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Toxicity of an Fc-engineered anti-CD40 antibody is
abrogated by intratumoral injection and results
in durable antitumor immunity
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Immune stimulation has emerged as a promising approach to the
treatment of neoplastic diseases. Currently approved therapeutics,
such as anti-CTLA4 and anti-PD1, are primarily aimed at blocking
inhibitory signaling by immune cells. An alternative and poten-
tially synergistic approach would involve activation of immune
pathways by agonism of stimulatory receptors, such as CD40.
Agonistic antibodies, while promising in principle, have encoun-
tered significant barriers in clinical trials limited by the systemic
toxicity of such approaches. Using a mouse model humanized for
both Fc receptors and CD40, we previously demonstrated en-
hanced antitumor activity with an Fc-modified antibody. We now
demonstrate that this model recapitulates the platelet and hepatic
toxicities seen with anti-CD40 antibodies in patients, providing a
predictive measure of the dose-limiting activity of this approach.
We further show that such toxicity can be circumvented and
durable systemic antitumor immunity achieved by intratumoral
delivery of an Fc-engineered anti-CD40 agonistic antibody.

CD40 | agonist antibody | immunotherapy | Fc receptor

The CD40 pathway provides a central mechanism for the ac-
tivation of B cells, dendritic cells, and macrophages and is

well established as a powerful adjuvant in preclinical animal
models. Despite its promise, clinical trials with agonistic, anti-
CD40 antibodies have encountered dose-limiting toxicities and,
as a consequence, minimal clinical responses (1). We engineered
the human anti-CD40 agonist antibody CP-870,893 (2–4) with
five point mutations in the Fc domain selectively increasing its
binding to human FcyRIIB (referred to here as “2141-V11”),
and demonstrated that it has significantly enhanced antitumor
activity compared with its parental IgG2 version in several tumor
models (2). Using a mouse model carrying human Fcy receptors
(FcyRs) and human CD40 (hFcyR/hCD40) in place of their
mouse homologs, we reported that, when given systemically, the
enhanced in vivo activity of the 2141-V11 was accompanied by
increasing thrombocytopenia and transaminitis (2). These same
toxicities are seen with the current clinically used anti-CD40
antibodies and the primary drivers of the dose-limiting toxic-
ities, resulting from the expression of CD40 on platelets and
their activation by agonistic anti-CD40 antibodies. In prepara-
tion for clinical studies of this Fc-engineered antibody we set out
to optimize a dosing and delivery regimen that would result in
minimal toxicity with optimal antitumor activity.

Results
The toxicity of rat IgG2a anti-CD40 antibodies has been pre-
viously established in mouse tumor models (5), with s.c. dosing
allowing activity and better tolerability (6, 7). However, this has
never been evaluated using human antibodies in a system
expressing both human CD40 and human FcRs. We previously
generated an Fc-enhanced anti-CD40 antibody (2141-V11) with
superior in vivo activity to the currently available clinical re-
agents (2). To test the effects of 2141-V11 on liver function tests,
we treated hFcyR/hCD40 mice systemically with increasing

concentrations of antibody. Interestingly, while well tolerated at
low doses up to 0.1 mg/kg, higher doses of anti-CD40 agonists
led to profound transaminitis and hepatotoxicity. Compared with
the parental antibody, 2141-V11 led to significantly higher
transaminase levels [aspartate (AST) and alanine (ALT)] at
doses lower than the parent IgG2 antibody (Fig. 1A). When
livers of treated mice were evaluated histologically, we found
evidence of both intravascular thrombi as well as hepatocyte
necrosis in mice treated with 2141-V11 at concentrations equal
or above 0.25 mg/kg. No signs of hepatic toxicity were observed
in histology evaluation of mice treated with 2141-V11 at
0.125 mg/kg or lower doses, and in mice treated with the parental
2141-IgG2 at 0.2 mg/kg (Fig. 1B). The liver is a primary site of
immune complex clearance in normal and pathologic conditions,
thus high levels of FcγRIIB on liver sinusoids (8), in addition to
activation of intrasinusoidal platelets (9–11), likely both con-
tribute to this mechanism-based toxicity. Previous studies have
demonstrated that toxicity from a rat IgG2a CD40 antibody can
be abrogated through pretreatment with anti–CSF1-R antibody
to deplete Kupffer cells (5), suggesting that FcγRIIB-expressing
Kupffer cells (12) within liver sinusoids may also play a direct
role. Thus, not only does the 2141-V11 variant lead to enhanced
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antitumor activity, but it also worsened mechanism-based
liver toxicity.
We next evaluated the thrombocytopenia reported in patients

