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Abstract

Current treatments for pancreatic ductal adenocarcinoma (PDAC) patients are typically restricted to (neo)adjuvant chemo-
therapy, surgery or palliative care. Mainly due to a late diagnosis and highly desmoplastic environment, these treatments
have limited efficacy and patient prognosis is very poor. Intratumoral delivery of chemotherapeutic agents using hydrogel
technology might boost treatment efficacy and reduce side effects. Here, we aimed to investigate the preclinical efficacy
and tolerability of a novel thermosensitive hydrogel, ChemoGell, loaded with the chemotherapeutic agent gemcitabine. We
explored this in vitro, using patient-derived organoids and surgically obtained tumor explants, and in vivo, using a human
patient-derived xenograft (PDX) and syngeneic KPC3 mouse models. Upon intratumoral injections of gemecitabine-loaded
ChemoGell, respective survival, peripheral blood and end-stage tumor histological analyses were performed. Intratumoral
injection of gemcitabine-loaded ChemoGell in in vitro and in vivo models showed decreased tumor growth and increased
cytotoxicity compared to blank ChemoGell and saline control intratumoral injections. In contrast, systemic administration
of gemcitabine did not show therapeutic benefits. Intratumoral ChemoGell injections induced interesting lymphocyte and
monocyte dynamics overtime, showing an intratumoral influx of NK cells and monocytes and an in-depot infiltration of
activated fibroblasts, macrophages and activated CD8+T cells. Our findings establish a foundation for integrating local-
ized treatment modalities, addressing critical challenges in PDAC and improving patient prognosis through more effective,
localized therapeutic strategies.

Keywords Pancreatic cancer - Intratumoral treatment - Gemcitabine - Drug delivery - Thermoresponsive drug-loaded
hydrogel

Background and aims

Cancer mortality has been declining for most cancers in the
Andrea Vallés-Marti, Ajinkya Manelkar and Christopher R. Simpson past years, except for pancreatic ductal adenocarcinoma
contributed equally to this work. (PDAC), which keeps rising in global mortality rankings,
and is predicted to become the second leading cause of
cancer by 2030 [1]. This is largely due to late diagnosis,
high invasiveness, cellular heterogeneity, poor vascular-
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typically consisting of either gemcitabine plus nab-pacli-
taxel or FOLFIRINOX (a combination of fluorouracil, leu-
covorin, irinotecan, and oxaliplatin) [3]. These treatments
have limited efficacy, with only a few months survival
benefit [4, 5] and a high number of serious adverse events.
These side effects can significantly affect patient’s quality
of life and influence disease progression, especially when
other comorbidities are present [6].

Part of the poor efficacy of systemically applied drugs
might be due to poor penetration of drug into the tumor
after systemic delivery, caused by poor vasculature and the
desmoplastic tumor microenvironment in PDAC [7-10].
Localized therapeutic delivery systems have been shown
to improve this by enhancing local drug concentrations,
while reducing the systemic side effects. However, a chal-
lenge with this approach is the fast drug clearance from the
tumor site [11, 12]. In addition, despite numerous iterations
of intratumoral formulation strategies, there are key barri-
ers hindering clinical translation such as uncertainty sur-
rounding the use of novel excipients or therapeutic cargos,
manufacturing at scale, drug loading, delivery systems and
dosing regimens, and overall efficacy of the strategy [13].

To address these challenges, poloxamer-based thermo-
responsive hydrogels have been tested (pre)- clinically for
multiple solid tumors [14—17]. These hydrogels can encap-
sulate drugs and are low-viscosity polymer dispersions at
room temperature that transition into semisolid depots when
approaching body temperature (37 °C). By forming a drug-
depot, drug retention is ensured within the tumor mass.

ChemoGell (CG) is a novel patented thermoresponsive
polymer system that can be loaded with both hydrophilic
and hydrophobic chemotherapeutic drugs [12, 18]. It has
been shown to be easily injectable at room temperature
using standard injection equipment, while undergoing a
sharp state transition to a semi-solid depot upon approach-
ing body temperatures in vivo. Uniquely, CG further chemi-
cally cross-links after its sol-gel transition, increasing the
gel strength in the first 24-48 h. This reduces the rate of
disintegration, increasing the duration for which the depot
is retained in situ, allowing sustained drug delivery. The CG
system has been previously evaluated in vivo in an A549
xenograft mouse model [12]. In this study, it was shown to
significantly reduce tumor volume relative to saline, with
an unloaded or empty CG platform, showing some inher-
ent anti-tumor properties. Additionally, the formulation was
well tolerated, and no adverse effects were observed.

PDAC presents a tumor that may particularly benefit
from intratumoral delivery in light of its avascular and
desmoplastic nature. Therefore, the CG platform has been
reformulated incorporating gemcitabine (ChemGem), a
gold standard chemotherapeutic in the treatment of PDAC.
Direct intratumoral injection of ChemGem could have
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potential clinical applications in PDAC both neoadjuvantly
to reduce tumor burden prior to surgery improving resec-
tion outcomes, and in later stages to control tumor growth
providing symptomatic relief and improved quality of life
outcomes.

In this study, we aim to evaluate the effectiveness and
tolerability of blank and gemcitabine loaded ChemoGell,
for treating PDAC in syngeneic KPC3 and human patient
derived xenograft (PDX), organoid and explant PDAC mod-
els. In addition to cytostatic effects, we further investigate
the effects on the tumor microenvironment. Our data show
improved therapeutic outcomes and provide new avenues
for the combination of systemic and local treatments.

