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The tumor microenvironment can promote tumor
growth and reduce treatment efficacy. Tumors can occur
in many sites in the body, but how surrounding normal
tissues at different anatomical sites affect tumor micro-
environments and their subsequent response to therapy
is not known.

We demonstrated that tumors from renal, colon, or
prostate cell lines in orthotopic locations responded to
immunotherapy consisting of three agonist antibodies,
termed Tri-mAb, to a much lesser extent than the same
tumor type located subcutaneously. A tissue-specific
response to Tri-mAb was confirmed by ex vivo separa-
tion of subcutaneous (SC) or orthotopic tumor cells
from stromal cells, followed by reinjection of tumor
cells into the opposite site. Compared with SC tumors,
orthotopic tumors had a microenvironment associated
with a type 2 immune response, related to immunosup-
pression, and an involvement of alternatively activated
macrophages in the kidney model. Orthotopic kidney
tumors were more highly vascularized than SC tumors.
Neutralizing the macrophage- and Th2-associated mol-
ecules chemokine (C-C motif) ligand 2 or interleukin-13
led to a significantly improved therapeutic effect. This
study highlights the importance of the tissue of implan-
tation in sculpting the tumor microenvironment. These
are important fundamental issues in tumor biology and
crucial factors to consider in the design of experimental
models and treatment strategies.
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INTRODUCTION
In addition to cancer cells, tumors contain multiple cell types
that together comprise the stroma. Stromal cells, in particular

leukocytes, can secrete a range of growth factors and cytokines,
which contribute to the tumor microenvironment and fur-
ther can promote tumor growth and inhibit effective antitumor
immune responses. The types of leukocytes in the stroma can
include regulatory T cells, myeloid-derived suppressor cells, and
alternatively activated macrophages (AAMs), which can express
immunomodulatory factors such as transforming growth factor
B, interleukin (IL)-10, and arginase-1 (1-3). These factors can
suppress an immune response or divert it from a type 1 immune
response, which is able to eliminate aberrant or infected cells,
to a type 2 response geared toward neutralizing extracellular
microorganisms.

The importance of these regulatory cell types in promoting
tumor growth is evident from studies demonstrating that deple-
tion of these cells in mouse cancer models can reduce tumor
growth (4-6). Furthermore, correlations between a higher degree
of tumor infiltration by these cell types have been associated with
poorer prognosis in humans with some cancer types (7-12).
Currently, the tumor microenvironment is known to be crucial
in tumor development and its response to treatment (13,14).
Furthermore, extrinsic factors and determinants from host tis-
sue microenvironments contribute to create a “metastatic niche”
(15,16). Indeed, cancer cells disseminating from primary tumors
are dependent on the niche microenvironment encountered at
secondary sites for their implantation and growth (17). Tumors
can occur in many sites in the body, but how tissues surrounding
the site of tumor initiation or implantation at specific anatomical
locations affect the tumor microenvironment and the subsequent
response to therapy is yet to be elucidated.

Genomic and proteomic profiling has previously identified dif-
fering gene expression profiles in tumor cells from different loca-
tions, and in this way, genes thought to be important in metastasis
have been identified (18). In addition, studies on gene expression
in primary tumors have revealed genes associated with poor prog-
nosis (19,20). It is thought that, as tumors are genetically unstable
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and heterogeneous, genetic variants suited to growth in different
tissues arise and colonize distant sites. In other words, the tumor
cells themselves can be different in different sites (21-23), making
it difficult to distinguish the contributions of tumor cells and host
tissue in generating the tumor microenvironment. Thus, the role
of the normal tissue at the site of tumor implantation in shaping
the tumor microenvironment, as distinct from the role of tumor
genetic variants, has not been determined before.

In this study, we used a transplantable tumor to inoculate a
genetically similar pool of tumor cells in different anatomical
sites. The aim was to allow the assessment of its contributions to
the microenvironment and therapy response from those of the
surrounding normal tissue in isolation of genetic evolution. This
was not possible using a spontaneous metastasis model because
spontaneous metastases in different sites can vary genetically. We
used three mouse tumor models of varying cancer types, includ-
ing a renal cell carcinoma, a colon carcinoma, and prostate carci-
noma, injected either subcutaneously or in orthotopic sites.

In considering which immunotherapy to apply in these tumor
models, we decided to use a therapy that was highly effective against
a range of subcutaneous (SC) tumors and whose mechanisms of
action involved typically important immune components. We had
previously demonstrated that a combination of three monoclonal
antibodies specific for death receptor 5 (DR5), CD40, and CD137
(4-1BB) (Tri-mAb) was a highly effective immunotherapy against
SC tumors. Indeed, we demonstrated that established SC tumors
of various types in mice could be eradicated using Tri-mAb, and a
type 1 immune response involving CD8* T cells and interferon-y
was necessary for eradication of SC tumors (24). However, in sub-
sequent studies, we also observed that orthotopic renal tumors
responded less than SC tumors to the same therapy (25).

