
Abstract. Even with current standard-of-care therapies, the
prognosis for patients with malignant gliomas is very poor
and several new treatment modalities for glioblastomas are
currently under investigation. Given the role of TGF-ß in
gliomas, anti-TGF-ß strategies against gliomas are currently
being investigated. Biodistribution of intravenously injected
AF680-labeled 1D11, a pan-neutralizing TGF-ß antibody, was
monitored in mice bearing either subcutaneous or orthotopic
gliomas using in vivo imaging and fluorescence microscopy.
AF680-labeled 1D11 entered both the subcutaneous and
intracranial tumors and the antibody was detected within the
tumor tissue for several days whereas only low fluorescence
was found in organs. The effects of 1D11 on subcutaneous
versus orthotopic U87MG and GL261 gliomas in immuno-
competent C57BL/6J versus immunodeficient CD1-Foxn1nu
mice were observed by direct tumor size measurement, H&E
staining and immunohistochemistry. Treatment of immuno-
competent mice bearing subcutaneous GL261 tumors with
1D11 resulted in complete remission. In immune deficient
mice, the growth of subcutaneous GL261 tumors was
increased following treatment with 1D11. Intracranially
implanted gliomas in C57Bl/6J mice showed no size reduction

after 1D11 treatment but there was reduced invasion of the
glioma cells into the adjacent normal brain. Together these
data demonstrate that TGF-ß plays different roles in combating
the tumor depending on subcutaneous versus orthotopic
implantation site.

Introduction

Glioblastoma multiforme is a highly infiltrative, rapidly
growing and highly vascularized tumor. It is characterized by
an intrinsic resistance to radio- and chemotherapy, which is
responsible for the poor prognosis of patients with high-
grade glioma. Despite multimodal treatment, mean survival
of the patients remains less than 15 months (1). The improved
knowledge of molecular mechanisms in glioma biology has
enabled the development of targeted therapies (2). Novel
antibodies, antisense oligonucleotides and small molecule
inhibitors for the treatment of glioblastomas are under current
investigation (2,3) and many others are currently being tested
in clinical trials (4-6). In fact, bevacizumab, a neutralizing
vascular endothelial growth factor (VEGF) antibody, was
recently approved for treatment of glioblastoma multiforme.
In view of the elucidation of the high genetic variability in
glioblastoma cells, there is mounting evidence that, for
successful treatment of glioblastomas, their molecular
properties have to be taken into consideration (7,8). 

Transforming growth factor-beta (TGF-ß) plays a role in
the growth and progression of gliomas. Unlike most cancers
where TGF-ß1 is the isoform most commonly overexpressed,
TGF-ß2 is the most abundant isoform upregulated in gliomas.
TGF-ß promotes tumor cell migration and invasion by
upregulation of matrix metalloproteinase expression and
downregulation of its inhibitors (9,10), whereas inhibition
of TGF-ß reduces migration of glioma cells (11). Gliomas
are typically highly vascularized and in these tumors, neo-
vascularization is promoted by TGF-ß-mediated expression
of angiogenic factors like VEGF and FGF (12-14). TGF-ß is
a potent immunosuppressant that represses development and
antigen presentation of dendritic and other antigen-presenting
cells, inhibits natural killer cells and prevents the activation
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and differentiation of cytotoxic T cells (15-17). Antigen-
specific CD8 T cell effector function is inhibited by the
addition of TGF-ß in vitro (18). Given its role in supporting
the growth and invasion of gliomas, TGF-ß represents a
promising target in the treatment of glioblastoma (19). 

The pan-neutralizing anti-TGF-ß antibody, 1D11, has
successfully been used in mice to inhibit metastasis in pre-
clinical models of renal cancer (20) and metastatic breast
cancer (21). Neutralization of TGF-ß with 1D11 enhanced
the efficacy of a glioma-associated antigen vaccine resulting
in increased survival of mice bearing orthotopic GL261
gliomas and this was attributed to an increase in CD8+ T cells
and a decrease in regulatory T cells in the tumor micro-
environment (22). 