Results

ChemoGell with gemcitabine (ChemGem) maintains
injectability and thermoresponsivity providing
robust depot formation

To understand the physical performance changes of CG
when incorporating gemcitabine HCI, rheological and dis-
integration analysis comparing CG and ChemGem. Gem-
citabine release testing was also used to discern the effects of
environmental pH on CG gelated integrity and gemcitabine
release. Gemcitabine HCI inclusion caused a 1 °C increase
in the liquid to solid state transition temperature of Che-
moGell from 25.64 °C to 26.61 °C (Fig. 1B). This increase
in gelating temperature translated to lowered gelated stiff-
nesses at 37°C, with G’ values of 9432 Pa and 11,440 Pa
for ChemGem and CG respectively (Fig. 1C). Additional
differences were also apparent, with a lowered viscosity of
0.56 Pa.s in ChemGem and 1.52 Pa.s in CG, observed at
1.58 s-1 (Fig. 1D). CG’s shear-thinning property was further
observed as feasible injection via ultrafine subcutaneous
needles, percutaneous biopsy needles and endoscopic ultra-
sound-guided fine-needle aspiration (EUS FNA) devices.
These injection procedures reported respective maximum
extrusion forces of 9.3 N, 4.1 N and 19.2 N at room tem-
perature (Fig. 1E). In every case, the extrusion forces were
below the lower average human pinch strength of 80 N. The
ability of ChemoGell to yield a long-term stable depot in dis-
integration studies was observed by 2 phase-cross-linkage,
an initial thermoresponsive physical association followed
by permanent covalent chitosan-genipin linkage signified
by a color change (Fig. 1F). Despite gemcitabine related
changes in shearing physical properties, ChemGem retained
the ability to form a robust semi-solid depot with an equiva-
lent disintegration profile to ChemoGell when submerged
in a neutral supernatant 37 °C. ChemGem’s disintegration
was influenced by changes in environmental pH (Fig. 1G),
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Fig. 1 Gemcitabine release and influence on rheological properties of
ChemoGell. A Rheogram showing sol-gel transition profile of blank
ChemoGell (CG). Gelation was defined as the point where the stor-
age modulus exceeds the loss modulus. B Gelation temperatures of
ChemoGell (n=4) and ChemGem (n=4) plotted as mean+SD. C
Gelated stiffness profile of ChemoGell (n=3) and ChemGem (n=3)
maintained at 37 °C for 30 min. Lines represent the respective means.
D Viscosity flow profiles as a function of increasing shear rate for Che-
moGell (n=3) and ChemGem (n=3). Lines represent the respective
means. E Maximum forces measured, at room temperature (RT) when
extruding ChemoGell from syringes and a 25G MicroLance needle

with acidic (pH 5.5) supernatant degrading the depot more
slowly compared to ChemGem in basic environments (pH
8.5). Closer analysis of the first 24 h (Fig. 1G) showed the
lowest mass retention in basic environments while acidic
pHs highly retained ChemoGell’s depot mass. These disin-
tegration profiles were concordant with gemcitabine release
(Fig. 1H) specifically, in neutral and basic environments
release was equivalent, while acidic environments yielded
an overall slower gemcitabine release rate.

(MLN), a 20G Percutaneous biopsy needle, (PBN) or a 19G endo-
scopic ultrasound guided fine needle aspiration device (EUS-FNA).
F Representative images of ChemoGell undergoing clear to dark blue
colour change at 72 h incubation indicative of genipin-chitosan chemi-
cal linkage. G In vitro ChemoGell and ChemGem mass disintegration
profiles when submerged at 37 °C in pH 7.4, pH 5 and pH 9 super-
natants at 1-week (left) and 24-hours (right). H Gemcitabine release
profiles from ChemGem incubated at 37 °C in pH 7.4, pH 5.5 and pH
8.5 supernatants at 1 week (left) and 24-hours (right). Graphs plotted
as the mean+SD (n=3)

Intradome injections of gemcitabine-loaded
ChemoGell increase cell death and impair viability
in patient-derived organoids and explants

To evaluate the efficacy of gemcitabine-loaded ChemoGell
(ChemGem) in vitro, intradome injections were performed
on patient-derived organoids (PDOs) encapsulated in Matri-
gel-domes (Fig. 2A). Four PDOs, Pac09, Pac42, Pacl2
and Pac60, were used. Gemcitabine is known to promote
apoptosis and cell cycle arrest by inhibiting DNA synthesis
[19]. Consequently, upon exposure to intradome injected
ChemGem, all PDOs showed a significant increase of cell
death and decrease of cell viability, measured by propidium
iodide and Hoechst staining respectively (Fig. 2B, Supp.
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Fig. 2 Intradome and explant injections in patient-derived models. A
Workflow of intradome injections in patient-derived organoids. After
24 h of seeding organoid fragments, intradome injections of 10 pl of
PBS, CG and ChemGem were performed. Media was refreshed at day
3, and experiment was ended at day 5. B Brightfield and propidium
iodide and Hoechst images at day 5 post treatment. C Organoid via-
bility of Pac09, Pacl2, Pac42 and Pac60 at day 5 measured by Cell
Titer Glo. Mean+SEM, n=3 per patient-derived model. (D-E) Par-

Figure 1A) accompanied by a decrease in organoid area and
count 5 days post-treatment (Fig. 2C-E). To a lesser extent,
treatment with blank (non-gemcitabine containing) CG also
showed a decrease in viability compared to respective PBS
injected control, in line with previous observations showing
chemoablative properties of empty ChemoGell [12]. Nev-
ertheless, ChemGem was superior to empty CG in terms of
viability, organoid count and size.
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ticle analysis at day 5 using ImageJ of D organoid count and E organ-
oid size/area. Mean+SEM plotted, n=3 per patient-derived model.
F Workflow of patient-derived explant injections and tissue fixation
after 24 h of treatment. Freshly resected material was divided into
1 x 1.5 cm pieces and treated with 10 pl PBS, CG and ChemGem. After
24 h, material was fixed in PFA and processed for histological analysis.
G Chitosan and cleaved caspase-3 stainings after 24 h of treatment in
pancreatic cancer explant PaC73 with PBS, CG and ChemGem

As organoids lack the stroma and immune compartment,
which play a key role in PDAC development and treatment,
surgically resected PDAC tumor tissue and normal-adjacent
tissue were used to generate 1% 1.5 cm explants and sub-
sequently injected (Fig. 2F, Supp. Figure 1D). After 24 h,
tissues were fixed and processed for histological analysis
(Fig. 2G). Notably, increased cleaved-caspase 3 (CC3)
staining was observed only upon CG and ChemGem, local-
ized in the proximity of the needle track and the ChemoGell
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depot as identified by chitosan staining. This was mainly
observed in the PDAC tissue, and barely in the normal-
adjacent tissue (Supp. Figure 1B). Overall, the in vitro
and ex vivo assessment of gemcitabine-loaded ChemoGell
revealed substantial cytotoxicity in PDOs and resected
PDAC tissue, underscoring its potential as a targeted treat-
ment for pancreatic cancer.