In this study, we therefore decided to extend our previous
observations to investigate the nature of the microenvironment of
tumors growing in different anatomical sites. Our investigations
suggested that the normal tissue surrounding implantation had a
major impact on differences in the microenvironment of tumors
in different sites, which contributed to the differential responses
to therapy.

RESULTS

Visceral tumors respond less than SC tumors to Tri-
mAb therapy

We sought to test Tri-mAb therapy in several orthotopic disease
models in mice, where cancer cell lines were injected into the tissue
of origin of the cell lines compared with SC injection. Three ortho-
topic models were used, which involved injection of cancer cells into
the kidney (intrakidney (IK)) (Renca, renal cell carcinoma), cecum
(intracecum (IC)) (CT26, colon carcinoma), or prostate (intrapros-
trate) (RM-1, prostate carcinoma). Injection into orthotopic sites
was chosen instead of spontaneous metastases, because metastases
can vary genetically, thereby rendering it difficult to investigate the
contribution from the tissue of implantation in isolation of genetic
diversity. Tri-mAb treatment began when tumors had grown to
~20 mm? in size at all sites. In all three models, we found that ortho-
topic tumors were much less responsive to Tri-mAb than SC tumors
(Figure la—c). A similar observation was made when Renca was
injected in the liver, a site frequently associated with metastasis
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Figure 1 Tri-mAb inhibits orthotopic tumors less than subcutane-
ous (SC) tumors. (a) Survival of mice injected with Renca, renal carci-
noma cells, subcutaneously or orthotopically into the right kidney cortex
(intrakidney (IK)) (n = 7-8 per group, representative experiment of 5).
(b) Survival of mice injected with CT26, colon carcinoma cells, subcu-
taneously or orthotopically into the cecum (intracecum (IC)) (n = 7-9
per group, representative experiment of 2). (c) Tumor weight at day (D)
12 of RM-1, prostate carcinoma cells, injected SC or into the prostate
(intraprostrate (IPr)) (n = 7-9 per group, representative experiment of
2). (d) Survival of mice injected with Renca cells in SC sites or into one
liver lobe (intrahepatically (IH)) (n = 6-7 per group). (e) Tumor growth,
following SC injection with Renca-cherry-luciferase (Renca-Ch-Luc), was
monitored using calipers (n = 6, representative experiment of 3). (f,g)
Bioluminescence emission imaging was used to monitor Renca IK tumor
development (n = 6, representative experiment of 3). Mice were treated
with Tri-mAb or isotype controls (Ctls) when tumors were established
(~20-30mm?). *P < 0.05. **P < 0.005. ***P < 0.0005.

in renal cancer (Figure 1d). The majority of Tri-mAb-treated SC
tumors responded rapidly, whereas tumors grew progressively in
control mice (Figure le and Supplementary Figure Sla,b). In
some experiments, to extend our previously published observations
(25), Renca cells expressing luciferase were used, enabling kidney
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or hepatic tumor growth to be monitored. In these cases, both kid-
ney and hepatic localized tumors responded minimally during and
after treatment, and mice died with large tumors (Figure 1f,g and
Supplementary Figure S1c).

To assess whether differences in tumor size could explain the
differential response to therapy, we measured tumors from SC
and abdominal organs immediately before starting treatment,
and observed that SC and visceral tumors were of similar size and
weight (Supplementary Figure S2). Thus, the different responses
to Tri-mAb could not be explained by a simple difference in tumor
size between SC and visceral tumors before treatment.