In the present study in vivo near infrared (NIR) imaging,
fluorescence microscopy, immunohistochemistry and H&E
staining were performed. Biodistribution studies demonstrate
that fluorescently-labeled 1D11 antibody is able to localize to
both subcutaneous (SC) and orthotopic gliomas. Furthermore,
the effects of 1D11 therapy on SC or orthotopic gliomas in
immunocompetent and/or immunodeficient mice were
compared to determine the efficacy of neutralizing TGF-ß in
glioma models. Differential effects were observed in these
SC models, where 1D11 inhibited the growth of syngeneic
tumors and increased apoptosis in these tumors. These effects
were not observed in the xenograft model. The effects of
1D11 on orthotopic, syngeneic gliomas were also investi-
gated and although no effect on tumor size was observed, the
tumors were less invasive when compared to controls. 

Materials and methods

Antibodies and fluorescent labeling. The pan-neutralizing anti-
TGF-ß murine monoclonal IgG1 antibody 1D11 (Genzyme,
Corp. Cambridge, MA, USA) was used for treatment of
nu/nu and C57BL/6J mice. The antibody binds and neutralizes
the active forms of TGF-ß 1, 2 and 3 (23). The anti-Shiga
toxin murine monoclonal IgG1 antibody 13C4 (Genzyme)
was used as an isotype control antibody. The antibody stock
solutions were always freshly thawed and diluted with 0.9%
NaCl to the final concentration before intravenous injection
of 100 μl per mouse. For imaging analyses, the antibodies
were labeled with either Alexa Fluor 594 or Alexa Fluor 680
according to the manufacturer's protocols (Invitrogen, Carlsbad,
CA, USA).

Cell culture. U87MG human glioma cells were cultured in
MEM-Earle (Biochrom) supplemented with 10% FCS
(Biochrom) and 1% penicillin/streptomycin (5000 U/ml,
Cambrex, Apen, Germany). GL261 mouse glioma cells were
cultured in DMEM (Biochrom) supplemented with 10% FCS
and 1% penicillin/streptomycin. The cells were incubated at
37˚C, 90% humidity and 5% CO2, grown in 75 cm2 cell culture
flasks (Greiner bio-one, Frickenhausen) and were typically
passaged two times a week.

Animal experiments. CD1-Foxn1nu mice and C57BL/6J mice
(Charles River, Sulzfeld, Germany) were kept under conven-
tional controlled conditions (22˚C, 55% humidity and 12 h
day-night rhythm) and had free access to either a standard

diet (V1534-000, Fa. sniff, Soest, Germany) or an alfalfa-free
diet consisting of GLP Nafag feed 890 (Provimi Kliba AG,
Kaiseraugst, Switzerland) in preparation for in vivo imaging.
The experiments were performed in accordance with the
German law on protection of animals and have been approved
by the local authorities ‘Niedersächsisches Landesamt für
Verbraucherschutz und Lebensmittelsicherheit, Oldenburg,
Germany’. To reduce hormonal influence on tumor growth,
male mice were used. The weight of the animals at the
initiation of the studies was between 28 and 32 g.

For the treatment of SC tumors, mice were first anes-
thetized with an isoflurane/oxygen gas mix and then 1x106

human U87MG cells or murine GL261 cells suspended in
100 μl phosphate buffered saline were implanted on the right
flank of CD1-Foxn1nu mice. Murine GL261 cells were also
implanted on the right flank of C57BL/6J mice. The tumors
were treated intravenously with 4.8 mg/kg body weight of
1D11 or 13C4 at days 7, 10, 14, 17, 21 and 28 after tumor
implantation or with 4.8 mg/kg body weight of AF680 1D11
or AF680 13C4 at days 7, 11, 14, 18 and 25. Tumor size
[height (a), length (b) and width (c)] was measured on days
7, 10, 14, 17, 21, 24, 28, 31 and 35 after implantation. The
volume was calculated by the formula 4/3·π·a/2·b/2·c/2. The
animals were sacrificed by narcotic overdose and the tumors
were excised.

For the treatment of intracranial tumors, GL261 cells
were implanted into the right hemisphere of C57BL/6J mice
via stereotactic surgery. The mice were first anesthetized
with intraperitoneal injection of ketamine/xylazine 85 mg kg-1

body weight/7 mg kg-1 body weight and the fur was removed
with cold wax strips. After a midline incision, a small hole
was drilled into the skull 1 mm rostral and 2 mm lateral of
the bregma. A volume of 5 μl PBS containing 7.5x104 tumor
cells was injected 3 mm deep under the dura mater in the
brain with a 10 μl Hamilton syringe (Hamilton, Bonaduz,
Switzerland). 