Intratumoral injections of gemcitabine-loaded
ChemoGell strongly decrease human patient-
derived xenograft (PDX) growth

To further evaluate the antitumor efficacy of ChemGem in
vivo, we used a close-to-patient PDAC PDX model, and
injected tumors when reaching a volume of 125+25mm?
(Fig. 3). CG-depots in the tumor area were confirmed in
vivo using fluorescent marker in CG 2 h after first (T1)
and 2 h before second (T2) injections (Supp. Figure 2A-C).
Remaining fluorescence was confirmed ex vivo at the end of
the experiment (Supp. Figure 3A). Additionally, ChemoGell
presence was confirmed by staining for the CG component
chitosan (Supp. Figure 2D). Of note, no ChemoGell was
identified ex vivo in other organs (Supp. Figure 3A).

After the first injection, tumor growth rate was signifi-
cantly reduced in ChemGem treated mice, compared to
exponential growth in saline, and slightly later, in CG-
treated mice (Fig. 3A, B). No significant changes in weight
were identified (Fig. 3C). None of the ChemGem treated
mice reached the experimental endpoint and were still alive
at the end of experiment. In contrast, all CG and saline
treated mice tumor volumes did, with a median survival of
45 days and 25 days, respectively (Fig. 3D, ChemGem vs.
CG p 0.0013). Improved survival and reduced tumor growth
rates were supported by observations during necropsy, with
tumor volumes being significantly reduced between in vivo
and ex vivo measurements (Fig. 3E, F), mainly due to for-
mation of fluid filled cysts within the tumors, only observed
in CG and ChemGem groups (Fig. 3G).

Molecular characteristics of these end stage tumors
were further investigated by HE staining, and IHC expres-
sion of pan-cytokeratin, vimentin, Ki67 and CC3 expres-
sion (Fig. 4). Although not significant, a reduction in nuclei
and pan-cytokeratin was found in both CG and ChemGem
treated tumors, compared to saline (Fig. 4A, B), likely asso-
ciated to the slower tumor growth rates (Fig. 3A, B). An
increase in vimentin expression was observed in CG and
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Fig. 3 Gemcitabine-loaded hydrogel reduces tumor growth and main-
tains survival of pancreatic cancer patient-derived xenograft. A Indi-
vidual tumor volume overtime of mice treated with saline (n="7), Che-
moGell (CG, n=7) and Gemcitabine-loaded CG (ChemGem, n=7),
measured by a calliper. Dotted lines indicate first (T1) and second (T2)
injections. B Tumor volume measured overtime plotted as cumulative
mean=+standard deviation (SD), per treatment group. C Mice weight
progression in percentage during the experiment, normalized to start-

Invivo  Ex vivo

ing weight. (D) Kaplan-Meier analysis of mice treated with Chem-
Gem (median undefined), CG (median 45 days) and saline (median
25 days) for an 8-week period. Overall significance was determined
using a log rank test (»<0.0001). E-F Tumor volume of (E) CG and
(F) ChemGem, at humane end point in vivo (prior to dissection) and ex
vivo (post dissection). G Representative images of cysts and hydrogel-
depots in CG and ChemGem treated tumors
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Fig. 4 Histological evaluation of PDX treated tumors. Representa-
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(* p 0.0476), (D) Ki67 (* p 0.0176), and (E) cleaved caspase-3 (*

ChemGem compared to saline treated tumors (Fig. 4C).
Furthermore, both ChemGem and CG treated tumors
showed a decrease in proliferation rates (Fig. 4D), whereas
ChemGem treated tumors also had a slight increase in tumor
cell death, although this was not significant (Fig. 4E). Some
tumors from saline group also displayed a high level of CC3
and necrotic areas, which can themselves have non-specific
antibody binding.

In summary, ChemGem induced a significantly improved
mouse survival (100%), decreased tumor growth with
remaining lesions showing cystic behavior, and signifi-
cantly smaller volumes.

Systemic gemcitabine resistance overcome with
local treatment

In order to compare the effectivity and tolerability of Chem-
Gem to systemic gemcitabine and to investigate potential
immune dependent effects, we used the KPC3 syngeneic
mouse model for PDAC (Fig. 5).

KPC3 tumors were remarkably resistant to systemic
gemcitabine treatment (Fig. SA-B), showing no effects of
systemic gemcitabine on tumor growth. Intratumoral injec-
tions of ChemGem, however, showed a significant delay in
tumor growth (Fig. 5D-F) and improved survival (Fig. 5G,
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p 0.0422) expression area with Image] Color Deconvolution H DAB
using seven tumors per group, with three or four 10x images per tumor.
Significance was determined using ANOVA and non-parametric Krus-
kal Wallis test

ChemGem vs. CG p 0.0097), showcasing the important
role of local drug delivery (Fig. SH). Identification of the
ChemoGell depot by the associated fluorescent signal,
measured ex vivo, showed a slight increase in ChemGem
treated tumors compared to CG and saline treated groups
(Supp. Fig. 3B). This was likely because only ChemGem
group received a T2 injection, in contrast to CG group,
which received only T1 injection before reaching the exper-
imental endpoint. No significant signal was detected in any
organs, with the exception of the liver, where fluorescence
signal could have been caused by cyclodextrin degrada-
tion. In addition, no difference in weight between treatment
groups was observed (Fig. 5C, F). A ChemoGell depot was
observed in end stage CG and ChemGem tumors (Fig. 51).
Histological analysis was then performed on all tumors
at the experimental endpoint. Data revealed a non-signif-
icant decrease in vimentint cells only in tumors treated
with ChemGem, and no changes in pan-cytokeratin or Ki67
expression (Fig. 6A-C, E). Interestingly, a similar increas-
ing trend in cleaved-caspase 3 expression was observed with
ChemGem (Fig. 6D, E), although no difference was found
compared to systemic treatment. Of note, well-defined
necrotic cores were found only in mice bearing ChemGem
treated tumors with the longest survival (Fig. 6F, median
ChemGem 13 days vs. median gemcitabine 9 days). In
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ChemoGell (CG, n=8) and Gemcitabine-loaded CG (ChemGem,
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addition, these necrotic cores were found to be in the prox-
imity of the ChemGem depot in the tumor (Fig. 6G). These
results may suggest that local ChemGem causes a rather
quick cell-death effect compared to systemic gemcitabine
due to the prolonged high drug exposure.