treated with agonistic, anti-CD40 antibodies. We found that in-
creasing doses of 2141-V11 led to worsening thrombocytopenia
(Fig. 1C) while not having any significant effect on other blood
count parameters. With this information, we were able to es-
tablish an optimal dosing schedule at which this toxicity was
circumvented when given systemically. Thus, unlike murine or
macaque models, the hFcyR/hCD40 mouse model accurately
reflected the actual dose-related toxicities observed in patient
populations and provides the only predictive model for evalu-
ating this agonistic molecule by modeling the effect of FcyRIIB
enhancement under physiological conditions. The maximum
tolerated dose (MTD) of the parental antibody 2141-IgG2 was
found to be 0.2 mg/kg, mirroring the current clinical data (3, 4).
We determined the MTD of 2141-V11 in our humanized FcyR/
CD40 model and found it to be 0.1 mg/kg.
Because of the dose-limiting toxicities observed at higher

systemic concentrations of agonistic anti-CD40 antibodies, we
went on to confirm whether or not a multiple dose schedule at

the MTD of 0.1 mg/kg would limit toxicity and allow antitumor
efficacy. When 2141-V11 and 2141-IgG2 were repeatedly ad-
ministered as four consecutive doses (0.1 mg/kg and 0.2 mg/kg,
respectively) we did not observe any signs of toxicity (Fig. 2A).
Thus, when kept at their predetermined MTD, CD40 antibodies
are safe to be used in a multiple dose schedule. Next, using our
humanized model, MC38 tumors were allowed to engraft for 1
wk as in prior experiments, followed by four consecutive doses of
2141-V11, starting at day 7, given every 4 d. These studies
demonstrated that at their respective MTDs, 2141-V11 led to
significantly better tumor control than the parental antibody with
a human IgG2 Fc, 2141-IgG2 (Fig. 2B). These data also dem-
onstrate that this approach limits toxicity as liver function tests
and platelets remain similar to untreated controls at the end
point of this experiment (Fig. 2C). However, as opposed to
previous studies which used higher doses of the antibody (2), we
did not achieve complete, durable tumor control with this ap-
proach. These results suggest that when used in patients at their
respective MTDs, increased therapeutic antitumor immunity can
be achieved by the Fc-engineered 2141-V11 compared with its
parental IgG2 version; however, an optimal dose may never be
reached for either subclass in humans when used at these doses.
Because the goal of 2141-V11 treatment is to enhance acti-

vation of intratumoral antigen-presenting cells, leading to the
stimulation of cytotoxic T cells that may then migrate to distant
tumor sites (referred to as an abscopal effect), we next tested
whether or not direct delivery of 2141-V11 to the tumor site
maintains antitumor activity with the additional benefit of po-
tentially reducing the toxicities limiting optimal dosing in vivo (6,
13, 14). Previous work has shown that the activity of 2141-V11 is
strictly dependent on its interactions with the inhibitory Fc re-
ceptor FcyRIIB; thus, we next assessed the relative percentages
of Fc receptors on leukocytes in the tumor microenvironment
(TME). Although we previously demonstrated that humanized
mice phenocopy the CD40 and Fc receptor expression profile
similar to that found in humans (2, 15), the relative levels of
human FcyRs expressed within the TME has only been recently
assessed in this model (16). Because subclass activity is de-
termined by the overall activating:inhibitory ratio of FcyRs (17),
we evaluated all infiltrating leukocytes. Compared with the ex-
pression of FcyRs in the tumor draining lymph node (TDLN), we
found significantly higher levels of activating FcyRIIA and
FcyRIIIA, with high expression of the inhibitory FcyRIIB
within both the draining lymph node and the tumor microen-
vironment (Fig. 3 A and B). FcyR expression within tumors was
also significantly increased compared with both the spleen and
peripheral blood of tumor-inoculated mice (SI Appendix, Fig.
S1). As the effector function of each antibody is dependent on its
collective binding to both activating (FcγRIIA and FcγRIIIA)
and inhibitory (FcγRIIB) receptors (17), this result suggests that
the TME and draining lymph node exhibit high levels of the
inhibitory Fc receptor IIB and could limit optimal activity of
other therapeutic antibodies (18–21). Because 2141-V11 has
significantly enhanced binding to the inhibitory receptor
FcγRIIB compared with the activating FcγRs (2), this optimizes
its potential activity and further supports the design of rationale
therapies based on each antibody’s mechanism of action and
clinical context. Both preclinical as well as patient data continue
to support a role for immune cells within the TME, as patients
who present with cutaneous, lung, or visceral disease are known
to have differential responses to immunotherapy (22–25).
We next tested whether or not direct delivery of 2141-V11 to