The tumors were treated intravenously with 4.8 mg/kg
body weight with 1D11 or 13C4 at days 3, 6, 10, 13 and 17
after implantation. The animals were sacrificed by narcotic
overdose and perfused with 50 ml PBS via cardiac puncture
on day 25 after tumor implantation. Excised brains were
fixed in 4% formalin. 

Tissue preparation and immunostaining. The dissected
tumors were either frozen in 2-methylbutane (-40˚C; Riedel-
de-Haën, Seelze, Germany) or fixed in 4% formalin and
embedded in paraffin. Cryosections (7 μm) were stained
for endothelial cells after 5-min incubation in 100%
ethanol (-20˚C) and blocking in 10% FCS in PBS for 20 min.
Primary antibody was the von Willebrand Factor F8 (1:300)
(Dako Cytomation) for 1 h. Secondary antibody was goat
anti-rabbit polyclonal antibody Alexa Fluor 594 (1:200)
(Invitrogen) for 1 h followed by 10 min incubation with
DAPI (1:1000). Slices were covered with Fluoromount G
(Biozol, Eching, Germany). 

Paraffin sections (1 μm) were rehydrated and boiled in
citrate buffer for antigen retrieval. Endogenous peroxidase was
blocked with 100% methanol, 600 μl H2O2 at 4˚C, for 20 min.
Non-specific protein binding was blocked by incubation in
10% FCS in PBS for 20 min. Incubation of the first antibody
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was performed overnight at 4˚C followed by the second
antibody for 1 h. Slides were then exposed to peroxidase
conjugated biotin (1:1000) for 1 h before developing with
DAB (Roth, Karlsruhe, Germany). Slices were covered with
Depex (Sigma, Deisenhofen, Germany). All incubation steps
were performed in a moisture chamber.

All antibodies were diluted in PBS. Rat anti-mouse Mac-3
antibodies (1:300; BD Biosciences) were used for staining
macrophages, a mouse anti-human Ki67 antibody MIB-1
(1:500; Dako) was used to determine the proliferation index
of tumors and a rabbit anti-human active caspase-3 antibody,
(1:300; BD Biosciences) was used to determine apoptosis.
Secondary antibodies were biotinylated sheep anti-mouse
polyclonal antibody (1:500; Amersham), biotinylated goat anti-
rat polyclonal antibody (1:200; Amersham), and biotinylated
donkey anti-rabbit polyclonal antibody (1:200; Amersham).

In vivo imaging studies. The NIR dye-coupled antibodies
AF680 1D11 and AF680 13C4 were administered via tail
vein injection at 4.8 mg/kg body weight. The fluorescent
markers were visualized in the time-domain in vivo small
animal fluorescence imager Optix™ (ART, Montreal, QC
Canada) (24,25). The excitation laser wavelength was 680 nm
and detection was performed by applying a 700 nm LP filter.
Repeated imaging was performed under anesthesia with an
isoflurane/oxygen gas mix. For fluorescence detection a
time-correlated single-photon counting system (TCSPC-130)
was used. Since the system is time-resolved it is possible to
provide fluorescence lifetime in addition to intensity. This
lifetime varies between different chromophores and the
fluorescence originating from the animal tissue. Thus lifetime
measurement can be used to discriminate between fluor-
escence originating from the dye administered to the animal
and auto-fluorescence (26). 

Data analysis. Graphs were created with MS Excel, 2003,
statistics were obtained with Sigma plot 3.5 software (Systat
Software Inc.). Microscopic evaluation was done with a
fluorescence and light microscope (Leica DM5000 B). For
in vivo imaging fluorescence intensity calculations the
program eXplore Optix OptiView was used. Intensity units
were normalized for the same excitation power and excitation
time (integration time) per dot. Normalized fluorescence
intensities are presented in arbitrary units.

