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Local CTLA4 blockade
effectively restrains experimental
pancreatic adenocarcinoma growth in vivo
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Antibody-mediated blockade of CTLA4 has been shown to be effective in treating a select group of patients with
late-stage melanoma. The precise mechanism underlying the clinical activity of CTLA4 immunotherapy is poorly under-
stood, although recent experimental findings indicate that antibody-mediated depletion of regulatory T cells (Tregs) in
the tumor microenvironment plays a key role in efficacious antitumor responses. In the current study, we used an experi-
mental model of pancreatic adenocarcinoma to compare the antitumor efficacy of peritumoral low-dose anti-CTLA4
monoclonal antibody (mAb) administration to that of a commonly utilized systemic high-dose anti-CTLA4 regimen. We
selected pancreatic adenocarcinoma as it presents a particular challenge to clinicians due to its aggressive behavior, met-
astatic spread and limited treatment options. Furthermore, Fc gamma receptor (FcyR)-dense myeloid cells commonly
infiltrate pancreatic tumors, such that these tumor types exhibit increased susceptibility to CTLA4 antibody-targeted
Treg depletion via antibody-dependent cell-mediated cytotoxicity (ADCC). Locally administered anti-CTLA4 mAb effec-
tively reduced tumor growth at a low dose and no additional anti-tumor effects were apparent when increasing the
dose or number of injections. No significant difference in overall survival was seen when comparing locally administered
low-dose with standard systemic high-dose CTLA4 blockade therapy, and both delivery routes led to increased tumor-
infiltrating effector T cells and reduced Treg cells. As opposed to low-dose peritumoral treatment, high-dose systemic
therapy stimulated the accumulation of Tregs in secondary lymphoid organs, an effect that could potentially counteract
the antitumor immunotherapeutic benefit of CTLA4 blockade. Our study confirms previous findings that local adminis-
tration of low-dose anti-CTLA4 antibody generates sustained antitumor effects and provides rationale to devise ultra-
sound-guided intratumoral anti-CTLA4 antibody injection regimens to treat patients with pancreatic adenocarcinoma
and other types of solid tumors. In support, clinical relevancy could include reduced immune-related adverse events by
limiting systemic antibody spread to immune cell-dense organs.

Introduction

Pancreatic adenocarcinoma continues to be one of the most
aggressive forms of solid cancer, such that following diagnosis the
5-y survival rate is less than 5% and the median survival time is
only 6 mo. In the United States, the incidence is approximately
44000 new cases yearly with mortality as high as 85%.2A high
metastatic tendency as well as a drug-resistance phenotype con-
tributes to the poor prognosis for those afflicted with this devas-
tating disease. Only 20% of patients qualify for surgical resection,
a treatment that is rarely curative due to early relapse and cancer
cell dissemination. Currently, therapeutic regimens based on
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the nucleoside analog, gemcitabine are first line treatments for
advanced pancreatic cancer despite limited efficacy.? Moreover,
the pancreatic adenocarcinoma tumor microenvironment con-
sists of a dense stroma that comprises inflammatory extracellular
matrix proteins and tumor-associated immunosuppressive cells.?
Such immunomodulatory manifestations, including regulatory
T cells (Tregs) and myeloid-derived suppressor cells could under-
lie failures in drug delivery and potentiate tumor progression and
invasion.’

Monoclonal antibodies (mAb) and targeted therapies against
numerous molecular pathways have yielded promising results
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Figure 1. Localized low-dose anti-CTLA4 antibody therapy is efficacious. (A-C) Mice (n = 10-11 per group) were inoculated subcutaneously
with 2.5 X 10° Panc02 cells and treated with anti-CTLA4 blocking antibody by peritumoral injections either 3 times (day 5, day 8, and day 11) or 6 times
(day 5, day 8, day 11, day 14, day 17, and day 20), as indicated. (A and B) To determine the optimum dosage and injection frequency of locally adminis-
tered anti-CTLA4 monoclonal antibody (mAb), a dose-response experiment was performed by 3 (A) 30 g, 60 g, and 90 p.g or 6 (B) 30 p.g peritumoral
injections of anti-CTLA4 mAb. Tumor growth was measured with caliper and calculated by 4/3n*a(radius of length)*b(radius of width)*c(radius of depth).
Lines indicate individual animals. Grey bar indicates d30. (C) Kaplan-Meier survival curve from data presented in (A and B). Cumulative results from 2
independent experiments. Statistical analysis of survival was performed by log-rank test with ***P < 0.001. CR, complete responder; ns, not significant.