the tumor site could help control both local (injected) and dis-
tant (noninjected) tumor growth. Following recent work utilizing
this in situ vaccination approach (6, 14), we utilized a bilateral
flank MC38 tumor model which allows monitoring of tumors at
both treated and untreated sites (Fig. 3C) (13). Mice were
treated with four doses of intratumoral 2141-V11 at one-tenth
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Fig. 1. Improved FcγRIIB binding enhances in vivo toxicity of anti-CD40
antibodies. (A) Toxicity of liver transaminases in response to increasing lev-
els of anti-CD40 antibodies. Mice were treated with increasing doses of
2141-V11 or the parental IgG2 anti-CD40 antibody and liver transaminases
(AST and ALT) were measured. Data include three to five mice at each
concentration. (B) Livers from mice treated with 2141-V11 show evidence of
intravascular thrombi and hepatocyte necrosis. Mice treated with 2141-IgG2
showed no toxicity at 0.2 mg/kg or below. Mice treated with 2141-V11
demonstrated evidence of intravascular thrombi and hepatocyte necrosis
starting at dose 0.25 mg/kg or greater. Representative images from mice
treated at each concentration are shown. Intrahepatic thrombi are marked
by an asterisk (*), whereas hepatocyte necrosis is marked by a pound (#) sign.
Scale bars demonstrating intrahepatic necrosis and thrombi are 200 μm or
40 μm, respectively. (C) Toxicity of murine platelets in response to increasing
levels of anti-CD40 antibodies. Mice were treated with increasing doses of
2141-V11 or the parental IgG2 anti-CD40 antibody and platelets were
measured. Data include three to five mice at each concentration.
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the MTD on days 8, 10, 12, and 14, with tumor size measured
over time. Compared with systemic delivery (as well as isotype
control), direct administration of 2141-V11 into the tumor led to
significantly lower tumor burden (Fig. 3D). Using this decreased
dose also resulted in no evidence of liver or platelet toxicity. This
regimen led to tumor control without evidence of toxicity, and a
significant fraction of the mice displayed long-term survival (Fig.
3E). Finally, mice that cleared tumors in response to treatment
with 2141-V11 were tested for protection from tumor rechal-
lenge. Here, using a tumor dose that is 10 times higher than the
initial challenge, we found that mice treated and cured with
2141-V11 were nearly all protected from rechallenge (Fig. 3F).
To examine the mechanism by which CD40 stimulation

resulted in antitumor responses, we performed a set of depletion
experiments to determine the cellular mediators required for
both local and distant tumor control. Previous reports using anti-
mouse CD40 antibodies have suggested a role for macrophages,
and not T cells or natural killer (NK) cells, for the in vivo activity
of anti-CD40 antibodies (4). To optimize the treatment in our
FcγR/CD40 humanized model, we increased the intratumoral dose
of 2141-V11 to what was determined to be theMTD (0.1 mg/kg) and
found this led to rapid and durable tumor control of both the treated
and distant sites of disease (Fig. 4A). While depletion of CD4 T cells
had no effect on tumor growth at the injected site and only modest
effect at a distant site of disease, depletion of CD8 T cells completely
abrogated the protective effects of 2141-V11. Macrophage depletion
with clodronate or anti-CSF1 antibody had no significant effect on
tumor control. Additionally, depleting NK cells also had no effect on
tumor growth. We also confirmed that the antitumor activity of
intratumoral 2141-V11 is Fc-receptor dependent, in that tumor
growth was not inhibited in mice receiving an anti-CD40 variant with
an Fc unable to bind Fc receptors, N297A (2141-N297A) (Fig. 4B).
Because CD8 T cells were shown to play a necessary role in

tumor protection in our humanized model, we next evaluated
whether intratumoral treatment with 2141-V11 induced expan-
sion of T cells directed against the tumor. These T cells would
thus be able to traffic through the periphery and mediate disease
control at distant sites. If antigen-specific T cells indeed expand
in response to 2141-V11 treatment, 2141-V11 alone may be