Results

1D11 specifically reaches experimental gliomas. In gliomas,
TGF-ß2 is significantly upregulated and TGF-ß1 is often
overexpressed as well. In order to determine if the anti-TGF-ß
antibody, 1D11, which binds and neutralizes all three active
TGF-ß isoforms was able to effectively target the tumors in
both SC and intracranial settings, 1D11 and 13C4 isotype
control antibodies were fluorescently-labeled with Alexa Fluor
dyes and in vivo imaging studies were conducted using the
NIR-imaging system. Following intravenous administration of
fluorescently-labeled antibodies into mice bearing SC tumors,
localization of AF680 1D11 in the U87MG tumors could be
shown by in vivo fluorescence measurement. Fluorescence
was detected in the whole CD1-Foxn1nu mouse 2 h after

intravenous treatment with AF680 labeled-1D11, however
fluorescence intensity in the tumor was higher than in the rest
of the body (Fig. 1a). There was only low fluorescence of
the antibody in organs of CD1-Foxn1nu mice. Sequential
measurements of fluorescence intensity in the tumor region
showed the presence of 1D11 antibody in the tumor during
the treatment period with peaks observed shortly after the
intravenous injections. After enrichment in the tumor region
the antibody remained in the tumor tissue for at least 4 days.
(Fig. 1b). The administration of the same amount of labeled
control antibody AF680 13C4 also resulted in increased
fluorescence intensity in the mouse with some localization to
the tumors (Fig. 1a). However, the enrichment of the AF680
coupled 13C4 antibody in the SC tumors was less marked
than with AF680 1D11. Thus, there appears to be a specific
enrichment of AF680 1D11 in the tumors represented by the
difference between the 13C4 and the 1D11 fluorescence
intensity (Fig. 1b). 

To determine if the antibody reaches the tumor tissue in
SC and orthotopic GL261 tumors in syngeneic C57BL/6J
mice, biodistribution of AF680-labeled 1D11 was analyzed
in vivo (Fig. 2a and b). Ten minutes after intravenous injection
of AF680 1D11, fluorescence intensity was measurable
within the SC tumor by in vivo imaging as it was in the SC
CD1-Foxn1nu mice (Fig. 2a). Labeled 1D11 is also capable
of localizing to orthotopic tumors. Given the difficulties in
imaging through the fur, skin and skull of mice bearing
orthotopic tumors, the mice were imaged in vivo 10 min after
one single i.v. injection, and then the tumor-bearing brains
were excised and imaged ex vivo. On day 5 after implantation
no fluorescence intensity was measureable in the tumor
region of removed brains (Fig. 2b). Labeled antibody was
detectable in the orthotopic gliomas 10 min after i.v. injection
of the antibody beginning on day 8. Fluorescence lifetime
analysis was conducted to ensure that the fluorescence
observed in the gliomas could be attributed to the labeled
antibody and not from free dye. The lifetime of 1D11-coupled
AF680 is different from that of free AF680 dye in the
mouse (Fig. 2c). Moreover, 24 h after injection free uncoupled
AF680 is almost completely eliminated from the mouse, while
AF680 1D11 remained in the body. 

Finally, fluorescence microscopy of frozen sections was
performed on sections of tumors that had grown either SC or
orthotopically. Antibodies labeled with Alexa Fluor 594 dye
were used for these experiments given that the lower wave-
length was more amenable to fluorescence microscopy.
Twenty minutes after a single injection of 4.8 mg/kg 20 days
post tumor cell injection, the antibody was detectable at the
vessel walls and within the tumor tissue of both the SC and
orthotopic gliomas (Fig. 2a and b, respectively). 

SC glioma treatment with 1D11 leads to tumor shrinkage in
immunocompetent mice. Once it was determined that the
antibodies could effectively target tumors and could cross the
blood-brain/blood-tumor barrier in an orthotopic setting,
efficacy studies were carried out to determine if neutralization
of TGF-ß would be efficacious against these tumors. Treatment
of C57Bl/6J mice bearing subcutaneously implanted GL261
gliomas with 4.8 mg/kg 1D11 antibody two times a week
led to tumor shrinkage with complete remission or tumor
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Figure 1. (a) In vivo imaging using AF680 1D11 or AF680 13C4 antibodies. Fluorescence was measured 24 h after the second i.v. treatment with 4.8 mg/kg of
the fluorescing antibody. The control mouse received no injections. AF680 antibody lifetime is about 1.4 ns. White arrows show the U87MG tumor, yellow
arrows show the spleen. (b) Fluorescence intensity in the tumor in mice treated with i.v. AF680 1D11 or AF680 13C4. Daily measurements were started after
the first antibody solution was injected 7 days after tumor implantation. Injections were repeated at day 11, 14, 18 and 25 as indicated by black arrows.

