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a b s t r a c t

The combination of irradiation with angiogenic inhibition is increasingly being investi-
gated for treatment of glioblastoma multiforme (GBM). We investigated whether vascular
endothelial growth factor receptor-2 (VEGFR-2) inhibitor DC101 affects morbidity and
tumor growth in irradiated and non-irradiated intracerebral GBM-bearing mice, controlled
with sham treatments. End-points were toxicity, morbidity and histology. Irradiation
either or not combined, reduced tumor size strongly, whereas DC101 mono-treatment
reduced tumor size by 64%. Irradiation delayed morbidity from 5.8 weeks in sham-treated
mice to 10.3 weeks. Morbidity after combined treatment occurred after 5.9 weeks. Treat-
ment with angiogenesis inhibitor DC101 delays tumor growth but it induces morbidity,
by itself or combined with irradiation.

� 2009 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

Glioblastoma multiforme (GBM) accounts for approxi-
mately one third of all intracranial tumors and is one of
the most aggressive brain tumors. Conventional treatment
of GBM consists of surgical resection followed by radio-
therapy and chemotherapy. Despite this intense treatment,
tumors invariably recur, usually arising within 2 cm of the
original resection margin [1].

The mechanisms of the high radioresistance of GBM are
largely unknown, but the vascular system is considered to
play a key role in radiation response, tumor growth and

invasion [2,3]. Vascular endothelial growth factor (VEGF)
is the best-characterized and likely the most potent angio-
genic factor. VEGF increases vascular permeability and
stimulates vessel formation by recruiting progenitor endo-
thelial cells [4,5]. Systemic therapy directed against the
VEGF pathway improves the response to focal irradiation
of a subcutaneous GBM tumor in a mouse model [6]. How-
ever, location of the tumor, subcutaneous in the flank ver-
sus intracranial, affects irradiation effects on gene
expression in the tumor [7]. The microenvironment and tu-
mor location have impact on tumor growth, tumoral vessel
formation, metastasis and therapy [8–11]. Endothelial cells
in GBM tumors also show different gene expression pat-
terns depending on the location of the tumors in the body
[12]. Therefore, an orthotopic GBM tumor model is consid-
ered to be clinically more relevant.
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Since angiogenesis inhibitors are thought to normalize
tumor vessels resulting in improved blood flow and oxy-
genation [13], the combination of angiogenesis inhibition
with irradiation might potentiate the cell kill and sensitize
effects of irradiation [14]. First clinical trials show a safe
and feasible use of combined irradiation and angiogenic
inhibition, although toxicities (e.g. intratumoral hemor-
rhage, wound dehiscence, and bowel perforation) and pat-
terns of relapse (e.g. satellite formation) need to be
monitored closely [15,16]. High-dose irradiation of the
mouse brain is restricted by acute irradiation toxicity to
the esophagus and trachea [17]. Therefore, single fraction
or low-dose short-term treatments are usually given
[6,18–22]. To circumvent toxicity we developed an intra-
cranial irradiation model using superficially-implanted
low-active iodine-125 brachytherapy seeds, that allows
clinically relevant radiotherapy of the murine brain, with-
out side effects [17]. First a guide-screw with a central ca-
nal was implanted intracranially, 3 weeks later human
glioma cells were administered through the canal of the
guide-screw and 1 week later tightly fitting radioactive or
sham seeds were inserted. In the present study, we inves-
tigated the effects of treatment with the vascular endothe-
lial growth factor receptor-2 (VEGFR-2) blocker DC101, by
itself or in combination with irradiation, on tumor growth
and morbidity in this orthotopic GBM mouse model with
intracranial irradiation. Morbidity was defined as at least
20% weight loss and/or signs of neurological pathology.