Renca cells retain their similarity after reisolation
from different sites

Because the population of cancer cells injected at different sites
was of the same genetic makeup as those injected subcutaneously,
it seemed that the normal tissue surrounding the site of implan-
tation was influencing the response of the tumor to therapy.
However, despite the use of a transplantable tumor model that
placed genetically similar cells in different sites, it remained pos-
sible that preexisting genetic variants within the mixed popula-
tion had a predilection to grow at individual sites and that these
genetic variants were solely responsible for differences in micro-
environment and differential responses to Tri-mAb. To investigate
this possibility we re-isolated Renca-cherry-luciferase (Renca-
Ch-Luc) tumor cells from SC and IK sites at day 12, cultured them
for 4 weeks, and compared their phenotype. During the culture
period, tumor stromal components diminished to negligible lev-
els leaving predominantly Renca cells, identified by their expres-
sion of the cherry fluorochrome. Cell cultures from the two sites
were indistinguishable with respect to morphology, growth rate,
Cherry expression (data not shown), and the expression of several
representative cell surface markers, such as MHC I and the molec-
ular targets of Tri-mAb, DR5, CD40, and CD137 (Figure 2a). To
further investigate whether implantation into different tissue sites
selected for distinct subsets of tumor cells with an inherent ability
to grow in distinct sites, crossover experiments were performed
in which cultured Renca-Ch-Luc cells, isolated from SC or IK
sites, were reinjected into the same and opposite sites from ini-
tial isolation (subcutaneously derived cells transplanted SC and
IK, and IK-derived cells transplanted SC and IK). There was no
significant difference in SC tumor growth between parental, SC,
and IK tumor cell lines, and all mice rejected their SC tumors to
a similar extent after treatment (Figure 2b). Furthermore, mice
with tumors derived from both SC and IK cell lines responded
to therapy in a tissue-dependent manner, surviving longer after
Tri-mAb injection when tumors were located SC compared with
IK (Figure 2c). Although we cannot absolutely exclude the pres-
ence of subclones of Renca isolated from individual tumor sites,
the data from the crossover experiments strongly suggested that
the host normal tissue surrounding tumor implantation played an
important role in determining the response of tumors to therapy.

The tumor microenvironment varies with

anatomical site

In considering how normal tissue at the site of tumor implanta-
tion affected the responses of tumors to therapy, we hypothesized
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that it caused differences in the tumor microenvironment at dif-
ferent sites, which impacted on the relative efficacy of Tri-mAb. To
investigate the relative microenvironments of tumors at the two
sites, we initially focused on the Renca tumor model and exam-
ined the phenotype and frequency of infiltrating leukocytes in
established tumors before treatment, 10-12 days after inoculation
of tumor cells. The overall composition of leukocytes was simi-
lar in both tumor sites, with similar percentages of myeloid and
lymphoid subsets observed (Figure 3a-g). However, closer exam-
ination of macrophage phenotype revealed a relatively higher
percentage of F4/80"CD11b™ cells in kidney tumors and a lower
percentage of F4/80™CD11b" cells (Figure 3h-j). Because the dif-
ference in cell infiltrate of SC and kidney tumors was restricted to
F4/80-expressing cells and because cells of this phenotype have
previously been described as containing a relatively immunosup-
pressive subset of macrophages termed alternatively activated
macrophages (26-28), we decided to determine the expression
of the AAM-associated molecule, CD206 (mannose receptor) in
the F4/80%" subsets (29). We observed that the F4/80"CD11b™
cells expressed CD206, suggesting that these macrophages
were of the AAM subset known to be immunosuppressive (29)
(Figure 3k-m). AAMs have also been previously demonstrated
to express the scavenger receptor, Mgll, and arginine-depleting
enzyme, Argl (30), and we therefore wished to determine the
expression of these molecules in the F4/80"CD11b™ cell subset.
Using reverse transcriptase-polymerase chain reaction (PCR)
analysis on both F4/80" cells and F4/80™ cells sorted from IK
tumor, we confirmed that F4/80" cells also overexpressed Mgll
and Argl (Figure 3n). These results raised the possibility that
renal tissue had preferentially induced a relatively immunosup-
pressive microenvironment including AAMs, which rendered the
associated tumors refractory to immunotherapy.

AAM-associated molecules are expressed more highly
in kidney tumors
To gain a wider view of potential differences in the microenviron-
ment, we used DNA microarray to compare gene expression on
tumor tissue dissected from the two sites, SC and IK. We desig-
nated genes as differentially expressed, if their fold change was
+1.5 with a P value of <0.05 because these values have been fre-
quently used previously to determine functionally relevant dif-
ferences in gene expression (31,32). A total of 106 genes were
significantly upregulated by 1.5-fold or higher in kidney tumors
(Supplementary Figure S3). As our therapeutic approach involved
immunotherapy, we initially focused on the differential expres-
sion of immune-related genes. Expression of 30 immune-related
genes were increased in renal tumors compared with that of SC
tumors (P < 0.05), 18 of which are associated with macrophages
(Supplementary Table S1). Included in these genes were those
encoding for Argl and Mgll previously mentioned (Figure 3n),
and CD163 that are markers for AAMs (30). Other genes found
to be upregulated in kidney tumors included IL-6, chemokine
(C-C motif) ligand 2 (CCL2), and leukemia inhibitory factor,
which have been demonstrated to play a role in skewing the dif-
ferentiation of macrophages toward an AAM phenotype (33,34).
To confirm gene upregulation found in the microarray and to
extend this to protein levels, we used reverse transcriptase-PCR
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Figure 2 The host normal tissue contributes to directing the composition of the tumor microenvironment. (a) After 4 weeks in culture,
Renca-cherry-luciferase (Renca-Ch-Luc) tumor cells isolated from subcutaneous (SC) and intrakidney (IK) tumors at day 12 (three of each) were
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treated with Tri-mAb or control (Ctl) antibodies. (n = 7-8. ***P < 0.005 for (b) Tri-mAb-treated versus Ctl groups).

