHI-164 cells in the flank.
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Figure 4.

Therapeutic performance of IL2-F8-TNFmut compared with anti-mouse PD1 treatment. Data represent mean tumor volume � SEM, n ¼ 4 mice per group; CR,
complete response. A, Therapy in balb/c mice bearing CT26 colon carcinoma lesions. Treatment started when tumors reached a volume of 80 mm3,
mice were injected three times intravenously every 48 hourswith either PBS, 50 mg IL2-F8-TNFmut (black arrows), or oncewith 200 mg anti-mouse PD1 (gray arrow).
B, Therapy in C57BL/6 mice bearing C1498 acute myeloid leukemia chloroma tumors. Treatment started when tumors reached a volume of 90 mm3,
mice were injected three times intravenously every 48 hourswith either PBS, 50 mg IL2-F8-TNFmut (black arrows), or oncewith 200 mg anti-mouse PD1 (gray arrow).
C, Therapy in 129SvEv mice bearing F9 teratocarcinoma tumors. Treatment started when tumors reached a volume of 100 mm3, mice were injected three
times intravenously every 48 hours with either PBS, 40 mg IL2-F8-TNFmut (black arrows), once with 200 mg anti-mouse PD1 (gray arrow), or the combination
IL2-F8-TNFmut þ anti-mouse PD1. Microscopic fluorescence analysis of EDA expression on CT26 (A), C1498 (B), or F9 (C) tumor section detected
with IL2-F8-TNFmut (green for anti-murine IL2, Alexa Fluor 488) and anti-CD31 (red, Alexa Fluor 594), as negative control staining without the fusion protein was
performed, 20� magnification; scale bars ¼ 100 mm (right).
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displayed a potent therapeutic activity, which was superior to the
oneof an anti-mouse PD-1 treatment (Fig. 4). The patterns of EDA
expression were different in the various cancer models: a diffuse
staining of the interstitium was observed in C1498 and CT26
tumors, while the antigen wasmainly found around tumor blood
vessels in F9 teratocarcinomas (Fig. 4).

Mechanistic studies
At a macroscopic level, the induction of necrosis within the

tumor lesion was already detectable a few hours after the first
immunocytokine treatment (Fig. 5A). Amicroscopic hematoxylin
and eosin (H&E) analysis of tumor sections confirmed a rapid
onset of tumor cell death within the neoplastic mass. Within 24

Figure 5.

Macro- and microscopic analysis of
therapeutic performance of dual
cytokine-fusion proteins and in vivo
depletion of CD4þT cells, CD8þT cells,
and NK cells. A, Macroscopic
indication of necrotic changes 4 hours
after IL2-F8-TNF treatment. B, H&E
analysis of tumor sections 24 hours
after administration of IL2-F8-TNF;
scale bars, 2 mm. C, Detection of
caspase-3 by immunofluorescence
in WEHI-164 tumor sections 24 hours
after treatment with IL2-F8-TNFmut

stained with anti-caspase-3 (green,
Alexa Fluor 488) and anti-CD31
(red, Alexa Fluor 594), 20�
magnification; scale bars ¼ 100 mm.
D, Immunofluorescence analysis of
tumor-infiltrating cells on WEHI-164
tumor sections 24 hours after
treatment with PBS, IL2-F8-TNF, or
IL2-F8-TNFmut, marker specific for NK
cells (Asialo GM1), CD4þ T cells (CD4),
CD8þ T cells (CD8), and Tregs (FoxP3)
were stained in green (Alexa Fluor
488), anti-CD31 (red, Alexa Fluor 594),
20�magnification; scale bars, 100mm.
E, In vivo depletion experiment. When
tumors (WEHI-164) reached a volume
of approximately 60 mm3, mice were
injected three times intravenously
every 48 hours with 50 mg IL2-F8-
TNFmut (black arrows). Depletion
antibodieswere administered at day2,
5, 8, and 11 (gray arrows) after tumor
implantation. A PBS-treated negative
control and an undepleted IL2-F8-
TNFmut–treated positive group were
included. Data represent mean tumor
volume � SEM, n ¼ 6 mice per group
(for PBS group n¼ 5 fromday 14�); CR,
complete response.

De Luca et al.