To evaluate gemcitabine-derived haematological side
effects, we analyzed peripheral blood collected from the
tail vein of these syngeneic KPC3-bearing mice 72 h after
T1 injections. In both systemic and intratumoral treat-
ment groups, reported gemcitabine-related side effects
[20] such as neutropenia, thrombocytopenia and red blood
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CG (median 6 days), and ChemGem (median 13 days) (Ctrl vs. Chem-
Gem *, 0.0126; CG vs. ChemGem **, 0.0097) for a 2-week period.
Overall significance was determined using a log rank test (p=0.0018).
H Drawing to highlight difference between systemic delivery of gem-
citabine and intratumoral delivery of gemcitabine-loaded hydrogel. L.
Pictures showing hydrogel depots in CG and ChemGem tumors at HEP

cell count, were observed (Supp. Fig. 4). To further evalu-
ate gemcitabine side effects, we performed an additional
experiment with extended blood sampling using KPC3-luc2
model ati.e. 24 h, 72 h, 7 days and 14 days from each injec-
tion (Supp. Figs. 5-7). Interestingly, 24 h after T1 injection,
hematocrit, hemoglobin and red blood cell count mark-
ers were significantly decreased only upon systemic gem-
citabine, compared to respective controls (Supp. Fig. 6).
These side effects, from both systemic and local delivery of
gemcitabine, were reverted after 7 days (Supp. Fig. 7).
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Fig. 6 Histological evaluation of syngeneic KPC3 treated tumors.
A-D. Quantified (A) pan-cytokeratin, (B) vimentin, (C) Ki67, and
(D) cleaved caspase-3 expression area with ImageJ Color Deconvolu-
tion H DAB using five to eight tumors per group, with at least three
10x quantified images per tumor. Significance was determined using
ANOVA and non-parametric Kruskal Wallis test. E Representative
10x stainings of intraperitoneal (IP) saline and gemcitabine, and intra-

Overall, intratumoral injections of gemcitabine-loaded
thermoresponsive ChemoGell in KPC3 tumor-bearing mice
were safe and tolerable. In contrast to the limited effec-
tiveness of systemic gemcitabine, ChemGem effectively
induced tumor cell death and significantly extended the sur-
vival of mice.

Stroma and immune cell dynamics upon ChemGem
treatment and therapeutic implications

In order to investigate the potential role of the immune com-
partment on the effect of ChemGem, we evaluated peripheral
lymphocytes and monocytes in peripheral blood samples.
Peripheral lymphocytes were significantly increased upon
systemic gemcitabine and ChemGem after 72 h of first
injection in both KPC3 and KPC3-luc2 cohorts (Fig. 7A,
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tumoral (IT) saline, CG and ChemGem treated tumors. F Quantified
hematoxylin via Color Deconvolution in Imagel. Significance was
determined using ANOVA and non-parametric Kruskal Wallis test (*
p 0.0488, ** p 0.0034 and 0.0037, respectively). G H&E stainings of
ChemGem treated tumors with a survival of 13 days. Necrotic cores
depicted with dotted black lines, and ChemoGell depots depicted with
blue dotted lines

B). Previously in PDAC patients treated with gemcitabine,
it has been shown that activated naive T cells are increased
[21].

Seven days after first injection, peripheral lymphocytes
were subsequently decreased in both systemic gemcitabine
and ChemGem (Fig. 7C), however monocytes were sig-
nificantly increased only in ChemGem treated tumors (Fig.
7D), in line with observations in PDAC patients treated with
gemcitabine [21, 22]. Therefore, we further evaluated the
histological expression of lymphocyte marker CD45 and
macrophage marker F4/80 in KPC3 treated tumors. Both
markers showed increased expression in ChemGem (Fig.
7E-H). In particular, CD45 + cells were increased within
ChemGem tumors compared to the control groups, where
CD45 cells remained mostly at the tumor barrier (Fig. 7E,
F). This finding may be potentially associated with increased
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Fig.7 Lymphocyte and monocyte dynamics upon ChemGem in synge-
neic KPC3 treated tumors. A Peripheral blood circulating lymphocyte
number after 72 h of first (T1) intraperitoneal (IP) and intratumoral
(IT) injections. B, C Validation cohort of peripheral blood lympho-
cyte number after (B) 72 h and (C) 7 days (* p 0.0274) of T1 injec-
tions. D Peripheral blood monocyte number after 7 days (* p 0.0151,
**% p 0.0009) of T1 injections. Significance was determined using

ANOVA with multiple testing using non-parametric Kruskal Walis
test. E-H Stained area quantification and representative images of (E),
(F) Immune cell marker CD45 (* p 0.0281) and (G), (H) Macrophage
marker F480 (** p 0.0052, ** p 0.0063, respectively), of the different
treated tumors. Significance was determined using ANOVA with mul-
tiple testing using non-parametric Kruskal Walis test
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gemcitabine tumor exposure. Of note, F4/80 + cells were
also increased in empty CG-treated tumors (Fig. 7G, H).

Since hydrogel crosslinking and increased stiffness might
promote fibrosis by the interplay of macrophages and fibro-
blasts [23], we further looked into both cell types within the
ChemoGell depots of the KPC3 and PDX models. The cystic
behaviour of PDX tumors treated with CG and ChemGem
showed a significant increase in F4/80 macrophages (Supp.
Fig. 8A, B). These were surrounding both the tumor islands
and the ChemoGell depot, and also found within the depot.
Similar findings were found in KPC3 tumors, where an
interplay of fibroblasts (vimentin+), macrophages and lym-
phocytes was observed (Fig. 8 A-D). To further understand
the dynamics of the participating immune cells, we assessed
the immune microenvironment and lymphoid activation
in KPC3-luc2 tumors 7 days after intratumoral injections
(Fig. 8E-L, Supp. Fig. 10, Supp. Fig. 11). Corroborating
our results from end stage tumors, we noted an increase in
infiltrating immune cells in the ChemGem treated tumors
(Fig. 8E, F). On further characterizing the immune micro-
environment, we observed an increased influx of NK-cells
(» = 0.0259) and Monocytes (p = 0.0028) in ChemGem
treated tumors compared to untreated controls (Fig. 8F-H).
While there seems to be no change in macrophage influx
at this timepoint (Fig. 8I), we note a polarization towards
MO macrophages (Fig. 8J), which we postulate derives from
the increased monocyte infiltration in the treated tumors.
Although ChemGem treatment led to no changes in CD8+,
CD4 + or Treg infiltration into the tumors (Fig. 8K), we do
observe a change in CD8 + T cell activation markers. These
primarily involve an increase in KLRG-1 (ns), CXCR3 (ns),
and CCR2 (p = 0.0045) expressing CD8 + T cells with a
decrease in Naive T cells (CD62L+, CD44-) (ns) and PD-1
expressing CD8 + T cells (p = 0.0024) (Fig. 8L, Supp. Fig.
11) compared to untreated controls.