array and protein array on the SC and IK tumors. Increased  Figure S4a,b). In addition, the Th2-associated cytokine IL-10
expression of a variety of macrophage-associated molecules in  and CCL2 were secreted by cultured F4/80" macrophages isolated
kidney tumors was detected (Figure 4a,b and Supplementary  from tumors (Figure 4c and Supplementary Figure S4c). IL-6
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protein was also demonstrated to be expressed at higher levels
in renal tumors (Supplementary Figure S4d). Strikingly, greater
levels of the AAM-associated chemokine CCL2 were found in the
serum of mice bearing kidney tumors (Figure 4d). This also sup-
ports the strong involvement of this chemokine in the differential
immune response generated against kidney tumors as compared
with SC tumors.

Taken together, these data suggested that an association
between macrophages and Th2 cytokines existed preferentially
in kidney tumor microenvironments in a tissue-speciﬁc manner,
which may have led to a relatively ineffective antitumor immune
response following the administration of Tri-mAb.

To extend the observation that different microenvironments
are generated in tumors in different locations, we compared
gene expression in another model, using CT26 colon carcinoma
cells. RNA-seq was used to compare gene expression of SC and
cecum CT26 tumors. Significant upregulation of a wide range
of immune-related genes was detected in SC tumors with a pre-
dominance of Thl-associated genes (e.g., IL-12, interferon-y,
and tumor necrosis factor) (Supplementary Table S2). In cecum
tumors, there was a predominance of Th2 or immunosuppressive
genes including arginase-1, transforming growth factor B, IL-6,
and IL-23 (Supplementary Table S2).

Neutralizing CCL2 or IL-13 enhances Tri-mAb therapy
of orthotopic kidney tumors

Molecules important in the recruitment and differentiation of
AAMs include the chemokine CCL2 and the cytokines IL-4 and
IL-13 (35). We, therefore, investigated the role of these molecules
in the differential tumor responses using a neutralizing anti-
body for CCL2 and mice deficient in the genes for IL-4 or IL-13.
Although kidney tumors responded poorly to Tri-mAb when
CCL2 was present, responses were significantly enhanced when
a CCL2 blocking antibody was administered before and dur-
ing Tri-mAb treatment (Figure 5a). Similarly, kidney tumors in
IL-13-deficient mice responded significantly better than tumors
in wild-type mice (Figure 5b), whereas no effect was observed in
IL-4-deficient mice (data not shown). These data, and the asso-
ciation between CCL2, IL-13, and AAM, provided supporting
evidence for a role for this macrophage subset in the differential
responses of tumors in the two anatomical locations.

Kidney tumors were more highly vascularized than
SC tumors

While the tumor microenvironment can impact on immunity,
it can also affect morphologic and other stromal qualities of the
tumors. Of particular interest was the level of vascularization of
tumors, because macrophages can stimulate angiogenesis (36),
and because we had demonstrated a relatively greater expres-
sion of the angiogenic markers CXCR2 (IL-8R), CXCL1 (KC),
and endothelial cell-specific molecule-1 in kidney tumors using
DNA microarray (Supplementary Table S1).We found that renal
tumors were more highly vascularized as evidenced by a higher
frequency of CD31-positive endothelial cells (Figure 6a,b). This
information raised the possibility that AAMs contributed to
angiogenesis, and kidney tumor growth may have been more
robust with a greater blood supply. Another possibility was that
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the tumors varied in their permeability leading to differences in
penetration by components of the Tri-mAb regimen. However,
using the analysis of tumor permeability following intravenous
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Figure 4 Increased gene expression and protein in intrakidney (IK) and subcutaneous (SC) tumors and associated macrophages. (a) Gene
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injection of Evan’s blue, tumors in the skin and kidney were found
to be similarly infused with the dye (Figure 6c), suggesting no
obvious differences in vessel permeability before the administra-
tion of therapy.

To further investigate this aspect of the microenvironment,
we radiolabeled Tri-mAb and determined its localization to SC
and kidney tumors periodically after the start of treatment. There
was no significant difference between the localization of Tri-mAb
to SC and kidney tumors immediately after (4 hours) adminis-
tration of the antibodies (Figure 6d), confirming the Evans blue
finding. However, longer-term analysis of Tri-mAb localization to
tumor in the days following the start of therapy revealed that less
Tri-mAb was present in kidney tumors compared with that in SC

Molecular Therapy vol. 22 no. 1 jan. 2014

tumors (Figure 6d). The reduction in Tri-mAb tissue localization
in kidney tumor-bearing mice was only observed for tumor, and
similar amounts of Tri-mAb were found in the blood and skin of
mice irrespective of tumor location (Figure 6e,f).