in mouse model studies but have typically failed to effectively
treat pancreatic cancer patients.” Among antibody-based thera-
pies in the clinic is Ipilimumab targeting cytotoxic T-lymphocyte
antigen-4 (CTLA4), an immunoglobulin superfamily member
commonly known for its inhibitory effect on activated cytotoxic
T-lymphocytes and for its’ important role in maintaining periph-
eral tolerance.

Several mechanisms account for the immunosuppressive
effects of CTLA-4 signaling. These include the expression levels
of CD80 and CD86 on antigen presenting cells, ligands for both
the T cell inhibitory CTLA4 and the T cell co-stimulatory recep-
tor CD28, as well as the relatively higher affinity of these ligands
for CTLA4. Inhibitory CTLA4-signaling functionally attenuates
specific T cells within the T cell repertoire by interference with
cell cycle progression as well as by activation of negative intra-
cellular signaling cascades that lead to reduced transcription of
interleukin-2 (IL2).

Blockade of CTLA4 with antagonistic antibodies has been
extensively studied for anticancer potential in a variety of experi-
mental models® and clinical trials have demonstrated therapeutic
efficacy.” Despite these beneficial effects, systemic anti-CTLA4
mADb therapy has also been associated with autoimmune adverse
events mostly involving the gut and skin. However, several large
trials have suggested a positive correlation between the occur-
rence of such immune-related adverse events and improved clini-
cal outcome.”® In 2010, a Phase III trial enrolling more than
600 melanoma patients demonstrated improved overall survival
for groups treated with the CTLA4-blocking mAb Ipilimumab
(Yervoy ®)° and the drug was subsequently approved as a first-
or second-line treatment of patients with advanced malignant
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melanoma.'” Although Ipilimumab has most often been admin-
istered to patients with metastatic melanoma, treatment of
patients harboring other types of malignancies are currently
under investigation. Ipilimumab was initially tested as a sin-
gle agent at 3 mg/kg in advanced pancreatic adenocarcinoma
patients generating a minimal beneficial effect."! Ipilimumab
was more recently evaluated to treat pancreatic cancer patients at
a higher dose of 10 mg/kg, either alone or in combination with
granulocyte-macrophage colony-stimulating factor (GM-CSF)
gene-transfected tumor cells as an immunostimulatory cancer
vaccine.'? Although in this study, no statistically significant dif-
ference was observed between treatment groups, the increased
median overall survival (3.6 vs. 5.7 mo) and 1-y survival rate
(7% vs. 27%) favored the combinatorial therapy, a striking out-
come for this extremely lethal tumor type. Patients in this trial
surviving longer than 4.3 mo exhibited expanded mesothelin-
specific T cells in both treatment arms indicating that even in
late-stage pancreatic cancer patients, immune responses can be
elicited by blockade of CTLA4 and that these immunological
activities correlate with clinical efficacy.'?