Interestingly, ChemoGell depots displayed infiltration/
presence of activated aSMA+ fibroblasts and M1 iNOS+
macrophages (Fig. 8M), as well as cytotoxic T cells (CD8+)
nearby macrophages (F4/80+) (Fig. 8N) at the end stage
of the tumors. Furthermore, the ChemGem treated mice
with longest survival displayed high levels of CD8+T cells
within the necrotic areas, as well as increased F4/80+mac-
rophages in the tumor border (Supp. Fig. 9).

Altogether, we demonstrated the advantages of using
localized delivery of ChemGem, showing a marked ben-
efit compared to a systemic Gem treatment in KPC3-luc2
tumors and a 100% survival in the PDX model. The strength
of ChemGem also derives from its capacity to modulate the
TME. In brief, we showed that ChemGem can drive an
immune response within the tumor, leading to an early sys-
temic and local increase in monocytes which seem to differ-
entiate into M0-Macrophages around 7 days into treatment.
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These Macrophages further polarize into an M1 phenotype
in the proximity of the ChemGem depot at later stages, con-
sistent with a temporal shift from initial monocyte recruit-
ment and MO differentiation to M1 polarization driven by
sustained local drug release and/or matrix degradation.
Moreover, we illustrate an influx of NK-cells and activated
T-cells within the treated tumors showing an opportunity
for further research co-stimulating the immune infiltrate
(Fig. 8N). Finding novel ways to inactivate infiltrating
CAFs, while exploiting the increased Immune infiltration
might therefore be key in improving treatment responses in
PDAC.

Discussion

Gemcitabine is a widely used chemotherapeutic agent for
the treatment of PDAC. However, achieving sufficient intra-
tumoral concentrations of gemcitabine remains a significant
challenge. This is mainly due to the high expression of drug
efflux pumps in this tumor type, together with the presence
of a highly dense and fibrotic extracellular matrix, which
poses a significant physical barrier to drug penetration [24].
Intratumoral delivery platforms aim to bypass these mecha-
nisms and expose the tumor to high concentrations of che-
motherapy, while sparing systemic toxicity [25]. ChemoGell
has been uniquely formulated to achieve this function by
possessing highly injectable properties and a 2-phase cross-
linking mechanism providing high site retention and stabil-
ity. In practice variation in needle and tumor positioning
may prolong procedural workflows, holding ChemoGell for
longer than the 3 min incubation tested in this study. There-
fore, for thermoresponsive systems intended for endoscopic
delivery, stress testing of formulation residence times, at
body temperature need to be performed and will inform a
timeframe for clinicians to complete injection procedures.
ChemoGell is formulated with clinically understood
components that also provide capacity for hydrophilic and
hydrophobic chemotherapy drugs; positioning the platform
for an accelerated clinical translative pathway. Here, by
encapsulating gemcitabine in ChemoGell, we have been
able to show these properties, and demonstrate an increase
in chemotherapy efficacy to the non-effective systemic
approach. The inclusion of gemcitabine HCI into Chemo-
Gell did alter the physical characteristics of the hydrogel
platform. However, the functional properties for injectable
delivery, thermoresponsive gelation and in situ retention
were all demonstrated. Moreover, in vitro disintegration
testing and gemcitabine release was slowed and delayed
under acidic conditions relevant to the PDAC tumor micro-
environment [26]. This in vitro data also indicated the pH
range that ChemGem could reliably initiate secondary
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cross-linkage for site retention for local release. These
observations suggested a loading of 2%w/w of gemcitabine
HCI was feasibly deliverable for subsequent in vivo study.
Moreover, this loading concentration enabled the equiva-
lent IP injection dose (50 mg/kg) to be applied entirely
within the tumor region as part of the in vivo study design.
This localized delivery did not seem to have any apparent
additional side effects to the systemic gemcitabine-related
adverse effects on the mice. Moreover, ChemoGell retention
at tumor site was proven for at least 13 days in the syngeneic
model, and 53 days in the PDX model, the longest period
recorded for the ChemoGell platform [12].

While we only observed injection site retention, toler-
ability and treatment efficacy, the subsequent breakdown
and excretion of gemcitabine and the platform’s excipients
still require a direct in vivo pharmacokinetic study, captur-
ing the intratumoral aspect. With that said, the potential
safety of the excipients as an intratumoral formulation is
supported by their generally well characterised clearance
profiles. Specifically, P407 and HP-B-CD are expected to
clear mainly by release from the depot followed by renal
excretion, while chitosan undergoes gradual local biodeg-
radation prior to elimination [27-30]. Genipin has the least
clinical use and safety data is limited to one clinical trial
using genipin injected intravertebrally that concluded it
was a safe intervention. Human pharmacokinetic data for
genipin is currently not available, however animal stud-
ies show rapid metabolism of genipin and excretion via
renal and hepatobiliary routes [31, 32]. In the case of a
local intratumoral depot, the clearance pathways reported
in the literature may not directly reflect the intended route
of administration, as most available data are not derived
from local depot formulations. Rather, systemic exposure
would probably depend on the gradual breakdown of the
depot and subsequent release into the circulation, suggest-
ing a low risk of prolonged healthy tissue exposure or sig-
nificant systemic toxicity. Given that empty ChemoGell
showed inherent anti-tumor and immunomodulatory prop-
erties, it remains challenging to fully decouple drug-induced
immunogenic cell death from matrix-induced inflammation,
and future mechanistic studies may include a genipin-free
hydrogel control.

Our findings underscore the potential of ChemGem
delivery intratumorally as a promising therapeutic strategy
for pancreatic adenocarcinoma. The in vitro and ex vivo
results demonstrated substantial induction of cell death in
patient-derived organoids and explants of resected PDAC
tissue. The safety, tolerability and efficacy of ChemGem
was further confirmed in vivo using PDX models, where
it significantly reduced tumor growth, induced tumor cell
death, and increased survival to 100%. In addition, in the
aggressive and mutant p53 and K-ras KPC3 murine model,
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ChemGem achieved increased tumor control compared to
the ineffective systemic gemcitabine treatment.