2. Materials and methods

2.1. Cell line

The human derived GBM cell line U251-NG2 was se-
lected for the present study. It is a transfected U251 cell
line which overexpresses glial precursor proteoglycan
NG2, showing an invasive, highly-vascular growth pattern
in the rat brain [23,24]. We selected this cell line for the
present study because U251-NG2 tumors reflect as closely
as possible clinically relevant GBM growth and treatment
response. The cell line is not overly radiosensitive and does
not depend too strongly on the VEGF pathway [25]. The
high vascularization of U251-NG2 tumors is considered
to be the result of diminished inhibition of angiogenesis
[23]. In addition, it has the typical mutational status of
many GBMs (p53 and PTEN) [26]. VEGF expression levels
are not different from other GBM cell lines that are not
genetically modified. The U251-NG2 cell line was xeno-
transplanted into the nude mouse brain. Cells were cul-
tured and transplanted as described previously [17].

2.2. Orthotopic murine model

Athymic Nude-nu female mice (Harlan, Horst, The
Netherlands), 4–6 weeks of age, were kept under specific
pathogen-free conditions with optimal feeding, tempera-
ture, hygienic conditions and ample space, according to
stringent experimental animal facility regulations. Ortho-
topic gliomas were xenografted as previously described
[17]. In short, on day 0, therapy was started. On day �28,

we implanted a hollow guide-screw into the skulls of the
mice. On day �7, we slowly injected 5 � 105 cancer cells
in 3 ll PBS into the right frontolateral brain, 2 mm below
the screw. We hypothesized to find an additive treatment
effect on tumor growth delay of at least 30%. With a power
of 80% and a predicted standard deviation of 3 days, group
size should be seven mice or more. Two separate but iden-
tical experiments were performed on cohorts of 43 and 41
mice, respectively. All murine experiments were approved,
monitored and reviewed by the university committee on
animal experiments. Seven of 91 mice (7.7%) died during
surgical procedures and were thus excluded from the
study.

2.3. Treatment regimens

Over 13 weeks, concurrent cranial irradiation with
2 mCi iodine-125 (125I, Model 6711; Medi-Physics; Amer-
sham, Arlington Heights, IL) delivered a minimal tumor
dose of 23.0 Gy at 5 mm below the seed (Bio Equivalent
Dosetumor (BEDtumor) = 30.6 Gy), 52.1 Gy at 2.5 mm below
the seed, and 6.8 Gy at 10 mm below the seed, the ‘pharynx
dose’ [17]. We inserted the 125I seed on day 0 through the
hollow screw as described before (Fig. 1). The 125I concur-
rent cranial irradiation model enabled local high-dose irra-
diation whereby fatal irradiation toxicity as observed in
other cranial radiation modalities was prevented. Ran-
domly-selected mice received 125I seeds; the others re-
ceived inactive seeds as sham treatment.

Anti-angiogenesis treatment was started directly after
seed insertion on day 0. The rat anti-mouse VEGFR-2 anti-
body (DC101) actively prevents tumor growth when ap-
plied every 3 days in dosages of 40 mg/kg or higher [27].
DC101 was administered intraperitoneally in doses of
40 mg/kg every 3 days, a schedule with biological activity
and low toxicity profile [6,27–29]. Both treatment modali-
ties, irradiation and angiogenesis pathway inhibition, were

Fig. 1. Schematic sagittal view through the head of an intracerebral brain
tumor-bearing mouse with implanted screw containing an 125I brachy-
therapy seed. Cumulative minimal radiation dose on the tumor during
13 weeks at 5 mm below the 2 mCi 125I brachytherapy seed is 23.0 Gy
(integrated BED 30.6 Gy). B, brain; E, eye; S, subcutaneous plastic guide-
screw through the skull; T, tumor (adapted from [17]).

40 J.J.C. Verhoeff et al. / Cancer Letters 285 (2009) 39–45
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controlled with sham treatments, resulting in 4 treatment
regimen groups. Regimen 1 (R1; n = 20) consisted of sham
radiation treatment and injections of PBS (similar volumes
as DC101 injections); regimen 2 (R2; n = 21) combined
sham radiation treatment and DC101 therapy; regimen 3
(R3; n = 21) combined 125I radiotherapy and injections of
PBS; regimen 4 (R4; n = 22) consisted of irradiation and
DC101 injections.