Recent independent findings suggest that a myriad of tumors
may regress in response to local CTLA4 mAb therapy”®? and
that CTLA4 blockade-mediated antitumor responses are, at least
partly, the result of selective Treg depletion in the tumor micro-
environment.'®™® It has been postulated that co-administration
of an adjuvant is necessary for the success of the anti-CTLA4
antibody injection strategy.” Furthermore, we have previously
demonstrated that localized anti-CD40 antibody administra-
tion—without the addition of other co-stimulatory factors—is
superior and less toxic as compared with systemic approaches.?
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Figure 2. Antitumor efficacy and circulating serum levels of locally delivered vs. systemically administered anti-CTLA4 blocking antibody. (A-C) Mice
(n = 12 per group) were inoculated subcutaneously with 2.5 x 10° Panc02 cells and treated with anti-CTLA4 blocking antibody by either peritumoral
injections of 30 g or intraperitoneal injection of 200 g anti-CTLA4 monoclonal antibody or a phosphate-buffered saline (PBS) control day 5, day 8,
and day 11. (A) Tumor growth was measured with caliper and calculated by 4/3n*a(radius of length)*b(radius of width)*c(radius of depth). Lines represent
individual mice. Grey bar indicates d40. (B) Kaplan—Meier survival curve of mice in (A). Statistical analyses were performed by log-rank test with **P <
0.01, ***P < 0.001. (C) Tumor growth of naive mice and complete responders from 2 independent experiments rechallenged with 2.5 x 10° Panc02 in the
contralateral flank (n = 4-8). Averaged tumor volumes (measured as in A) are shown per group. (D) Naive mice were locally (30 g s.c.) or systemically (200
g, i.p. or i.v.) treated with anti-CTLA4 mAb with 3 days intervals. The levels of circulating therapeutic anti-CTLA4 antibodies were monitored during the
course of treatment and long-term in the serum of treated animals via enzyme-linked immunosorbant assay (n = 1-5 per time point, data shown are the
mean + SEM). CR, complete responders; ns, not significant; i.p., intraperitoneal; i.v., intravenous; p.t., peritumoral; s.c., subcutaneous.

Hence, we set out to assess anti-CTLA4 mAb treatment only, Pancreatic cancer represents a particularly pertinent tumor
without accompanying agonistic antibody, synthetic oligonucle-  type for localized CTLA4 mAb therapy, since the neoplasm is
otides CpG, or mineral oil, in the context of localized peritu- heavily infiltrated by Tregs as well as FeyR-dense myeloid cells that
moral injection in a mouse model of pancreatic adenocarcinoma.  could potentially mediate Treg depletion by antibody-dependent
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Figure 3. Systemic accumulation of Tregs after high-dose anti-CTLA4 mAb therapy. (A-D) Mice
were inoculated subcutaneously with 2.5 x 10° Panc02 cells and treated with anti-CTLA4 block-
ing antibody (as indicated below) or a phosphate-buffered saline (PBS) control on day 5, day 8,
and day 11. (A-C) The levels of Tregs (CD4*FoxP3") residing in secondary lymphoid organs were
evaluated by immunofluorescent staining and flow cytometry on day 14 after low-dose peritu-
moral (p.t.) or high-dose intraperitoneal (i.p.) anti-CTLA4 mAb therapy in animals carrying Panc02
tumors. (A) Data represent cumulative results from 3 independent experiments visualized as per-
cent Tregs in the tumor-draining lymph node (TDLN) normalized against the PBS treated control
(median, whiskers: min to max; n = 16-17). Statistical analysis was performed by ANOVA and the
Bonferroni multiple comparison test. (B) Average percent FoxP3* Tregs of total CD4" cells present
in the spleens of animals treated as indicated. Data represent cumulative results from 2 indepen-
dent experiments (median, whiskers: min to max, n = 12-13). Statistical analysis was performed by
ANOVA and the Bonferroni multiple comparison test. (C) Animals were treated twice with 30 g or
90 g local peritumoral anti-CTLA4 mAb, day 5 and day 8 after Panc02-tumor inoculation. The per-
centage of Tregs (CD4* FoxP3*) present in the spleen was quantified by immunofluorescent stain-
ing and flow cytometry on day11 (median, n = 6). Statistical analysis was performed by unpaired
Student’s t test. (D) The levels of circulating therapeutic anti-CTLA4 antibodies were monitored in
serum via enzyme-linked immunosorbant assay (n = 2-5 per time point, data shown are the mean
+ SEM) *P < 0.05, **P < 0.01, ***P < 0.001; ns, not significant.