DISCUSSION

The above observations indicate that tumors in different anatomi-
cal sites vary in their response to immunotherapy. They can also
differ in their microenvironment, despite the injection of geneti-
cally matched cancer cells, suggesting that the host normal tissue
surrounding the site of tumor implantation can have a decisive role
in determining the composition of the tumor microenvironment.
Tumors in a visceral orthotopic site had a microenvironment
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**P < 0.005. *** P < 0.0005. CCL, CC chemokine ligand; IL, interleukin.

associated with a type 2, relatively immunosuppressive, immune
response.

It should be noted that in this study, we used transplant-
able tumor models that involved the injection of tumor cells
in a small amount of saline. This differs from the process of
natural tumor initiation and metastatic implantation and may
amplify the contribution of surrounding normal tissues to the
subsequent tumor microenvironment. We used the transplant-
able models because spontaneous tumors and their metastases
differ genetically, making it difficult to discern the contribu-
tion of genetic composition and surrounding tissue to differing
tumor microenvironments. Nevertheless, our results have direct
relevance to the use of various tumor models in investigating
immunotherapies for cancer.

Although in this study we refer to the tumor microenviron-
ment in visceral tumors as immunosuppressive, it may be more
accurate to specify it as a different class to that observed in the
SC tumors. Recent arguments for tissue-appropriate classes of
immune response have merit (37), and this may well be the case
in the systems described in this article.
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Figure 6 Intrakidney (IK) tumors have a greater density of CD31%
cells. (a) Sections of Renca tumors, taken from mice at day 12 after
injection and stained with anti-CD31 or isotype control antibodies, one
representative view per tumor (IK and SC), scale bar = 100 um (b) CD31
expression depicted as pixel density for five IK and five SC tumors (three
sections per tumor, ten fields of each). (c) Diffusion of Evans blue dye
into IK and SC tumors following intravenous injection in mice 30 min-
utes before. Results pooled from two experiments +SEM, n = 19 per
group. (d-f) Tri-mAb localization in (d) SC and IK tumors, (e) blood, and
(f) skin following 1-125 radiolabeled Tri-mAb antibodies injected intra-
peritoneally. Tissues were analyzed in cohorts of mice at 4, 24, 48, and
72 hours after Tri-mAb injection. Results represented as +SEM, n = 4-5
tumors per group. *P < 0.05. **P < 0.005.

At present, the sequence of events leading to the different
tumor microenvironments is not clear. There could be an initial
contribution from a tissue-specific component that may include
cytokines such as leukemia inhibitory factor (33) and IL-33 (38),
which was upregulated in kidney tumors. We demonstrated
that a higher frequency of macrophages with an immunosup-
pressive AAM phenotype infiltrated IK tumors. Although the
identification of the factors responsible for the increased fre-
quency of AAMs in kidney tumors await future investigations,
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our observations of increased expression of the AAM-associated
molecules CCL2 (MCP1), CSF1 (GM-CSEF), leukemia inhibitory
factor, and IL-6 in renal tumors, and their previously described
role in skewing the differentiation of macrophages to an AAM
phenotype (33,34), suggest that these molecules may play a role in
sculpting the tumor microenvironment to favor AAMs. In addi-
tion, previous observations that AAMs aid in the repair of dam-
aged or diseased renal tissue (39,40) suggest that tumor growth
in our system tumors may use this repair program in the kidney
to its advantage in order to escape the effector immune response.

IL-13, upregulated in orthotopic kidney tumors and produced
predominantly by Th2 cells, can induce differentiation of macro-
phages to an AAM phenotype. This suggests that Th2 cells play
a relatively early role in the development of an immunosuppres-
sive microenvironment. The exact nature of the relative T-cell
responses of tumors in different sites is not clear at present, and
the absence of defined tumor antigens in our models makes this
difficult to determine. Our previous work demonstrating a strong
CD8™ effector T-cell response in the SC tumor model (24) sug-
gests that a Th1 response is necessary for optimal tumor rejection,
but further insight into this question awaits further investigations
in the orthotopic models.

Although in this study we found a more highly immunosup-
pressive microenvironment in visceral tumors, we do not exclude
that immunosuppression can play a role in the immune response
of SC tumors. Indeed, many studies have demonstrated that
immunosuppressive cells can infiltrate SC tumors (41,42) and
that immunosuppressive factors can regulate effector immune
responses in SC tumors (43). Furthermore, in our SC tumor
model, we observed an infiltration of regulatory T cells and mac-
rophages with an AAM phenotype that probably participate in
immunosuppression, but nevertheless, we suggest that the effector
immune response dominates and induces tumor regression after
Tri-mAb treatment, unlike in the orthotopic kidney site.