After a maximum of 13 weeks of treatment, all surviv-
ing mice were sacrificed by CO2 asphyxiation in a sealed
cage and brains were dissected for histological analysis.
Animals were sacrificed earlier when signs of morbidity
occurred such as weight loss exceeding 20%. Physical or
neurological signs were scored daily and were also cues
for euthanasia. Specific signs were posture changes, dimin-
ished activity, diminished turgor, rotational behavior or a
domehead – a phenomenon of skull expansion by extreme
tumor growth. Brains were fixed and kept in formaldehyde
until used. All brains were coded randomly.

2.4. Histological and immunohistochemical analysis

Histological analysis was performed on blindly coded
material. Formaldehyde-fixed, paraffin-embedded tissue
blocks were sectioned axially in their entirety (section
thickness, 8 lm) for histological and immunohistochemi-
cal analysis. Each 20th axial section was stained with
hematoxylin–eosin. The section with the maximum cross
sectional size of the tumor was used to calculate percent-
age tumor area as tumor area

total brain area � 100.
Additional analysis was performed on axial sections

immediately following the one with the largest tumor area,
for all mice in the second experiment (n = 41). These sec-
tions were also evaluated blindly. Nissl-stained sections
(Cresylechtviolet; Sigma–Aldrich, Zwijndrecht, The Neth-
erlands) were used to count mitotic figures present in
three randomized high power fields (hpfs) to establish
the Nissl mitosis index. Tumor cell proliferation index
was established by counting the cells with positive nuclei
after staining with an antibody against KI-67 antigen
(MIB-1; Dako, Glostrup, Denmark) in three randomized
hpfs. The apoptosis index was determined by counting
apoptotic cells in three randomized hpfs of sections
stained with an anti-cleaved caspase 3 antibody (Cell Sig-
naling Technology, Danvers, MA). Necrosis in the tumor
area was scored semiquantitatively in Nissl-stained sec-
tions using the grading ‘none (0), minimal (1), present (2)
and extensive (3)’. An index of reactive gliosis (a neuroin-
flammatory response around the tumor with neuropatho-
logical consequences) was determined in sections stained
with an anti-glial fibrillary acidic protein (GFAP) antibody
(Dako) and scored semiquantitatively using the grading
‘none (0), minimal (1), present (2) and extensive (3)’.

Satellite tumors at a distance >200 lm from the original
tumor were counted in the sections with the largest tumor
area. CD34 is expressed on freshly recruited endothelial
progenitor cells that respond to tumor angiogenesis signals
[30]. When any CD34-positive endothelial cells were found
in structured tumor blood vessels in sections with the larg-
est tumor area, the tumor was considered CD34-positive
(anti-mouse CD34; Cedarlane, Burlington, Canada). Pres-

ence of any a-smooth muscle actin (SMA)-positive cells
in sections with the largest tumor area was considered to
be a hallmark of vessel maturation (monoclonal anti-
mouse a-SMA; Dako) [31].

2.5. Mouse pathology

Ten mice bearing intracranial tumors and four mice
without tumors receiving combined treatment were sub-
jected to pathologic analysis. After 17 days, four ran-
domly-selected mice were euthanized to analyze short
term effects of the combined treatment. One of these four
mice did not receive a tumor prior to start of therapies.
After 6 weeks of treatment, all remaining mice were sacri-
ficed and all major organs such as the gastrointestinal
tract, liver, kidney, pancreas, kidneys, heart, lung, lymph
nodes, bone marrows as well as organs in the head and
neck region were sampled and microscopically examined.
The time points for sacrifice were selected on the basis of
morbidity curves. Furthermore, we administered DC101
for 13 weeks to five non-tumor-bearing mice, confirming
previously reported safety of the drug as mono-treatment
in this dosage.