Mol Cancer Ther; 16(11) November 2017 Molecular Cancer Therapeutics2448

D
ow

nloaded from
 http://aacrjournals.org/m

ct/article-pdf/16/11/2442/1853109/2442.pdf by guest on 19 M
ay 2023



hours, the tumor hadbeen converted into necroticmass following
IL2-F8-TNF treatment, except for small areas in close proximity
with the abdomen (Fig. 5B). Pharmacologic treatment with IL2-
F8-TNFmut led to a homogenous cell death within the neoplastic
lesion, as evidenced byH&E staining (not shown) andby caspase-
3 staining (Fig. 5C). A microscopic analysis of tumor sections,
obtained 24 hours after the first injection of IL2-F8-TNF and IL2-
F8-TNFmut, revealed a substantial increase in the density of
leukocytes stained by antibodies specific to the asialoglycoprotein
receptor (mainly NK cells), compared with mice treated with
saline; moreover, the infiltration of NK cells was confirmed by
staining with a different mAb (anti-NKp46; Fig. 5D; Supplemen-
tary Fig. S5). In contrast, the influx of CD4þ and CD8þ T cells was
less prominent, suggesting that these lymphocytes may be more
relevant at a later stage, contributing to the killing of residual
tumor cells after initial debulking and to the development of
protective immunity (23).

To gain more insights about the leukocyte contribution to the
therapy experiments, we evaluated the therapeutic activity of IL2-
F8-TNFmut in mice bearing WEHI-164 sarcomas after antibody-
based depletion of CD4þ T cells, CD8þ T cells, or NK cells (Fig.
5E). Both CD4þ and CD8þ T cells contribute to the onset of an
anticancer immunity, while the contribution of NK cells was
dispensable in this setting.

A fully human IL2-F8-TNFmut fusion protein for clinical
applications

To prepare for clinical applications different amino acid sub-
stitutions at position R108 of human TNFwere investigated using
an in vitro cell killing assay (Supplementary Fig. S6). Finally, a
fusion protein was cloned, expressed, and purified, which con-
sisted of human IL2 and of the human TNF R108A mutant fused
to the F8 antibody (Supplementary Fig. S7A). The product was
well-behaved in biochemical assays (Supplementary Fig. S7B),
selectively localized to solid tumors in vivo (Supplementary Fig.
S7C) and displayed a matched in vitro activity of the IL2 and TNF
moieties, using cellular assays based on the proliferation of
murine CTLL-2 lymphocytes (Supplementary Fig. S7D) and on
the killing of human HT-1080 and A375 tumor cell lines (Sup-
plementary Fig. S7D). A labeled preparation of the IL2-F8-TNFmut

fusion protein exhibited an intense staining in most human solid
tumors (Fig. 6), but not of healthy adult organs. Formany tumors,
the staining was confined to the subendothelial extracellular
matrix of tumor–blood vessels, as previously reported by our
group for the parental F8 antibody (20, 39, 40).

Discussion
The integration of IL2 and TNFmoieties into a single antibody–

based fusion protein has led to the generation of a new class of
immunostimulatory products, with highly selective tumor-hom-
ing properties. The potency-matched IL2-F8-TNFmut product was
able to eradicate syngeneic sarcomas, which do not respond to
conventional chemotherapy (24, 41). Mice with durable com-
plete responses acquired a protective immunity against subse-
quent tumor challenges. Similarly, complete tumor eradications
were observed in mouse models of leukemia and of colorectal
cancer, which did not respond well to PD-1 blockade.

We had previously observed that the combination of immu-
nocytokines, based on antibodies against splice isoforms of
fibronectin fused to IL2 or TNF, could eradicate tumors in mice,

Figure 6.

Microscopic fluorescence analysis of EDA expression of frozen tumor and
normal tissues. Amicroarray containing normal tissue specimens (left) and their
tumoral counterpart (right) was stained with a biotinylated preparation of the
fully human IL2-F8-TNFmut (green, Alexa Fluor 488), cell nuclei were
counterstained with DAPI (blue), 20� magnification; scale bars, 100 mm.

www.aacrjournals.org Mol Cancer Ther; 16(11) November 2017 2449

Potency-matched Dual Cytokine–Antibody Fusion Proteins

D
ow

nloaded from
 http://aacrjournals.org/m

ct/article-pdf/16/11/2442/1853109/2442.pdf by guest on 19 M
ay 2023



which did not respond to the individual products used as single
agents (19, 25, 36, 42). Furthermore, we have recently described
that the combination of two immunocytokine products, based on
IL2 and TNF as immunostimulatory payloads, was potently active
for the intralesional treatment of patients with stage IIIB/C mel-
anoma (17). The combination of the two agents led not only to a
disappearance of the injected lesion, but also to an objective
response in the majority of noninjected lesions (17), providing a
rationale for a combination phase III clinical trial, which has
recently started (EudraCT number 2015-002549-72).