Our investigations into the relative ability of Tri-mAb to local-
ize to SC and renal tumors produced some interesting and novel
observations. Although similar amounts of Tri-mAb initially enter
tumors in both anatomical locations, significantly less Tri-mAb
localized to kidney tumors from 24 to 72 hours after the start of
therapy. This suggested that the initial responses in tumors from
different sites were fundamentally different, potentially influ-
enced by the differing nature of the tumors, and this impacted on
the subsequent relative ability of Tri-mAb to localize to tumors.
Although the sites of action of Tri-mAb have not been previously
determined, these sites may include tumor and the lymphoid
compartment, and the reduced localization of Tri-mAb to renal
tumors may have contributed to the reduced efficacy of treatment.
It will be of interest to gain more insight into this phenomenon in
future studies.

Mixed responses to immunotherapy of tumors in differ-
ent sites have been frequently observed in humans, where some
metastases regress while others progress (44-46). However,
whether the observed site-specific differences in the microenvi-
ronment and responses of mouse tumors extend to human tumors
remains to be determined. Nevertheless, some support for similar
events in patients can be found in studies where tumor-associated
macrophages were found in human kidney tumors and could be
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associated with CCL2 and IL-10 expression (47,48). Similarly,
the presence of tumor-associated macrophages in melanoma
and colon cancer has correlated with poorer prognosis (9,49).
Not surprisingly, metastatic burden correlates with survival of
patients, although little has been done previously to analyze
patient responses to immunotherapy according to the location of
metastases. In mice, two earlier studies have reported differential
responses to interferon of tumors in different sites, but no insight
into the mechanism was provided (50,51).

The above observations indicate that the host normal tissue
has a major impact on the tumor microenvironment, which var-
ies with anatomical site, and may be important to consider in the
application of immunotherapy. Further investigations into a range
of tumor types in different tissues may help to identify tissue-
specific signatures important in regulating the tumor microen-
vironment. Armed with this knowledge, clinicians could predict
responses of individual tumors to various treatment regimens and
design appropriate therapies to maximize responses.

MATERIALS AND METHODS

Cell lines, mice, and tumors. Renca is a renal cell carcinoma cell line (52),
CT26 is a N-nitroso-N-methyl-urethane-induced undifferentiated adeno-
carcinoma of the colon (ATCC, Manassas, VA), both derived from BALB/c
mice, and RM-1 is a prostate carcinoma cell line, from C57BL/6 mice (53).
The Renca-Ch-Luc cell line was generated by transduction of Renca with a
retroviral vector (murine stem cell virus) containing the cDNA for cherry
and luciferase. All tumor cell lines were maintained at 37°C and 5% CO,
in RPMI 1640 or Dulbecco's Modified Eagle Medium media (Invitrogen,
Melbourne, Australia), supplemented with 10% heat-inactivated foe-
tal calf serum (Moregate Biotech, Brisbane, Australia), 2mM glutamine
(JRH Bioscience, Melbourne, Australia), 100 U/ml penicillin, and 100 pg/
ml streptomycin (all from Sigma-Aldrich, Sydney, Australia). BALB/c and
C57BL/6 mice were purchased from the Walter and Eliza Hall Institute for
Medical Research, Melbourne, Australia and from the Animal Resource
Centre, Perth, Australia. BALB/c-IL-13-deficient mice were bred and
maintained at the Peter MacCallum Cancer Centre, East Melbourne,
Australia. Mice that were 6 to 20 weeks of age were used in accordance with
the Peter MacCallum Cancer Centre Animal Ethics Committee guidelines.

To produce SC tumors, mice were injected with 2 x 10° Renca, Renca-
Ch-Luc, CT26 cells, and RM-1 cells in 100 pl of phosphate-buffered
saline (PBS). Orthotopic tumors were established by injecting 2x10°
Renca or Renca-Ch-Luc cells IK into the outer cortex of the kidney in
20 pl of PBS, 2x10° CT26 cells subserously on the cecum (IC) in 20
ul of PBS, or 2x10* RM-1 cells in 10 pl PBS in the anterior lobe of the
prostate (intraprostrate). Liver tumors were established by injecting
2x10° Renca-Ch-Luc cells intrahepatically. For SC tumors, progression
was determined using callipers, and survival was defined as tumors’ size
exceeding the ethically defined limit of 200mm?. For kidney, cecum,
prostate, and hepatic tumors, survival was defined as overt signs of
stress. Progression of luciferase-expressing tumors was monitored using
bioluminescent imaging performed with highly sensitive cooled charge-
coupled device camera (IVIS Lumina II; Xenogen, Toronto, Canada) and
intraperitoneal injection of the substrate D-luciferin (Thermo Fisher
Scientific, Melbourne, Australia) in 150 ug/ml of PBS.