21,22

cell-mediated cytotoxicity (ADCC) or antibody-dependent  ously shown

Results

Low-dose peritumoral administra-
tion of anti-CTLA4 mAb reduces tumor
growth of experimental pancreatic
adenocarcinoma

To establish the optimal dose for treat-
ing experimental pancreatic adenocarci-
noma with localized administration of
CTLA4 blocking antibody, a titration
was performed assaying peritumoral (p.z.)
injection of 30, 60, or 90 wg of anti-
CTLA4 every third day for a total of 3
times, 5 days after Panc02 tumor cell
inoculation. As illustrated in Figure 1A, 4
out of 10 animals were complete respond-
ers in the 30 pg group such that no pal-
pable tumor mass was detected, and no
further reduction in tumor incidence was
observed upon dose escalation. In contrast,
none of the PBS-treated control animals
were complete responders with 100%
tumor incidence and rapidly increasing
tumor volumes. In comparison to 3 injec-
tions of 30 pg anti-CTLA4 mAb, no fur-
ther increase in the incidence of complete
responders was detected upon 3 additional
injections (6 in total; compare Figure 1B
to Figure 1A). Moreover, animals treated
with 3 injections of 30 pg anti-CTLA4
mAb exhibited a significantly prolonged
survival (median 81 d) as compared with
PBS treatment (median 34 d; P = 0.0001;
Figure 1C). Finally, all anti-CTLA4 mAb
treatment groups exhibited a significantly
increased percent survival relative to PBS
control groups irrespective of dosage and
injection frequency (Fig. 1C).

Comparison of local low-dose
and systemic high-dose anti-CTLA4
mAb therapy

Considering that we found 30 pg of
p-t. injected anti-CTLA4 mAb to be thera-
peutically beneficial, we compared the bio-
logical efficacy of this locally administered
low dose with a systemically administered
higher dose (200 pg) delivered via intra-
peritoneal (7.p.) injection, a route previ-

to generate effective antitumor responses. Both

phagocytosis (ADP). In a murine model of pancreatic cancer,
we find that locally injected and low-dose anti-CTLA4 antibody
can effectively reduce intratumoral Treg levels and inhibit tumor
growth without a corresponding systemic increase in Tregs, a
complication observed at higher dosages. Further, higher local
anti-CTLA4 mAb doses actually appeared to yield attenuated
antitumor effects, possibly as a result of systemic Treg induction.

e27614-4
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systemic high-dose (Fig. 2A, middle panel) and local low-dose
(Fig. 2A, lower panel) CTLA4-blocking antibody injections
reduced pancreatic tumor growth as compared with PBS-treated
animals (Fig. 2A), eliciting a complete response in 2 (localized
administration) or 5 (systemic delivery) animals relative to none in
the PBS control group (n=12/group). Additionally, both admin-
istration routes significantly prolonged survival of tumor-bearing
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Figure 4. Anti-CTLA-4 shifts the balance between tumor-infiltrating Teff cells and Tregs. Tumor-infiltrating effector T (Teff) cells and regulatory
T cells (Tregs) were evaluated on day 14 after low-dose p.t. and high-dose i.p. aCTLA-4 therapy in animals carrying Panc02 tumors. Data are visualized
as (A) percent CD4" Teff cells (CD4*FoxP3"), (B) percent CD8* Teff cells (CD8FoxP3") and (C) percent Tregs (CD4*FoxP3*) in tumor tissue (data shown are
the median; n = 6). Statistical analysis was performed by Mann-Whitney. *P < 0.05, **P < 0.01; ns, not significant.

mice (Fig. 2B). No statistically significant difference was noted
between the 2 treatment arms. However, the systemic high-dose
group did exhibit a slightly improved overall percent survival.
Of particular importance, tumor rechallenge of anti-CTLA4
mADb treated mice cured from Panc02-tumors confirmed com-
plete tumor immunity in both therapy groups (Fig. 2C). Blood
kinetic analysis demonstrated reduced serum anti-CTLA4 mAb
in mice receiving low-dose subcutaneous (s.c.) injections com-
pared with those receiving systemic high-dose administration
(Fig. 2D). Since 7.p. injections are most commonly used in pre-
clinical models and intravenous (z.2.) administration in patients,
we also investigated the blood kinetics of anti-CTLA4 mAb
levels in mice responding to z.». administration. As depicted in
Figure 2D, 7.v. injection of anti-CTLA4 mADb resulted in a larger
variation in serum anti-CTLA antibody concentration compared
with 7.p. delivery, although both routes exhibited similar kinetics.