The possibility to incorporate potency-matched IL2 and TNF
moieties into the same biopharmaceutical product offers sev-
eral biotechnological advantages. A single product needs to be
developed, thus decreasing costs and simplifying dose-finding
clinical trials, compared with the combination of two immu-
nocytokines. The simultaneous delivery of two immunomod-
ulatory agents to the tumor site leads to a rapid tumor cell
killing and creates a proinflammatory environment, which
facilitates the influx and activation of various types of leuko-
cytes into the neoplastic mass. The favorable biodistribution
profiles of IL2-F8-TNF and IL2-F8-TNFmut, with tumor:blood
and tumor:organ ratios greater than 10:1 in tumor-bearing mice
at 24 hours after injection, suggest that the vasoactive proper-
ties of TNF (43, 44) and of IL2 (43, 45) may contribute to an
efficient extravasation and tumor homing of the corresponding
homotrimeric fusion protein.

We have previously observed that some tumors respond
better to IL2-based immunocytokines, while other tumor types
respond better to TNF-based products (20, 24). This situation is
likely to also occur in cancer patients (36, 37). By incorporating
both immunomodulatory moieties into a single product, we
may be able to increase the proportion of patients who benefit
from pharmacologic intervention. TNF can kill tumor cells by
direct interaction with cognate receptors on the cell surface
(46). In addition, it promotes hemorrhagic necrosis and apo-
ptosis of the tumor endothelium, thus enhancing vascular
permeability (47). The targeted delivery of IL2 leads to an
influx and activation of T cells and NK cells into the neoplastic
mass (21, 48, 49). Interestingly, the depletion studies per-
formed in therapy experiments with IL2-F8-TNFmut have
revealed a dominant role of CD4þ and CD8þ T cells for the
tumor rejection process (Fig. 5E). In contrast, the therapeutic
activity of the single fusion protein F8-TNF depended on both
CD8þ T cells and NK cells, while depletion of CD4þ T cells had
an impact on therapy only if performed prior to tumor implan-
tation (50).

Potency-matched immunocytokines may find clinical applica-
tions for the same indications in which individual antibody–
cytokine fusions are currently being considered. Future research
effortswill elucidatewhich therapeuticmodalities (e.g., radiation,
cytotoxic agents, or immunotherapeutics) may be suitable for
combination therapy. The products described in this article,
equipped with the human homologs of IL2 and TNF, could in
principle be used for the treatment of various types of cancer, as
the alternatively spliced EDA domain of fibronectin is strongly
expressed in the majority of solid tumors (24, 45), lymphomas
(23), and acute leukemias (20), while being undetectable in the
majority of normal adult tissues (25).

Disclosure of Potential Conflicts of Interest
D. Neri is a board member at Philogen, reports receiving other commercial

research support from KTI Project with Philochem, and has ownership interest
(including patents) in Philogen. Nopotential conflicts of interest were disclosed
by the other authors.

Authors' Contributions
Conception and design: R. De Luca, C. Pemberton-Ross, S. Wulhfard, D. Neri
Development of methodology: R. De Luca, D. Neri
Acquisition of data (provided animals, acquired and managed patients,
provided facilities, etc.): R. De Luca, A. Soltermann, F. Pretto, G. Pellegrini,
D. Neri
Analysis and interpretation of data (e.g., statistical analysis, biostatistics,
computational analysis): R. De Luca, A. Soltermann, F. Pretto, G. Pellegrini,
D. Neri
Writing, review, and/or revision of themanuscript:R.De Luca, A. Soltermann,
F. Pretto, C. Pemberton-Ross, G. Pellegrini, S. Wulhfard, D. Neri
Administrative, technical, or material support (i.e., reporting or organizing
data, constructing databases): R. De Luca, D. Neri
Study supervision: S. Wulhfard, D. Neri

Acknowledgments
Wewould like to thank Baptiste Gouyou (PhilochemAG,Otelfingen) for his

help with experimental procedures.