Figure 2. (a) 1D11-coupled AF680 in a subcutaneous tumor of a shaved C57BL/6J mouse 10 min after i.v. injection measured in vivo and fluorescence of i.v.
administered 1D11-coupled AF594 in a cryosection of a tumor 25 days after implantation. (b) Fluorescence intensity of 1D11-coupled AF680 in an
intracranial glioma of C57BL/6J mice 10 min after i.v. injection measured in vivo on day 5, 8 and 10, respectively. Due to decreased emitting of the
fluorescent signal through the skull, skin and fur of C57BL/6J mice, both in vivo and ex vivo analyses were conducted. Ex vivo, on day 5 there is no
fluorescence enrichment measurable in the tumor region. The lesion seen in the fixed, coronal cut brain is a result of tumor implantation. The localization of
the fluorescence detected in the right hemisphere on days 8 and 10 correlates with the tumor site in the fixed, coronal cut brain. Increased fluorescence
intensity was detectable in a cryosection of a 20-day-old intracranially implanted tumor after i.v. injected 1D11-coupled AF594. Left, left hemisphere; right,
right hemisphere; c, cerebellum. (c) Fluorescence lifetime of the free AF680 dye is higher than that of AF680 coupled 1D11 antibody measured 5 min after
injection in a CD1-Foxn1nu mouse. After 24 h the free dye is almost eliminated from the body. The lifetime is almost reduced to that of the untreated mouse.
Lifetime of the AF680 1D11 increases over time and is still detectable after 24 h. The antibody-coupled fluorescence dye stays in the body. Fluorescence
intensity and lifetime were measured by small animal fluorescence imaging.
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growth inhibition and the weight of 1D11-treated tumors was
significantly reduced at the end of the experiment compared
to untreated tumors or tumors treated with the isotype control
antibody, 13C4 (t-test: p<0.001; Fig. 3a). Three days after
starting treatment the tumors of the 1D11 group did not differ
in size compared to control tumors. Thereafter, 1D11 did not
only inhibit the growth of GL261 gliomas but also reduced
tumor size. 

SC glioma treatment with 1D11 leads to increased tumor size
in immunocompromised mice. Treatment with 1D11 had
contradictory effects on SC U87MG tumors in CD1-Foxn1nu
mice. Mice treated with 1D11 showed increased growth rates

and higher end weights compared with controls (t-test:
p<0.001; Fig. 3b). To verify whether the difference in
growth behavior was caused by the tumor cell line itself,
GL261 cells were subcutaneously implanted into CD1-
Foxn1nu mice and tumor-bearing mice were treated with 1D11.
Not surprisingly, the GL261 tumors grew much faster in these
immunocompromised mice. At day 21 after implantation, the
tumors were already as big as at day 35 in the other models.
As observed with the U87MG xenografts, treatment with 1D11
resulted in accelerated growth of these GL261 SC tumors
(Fig. 3c), data that are in contrast to the inhibition of growth
of the GL261 tumors that was observed in immunocompetent
C57Bl/6J mice treated with 1D11. 
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Figure 3. Tumor size of subcutaneously implanted gliomas. Left panels, tumor volumes; right panels, tumor weight at the end of the experiments. Treatment with
1D11, an anti-TGF-ß antibody, isotype 13C4 antibody or untreated controls. Tumors were measured with a caliper twice a week starting at day 8 after implantation.
The size was estimated by the formula V=4/3·π·height/2·length/2·width/2. (a) Murine GL261 cells were implanted on the right flank of immunocompetent
C57/BL/6J. (b) Human U87MG cells were implanted on the right flank of immunodeficient CD1-Foxn1nu mice. (c) Murine GL261 cells were implanted on
the right flank of immuno-deficient CD1-Foxn1nu mice (*p>0.073, **p<0.001).
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Immunohistochemical staining of U87 MG tumor sections
was performed to determine the effects of 1D11 treatment on
the tumor microenvironment. No differences were found
regarding the number of Ki-67-positive proliferating tumor
cells and MAC-3-positive macrophages after 1D11 treatment
compared to the controls (data not shown). In addition,
immunofluorescence microscopy for von Willebrand factor
demonstrated that no changes were observed in microvessel
density (data not shown). In not completely regressed SC
GL261 tumors of 1D11-treated C57BL/6J mice increased
amount of apoptotic cells was observed compared to 13C4-
treated and untreated control, although no such increase in
apoptosis was observed in 1D11-treated GL261 and U87MG
tumors from CD1-Foxn1nu mice (Fig. 4). 