Autoimmune adverse events commonly occur in patients after
CTLA4 antibody-mediated blockade therapy but rarely occur in
murine models. The plasma levels of the liver damage indicator
alanine aminotransferase, but not those of aspartate aminotrans-
ferase or alkaline phosphatase, were slightly increased in mice
treated with high-dose systemic injections (both 7.p. and i.2.)
20 and 60 d after the initiation of anti-CTLA4 mAb therapy
(data not shown). Histological analysis of various target organs
(stomach, duodenum, colon, rectum, kidney, liver, pancreas, and
salivary glands) was also performed by a small animal patholo-
gist revealing elevated levels of leucocyte infiltration exclusively
in the livers of animals in the systemic high-dose therapy group
60 d after the start of treatment (data not shown). Hematological
analysis of the different treatment groups did not reveal conclu-
sive patterns (data not shown).

Anti-CTLA-4 shifts the intratumoral effector to regulatory
T cell balance but systemic Treg induction is exclusive to high-
dose anti-CTLA4 mAb therapy

Considering that earlier studies had shown elevated Treg lev-
els both in patients treated systemically with CTLA4 blocking
antibody? and in experimental models after prolonged 7.p. deliv-
ery of anti-CTLA4 mAb therapy,® we next sought to investigate
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differences in Treg levels between the local low-dose and systemic
high-dose treatment groups. Fourteen days after Panc02 inocu-
lation, Tregs (distinguished as CD4*FoxP3*) were significantly
elevated in the tumor-draining lymph node (TDLN; Figure 3A,
P <0.001) and in the spleen of systemically treated mice (Fig. 3B,
P <0.001 and P < 0.01 relative to the PBS control and localized
treatment groups, respectively). On the other hand, low-dose p.z.
injections of anti-CTLA4 mAb did not significantly alter Treg
levels in comparison to the levels in PBS control treated mice
in either the TDLN or the spleen (Fig. 3A and B). As no thera-
peutic benefit had been observed in response to higher doses of
localized antibody-mediated CTLA4 blockade therapy (refer to
Figure 1A), we also investigated the frequency and function of
Tregs in animals treated twice with peritumoral anti-CTLA4
mAb (30 pg or 90 pg) and a significant increase in Treg levels
was noticed exclusively in animals treated with the higher dosage
(Fig. 3C; PBS vs. 90 g, P < 0.01; 30 g vs. 90 g P < 0.05).
Co-culture Treg suppression assay demonstrated that the capac-
ity of Tregs (CD4*CD25), isolated by magnetic cell separation
and confirmed as FoxP3* by flow cytometry, to suppress the
proliferation of responder cells (CD4*CD25 splenocytes from
naive mice) in vitro was nearly equivalent between all treatment
groups, whereas control cells (CD4*CD25" from treated animals)
did not display anti-proliferative effects (data not shown). Blood
kinetic analysis of serum anti-CTLA4 mAD levels revealed dose-
dependent antibody concentration differences present in the
serum of peritumorally treated animals (Fig. 3D).