Grant Support
D. Neri received financial support from ETH Z€urich, the Swiss National

Science Foundation, the European Research Council (ERC Advanced Grant
"Zauberkugel"), the Swiss Federal Commission for Technology and Innovation
(CTI Project "DUAL CYTOKINE-ANTIBODY FUSIONS"), and the "Stiftung zur
Krebsbek€ampfung".

The costs of publication of this article were defrayed in part by the
payment of page charges. This article must therefore be hereby marked
advertisement in accordance with 18 U.S.C. Section 1734 solely to indicate
this fact.

Received March 7, 2017; revised May 18, 2017; accepted June 27, 2017;
published OnlineFirst July 17, 2017.

References
1. Schumacher TN, Schreiber RD. Neoantigens in cancer immunotherapy.

Science 2015;348:69.
2. Page DB, Postow MA, Callahan MK, Allison JP, Wolchok JD. Immune

modulation in cancer with antibodies. Annu Rev Med 2014;65:
185–202.

3. Moynihan KD, Opel CF, Szeto GL, Tzeng A, Zhu EF, Engreitz JM, et al.
Eradication of large established tumors in mice by combination immu-
notherapy that engages innate and adaptive immune responses. Nat Med
2016;22:1402–10.

4. Carter PJ. Potent antibody therapeutics by design. Nat Rev Immunol
2006;6:343–57.

5. Carter PJ. Introduction to current and future protein therapeutics: a protein
engineering perspective. Exp Cell Res 2011;317:1261–9.

6. Sledzinska A, Menger L, Bergerhoff K, Peggs KS, Quezada SA. Negative
immune checkpoints on T lymphocytes and their relevance to cancer
immunotherapy. Mol Oncol 2015;9:1936–65.

7. Neri D, Sondel PM. Immunocytokines for cancer treatment: past, present
and future. Curr Opin Immunol 2016;40:96–102.

8. Hess C, Venetz D, Neri D. Emerging classes of armed antibody therapeutics
against cancer. Med Chem Comm 2014;5:408.

9. Pasche N, Neri D. Immunocytokines: a novel class of potent armed
antibodies. Drug Discov Today 2012;17:583–90.

10. Muller D. Antibody fusions with immunomodulatory proteins for cancer
therapy. Pharmacol Ther 2015;154:57–66.

11. Kontermann RE. Antibody–cytokine fusion proteins. Arch Biochem Bio-
phys 2012;526:194–205.

Mol Cancer Ther; 16(11) November 2017 Molecular Cancer Therapeutics2450

De Luca et al.

D
ow

nloaded from
 http://aacrjournals.org/m

ct/article-pdf/16/11/2442/1853109/2442.pdf by guest on 19 M
ay 2023



12. Lode HN, Xiang R, Becker JC, Gillies SD, Reisfeld RA. Immunocytokines: a
promising approach to cancer immunotherapy. Pharmacol Ther 1998;
80:277–92.

13. Baeuerle PA, Reinhardt C. Bispecific T-cell engaging antibodies for cancer
therapy. Cancer Res 2009;69:4941.

14. Bootz F, Neri D. Immunocytokines: a novel class of products for the
treatment of chronic inflammation and autoimmune conditions. Drug
Discov Today 2016;21:180–9.

15. Schwager K, Bootz F, Imesch P, KasparM, Trachsel E, Neri D. The antibody-
mediated targeted delivery of interleukin-10 inhibits endometriosis in a
syngeneic mouse model. Hum Reprod 2011;26:2344–52.

16. Penichet ML, Morrison SL. Antibody–cytokine fusion proteins for the
therapy of cancer. J Immunol Methods 2001;248:91–101.

17. Danielli R, Patuzzo R, Di Giacomo AM, Gallino G,Maurichi A, Di Florio A,
et al. Intralesional administration of L19-IL2/L19-TNF in stage III or stage
IVM1a melanoma patients: results of a phase II study. Cancer Immunol
Immunother 2015;64:999–1009.

18. Gollob JA, Mier JW, Veenstra K, McDermott DF, Clancy D, Clancy M, et al.
Phase I trial of twice-weekly intravenous interleukin 12 in patients with
metastatic renal cell cancer or malignant melanoma: ability to maintain
IFN-g induction is associated with clinical response. Clin Cancer Res
2000;6:1678.