Furthermore, we showed that an immunologically “cold”
and aggressive PDAC tumor responded better to the local-
ized gemcitabine-loaded ChemoGell compared to systemic
gemcitabine. ChemoGell depots were found to be infil-
trated with activated fibroblasts, M1-type macrophages
and cytotoxic T cells, indicating that ChemoGell might
have an immune-modulatory effect in these tumors. KPC3-
tumor bearing mice treated with ChemGem displayed an
increased number of circulating monocytes in blood after
7 days of treatment. Upon interrogating tumor infiltrating
immune cells, we observed a significant increase in NK-
cell and monocyte infiltration, coupled with the increase in
activated CD8 + T cells in the tumor. These findings are
in line with previously described immunomodulatory abili-
ties of gemcitabine in PDAC patients [21, 22, 33], which
opens the door to synergy with immunotherapeutic strate-
gies, especially targeting co-stimulatory mechanisms of T
cells [34, 35]. Studies have shown hydrogel crosslinking is
able to influence macrophages, fibroblasts, and their interac-
tions during wound healing [23]. A recent in vivo study in
PDAC using a peptide hydrogel successfully transformed
an immunologically “cold” tumor into a “hot” tumor by
activating dendritic cell maturation, recruiting tumor-infil-
trating lymphocytes, and reducing hypoxia within the tumor
microenvironment [36]. Similarly, other studies using a
drug-loaded hydrogel have shown immunogenic cell death,
increased macrophage and CD8 T cell infiltration [37, 38].
Likewise, we also observed CD45 and CDS8 T cell infiltra-
tion surrounding ChemoGell depots and in necrotic cores of
ChemGem tumors, potentially suggesting a less immuno-
suppressive phenotype [39].

Empty ChemoGell showed a decrease in organoid viabil-
ity, and a slight tumor growth delay in our PDX model, in
line with a previous study where the ChemoGell formula-
tion demonstrated chemo-ablative properties [12]. This is
thought to be possibly due to genipin, contained in Chemo-
Gell, which has been used as an anticancer agent in preclini-
cal models on multiple cancer types, including pancreatic
and gastric cancer [40], and/or due to poloxamer polymer,
which has also been shown to increase therapeutic efficacy
of injectables [41].

In the clinical setting, intratumoral injections offer a
promising approach for treating solid tumors, which account
for approximately 90% of all cancers and are often localized
or regionally confined. However, intratumoral injections to
distant organ site are reliant on the use of minimally inva-
sive approaches, which often require high gauge needles and
long catheters. Therefore, injectability is an important con-
sideration. Prior to sol-gel transition, ChemoGell is a shear-
thinning polymer solution, which facilitates syringe loading
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and needle injection. The low viscosity of the formulation
was shown to allow extrusion via a range of clinically rel-
evant needles that could apply ChemoGell. Additionally, the
exposure of the delivery devices to a heated environment
(37 °C) still allowed for feasible injection, showing that heat
transfer to the needle or catheter during the positioning of
the needle to the tumor site should not impede the intra-
tumoral delivery of the formulation. Further assessment of
injectability in patients is guaranteed.

Specifically in the treatment of PDAC, access to tumors in
the head of the pancreas can be achieved either using endo-
scopic ultrasound-guided fine-needle injection (EUS-FNI)
or percutaneous injection. EUS-FNI is routinely performed
as a diagnostic procedure in pancreatic cancer patients [42]
and EUS-guided injectable therapies have shown to be safe
and have potential efficacy in the treatment of PDAC [43].
In our preclinical study, we administered only two single-
site injections with 8 days in between, but recent studies
have suggested that multisite injections could be more effec-
tive than single-site injection [44]. For patient tumors of
4-5 cmi size, it is likely that multiple injections are required
to achieve adequate hydrogel spread and maximize effec-
tive chemo exposure throughout the tumor. Hence, future

=5 B

Lyophiliséd ChemoGell™
formulation rehydrated
with gemcitabine solution

studies may evaluate the efficacy of ChemoGell using mul-
tiple site injections.

Clinically, localized gemcitabine-loaded ChemoGell
could be primarily beneficial in the neoadjuvant setting
for borderline resectable PDAC for tumor debulking, and
in the palliative setting, for local disease control in locally
advanced tumors (Fig. 9). Thus, patients with local advanced
disease that are not eligible for surgical resection, or that do
not respond to neoadjuvant chemotherapy (> 30% PDAC
patients) could potentially benefit from this localized strat-
egy [45]. Particularly for the treatment of locally advanced
PDAC, intratumoral delivery of therapy has shown promis-
ing results. For instance, paclitaxel microparticles combined
with the standard of care have demonstrated an enhanced
immune response, improved disease control rate, increased
resection rate, and extended survival [46]. In a phase I trial,
the use of the intratumoral HF10 oncolytic virus alongside
systemic erlotinib and gemcitabine also showed potential
for locally advanced pancreatic cancer [47]. Furthermore,
for patients where FOLFIRINOX is not recommended due
to frailty or high toxicity [48, 49], further studies are planned
to explore the potential of the combination of gemcitabine-
loaded ChemoGell with other treatments such as systemic
nab-paclitaxel, or radiotherapy.
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Fig. 9 The proposed clinical application of the developed ChemoGell platform
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Conclusion

Overall, our findings show that localized ChemGem injec-
tions in preclinical PDAC models have a significant effect in
reducing tumor growth and improving survival. This is fur-
ther accompanied by a modulation of the stroma, driving an
influx of active stromal and immune populations. This posi-
tions ChemGem as a potential new intratumoral hydrogel
therapy that could overcome the current limitations of local
delivery of conventional systemic chemotherapy, offering a
more effective, sustained and localized therapeutic option
for PDAC patients, particularly those with borderline resect-
able or locally advance tumors.