Experiments previously conducted in the Bl16 melanoma
model have reported that successful anti-CTLA4-mediated anti-
cancer activity was associated with elevated levels of intracumoral
effector T cells and a reduction in Tregs.>*** Thus, we wanted
to elucidate if this also holds true in our pancreatic cancer model
and, more specifically, in animals treated via the localized low-
dose administration route. Therefore, tumors collected from
Panc02-bearing mice were dissociated and evaluated to quantify
intratumoral CD4+ effector T (Teff) cells (CD4*FoxP3-), CD8*
Teff cells (CD8*FoxP3") and Tregs (CD4*FoxP3*). Both local
and systemic anti-CTLA4 mAb therapy increased the percentage
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of tumor-infiltrating CD4* Teff cells (Fig. 4A) as compared with
PBS-treated control animals. Irrespective of the treatment route,
the levels of intratumoral CD8* Teff cells were also markedly
elevated in both groups treated with anti-CTLA4 mAb, but
only the systemically treated arm demonstrated a statistically
significant increase relative to control-treated animals (Fig. 4B).
Finally, both administration routes decreased the levels of tumor-
infiltrating Tregs as a percentage of the total tumor-infiltrating

CD4* lymphocytes (Fig. 4C).

Discussion

Pancreatic adenocarcinoma patients have a poor prognosis due
to the proclivity of this particular malignancy to metastasize, the
rapidity of disease progression and limited treatment options. In
1997, gemcitabine became the standard treatment for patients
with advanced disease. The efficacy of this treatment modality
is limited even in adjuvant settings, but nevertheless modestly
improves overall survival.?* Consequently, new therapies to treat
this devastating disease are urgently needed. CTLA4-targeting
blocking antibody immunotherapy has recently been demon-
strated to be dependent upon tumor-infiltrating myeloid cells
as they mediate FcyR cross-linking and subsequent cytolytic or
phagocytic depletion of CTLA4 antibody-decorated Tregs.'*'®
One tumor type commonly known to be rich in myeloid cell
infiltrates as well as Tregs is pancreatic adenocarcinoma,’® suggest-
ing that this tumor type could potentially respond more robustly
to CTLA4 antibody-based therapy. As demonstrated by others,
CTLA4 antagonists can be administrated locally to maintain
tumor inhibition with reduced adverse events.”" The attenua-
tion of non-desirable side effects taken together with the presence
of a poised tumor-directed Treg depleting mechanism makes the
local approach even more attractive as a means of tumor inhibi-
tion. However, the local approach has been implicated to work
best together with an immune adjuvant.”” Fransen et al., previ-
ously demonstrated that tumor-site directed anti-CTLA4 anti-
body suspended in a slow-release matrix eradicated both primary
and distant MC38-OVA tumor growth, despite reduced serum
antibody levels.”® Here, we demonstrate that, at least in some
tumor contexts, local low-dose anti-CTLA4 monotherapy can be
successfully utilized to treat cancer without a slow-release formu-
lation or adjuvant (mineral oil or CpG).

Specifically, we investigated the therapeutic potential of local
administration of CTLA4 blocking antibodies in an experimen-
tal model of pancreatic adenocarcinoma. Local low-dose anti-
CTLA4 mAb therapy inhibited tumor growth, but frequent
dosing or increased dose levels did not improve tumor regres-
sion. This could be explained by the fact that higher dosages
induced systemic Treg expansion that counteracted antitumor
T-cell responses. Nevertheless, when comparing the efficacy of
a commonly used systemic high-dose (200 jg) with peritumoral
administration of low-dose (30 pg) anti-CTLA4 mAb, a small,
but insignificant difference in overall survival favoring the high-
dose systemic treatment was detected.

A larger proportion of patients treated with systemic anti-
CTLA4 therapy, such as Ipilimumab, experience immune-related
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adverse events, mostly affecting the gastrointestinal tract and
skin.”® If gastrointestinal Treg depletion is partly responsible for
these adverse events (and this remains to be established), a slow-
release formula or antibody design aiming to increase antibody
retention at the tumor site could potentially limit such side effects.
Evidently, mice do not respond with the same toxicity profile as
patients after CTLA4-blockade immunotherapy. One possible
underlying explanation could be that the gut microbiota of experi-
mental animals differs from that of humans as the mice are housed
in clean environments that could affect the density of myeloid cells
and/or the FeyR-expressing immune cell repertoire in the gastroin-
testinal tract. Localized Tregs have been described to be essential to
maintain peripheral tolerance in the gut of mice, and their suppres-
sive function is dependent upon CTLA4.*”*® In humans afflicted
with inflammatory bowel disease, increased levels of circulating,
and potentially autoimmune, T helper 17 cells are accompanied
by a corresponding reduction in Tregs, suggesting a critical role for
Tregs in the maintenance of gut T cell homeostasis.”’