Morphology of orthotopic glioma in immunocompetent mice
changes after treatment with 1D11. Given the differential
effects of 1D11 on SC tumors depending on the immune status
of the mice, and in order to minimize any artifactual effects
of implanting glioma cells in a SC setting, an orthotopic
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Figure 4. Apoptotic cells in subcutaneous GL261 tumors of C57BL/6J and CD1-Foxn1nu mice. (a) Staining of paraffin sections for caspase-3 antibody.
Caspase-3-positive cells are brown-black; nuclei are counterstained with hematoxylin. (b) Number of apoptotic cells in SC GL261 tumors. In the tumors
grown in CD1-Foxn1nu mice there is no statistical difference in the number of apoptotic cells between the 1D11-treated and the control groups. In the tumors
grown in C57BL/6J mice there is a statistically significant difference in the number of apoptotic cells between the 1D11-treated and the control groups. n=5
each, n=2 for the group GL261 in C57BL/6J mice treated with 1D11 (complete tumor remission in the other mice of the group).

Figure 5. Overview and magnification of the H&E-stained brain containing
a 25-day intracranial GL261 tumor of a control (a) and a 1D11-treated (b)
C57BL/6J mouse. (a) The tumor has an infiltration zone in which the tumor
cells migrate into the healthy brain tissue (panel 1). The cells lie loosely in a
matrix rich center of the tumor (panel 2). (b) Only few tumor cells infiltrate
into the healthy tissue (here migration along a vessel) (panel 3). The cells in
the tumor center show less stroma and matrix deposition. Necrosis is visible in
the center (panel 4). (c and d) Mean maximum diameters of intracranial 1D11-
treated and control tumors measured from H&E stained slices (p=0.491).
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model of glioma was incorporated into these studies to better
mimic the clinical disease. Intracranial injection of GL261
cells into the brains of C57BL/6J mice or U87MG cells into the
brains of CD1-Foxn1nu mice were conducted using stereotactic
surgery into the parenchyma of the right hemisphere, and
tumor-bearing mice were treated with 1D11 or controls. In
immunodeficient mice the intracranial tumors treated with
1D11 tend to grow faster than the controls, as they did in the
SC model (Fig. 5d). In contrast to the data from the SC tumor
model, in immunocompetent C57BL/6J mice the size of the
intracranial tumors was not reduced by 1D11 antibody treat-
ment compared to control gliomas. Histological evaluations
revealed that mean tumor diameter measured at the tumor
implantation site was equal between 1D11-treated mice and
controls (Fig. 5c). However, 1D11 did exert pharmacodynamic
effects on the tumors. Those treated with 1D11 contained less
stroma and matrix deposition and resulted in a reduced
infiltration and invasion of the tumor cells into the surrounding
normal brain tissue (Fig. 5a and b).

Discussion

Although the growth of SC GL261 tumors was inhibited
by 1D11 in immunocompetent, syngeneic C57Bl/6 mice,
the GL261 tumors grew faster in immunocompromised
CD1-Foxn1nu mice treated with 1D11. This growth-promoting
effect of 1D11 was also seen in experiments with SC U87MG
tumors grown in CD1-Foxn1nu mice. The differences in
effects based on the immune status of mice suggest that
TGF-ß may be functioning differently during tumor growth
in these different settings. In a study of Pan and colleagues
(27) TGF-ß1-overexpressing cells formed smaller tumors
in immunodeficient rats compared to tumors that developed
from wild-type U87MG cells. In the present study, 1D11-
treated tumors, where, hypothetically, the amount of active
TGF-ß is reduced, grew bigger. In both cases decreased TGF-ß
led to increased tumor growth suggesting that TGF-ß may be
suppressing the growth of SC tumors in an immunodeficient
setting and may be exerting different effects in the tumor
microenvironment depending on the status of the immune
response to tumors.