19. Rosenberg SA. IL-2: the first effective immunotherapy for human cancer.
J Immunol 2014;192:5451–8.

20. Gutbrodt KL, Schliemann C, Giovannoni L, Frey K, Pabst T, Klapper W,
et al. Antibody-based delivery of interleukin-2 to neovasculature has
potent activity against acute myeloid leukemia. Sci Transl Med 2013;5:
201ra118.

21. Yang RK, Kalogriopoulos NA, Rakhmilevich AL, Ranheim EA, Seo S, KimK,
et al. Intratumoral hu14.18-IL-2 (IC) induces local and systemic antitumor
effects that involve both activated T and NK cells as well as enhanced IC
retention. J Immunol 2012;189:2656–64.

22. Pogue SL, Taura T, Bi M, Yun Y, Sho A, Mikesell G, et al. Targeting
attenuated interferon-alpha to myeloma cells with a CD38 antibody
induces potent tumor regression with reduced off-target activity. PLoS
ONE 2016;11:e0162472.

23. Hemmerle T, Neri D. The antibody-based targeted delivery of interleukin-4
and 12 to the tumor neovasculature eradicates tumors in three mouse
models of cancer. Int J Cancer 2014;134:467–77.

24. Hemmerle T, Probst P, Giovannoni L, Green AJ, Meyer T, Neri D. The
antibody-based targeted delivery of TNF in combination with doxorubicin
eradicates sarcomas in mice and confers protective immunity. Br J Cancer
2013;109:1206–13.

25. Schwager K, Hemmerle T, Aebischer D, Neri D. The immunocytokine L19-
IL2 eradicates cancer when used in combination with CTLA-4 blockade or
with L19-TNF. J Invest Dermatol 2013;133:751–8.

26. Wigginton JM, Komschlies KL, Back TC, Franco JL, BrundaMJ,Wiltrout RH.
Administrationof interleukin 12withpulse interleukin 2 and the rapid and
complete eradication of murine renal carcinoma. J Natl Cancer Inst
1996;88:38–43.

27. Wigginton JM, Wiltrout RH. IL-12/IL-2 combination cytokine therapy for
solid tumours: translation from bench to bedside. Expert Opin Biol Ther
2002;2:513–24.

28. List T, Neri D. Immunocytokines: a review of molecules in clinical devel-
opment for cancer therapy. Clin Pharmacol 2013;5:29–45.

29. Gillies SD, Lan Y, Brunkhorst B, Wong WK, Li Y, Lo KM. Bi-functional
cytokine fusion proteins for gene therapy and antibody-targeted treatment
of cancer. Cancer Immunol Immunother 2002;51:449–60.

30. Halin C, Gafner V, Villani ME, Borsi L, Berndt A, Kosmehl H, et al.
Synergistic therapeutic effects of a tumor targeting antibody fragment,
fused to interleukin 12 and to tumor necrosis factor a. Cancer Res 2003;
63:3202.

31. Villa A, Trachsel E, KasparM, SchliemannC, Sommavilla R, Rybak JN, et al.
A high-affinity human monoclonal antibody specific to the alternatively
spliced EDA domain of fibronectin efficiently targets tumor neo-vascula-
ture invivo. Int J Cancer 2008;122:2405–13.

32. Pasche N, Woytschak J, Wulhfard S, Villa A, Frey K, Neri D. Cloning and
characterization of novel tumor-targeting immunocytokines based on
murine IL7. J Biotechnol 2011;154:84–92.

33. Rajendra Y, Kiseljak D, Baldi L, Hacker DL, Wurm FM. A simple high-
yielding process for transient gene expression in CHO cells. J Biotechnol
2011;153:22–6.

34. Frey K, Schliemann C, Schwager K, Giavazzi R, Johannsen M, Neri D. The
immunocytokine F8-IL2 improves the therapeutic performance of suniti-
nib in a mouse model of renal cell carcinoma. J Urol 2010;184:2540–8.

35. Pretto F, Elia G, Castioni N, Neri D. Preclinical evaluation of IL2-based
immunocytokines supports their use in combination with dacarbazine,
paclitaxel and TNF-based immunotherapy. Cancer Immunol Immunother
2014;63:901–10.