In our study, systemic administration of anti-CTLA4 mADb
resulted in elevated therapeutic antibody concentrations in the
serum of treated animals, but there was some leakage of antibod-
ies into the circulation upon localized treatment as well, albeit at
lower levels. A recent Phase II study by Wolchok et al. concluded
that the best overall therapeutic responses were dose-dependent,
but unfortunately, so were associated immune-related adverse
events.”* We concede that our mouse model likely has limitations
with respect to the evaluation of skin rash and colitis, the 2 most
common anti-CTLA4-induced toxicities in humans. However,
as these complications correlate with systemic drug levels in
the clinical setting, it is highly likely that a localized treatment
approach would be less toxic in patients. If systemic drug levels
can be reduced while retaining the essential antitumor efficacy, it
would be beneficial to switch patients with dose-limiting toxicity
to a local administration regimen. In the case of pancreatic cancer,
with a known resistance to drug penetration due to dense fibrotic
tumor stroma, local injections directly into the tumor mass may
be efficacious in eliminating tumor-infiltrating Tregs and our
findings provide rationale to investigate this possibility further
in a clinical setting. The high pressure present within a tumor
may lead to initial drug escape subsequent to the local injection.
However, dissemination of the drug to local TDLNs may also
target antigen-experienced T-cells residing there. The TDLN is
commonly known to be an important site for the T-cell mediated
priming of dendritic cells (DCs) and we recently demonstrated
that locally delivered agonistic CD40 antibodies accumulate in
the TDLN. Specifically, we found that as a result of repeated local
CDA40 injections, antigen-presenting cells in the TDLN increased
in number and upregulated their surface CD40 expression.?

Earlier experimental studies have reported elevated frequen-
cies of extratumoral Tregs in mice without impairment of their
regulatory capacity after prolonged systemic anti-CTLA4 anti-
body therapy.® Moreover, Kavanagh et al. detected * that sys-
temic anti-CTLA4 mAb administration increased the levels of
circulating Tregs in humans in a dose-dependent manner.” In
this study, we also observed higher levels of Tregs in the spleen
and TDLN of animals following systemic high-dose therapy but
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not in response to localized low-dose treatment. Prior studies
have shown that untreated murine Panc02 tumors are heavily
infiltrated with Tregs exhibiting an effector/memory pheno-
type, suggesting an enhanced immunosuppressive activity and
proliferative capacity.’ Here, we report reduced levels of FoxP3-
expressing cells in the tumor-infiltrating CD4+ T-cell pool after
both local low-dose and high-dose therapy and occurring in con-
junction with increased percentage of tumor-infiltrating CD4*

and CD8* Teff cells. It has been reported that CTLA4 block-

22,32

ade concurrent with Treg depletion results in synergistic?*** or

enhanced® antitumor effects. Peggs et al. elegantly concluded
that anti-CTLA4-mediated action on both Tregs and Teff cells
are necessary for full therapeutic effect.>* Thus, local Treg deple-
tion may boost the immunological ability of Teff cells to eradi-
cate a primary tumor whereas systemic induction of Tregs may
have an impact on how well Teff cells target disseminated disease.
With this caveat in mind, optimal dosing of anti-CTLA4 mAb
appears crucial to enhance effector T-cell function and selectively
deplete Tregs specifically within the tumor while avoiding sys-
temic suppressor Treg cell expansion.

To summarize, our data convincingly demonstrate that it is
possible to administer lower doses of CTLA4 blocking antibody
into the tumor area and still achieve antitumor effects, without
accompanying expansion of systemic Tregs, in experimental pan-
creatic adenocarcinoma. In the clinical setting, intratumoral injec-
tions of anti-CTLA4 mAb, or other immunomodulatory agents,
could be performed by ultrasound-guided needle injection.