potent enough to stimulate an antigen-specific response that can
provide long-lived protection.
To address this hypothesis, we utilized a neoantigen [ovalbu-

min (OVA)]-expressing tumor model (MC38/OVA) to track
antigen-specific T cells in response to CD40 stimulation. Fol-
lowing intratumoral treatment with 2141-V11, we found a sta-
tistically significant expansion of OVA-specific T cells in the
periphery of treated mice. This population was lost in mice
treated with CD8-depleting antibodies but not affected in mice
treated with clodronate liposomes (Fig. 4 C and D). The tetra-
mer population was also not affected by treatment with anti–
CSF1-R or anti-NK cell-depleting antibodies (SI Appendix, Fig.
S2). Intriguingly, we saw marked expansion of antigen-specific
T cells in mice depleted of NK cells, consistent with prior find-
ings (26). MC38 tumors are moderately immunogenic in C57BL6
mice compared with more “cold” B16 melanoma tumors, pos-
sibly given the higher somatic mutational burden in MC38 versus
B16 tumors (27). Additionally, B16 melanoma tumors are tra-
ditionally resistant to single agent immunotherapeutic drugs,
including PD-1 blocking antibodies and CD40 agonists (7, 21, 27,
28). We next tested the ability of 2141-V11 to control disease in
this highly aggressive model. Mice treated with intratumoral
2141-V11 saw rapid and persistent control of injected tumors,
while systemic single agent PD-1 blockade had no significant
effect on total tumor growth. Furthermore, combination therapy
with local 2141-V11 and systemic PD-1 blockade led to signifi-
cantly improved control of tumors in all treated mice (Fig. 4E).
Thus, intratumoral dosing of human anti-CD40 agonist anti-
bodies can provide a potent in situ vaccination effect, expand
antigen-specific CD8 T cells, and synergized with PD-1 blockade
while limiting off-target toxicities (SI Appendix, Fig. S3).

Discussion
While the majority of immune therapies have focused on an-
tagonistic antibodies targeting immune checkpoints present on
T cells (e.g., PD-1 and CTLA-4), less clinical success has been
demonstrated with agonistic antibodies (29). In part, this is due
to toxicity concerns with agents focused on activating the im-
mune system. It has been over a decade since the serious adverse

Fig. 2. Determination of the MTD in humanized mice allows antitumor activity without overt toxicity. (A) Humanized CD40/FcR mice were treated with a single
(blue) or multiple dose (V11-blue, IgG2-green) regimen of the respective anti-CD40 antibody. Serum transaminases and platelets were measured over the next
2 wk and compared with untreated control mice (n = 4–5 mice per group). (B) MC38 tumors were allowed to engraft s.c. in mice for 1 wk. Mice were then treated at
their respective MTDs (0.1 mg/kg for 2141-V11 and 0.2 mg/kg for 2141-IgG2) on days 7, 11, 15, and 18 (n = 7 per group). Tumor volumes were measured via caliper
every 3–4 d, *P < 0.05. (C) Liver and platelet toxicity was evaluated at day 20 (n = 7 per group), *P < 0.05. There are no significant differences between groups.
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events experienced with the agonistic anti-CD28 antibody
TGN1412 (30). Although several aspects of the clinical trial
design were suboptimal with TGN1412, the major toxicity of
massive cytokine release syndrome was missed in both in vitro
and nonhuman primate toxicology models. Further work went on
to describe the discrepancy in these studies resulting from sub-
optimal crosslinking of human Fc receptors in vitro (31). Addi-
tionally, despite the fact that human antibodies have poor binding
to macaque Fc receptors (32), nonhuman primates remain the
preferred preclinical toxicology model. This contributes to un-
derestimates of both in vivo activity and toxicity. The limitations of
nonhuman primates as preclinical models for evaluating toxicity
and efficacy of the Fc-engineered 2141-V11 are even more
prominent, due to the selective enhancement of the V11 Fc to
human, but not macaque, FcyRIIB (SI Appendix, Fig. S4).
This model also sheds light on the limitations of anti-CD40

agonistic antibodies in humans, in that when given systemically
they may never reach an optimal therapeutic dose because of
dose-limiting toxicities. Although accessibility (e.g., lung or liver
nodules) may have limited the intratumoral approach for nonskin-
based lesions in the past, the expanding access of these sites using
radiographically directed therapy makes this clinically feasible.
However, even if accessible tumors are controlled by intratumoral
injection of 2141-V11, this may not suffice to overcome the im-
munosuppressive state found in many patients with metastatic
disease. Additionally, the majority of patients who receive im-
munotherapy still do not respond, and finding novel combinations
to treat these cold tumors is an active area of investigation. In