2.6. Data analysis

Differences in tumor volume, index of mitosis, prolifer-
ation, apoptosis, necrosis, reactive gliosis, number of satel-
lites, vessel density, relative weight loss and survival were
analyzed using the unpaired t-test for equality of means
when data were distributed normally or the Mann–Whit-
ney rank-sum test when data were not distributed nor-
mally, using SPSS� software (SPSS, Chicago, IL). Kaplan–
Meier survival analysis was performed on the survival
data. Differences were considered significant when
p 6 0.05.

3. Results

3.1. Survival and morbidity

Signs of morbidity of mice in the four treatment groups are shown in
Table 1. In both groups receiving DC101 (R2 and R4), approximately 75%
of the mice lost more than 20% weight in the 13 weeks of treatment. Espe-

Table 1
Physical signs and cues of morbidity in mice bearing intracranial glioma
that were sham treated (Sham), DC101 treated (DC101), irradiated (Irrad)
or both DC101 treated and irradiated (Comb).

Signs of morbidity Sham DC101 Irrad Comb

(n = 20) (n = 21) (n = 21) (n = 22)

Weight loss exceeding 20% 10 15 5 16
Postural change 6 4 4 12
Decreased activity 6 5 5 7
Domehead 7 3 1 3
Reduced turgor 1 2 0 7
Rotational behavior 1 1 3 2
Lethal bowel edema 0 1 0 1

Total pre-term sacrificed
(<13 weeks)

19 19 7 19

Sacrificed at end of study (at
13 weeks)

1 2 14 3

Mean survival (weeks) 5.8 5.2 10.3 5.9

J.J.C. Verhoeff et al. / Cancer Letters 285 (2009) 39–45 41
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cially mice that received both DC101 and irradiation (R4) showed weight
loss accompanied by posture changes, decreased activity and reduced tur-
gor. Mean relative end weight of the sham-treated mice was 89.2% versus
78.5% in the DC101 group (p < 0.02). Mean relative end weight in the irra-
diation group was 91.2% versus 78.3% in the combined treated group
(p < 0.01).

Fig. 2 shows Kaplan–Meier survival curves determined for the four
groups of mice. Mean survival of sham-treated mice (R1) was 5.8 weeks
only. Administration of DC101 alone (R2) did not improve survival (mean
5.2 weeks; p = 0.53). Irradiation treatment alone (R3) delayed occurrence
of mouse morbidity by 4.5 weeks to a mean of 10.3 weeks (p < 0.002).
However, combined treatment of irradiation with DC101 (R4) yielded
an unexpected poor survival outcome of 5.9 weeks only, similar to that
of sham treatment.

3.2. Tumor development

Figs. 3 and 4 summarize the results of histological examination of tu-
mors and brains.

Sham-treated mice (R1) had, as expected, the largest tumors irrespec-
tive of the time of sacrifice, covering on average 44% of the surface of the
largest cross section through the brain (Fig. 3A). These sham-treated con-
trol tumors had the highest proliferation index (88.6%; Fig. 3B) and high-
est numbers of mitotic cells (Fig. 3C). Reactive gliosis was qualified as
‘extensive’ in the untreated group (R1) (Fig. 3F).

DC101-treated mice (R2) had significantly smaller tumors, with a size
reduction of 64% compared to untreated tumors (Fig. 3A). DC101 treat-
ment did not reduce cell proliferation significantly (p < 0.07), but mitosis
was significantly reduced. All other tumor parameters were not different
in sham-treated and DC101-treated mice (Fig. 3B–H).

Irradiated mice (R3) had no detectable tumors in 13 of 21 cases (62%),
or they were greatly reduced in size as compared to untreated animals
(Fig. 3A). In the tumors that were present, all parameters were signifi-
cantly reduced in number or score, except necrosis score which was sim-
ilar (Fig. 3B–H). Large areas around the injection site were necrotic due to
irradiation while few apoptotic cells were present at the moment of anal-
ysis, indicating that the anti-tumor effect already occurred at an earlier
time point.