Tri-mAb was injected intraperitoneally every 3-4 days for 10-12 days,
resulting in a total of three doses. Tri-mAb consisted of a mixture of 50 g
of anti-DR5 (clone MD5.1) and 25 pg of anti-CD40 (clone FGK-45), and 25
ug of anti-CD137 (clone 3H3) per mouse. Some groups (control) received
PBS or control rat [gG2a (clone Mac4) and hamster IgG (clone UC8-1B9)
instead of Tri-mAb. RM-1 tumors were treated with two doses of Tri-mAb
at 25 pug of each component starting on day 5-7 after tumor inoculation.
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Details of additional methods are presented as supplementary material.
Blocking of CCL2 was accomplished using a specific antibody (C-1142,
Janssen R&D, Radnor, PA) at 0.2mg per mouse intraperitoneally every
4-5 days for four doses beginning 2 days before Tri-mAb administration.
Therapeutic and control antibodies were produced at Peter MacCallum
Cancer Centre or The Walter and Eliza Hall Institute for Medical Research.

Tumor processing, antibodies, and Oow cytometry. Tumors were
excised from mice, minced finely, and dissociated for 25 minutes in RPMI
1640 containing 1 mg/ml collagenase type 4 (Worthington Biochemical,
Lakewood, NJ), 30 units/ml DNase type II, and 100 ug/ml hyaluronidase
type V (both from Sigma-Aldrich) at 37°C with agitation. Following disso-
ciation, tumor suspensions were passed through a 70-um cell strainer and
washed twice in PBS. For cell line generation, tumor cells extracted from
SC or IK solid tumors were established in culture for at least 4 weeks. For
flow cytometric analysis, cells were resuspended in fluorescence-activated
cell sorting buffer (PBS 2% fetal calf serum) in the presence of 2.4G2 (anti-
CD16/32, to block Fc receptors) and then used for analysis.

For flow cytometry, cells were stained with antimouse CD11c-PE-
Cy7 (clone N418), TCRpB-PerCP-Cy5.5 (clone H57-597), CD25-APC-
eF780 (clone PC61.5), F4/80-PE-Cy7 (clone BM8), FR4-APC (clone
2A5), CD8a-PE-Cy7 (clone 53-6.7), CD4-APC-eF780 (clone RM4-5),
CD11b-APC (clone M1/70), CD19-AF647 (clone eBiolD3), CD137-
Biotin (clone 17B5), DR5-Biotin (clone MD5.1), Streptavidin-Pe-Cy7 (all
from eBioscience, Kensington, Australia), Ly-6G-APC-Cy7 (clone 1A8),
H-2K[d]-Biotin (clone SF11-1.1), CD40-Biotin (clone 3/23) (all from
BD Biosciences, Sydney, Australia) and CD206 (MMR)-AF647 (clone
MR5D3) (Biosearch Technologies, Perth, Australia). Cells were analyzed
and sorted on BD FACS Cantoll and DIVA SORTER (BD Biosciences).
Analysis was performed using the software programs FCS express (De
Novo Software, Los Angeles, CA) and Gatelogic308 (eBioscience).

Immunohistochemistry. Immunostaining of the blood vessels was per-
formed following antigen retrieval using trypsin digestion (Trypsin
250, Difco, BD Biosciences). A rat antimouse CD31 antibody (HyCult
HM1084), an IgG2a isotype control (BD Pharmingen), and a biotinylated
rabbit antirat secondary antibody (DAKO E0468) were used following
the Tyramide Signal Amplification kit (PerkinElmer Life and Analytical
Sciences, Melbourne, Australia) according to the manufacturer’s instruc-
tions. Five SC and five IK tumors were taken, with three sections per
tumor, and ten fields of each were analyzed. Morphometric analysis of dig-
ital images was performed using the MetaMorph Premier (Version 7.6.2)
software program (Molecular Devices, Middle Cove, Australia).

Tri-mAb localization. For Evan’s blue studies, tumor-bearing mice were
injected intravenously in the tail with 200 pl of Evans blue dye (Sigma-
Aldrich) (0.2%; 30mg/kg in PBS) or PBS (control mice). Thirty minutes
later, mice were culled, tumors excised, rinsed in PBS, gently blotted, and
weighed. Evans blue dye was extracted from the tumor by overnight incu-
bation in dimethylformamide (Merck, Melbourne, Australia). Optical den-
sity of the extract was then measured at 620nm with a microplate reader
(VersaMax, Molecular Devices). A standard curve was used to quantify
Evans blue dye per mg of tumor.