Methods

Preparation of blank ChemoGell and gemcitabine
loaded ChemoGell

The ChemoGell (OncoLize BV) thermoresponsive poly-
mer solution was generated from a lyophilised blend of
Poloxamer 407 (P407) (BASF, Ludwigshafen, Germany),
hydroxypropyl-beta-cyclodextrin (HP-B-CD) (Cyclodex,
Alachua FL, USA), chitosan (Heppe Medical Chitosan+,
Halle, Germany) and genipin (TGY Bio, Xi An, Shaanxi,
China), as previously described [11] (patent number
US20230126053). For in situ fluorescent imaging a small
proportion of HP-B-CD was replaced with a FITC con-
jugated cyclodextrin (HP-B-CD, CycloLab Ltd., Buda-
pest, Hungary). The polymer solution was aliquoted into
vials, snap frozen in liquid nitrogen and then lyophilized
at 0.lmbar and — 60 °C condenser temperature for 18 h.
Lyophilisate was sterilised using ethylene oxide gas expo-
sure with a cycle and purge lasting 12 h. Within 5 days prior
to intratumoral injections, lyophilised ChemoGell was asep-
tically reconstituted using sterile endotoxin free water or a
sterile filtered (0.22 um) aqueous solution of gemcitabine
HCI (FluoroChem, Cork, Ireland). The final concentration
of gemcitabine HCI being 2% w/w. Samples were left to
hydrate overnight at 4 °C with mixing.

Table 1 Clinically relevant needles used for injection force testing

Needle  Working Needle Name Manufacturer Abbre-
Gauge Length viation
(cm)
25G 1.5 Microlance BD 25G
needles
20G 10 Chiba biopsy Wellgo 20G
needles Biopsy
19G 137.5— Endoscopic Micro Tech 19G
141.5 ultrasound FNA FNA
system
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Rheological analysis of ChemoGell

Material properties of CG and ChemGem formulations were
assessed using oscillatory and flow measurements on a Dis-
covery HR1 rheometer (TA instruments, Delaware, USA)
with a cone/plate geometry (40 mm diameter, 4° cone angle).
Samples were placed onto the temperature-controlled Pel-
tier plate, pre-equilibrated to 20 °C and covered with a sol-
vent trap during testing. Sol-gel transition temperature was
determined using an oscillatory test at 1 Hz, applying 5 Pa
of stress at 1 °C increments from 20 to 40 °C. Gelated stiff-
ness was determined by the same oscillatory test (1 Hz and
5 Pa of stress) over 30 min fixed at 37 °C. Shear thinning
properties were assessed at 21 °C under increasing shearing
rate from 1 to 500 s~ .

Injection force testing of ChemoGell

Injectability testing was conducted using a Zwick Univer-
sal Testing Machine (ZwickRoell Z2005) equipped with a
50 N load cell. Luer-Lock 1 ml syringes were filled with
ChemoGell and fitted on a needle holder attached to two
retort stands. The entire 1 ml contents were expelled at a
rate of 1 mm/s, at room temperature and the maximum force
required was recorded. Three different types of needles were
tested (Table 1):

In vitro ChemoGell disintegration and gemcitabine
release from ChemGem

0.5 ml depots of CG-Gem and CG were gelated at 37 °C at
the bottom of a pre-weighed 2 ml Eppendorf tube before
adding 1 ml of either PBS (pH 7.4), Tris buffer (Trizma HCI
and Trizma base, pH 8.5) or acetate buffer (sodium acetate,
acetic acid pH adjusted with NaOH to pH 5.5). At prede-
termined timepoints, the supernatant was collected off and
excess surface residue was removed by spotting a KimTech
wipe. Each tube was then weighed before returning to the
37 °C water bath and reintroducing 1 ml of fresh prewarmed
buffer.

Gemcitabine release into the supernatant was quantified
using reverse phase-HPLC. Completed using an Eclipse
Plus C18 Column (4.6 mm x 150 mm, (5 um), Agilent),
mobile phase 95% water 5% acetonitrile, 1 ml/min flow
rate, 10 pl injection volume and 25 °C column temp. Detec-
tion of gemcitabine was captured using a UV poly-diode
array lamp with peak analysis at 269 nm.

Cell lines, organoids and explants

The primary KPC tumor cell with mutant 7P53 and KRAS
derived from a female C57BL/6 mouse [50] (KPC3, RRID:
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CVCL_A9ZK) was used for the syngeneic in vivo experi-
ments. The KPC3-luc2 murine pancreatic cancer cell line
expressing firefly luc2 [51] was also used as an additional
blood sampling cohort. Cell lines were cultured as adher-
ent monolayers in IMDM supplemented with 8% v/v fetal
bovine serum (FBS) and 1% v/v Pen/Strep solution, and
maintained at 37 °C and 5% CO,. Cell lines were validated
by short tandem repeat (STR) profiling (IDEXX BioAna-
lytics, Ludwigsburg, Germany) and mycoplasma tests were
performed on a monthly basis.

Patient-derived organoids Pac12 and Pac09 were derived
from an endoscopic-ultrasound (EUS)-guided fine-needle
biopsy, and Pac42 and Pac60 were derived from a surgi-
cal resection specimen, from four different human PDAC
patients. Pacl12, Pac09, and Pac42 were treatment naive
patients, and Pac60 patient was treated with neoadjuvant
FOLFIRINOX. Patient-derived explants Pac73 (cancer tis-
sue) and Pan73 (normal-adjacent tissue) were derived from
a surgically resected human pancreatic cancer sample. Tis-
sues were used in accordance with the Code of Conduct
for Responsible Use of human tissues, and after written
informed consent was obtained. Approval for this study was
obtained from the biobank committee as part of the medical
ethics committee of the Leiden University Medical center
and registered under protocol RP 24.004. Organoids were
expanded according to previously established procedures
[52, 53]. In brief, organoids were embedded in growth fac-
tor reduced Matrigel (GFR-Matrigel, phenol red free, Corn-
ing) and cultured in complete medium: AADMEM/F12
medium supplemented with SmM HEPES (GIBCO), Gluta-
mine/Glutamax (200 nM 100x, Invitrogen), 1% penicillin/
streptomycin (Thermo Fisher Scientific), 1x B27 supple-
ment (Invitrogen), 1 mg/ml Primocin (InvivoGen), 1.5 mM
N-acetyl-L-cysteine (Sigma), Wnt-3a Recombinant Protein
0.5 nM (PeproTech), recombinant R-Spondin 3 100 ng/
mL (Peprotech), recombinant Noggin 100 ng/mL (Peprot-
ech), 50 ng/mL epidermal growth factor (EGF; Peprotech),
10 nM Gastrin (Sigma), recombinant FGF10A 100 ng/mL
(Peprotech), 10 mM Nicotinamide (Sigma), and 0.5 mM
A83-01 AIkS inhibitor (Selleckhem).