Combined irradiation with DC101 treatment (R4) yielded almost com-
plete local tumor control with a mean tumor size of 0.1%, compared to tu-
mors of sham-treated mice (Fig. 3A). All parameters were reduced or
absent in the tumors except for the necrosis score (Fig. 3B–H).

3.3. Mouse pathology

Post-mortem examination was performed on four animals that re-
ceived combined treatment for 17 days and on 10 animals that received
combined treatment for 6 weeks (Table S1). This revealed pathology
mainly of the peritoneal cavity, namely the intestinal tract and pancreas
that showed edematous changes. We found more edematous changes in
mice sacrificed at the latter time point. About one third of all animals ana-
lyzed had ascites. Also observed, but with much lower frequency, were
other lesions such as angitis in the lungs, arteritis in the lamina muscula-
ris of the small intestine, colitis, ileitis, jejunitis, duodenitis, peritonitis,
angiomatous changes of the mesenteric lymph nodes, and interstitial
pneumonia. Organs in the head and neck region were not affected seri-
ously, although in some cases inflammatory lesions in the nasal cavity

Fig. 2. Kaplan–Meier curves of survival in weeks for nude mice that were
inoculated intracranially with U251-NG2 GBM cancer cells and subse-
quently sham treated (R1), DC101 treated (R2), irradiated (R3) or both
DC101 treated and irradiated (R4). Log rank p < 0.01 of R1 versus R2, R3
and R4.

Fig. 3. Characteristics of GBM from sham-controlled mice (light grey bars), DC101-treated mice (dark black bars), irradiated mice (dark grey bars) and mice
treated with the combined regimen (light black bars). Error bars indicate SEM; *p < 0.05, **p < 0.02 compared to sham treatment: (A) mean maximum tumor
area. Mice were pooled in three groups that survived 0–30 days, 31–60 days and 61–90 days, respectively. Tumors of irradiated mice and mice treated with
combined regimen were very small; (B) MIB-1-labeled nuclei indicating proliferative cells in tumors; (C) mitotic cells in tumors; (D) apoptotic cells in
tumors; (E) necrosis in the tumor area scored as none (0), minimal (1), present (2) or extensive (3); (F) reactive gliosis, a neuroinflammatory response
around the tumor with neuropathological consequences, scored in the same way as under E; (G) tumor satellites surrounding the main tumor mass at a
distance >200 lm and (H) mean percentage of tumors with CD34- and a-SMA-positive intratumoral microvessels.

42 J.J.C. Verhoeff et al. / Cancer Letters 285 (2009) 39–45
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were observed. In one animal, severe lesions of lymphoma were encoun-
tered, which were probably background pathology. There was no correla-
tion between severity of weight loss and severity of pathology. Non-
tumor-bearing mice demonstrated the same pathological findings as tu-
mor-bearing mice. DC101 therapy for 13 weeks in non-tumor-bearing
mice did not induce weight loss, but these mice did not gain weight as
sham-treated mice did.

4. Discussion

We investigated the effects of concurrent cranial irradi-
ation combined with systemic angiogenesis inhibition by
VEGFR-2 blockade on tumor growth and morbidity of
intracranial GBM-bearing nude mice. The major advantage
of our orthotopic brain tumor model is the similarity with
the clinical situation [17]. As expected, sham-treated mice
showed highly proliferative, large tumors. DC101 treat-
ment significantly reduced tumor size, but morbidity did
not improve. Irradiation induced tumor growth delay and
reduced morbidity significantly. Combinational treatment
improved local tumor control but, surprisingly, morbidity
and survival were comparable to that of sham-treated
animals.