For radiolabeled antibody studies, 90 ug of Tri-mAb (0.02mM) was
incubated with 500 uCi Nal-125 (0.04mM) (Perkin Elmer, Melbourne,
Australia), 0.4 mM hydrogen peroxide, and 4 nglactoperoxidase (Sigma) in
a 100 pl volume in 0.1 mol/l sodium acetate buffer (pH 5.6) for 15 minutes
at 22°C. I-125-labeled antibody was separated from free radioisotope into
PBS using a PD-10 desalting column according to the manufacturer’s
instructions (Sigma-Aldrich). Mice received 2 pg of I-125-labeled Tri-
mAb (~13.35x 10° counts per minute) together with 100 pg of unlabeled
Tri-mAb (as above) in 200 pl of PBS by intraperitoneal injection. Tumors
and other tissues were taken periodically after antibody administration,
and radioactivity was determined using a y counter (Wallac Wizard 1470).
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Gene expression studies. For reverse transcriptase-PCR, total RNA was
isolated from single-sorted cells from kidney tumor with the RNeasy mini-
kit (QIAGEN, Melbourne, Australia) following the manufacturer instruc-
tions. RNA (0.5-1 pug) was reverse transcribed using Moloney murine
leukemia virus reverse transcriptase (Promega, Melbourne, Australia) and
Oligo dT primers. The resulting cDNA was used for amplification. The reac-
tion volume was 50 pl and contained 1 pl of cDNA, 5x TAQ PCR mastermix
(Promega, Melbourne, Australia) and the following primers: Argl prim-
ers (Argl forward: 5 GCTCCAAGCCAAAGTCCTTAGAGA-TTAT-34
Argl reverse: 5-GGCTTATGGTTACCCTCCCGTTGAGTTC-3), Mgll
primers (Mgll forward: 5 GACCCACCTCCTCCTGTTCTCCCTG-34
Mgll reverse:5’'AGTCCTCACCTCCTCCCAGTCCGTGTC- 3%, and
HPRT primers (HPRT forward: 5-GCTGGTGAAAAGGACCTCT-3"
HPRT reverse: 5-CACAGGACTAGAACACCTGC-3". Products were
electrophoresed in 1% agarose gel with 0.5 pg/ml of ethidium bromide
and photographed under UV light. For microarray, Affymetrix Mouse
Gene 1.0 ST chips (Affymetrix, Santa Clara, CA) were used to determine
gene expression of cDNA prepared following dissection of Renca tumors
from surrounding normal tissue. Quantitative PCR was performed using
the mouse cytokine and chemokine PCR array (SABiosciences, Valencia,
CA) according to the manufacturer’s instructions. Analysis was based
on the AAC, method with normalization of the raw data to housekeep-
ing genes. The full data set is available in the Gene Expression Omnibus,
Accession Number GSE40679.

Protein array and cytometric bead array. Renca-Ch-luc SC and IK tumors
were processed with the protease inhibitors, and protein levels were quanti-
fied using BCA Protein Assay kit (Pierce, Rockford, IL). Detection of chemo-
kines and cytokines was performed using the Mouse Cytokine Array Panel
A according to the manufacturer’s instructions (BioScientific). For cytokine
release, sorted macrophages (according to F480 and CD11b expression) were
cultured at 1x10° cells per well in a 96-well flat bottom plate in complete
RPMI media + lipopolysaccharide (4 pg/ml) (Sigma-Aldrich) for 16 hours.
For IL-6 detection in tumors, SC and IK tumors at day 12 were dissociated
in PBS and supernatant was analyzed. A mouse inflammation cytometric
bead array kit (552364) and the cytometric bead array Flex Systems Kit (both
from BD Biosciences) were used to measure the concentration of cytokines
according to the manufacturer’s instructions.

Statistical analysis. Results are expressed as the mean + SEM. The differ-
ence in tumor growth and variation in survival between different groups
was analyzed by two-way ANOVA. Other experiments were analyzed
using a Mann-Whitney test. A P value <0.05 was considered significant.

SUPPLEMENTARY MATERIAL

Figure $1. Monitoring tumor growth in different locations.

Figure $2. Visceral and SC tumors are similar in size and weight prior
to treatment.

Figure $3. Genes differentially expressed between IK and SC tumors.
Figure S4. Genes and protein significantly differentially expressed
between IK and SC tumors.

Table S1. Relative expression of immune-related genes in kidney
tumors compared to subcutaneous tumors, as determined using cDNA
microarray.

Table $2. Relative expression of immune-related genes in cecum tu-
mors compared to subcutaneous tumors, as determined using RNAseq.
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