For both immunocompetent and immunodeficient mice
there were no histological differences between SC GL261
tumors of 1D11-treated animals and control animals based
on H&E staining (data not shown). In the immunodeficient
setting, the proliferation of the tumor cells was not altered in
response to 1D11 treatment nor was there a change in the
number of tumor associated macrophages. In immunodeficient
mice there was no difference in the number of apoptotic cells
in tumors treated with 1D11 compared to tumors treated with
controls, and the vessel density was also not affected by 1D11
treatment. Similar results were also obtained by Pan and
colleagues who found no difference in angiogenesis, apoptosis
or the number of tumor-infiltrating lymphocytes in tumors
resulting from the two cell lines when injected into immuno-
deficient rats (27). Although no changes in microvessel density
were observed in this study or published data, results from
Dohgu et al (28) and Walshe et al (29) indicate that the
functionality of vessels is affected by TGF-ß. TGF-ß can
upregulate expression of VEGF which induces angiogenesis

and levels of VEGF can affect normalization of blood vessels.
Neutralization of TGF-ß leading to decreased VEGF may
modify the functionality in glioma-associated vessels. Thus,
the more normalized blood supply in 1D11-treated tumors
could result in faster growth, however, experiments would
need to be conducted to confirm or refute this hypothesis.

This hypothesis would not explain why inhibition of
GL261 SC tumor growth was observed following treatment
with 1D11 in the immunocompetent setting. 1D11 treatment
of immunocompetent C57BL/6J mice leads to growth
inhibition or total regression of pre-established SC GL261
tumors. TGF-ß is a potent immunosuppressor, and the effects
of neutralizing TGF-ß on immune effector function would
not be evident in an immunocompromised setting. The growth
stimulating effect of 1D11 antibody treatment of GL261
tumors seen in CD1-Foxn1nu mice may be overwhelmed by
the enhancement of the immune system with a net effect of
not only growth reduction but also complete remission of the
pre-established tumor. There was an increase in the number
of apoptotic cells in the two existing small tumors of 1D11-
treated C57BL/6J mice compared to controls, and a similar
increase in apoptosis was not detectable in tumors growing
in the CD1-Foxn1nu mice. TGF-ß inhibits proliferation and
activity of cytotoxic T cells and NK cells (16,17), which can
induce apoptosis in tumor cells. TGF-ß binding soluble TGF-ß
receptors block the immunosuppressive effect of TGF-ß on
NK cells (30). In an intracranial GL261 model testing 1D11
in combination with a glioma-associated antigen vaccine, the
amount of CD-3+ T cells in the tumor is not affected by the
1D11 as a single agent or in combination with the vaccine (22).
However, TGF-ß inhibition by 1D11 caused an increase in
CD8+ T cells and a decrease in T regs in the brain tumors; an
effect that was enhanced by the vaccine (22). However, for
the tumor size-reducing effect of 1D11 treatment in intra-
cranially growing gliomas the immunity against the glioma
cells has to be enhanced by vaccination (22). Therefore,
analysis of the effects of 1D11 on these immune effector
cells is warranted.

Interestingly, treatment of intracranial GL261 tumors with
1D11 antibody resulted in neither an increase nor a decrease
in glioma growth in C57BL/6J mice. These data, in contrast
to that from the SC model, suggest that the local tumor
microenvironment may be playing a role in the efficacy of
1D11 against these gliomas. In contrast to the current data,
Uhl et al (9) found a growth reduction of intracranially
implanted SMA 560 gliomas in an immunocompetent mouse
model after oral treatment of the mice with SD-208, a small
molecule TGF-ß receptor II inhibitor. In addition to potential
differences in the models used in these studies, the small
molecule would, hypothetically, have better tumor penetration
than the larger antibody and could account for efficacy
observed with SD-208 as opposed to 1D11. 

