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This commentary provides the authors’ perspective on the article “Routes of delivery for CpG and anti-CD137 for the
treatment of orthotopic kidney tumors in mice”, published in PLoS ONE. It also discusses the caveats of using
subcutaneous tumors to model the treatment of human cancers versus orthotopic mouse models that more closely
mimic human disease.

Immunotherapy is the delivery of
agents which either directly stimulate and
enhance the body’s own immune system,
or which block the suppressive and inhibi-
tory factors acting against the immune sys-
tem, thus enabling it to function more
effectively. An effective immune response
mediated by activated T cells is often key
to successful immunotherapy. However,
T cells must overcome immune regulation
and the suppressive environments gener-
ated by cancers in order to become fully
immune competent. An example of a
stimulatory immunotherapy is CpG oligo-
deoxynucleotide (CpG ODN), a synthetic
DNA molecule that mimics bacterial
DNA sequences and binds to Toll-like
receptor 9 (TLR9) on immune cell sub-
sets, including monocytes, neutrophils,
and natural killer (NK) cells. This binding
elicits triggering of various pathways lead-
ing to production of proinflammatory
cytokines that directly activate immune
cells. Various CpGs are currently under-
going evaluation in clinical trials, but do
not appear to be sufficient to eliminate
cancers on their own. Thus, combinations
of other therapies are being tested along
with CpG-based treatments. In a previous
study by our group,1 we combined
CpG1826 with anti-CD137 monoclonal

antibody (aCD137), an agonist to
CD137 expressed on activated T cells,
monocytes, natural killer (NK) cells and
dendritic cells, enhancing T-cell receptor
signaling. The combination of both
immunotherapies resulted in over 80%
survival of mice bearing established subcu-
taneous (SC) MC38 (derived from colon
carcinoma) tumors, and over 60% survival
of mice bearing established SC Renca
(derived from renal carcinoma) tumors.
The CpG was delivered intratumorally
(IT) every 2–3 d for 4 doses, and the
aCD137 was delivered intraperitoneally
(IP) every 3–4 d for 3 doses. The combi-
nation therapy had an effect on contralat-
eral MC38 SC tumors injected 2 d after
the primary SC tumor, with 50% of mice
surviving in this SC model. Mechanisti-
cally, CD8C T cells, NK cells and interfer-
ons were required for the observed
therapeutic effect.

There are now several published
articles which attest that preclinical testing
of anticancer therapies does not have a
good record of predicting success once
moved to the clinic.2 One of the problems
attested to is the use of SC models, which
are considered a poor surrogate model for
metastatic human cancers. This is largely
because the tumors are in an organ (the

skin) distinct from that from which the
neoplasms were derived and, therefore, are
undergoing evaluation in a different
microenvironment than their original con-
text. Furthermore, SC tumors are seldom
metastatic. Numerous articles have called
for more clinically relevant mouse tumor
models to be used in preclinical testing of
anticancer agents.2,3 Neither the SC
MC38 or SC Renca models we used for
testing CpG with aCD137 are metastatic,
and neither were they injected into the
organ from which they were derived.
With this in mind, we decided to choose
one of these tumor lines (Renca) and
injected it orthotopically into the kidney
outer cortex where it metastasizes to the
lungs, liver, diaphragm and abdominal
cavity, and thus more closely models
human renal carcinoma.

This work was published recently in
PLoS ONE.4 In brief, an operation was
performed to inject the Renca tumor cells
into the renal outer cortex of one kidney
per mouse. Twelve days later, aCD137
was injected IP every 3–4 d for 6 doses,
but to deliver the CpG IT (as before in
the SC tumor setting) over several days
without surgically exposing the kidney
each time, required ultrasound-guided
injection of the CpG directly into the
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established tumor (see Fig. 1 showing the
ultrasound imaging set up and equip-
ment). It is possible with this imaging to
see the CpG solution being injected into
the tumor (it appears as a reduction in
density spreading through the tumor) and
this was readily and reproducibly
observed. This novel technique has not
been used before to treat renal tumors IT,
and is minimally invasive, fast and suitable
for multiple injections. By day 19, pri-
mary tumor growth in the kidney was
inhibited significantly relative to non-
treated controls. Nevertheless, all mice
(except one in 25 mice) died of large renal
tumors and/or metastatic burden, the
majority with lung metastases. However,
there was significantly enhanced survival
compared with the non-treated group. We
also tested CpG delivered intravenously
for 3 injections combined with aCD137,
and survival was significantly enhanced
compared with IT delivered CpG plus

aCD137, but with no long-term survi-
vors. In this case, enhanced survival was
most likely due to the reduction of meta-
static burden mediated by systemic CpG.
Thus, survival results using combination
therapy and intratumoral CpG delivery to
orthotopic tumors certainly did not match
those of mice bearing SC tumors.

We have found similar results for other
immunotherapies. In 2 of our studies5,6

we tested a combination of 3 agonist anti-
bodies (anti-DR5, anti-CD137 and anti-
CD40) termed Tri-mAb and found signif-
icantly enhanced survival in SC models of
MC38, Renca, CT26, and RM-1, with
survival ranging from »60–90% in these
models. However, treatment was not
nearly as effective when tumors were
injected orthotopically, with <40% sur-
vival of mice bearing CT26 intracecum-
injected tumors, <10% survival of mice
with Renca intrakidney-injected tumors,
and nearly 3 times the tumor burden by

day 12 in mice with RM-1 intra-
prostate-injected tumors. We
found this was due to involve-
ment of alternatively activated
macrophages causing immuno-
suppression, which was tissue-
specific. By neutralizing the
macrophage-associated mole-
cules CC motif chemokine
ligand 2 (CCL2) or IL-13, the
therapy was significantly
improved in the orthotopic
Renca kidney cancer model.
Undoubtedly, the effect of
immunosuppressive immune
cells and molecules present
within the tumor microenviron-
ment has important consequen-
ces for immunotherapy,7,8 and
combination therapies to over-
come these effects will naturally

be required. Most importantly however,
our findings argue that these combined
therapies should be tested in clinically rel-
evant models. These models should com-
prise implantation of tumor cell lines in
the organ from which they were derived
and which form metastases in the appro-
priate organs similar to endogenous
human disease. In addition, spontaneously
arising tumor models and using older
mice may represent more clinically rele-
vant situations to test new
immunotherapies.9,10
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Figure 1. Ultrasound imaging equipment setup for injecting CpG into orthotopic renal tumors in mice. The
sedated mouse is shown strapped to a warm stage ready for ultrasound-guided needle injection of CpG oligo-
deoxynucleotide into the tumor implanted orthotopically in the kidney (A). Operator watches screen to visual-
ize the tumor on the kidney and accurately inject CpG directly into the tumor (B).
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