Winkler et al. combined external beam irradiation with
DC101 treatment in an orthotopic GBM model [20]. The
authors observed synergistic effects on morphology and

function of tumor vessels during a normalization window,
between day 5 and day 8 of treatment but did not describe
effects of treatment on morbidity as we did in our study.
Systemic toxicity of combined DC101 and irradiation in
mice was not anticipated, as it was never reported before,
although bowel toxicity has been described as a prominent
inadvertent effect of VEGF inhibitors in clinical studies
[32–35]. We also found in mice that combined treatment
mainly caused pathology of the gastrointestinal tract. We
did not observe the esophageal damage that was expected
after irradiation treatment in the head and neck region.
When comparing DC101 mono-treatment with the com-
bined treatment morbidity profile, we more often found
postural changes and more often scored reduced turgor
in the combined treatment group. This indicates that
extracranial side effects caused the higher toxicity. The fact
that local irradiation to the brain appears to exacerbate
DC101 toxicity is of great concern.

In our present study, irradiation alone and DC101 treat-
ment alone were well-tolerated, but DC101 treatment
alone showed similar morbidity as sham treatment. Kozin
et al. [6] found that 40 mg/kg DC101 with whole body irra-
diation was well-tolerated by mice implanted with U87
GBM cancer cells in the flank. On the other hand, these
authors found that the same dose of DC101 was poorly tol-

Fig. 4. H&E-stained (A, F, G and I) and immunohistologically-stained (B, C, D, E and H) sections of brain of nude mice inoculated with U251-NG2 GBM cells
after 13 weeks of treatment. A, B, C, D and E: sham-treated animals; F and G: DC101 treated animals; H: Irradiated animals; I: Combined treatment with
irradiation and DC101. (A) H&E-stained large tumor load (T) surrounded by normal brain tissue (N). (B) Anti-active caspase 3 staining showing an apoptotic
cell (arrow). (C) SMA-positive vessels (arrows). (D) MIB-1-labeled nuclei (arrows), (E) Reactive gliosis (#). (F) Invading tumor satellites (arrows). (G) Mitotic
cancer cells (arrows). (H) Apoptotic cancer cells (arrows) in anti-active caspase 3 staining. (I) Largest tumor (T) in R4 group of mice. Bars, A, D, F: 2.0 mm, B,
C, G, H: 0.2 mm, E, I: 0.5 mm.

J.J.C. Verhoeff et al. / Cancer Letters 285 (2009) 39–45 43
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erated by mice with heterotopically-implanted 54A small
cell lung carcinoma cells; 44% of the mice died from unsus-
pected intestinal toxicity. This difference was explained by
assuming that VEGFR-2 inhibitor DC101 was absorbed by
the U87 tumors and not by the 54A tumors. The latter,
i.e. no sequestering of DC101 by the tumor, could be the
case for U251-NG2 tumors as well because of its more clin-
ically comparable VEGF production [25]. Nevertheless,
non-tumor-bearing mice demonstrated comparable patho-
logic findings.

Not only selection of cancer cell line but also sequence
of treatments are important factors for outcome of com-
bined anti-angiogenesis and irradiation treatment. Wil-
liams et al. [36] showed in a non-small-cell lung
carcinoma mouse model that concurrent ZD6474 anti-
angiogenic treatment produces some enhancement of frac-
tionated radiotherapy whereas sequential administration
leads to a highly significant interaction between ZD6474
treatment and irradiation. Ning et al. [37] showed also that
radioenhancement was greater when the anti-angiogenic
SU5416 was administered after each radiation dose instead
of prior to radiation. Abrogation of VEGF-dependent sur-
vival signaling in endothelial cells may be the mechanistic
basis for the enhancing effect of ZD6474 treatment on
radiotherapy in a sequential schedule [36]. We employed
a concurrent schedule of irradiation and DC101 treatment
and discovered that side effects overshadowed potential
anti-tumor benefits. This important finding should be ta-
ken into account in the design of clinical studies.