36. Eigentler TK, Weide B, de Braud F, Spitaleri G, Romanini A, Pflugfelder A,
et al. A dose-escalation and signal-generating studyof the immunocytokine
L19-IL2 in combination with dacarbazine for the therapy of patients with
metastatic melanoma. Clin Cancer Res 2011;17:7732.

37. Spitaleri G, Berardi R, Pierantoni C, De Pas T, Noberasco C, Libbra C, et al.
Phase I/II study of the tumour-targeting human monoclonal antibody–
cytokine fusion protein L19-TNF in patients with advanced solid tumours.
J Cancer Res Clin Oncol 2013;139:447–55.

38. VanOstadeX, Tavernier J, Prang�e T, FiersW. Localizationof the active site of
human tumour necrosis factor (hTNF) by mutational analysis. EMBO J
1991;10:827–36.

39. Schwager K, Kaspar M, Bootz F, Marcolongo R, Paresce E, Neri D, et al.
Preclinical characterization of DEKAVIL (F8-IL10), a novel clinical-stage
immunocytokine which inhibits the progression of collagen-induced
arthritis. Arthritis Res Ther 2009;11:R142.

40. Rybak JN, Roesli C, Kaspar M, Villa A, Neri D. The extra-domain A of
fibronectin is a vascular marker of solid tumors andmetastases. Cancer Res
2007;67:10948–57.

41. Borsi L, Balza E, Carnemolla B, Sassi F, Castellani P, Berndt A, et al.
Selective targeted delivery of TNFa to tumor blood vessels. Blood 2003;
102:4384.

42. McDermott DF, Cheng SC, Signoretti S, Margolin KA, Clark JI, Sosman JA,
et al. The high-dose aldesleukin "select" trial: a trial to prospectively
validate predictive models of response to treatment in patients with
metastatic renal cell carcinoma. Clin Cancer Res 2015;21:561–8.

43. Khawli LA, Miller GK, Epstein AL. Effect of seven new vasoactive immu-
noconjugates on the enhancement of monoclonal antibody uptake in
tumors. Cancer 1994;73:824–31.

44. Folli S, �Ep�elegrin A, Chalandon Y, Yao X, Buchegger F, Lienard D, et al.
Tumor-necrosis factor can enhance radio-antibody uptake in human colon
carcinoma xenografts by increasing vascular permeability. Int J Cancer
1993;53:829–36.

45. MoschettaM, Pretto F, Berndt A, Galler K, Richter P, Bassi A, et al. Paclitaxel
enhances therapeutic efficacy of the F8-IL2 immunocytokine to EDA-
fibronectin-positive metastatic human melanoma xenografts. Cancer Res
2012;72:1814–24.

46. Wang X, Lin Y. Tumor necrosis factor and cancer, buddies or foes[quest].
Acta Pharmacol Sin 2008;29:1275–88.

47. van Horssen R, ten Hagen TL, Eggermont AM. TNF-a in cancer treatment:
molecular insights, antitumor effects, and clinical utility. Oncologist
2006;11:397–408.

48. Carnemolla B, Borsi L, Balza E, Castellani P, Meazza R, Berndt A, et al.
Enhancement of the antitumor properties of interleukin-2 by its targeted
delivery to the tumor blood vessel extracellular matrix. Blood 2002;
99:1659.

49. SchliemannC,Gutbrodt KL, Kerkhoff A, PohlenM,Wiebe S, SillingG, et al.
Targeting interleukin-2 to the bone marrow stroma for therapy of acute
myeloid leukemia relapsing after allogeneic hematopoietic stem cell trans-
plantation. Cancer Immunol Res 2015;3:547–56.

50. Probst P, Kopp J, Oxenius A, Colombo MP, Ritz D, Fugmann T, et al.
Sarcoma eradication by doxorubicin and targeted TNF relies upon
CD8þ T cell recognition of a retroviral antigen. Cancer Res 2017;77:
3644–54.

www.aacrjournals.org Mol Cancer Ther; 16(11) November 2017 2451

Potency-matched Dual Cytokine–Antibody Fusion Proteins

D
ow

nloaded from
 http://aacrjournals.org/m

ct/article-pdf/16/11/2442/1853109/2442.pdf by guest on 19 M
ay 2023



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings true
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 0
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 900
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ([Based on '[High Quality Print]'] Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames false
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides true
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        18
        18
        18
        18
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 18
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [792.000 1224.000]
>> setpagedevice