It is also possible that the blood-brain/blood-tumor barrier
may be limiting the bioavailability of the antibody to the tumor,
and to address this, tumor localization studies were conducted
incorporating imaging with fluorescently-labeled 1D11. Studies
were conducted with both the intracranial model as well as
the SC model to see if differences in observed effects with
1D11 can be attributed to altered tumor localization of the
antibody.
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The labeled 1D11 antibody is detectable in the SC
U87MG tumor of CD1-Foxn1nu mice as well as in the SC
GL261 tumor of C57/BL/6J. 1D11 entered the tumor tissue
and was detectable at vessel walls as well as in the tumor
tissue. Measurement of fluorescence intensity in mice during
the course of therapy showed that high concentrations of the
antibody were found in the SC gliomas compared to the
remaining body (observed in CD1-Foxn1nu mice) and that
1D11 does not completely disappear from the tumor during the
treatment period (observed in CD1-Foxn1nu as well as in
C57/BL/6J mice). Due to the fur the measured fluorescence
intensities cannot be compared between C57/BL/6J and CD1-
Foxn1nu mice. In vivo imaging of the intracranial tumors in
C57BL/6J mice after intravenous injection of AF680-1D11
was problematic due to impedance of a light signal by the
implantation lesion and the regrowth of the black fur of mice.
In ex vivo measurements, however, the excised brains showed
increased fluorescence intensity in the tumor region. Impor-
tantly, fluorescently-labeled 1D11 was observed in the glioma
tissue, but not in surrounding normal brain parenchyma.
This effect could be due to 1D11 escaping through the leaky
vasculature associated with gliomas, while the antibody can
not cross the intact blood-brain barrier in normal brain tissue.
These data confirm that 1D11 can localize to both SC as well
as intracranial tumors. 

However, the degree of accumulation of neutralizing anti-
body to the tumors may be important to observing efficacy
against these orthotopic gliomas. In the SC tumors the AF680
1D11 was detectable in the tumor from the beginning of the
therapy on day 5. In the orthotopic model the treatment
started on day three after tumor cell implantation. This was
done, because the tumor is lethal in a shorter time frame than
in the SC model. At this time-point the AF680 1D11 fluor-
escence was not detected in the brain tumor after i.v.
administration. In fact, day 8 after tumor implantation (five
days following the first therapeutic injection in the therapy)
was the first day in which 1D11 could be detected in these
brain tumors. In this aggressive glioma model, perhaps the
accumulation of 1D11 does not reach a critical threshold
concentration in the tumors until the tumor has already
advanced to an aggressive state. In a study of Hau et al (31)
TGF-ß2-specific antisense phosphorothioate oligonucleotide
AP 12009, which has been shown to reduce the amount of
released TGF-ß in primary glioma cell lines, was tested in
humans with malignant gliomas and anaplastic astrocytomas
(31). In this study, patients with the smallest tumor residue
after resection showed the best response to the local adminis-
trated therapy. The patients did not respond to the treatment
immediately, but after a minimum of 28 days, some of the
patients showed stable disease. In one case tumor progression
was observed before the patient had a complete remission.
Unfortunately, given the aggressiveness of this model, the
tumors in the intracranial model used in the current studies
may be growing too rapidly in the confined space of the brain
to observe any inhibition of tumor growth by 1D11.

Although no efficacy was observed with 1D11 in regards to
reduction of intracranial tumor growth, neutralization of TGF-ß
had pharmacodynamic effects on these orthotopic gliomas.
The tumors of 1D11-treated mice were more marginalized
than the control tumors and the invasiveness of tumor cells into

the healthy brain tissue was reduced. There was a significant
reduction in the number of interdigitations into the surrounding
normal brain tissue in mice treated with 1D11. This finding is
consistent with the results of Uhl and colleagues (9) in glioma
cell lines and with the results of Wesolowska et al (11) in
primary glioma cells, where the inhibition of TGF-ß signaling
reduced the motility of glioma cells. As discussed earlier,
1D11 also had no efficacy as a single agent in the GL261
model conducted by Ueda and colleagues, but did show
effects on immune effector function and was able to enhance
the efficacy of a vaccine against these gliomas. Neutralization
of TGF-ß by 1D11 appears to have anti-tumorigenic effects
on these orthotopic gliomas, however, the aggressiveness of
this model may not allow for these to manifest as a survival
advantage or tumor growth inhibition.

Taken together these data show that the pan-neutralizing
anti-TGF-ß antibody, 1D11, can localize to both SC and
intracranial gliomas. The effects that this neutralizing antibody
may have on tumor growth and progression appears to be
dependent on the status of the immune system as well as the
location of the tumor itself, suggesting that the role of TGF-ß
in tumor growth is context-dependent. Given the differences
in response to 1D11 in this study, strategies targeting TGF-ß
in the clinic should also be context-dependent.
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