A blockade of VEGFR-2 leads to increased levels of VEGF
in the circulation of mice and humans [27,38]. Not only
VEGF levels are increased, but also signaling through VEG-
FR-3 may be enhanced when VEGFR-2 is blocked [39]. This
pathway is involved in lymph-angiogenesis and may ex-
plain lymph edema and edema of submucosa of the intes-
tines that probably causes the observed morbidity.

Resection material from five patients before and after
treatment with bevacizumab revealed a trend toward a
relative increase of CD34 and a-SMA immunostaining fol-
lowing treatment [40]. Where others found also functional
effects of treatment with DC101, we did not detect signif-
icant effects on tumor vasculature as assessed with CD34
and a-SMA staining after long term treatment, which is
surprising: an anti-angiogenic agent that inhibits VEGFR-
2 has apparently no long term effect on vessel composition.
Less toxic lower dosages of DC101 are therefore presum-
ably not clinically relevant. On the other hand, there was
an anti-angiogenic effect, because DC101 did affect tumor
growth in our experiment by decreasing proliferation. It
is quite possible that vascular density remained the same,
in the face of an anti-angiogenic effect that slows tumor
growth. In addition to this, as suggested in recent publica-
tions, VEGF inhibition by DC101 probably induces normal-
ization of blood flow in aberrant tumor vasculature rather
than a true pruning effect [20]. Although formation of tu-
mor satellites was not significantly affected in this experi-
ment, it is an important side effect of anti-angiogenic
treatment, caused by cooption of pre-existent vessels
[41,42]. Interestingly, diffusely invading glioma cells did
not respond to monotherapy with DC101 in vivo [43].
Anti-angiogenic treatment is effective against solid compo-

nents of GBM but is largely ineffective against the invasive,
angiogenesis-independent tumor component. The tumor
model in our study probably reflected the former more
than the latter. It may be the Achilles’ heel of anti-VEGF
treatment as mono-therapy in the clinical setting.

Further studies are needed with other VEGF inhibitors
to analyze safety and efficacy of these compounds when
combined with irradiation to support clinical implementa-
tion. Although trialed for one inhibitor in the standard
dose, our findings are an important warning for pre-clinical
and clinical trials aimed at combining radiotherapy and
apparently harmless angiogenesis inhibitors, as is also re-
ported in clinical studies [34]. The combination of radio-
therapy with VEGFR-2 blockade can potentiate tumor
growth delay but may inadvertently lead to unexpected
morbidity.
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Table S1

Mouse Gastro intestinal tract Ascites Other
1 Omentum inflamed, pale liver + Enlarged lymph nodes
2(n) Lymphomatous lesions jejunum, 

pancreatitis
- Sinusitis Lymphomatous cells in 

lungs, lymphoma 
3 Angitis in mesentery - -
4 - - Inflammatory lesions in nasal cavity, 

enlarged sup. cervical lymph nodes

Mouse Gastro intestinal tract Ascites Other
5 - ++ -
6 Dilated lymph vessels, edematous 

changes, cecum dilation, edema-
tous pancreas

++ Congestion, dark lungs, dilated blood 
vessels in bone marrow of skull bone 

7 Edematous submucosa cecum, 
edematous pancreas

+ Inflammatory lesions nasal cavity, no 
bone marrow cells in skull bone 

8 Dilated cecum, rigid colon: colitis - Lung angitis
9(n) Edematous submucosa cecum and 

colon, edematous pancreas
++ -

10(n) - - -
11(n) Mild ileitis: infiltration in mucosa 

ileum
- Degeneration of local nephrons

12 Amyloid-like deposit villi ileum, 
large cecum, focal liver necrosis

- -

13 Mesenteric lymph node enlarge-
ment

- Congestion

14 Mild inflammatory liver paren-
chyma

- Interstitial pneumonia

Supplemental data

Table S1: Pathology of mice treated with DC101 and irradiation. Mice 1-4 
were sacrificed after 17 days of treatment. Mice 5-14 were sacrificed after 
6 weeks of treatment. Mouse 2, 9, 10, 11 did not bear a tumor. -, Absence 
of pathology