mice, MC38 tumors respond to single-agent agonistic anti-CD40
antibody as well as single-agent PD-1 blockade (2, 33). B16
melanoma tumors are less immunogenic at baseline and are re-
fractory to single-agent immunotherapy (34). At baseline, B16
tumor cells express higher levels of PD-L1 than MC38 tumors
(33), suggesting their increased resistance to tumor-specific
T cells which up-regulate PD-1 following antigen stimulation.
Although single-agent anti-CD40 agonism with 2141-V11 could
lead to enhanced activation of T cells in the local tumor micro-
environment and draining lymph nodes, it remains possible that
it is unable to overcome the PD-L1–induced immune suppres-
sion at distant sites of disease. Thus, blockade of PD-1 allows
enhanced activity at metastatic sites of disease in the B16 model,
where this is not required in MC38 tumors.
The antitumor activity of a clinically tested, agonistic anti-CD40

antibody (Pfizer CP-870,893) can be significantly enhanced by Fc
engineering, by facilitating crosslinking of CD40 by Fc-mediated
binding to FcyIIB (2). The results herein utilize a humanized
FcγR/CD40 mouse model with predictive value that will aid in
the development of these antibody-based therapeutics. Using this
model, we have optimized an agonistic anti-CD40 antibody by Fc
engineering and developed a treatment protocol that maximizes
durable antitumor activity while minimizing toxicity. These studies
provide a strong rationale for the use of Fc receptor-matched
preclinical in vivo models to optimize and evaluate immunosti-
mulatory antibodies for neoplastic diseases. They also provide
further support for trials using local agonistic anti-CD40 therapy
in combination with systemic PD-1 blockade.

A C

D

E F
B

Fig. 3. Fc receptors are up-regulated in the tumor microenvironment. (A) Humanized CD40/FcR mice were implanted with MC38 tumor cells and allowed to
engraft for 2 wk. Tumors and the TDLNs were then harvested and dissociated for analysis of infiltrating hematopoietic cells expressing different human Fc re-
ceptors. Cells were gated to exclude doublets followed by gating on live murine hematopoietic cells (live/dead aqua negative/mCD45+). Fc receptors were then
evaluated on all infiltrating leukocytes. (B) Quantification of the different Fc receptors expressed on infiltrating leukocytes within either the TDLN or tumor
(n = 5). Compared with the TDLN, there are significantly higher levels of all activating receptors (FcyRIIA and FcyRIIIA/B), whereas the TDLN also expresses high
levels of the inhibitory receptor FcyRIIB. Data are displayed as the mean ± SEM. ****P < 0.001; ns, nonsignificant. (C) Schematic overview of bilateral tumor model
and injection schedule. (D) MC38 tumors were s.c. injected and allowed to engraft into the bilateral flanks of mice until palpable. Mice were then treated at one-
tenth theMTD of 2141-V11 (0.01mg/kg) given either intratumorally or intraperitoneally on days 8, 10, 12, and 14. Tumor volumes were measured via caliper every
3–4 d (n = 5–8 mice per group). For i.p. dosing, the right tumor was measured as “injected” and the left tumor as “non-injected.” Data are displayed as the
mean ± SEM. *P < 0.05; ns, nonsignificant. (E) Intratumoral 2141-V11 treatment significantly improves survival. Mice treated with either control or 2141-V11
antibody intratumoral or i.p. 2141-V11 were followed for overall survival. Intratumoral treatment with 2141-V11 (IT) led to significantly improved survival
compared with mice receiving i.p. (IP) therapy, *P < 0.05. (F) Intratumoral therapy with 2141-V11 leads to long-lived protection in cured mice. Mice that were
treated and cured with 2141-V11 were rechallenged with 10-fold the number of cells (10 × 106 MC38 tumor cells). Naïve, untreated mice were used as controls.
Nearly all mice cured with 2141-V11 (n = 24) were protected from rechallenge with MC38 tumor cells, whereas naïve mice were not (n = 4), ***P = 0.001.
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Methods
Mice. Humanized mice containing human Fc receptors (FcgRanull, hFcgRI+,
FcgRIIaR131+, FcgRIIb+, FcgRIIIaF158+, and FcgRIIIb+) and human CD40 were
generated and extensively characterized as previously described (2, 15). All
mice were maintained in The Rockefeller University Comparative Bioscience
Center. All experiments were performed in compliance with institutional

guidelines and had been approved by The Rockefeller University In-
stitutional Animal Care and Use Committee (IACUC).