Materials and Methods

Cell lines and reagents

The Panc02 cell line (murine ductal adenocarcinoma
derived from C57BL/6) was kindly provided by Dr R Heuchel
(Karolinska University Hospital). Cells were cultured in
DMEM + GlutaMax supplemented with 10% fetal bovine serum
(FBS), ImM sodium pyruvate, 100 U/mL penicillin/strepto-
mycin (all from Invitrogen) and maintained at 37 °C and 5%
CO,. Antagonistic mouse-anti-mouse CTLA4 mAb (clone:
9D9, Bio X Cell) was diluted in phosphate buffered saline
(PBS) prior to injection, as indicated. To quantify Tregs, tumor,
splenic, and lymph node tissues were disrupted and cells were
immunofluorescently stained using fluorophore-conjugated
antibodies against the surface receptors CD4 (clone GK1.5,
BioLegend), CD8 (clone 53-6.7, BioLegend) and CD25 (clone
PC61, BD Bioscience), and for intracellular FoxP3 (clone 150D,
BioLegend), according to the manufacturer’s protocol. Samples
were analyzed using a FACSCalibur, LSRII or Canto II (BD
Biosciences) flow cytometer. Data analysis was performed with
FlowJo software (Tree Star).

Animals and in vivo experimental design

C57BL/6 mice were obtained from Scanbur B&K
(Sollentuna). Animals were housed at the Rudbeck animal facil-
ity and cared for by the staff according to European and national
regulatory standards. All animal experiments were approved by
Uppsala Animal Ethics Committee (Dnr: C21/10, C91/8, and
C163/8). Allograft tumor cell transplantation was performed

www.landesbioscience.com
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using 2.5 x 10°> Panc02 cells inoculated subcutaneously in the
right flank of C57BL/6 mice on day 0 with CTLA4-blocking
antibody treatment starting on day 5 and administered either 3
or 6 times with 3-d intervals between injections. Antibody solu-
tion was administered in 100 wL and injected either peritumor-
ally, subcutaneously, intraperitoneally, or intravenously. The dose
and administration route for each experiment are indicated in
the figure legends. Tumor growth and survival were monitored
throughout the experiment using a caliper and tumor size was
calculated by the ellipsoid volume formula: 4/3m*a(radius of
length)*b(radius of width)*c(radius of depth). For rechallenge
experiments, mice were s.c. injected with 2.5 x 10°> Panc02 cells
in the contralateral side. Animals were sacrificed in the event that
the tumor volume exceeded 1cm? or if ulcers developed.

Anti-CTLA4 antibody ELISA

Blood was collected from the experimental animals by tail
vein incision and the separated serum was stored at —80 °C.
Serum quantification of circulating CTLA4 mAb was performed
by enzyme-linked immunosorbant assay (ELISA). Briefly, wells
were coated with 0.3 pg/mL recombinant murine CTLA4
(R&D Systems) and blocked with 3% milk powder before
serum samples (1:100-1:500 dilution in PBS) were added. Horse
radish peroxidase-conjugated goat-o-mouse IgG (Dako) was
used to detect the mouse-anti-mouse CTLA4 therapeutic anti-
body. A positive signal was developed by adding the substrate
(SuperSignal Pico Chemoluminescent Substrate, Pierce) before
luminescence was measured with an ELISA plate reader (Fluostar
optimal, Labvision). Samples were run in triplicate.

Statistical analyses

Statistical analyses for the Kaplan—Meier plotted survival
curves of animals treated with different regimens were per-
formed by log-rank test. When applicable, D’Agostino and
Pearson omnibus normality test or Kolmogorov—Smirnov test
were applied before selection of statistical test. Where indicated,
the difference between groups was evaluated using unpaired
Student’s # test, Mann—Whitney or 1-way ANOVA with the
Bonferroni post hoc test. In all cases, P values < 0.05 were con-
sidered statistically significant and stars indicate the degree of
significance (*P < 0.05, **P < 0.01, ***P < 0.001). Statistical anal-
yses were performed using GraphPad Prism software (GraphPad
Software, Inc.).
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