Toxicity Analysis. Complete blood count analysis was performed on mouse
peripheral blood collected via retroorbital bleeding into heparinized tubes.
Samples were analyzed using an Element HT5 hematology analyzer (Heska).

Fig. 4. Systemic activity of intratumoral 2141-V11 is Fc-receptor dependent and requires CD8 T cells and not CD4 T cells, macrophages, or NK cells. (A) As in Fig.
3A, mice were injected with bilateral MC38 tumors and allowed to engraft until palpable. Before treatment with intratumoral 2141-V11 at 0.1 mg/kg, mice were
depleted of CD8 T cells (using anti-CD8 antibody) or macrophages (using clodronate liposomes). Volume from both the injected and noninjected tumors was
measured over time. Data from each treatment group (n = 4–5 per group) are shown. Data are displayed as the mean ± SEM. *P < 0.05 or **P < 0.01; ns,
nonsignificant. (B) Mice were treated as above but instead before treatment with 2141-V11 received antibodies depleting NK cells or macrophages using anti–
CSF1-R. One group received the non-Fc receptor binding variant, 2141-N297A, demonstrating intratumoral therapy retains its dependence on binding to the
inhibitory receptor IIB. (C) Intratumoral therapy with 2141-V11 expands antigen-specific CD8 T cells. Mice were evaluated for the expansion of ovalbumin-specific
T cells in response to treatment with 2141-V11. (D) The 2141-V11 therapy significantly expands OVA-specific CD8 T cells in the periphery of mice and is not affected
by macrophage depletion. OVA-specific CD8 T cells are absent in mice receiving antibodies depleting CD8 T cells. Mouse peripheral blood T cells were gated on live
CD3 T cells expressing CD4 or CD8. CD8 T cells were then gated for evaluation of ovalbumin-tetramer+ cells. Data are displayed as the mean ± SEM. *P < 0.05 (n =
4–5 per group). (E) Mice were injected with bilateral B16 tumors and allowed to engraft until palpable. Mice then received either control or 2141-V11 injected into
the largest tumor. PD-1 therapy was given systemically (i.p.) every 2 d, starting at day 10 for four doses. Volume from both the injected and noninjected tumors
was measured over time. Data from each treatment group (n = 3–5 per group) are shown. *P < 0.05, **P < 0.01, ***P < 0.001, or ns, nonsignificant.
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Liver function tests were collected from peripheral blood isolated into BD
SST Microtainer tubes. Tubes were spun down and supernatant was ana-
lyzed for AST, ALT, and alkaline phosphatase levels measured in the Labo-
ratory of Comparative Pathology (Memorial Sloan Kettering Cancer Center)
by a routine murine serum chemistry panel. Livers from treated animals
were placed in formalin and following processing were stained with he-
matoxylin and eosin.

Tumor Challenge and Treatment. Tumor cells were cultured in completemedium
(RPMI 1640; DMEM) containing 10%FBS (HyClone), penicillin (100units/mL), and
streptomycin (100 μg/mL) (Gibco). MC38 cells (1 × 106) were implanted s.c. into
bilateral flanks of 8- to 12-wk-old mice and tumor volumes were measured
every 2–3 d with an electronic caliper. Volume is reported using the formula
(L1

2 3 L2)/2, where L1 is the shortest diameter and L2 the longest diameter.
Seven- to 8-d after tumor inoculation, mice were randomly assigned, based on
total tumor size (day 0) and received i.p. or intratumoral injection as indicated
for each experiment. Mice were followed for 24–28 d after treatment initia-
tion or until the majority of the untreated control group had to be killed due
to The Rockefeller University IACUC limitation for tumor size.

Statistical Analysis. One-way ANOVA with Tukey’s posttest was used to
compare all groups in tumor growth experiments. When two groups were
compared (e.g., in experiments assessing percentages of cell types) an un-
paired two-tailed t test was used. Data were analyzed with GraphPad Prism
software, and P < 0.05 was considered to be statistically significant, in-
dicated as *P < 0.05, **P < 0.01, and ***P < 0.001 in the figures. Asterisks
indicate statistical comparison with the control group unless indicated oth-
erwise on the graphs.
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