Organoid treatment

ChemoGell injections into the organoid dome were tested
in vitro, in four different patient-derived organoids. In brief,
the day prior to treatment, organoids were dissociated using
cold AADMEM, centrifuged at 1200 rpm for 5 min at 4 °C,
before removing the supernatant and Matrigel. Then, fresh
cold medium was added and organoids were mechani-
cally disrupted into fragments by the use of a needle and a
syringe. After centrifuging, the pellet of organoid fragments
was resuspended in Matrigel and seeded as 50 pl domes

in 24 well plates. Domes were solidified by incubating for
6 min at 37 °C, before 500 pl of warm, complete organoid
medium was added. The day after, organoids were treated
i.e. non-injected, PBS-, CG- and ChemGem injected. Intra-
dome injections were performed by injecting 10 pl of each
treatment, perpendicular to the dome surface using insulin
needles. Mechanical/shear stress damage to the organoids
was excluded using a PBS injection control and an empty
ChemoGell control. Intradome treatment solutions were
all kept cold for the procedure. After 3 days of treatment,
media was refreshed. At day 5, organoid cell death and via-
bility were evaluated first by the use of propidium iodide
(PI, Cat. #P4170, final concentration 5 pg/ml) and Hoechst
33,342 stain (Cell Signaling Technology Cat. #4082, RRID:
AB 10626776), and subsequently by Cell Titer Glo 3D
viability assay (Promega). All bright field, fluorescence
and luminescence images and measurements were cap-
tured using a Cytation 5 Cell Imaging Multi-Mode Reader
(BioTek Instruments, Inc, Winooski, VT).

Explant treatment

Tumor and normal resected tissue samples were sliced into
0.5-1x1 cm pieces. The pieces were allocated into indi-
vidual wells of a 24-well plate containing warm Advanced
DMEM. Injections were prepared on ice using insulin nee-
dles. Each tissue piece was injected perpendicularly to the
tissue with a total volume of 10 pl of PBS, CG and Chem-
Gem, followed by incubation at 37 °C. After 24 h, tissue
samples were fixed in 4% formalin and paraffin embedded
for subsequent tissue stainings.

Animal experiments

All animal experiments were performed in accordance
with the ARRIVE guidelines, and with the Dutch Act on
Animal Experimentation and EU Directive 2010/63/EU,
and approved by the institutional Animal Welfare Body of
Leiden University Medical Center (the Netherlands), and
carried out under project license AVD11600202216549
issued by the competent authority on animal experiments in
the Netherlands (CCD: Centrale Commissie Dierproeven).
Immunodeficient female xenograft NSGs (NOD, Cg-
Prkdc scid I12rg tm1 Wjl/SzJ; 6-8 weeks old, own breeding)
were used to evaluate tumor growth. Mice received a sub-
cutaneous implant of an established PDAC patient-derived
xenograft in the right flank under analgesia (Buprenorphine,
Temgesic) and inhalation anaesthesia (isoflurane 2-3%).
Once tumors were palpable (~4-5 week post implantation),
tumor volume was monitored twice per week by the use of
a calliper. A total of 21 successfully engrafted mice were
included in the study, divided into 3 groups, with 7 mice per
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group and a statistical power of 0.8163. Upon reaching the
humane endpoint (HEP: tumor volume >1500mm?, tumor
ulceration, extreme weight loss and/or abnormal behaviour)
or max. 112 days post inoculation, mice were euthanized
through CO,.

For the KPC3 experiments, immunocompetent female
C57BL/6] mice (RRID: IMSR JAX:000664) were pur-
chased from Charles River Laboratories. For the formation
of tumors, a total of 10° KPC3 cells were injected subcutane-
ously into the right flank of 6—12-week-old C57BL/6J mice
with a total volume of 100 ul PBS/0,1% BSA. Once tumors
were palpable (~11-14 days post injection), tumor volume
was monitored three times per week by the use of a calliper.
Upon reaching the HEP (tumor volume >1000mm3, tumor
ulceration, extreme weight loss and/or abnormal behavior),
mice were euthanized through CO,. A total of 41 tumor-
bearing mice were included in the experiment, divided
into five groups, with 89 mice per group, with a statistical
power of 0.8724.

To further evaluate the haematological/immune effect
of intratumoral injections, we made use of a second cohort
with female Albino B6 (B6(Cg)-Tyr<c-2 J>/Lumc (C57/
BI6 albino). For the formation of tumors, a total of 10°
KPC3-luc2 cells were injected subcutaneously into the
right flank of 6-12-week-old Albino B6 mice with a total
volume of 100 pl PBS/0,1% BSA. Once tumors were pal-
pable (19 days post injection), tumor volume was monitored
three times per week by the use of a calliper. Upon reaching
the humane endpoint (HEP, >1500mm3, tumor ulceration,
extreme weight loss and/or abnormal behavior), mice were
euthanized through CO,. A total of 27 tumor-bearing mice
were included in the experiment, divided into three groups,
with 9 mice per group, with a statistical power of 0.9548.

Additionally, to functionally assess and characterize
the immune infiltrate into the treated tumors, a total of 10°
KPC3-luc2 cells were injected subcutaneously into the right
flank of 6-12-week-old C57BL/6J mice with a total volume
of 100 ul PBS/0,1% BSA. Tumor volume was then moni-
tored as previously described.

For KPC3, KPC3-luc2 and PDX mice survival experi-
ments, and to ensure that all treatment groups had similar
tumor volume at the start of the treatment, mice were treated
once tumors reached 125mm?>+25mm?>. For both systemic
and local treatments, two injections were performed at
day 0 and day 8 from the start of treatment under anaes-
thesia. For the KPC3-luc2 mice experiment interrogating
the immune effects, mice were treated once tumors reached
125mm?®+25mm? and tumors were collected after 7 days of
treatment.

Systemic treatments consisted of intraperitoneal injec-
tions (100 pl) of saline or gemcitabine HCI dosed at 50 mg/
kg. Local treatments consisted of intratumoral injections
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(50 pl) of saline, empty ChemoGell or Gemcitabine-loaded
ChemoGell. equal dose of gemcitabine HCI was adminis-
tered in both intratumoral and intraperitoneal injections. At
the end of the experiment, tumors and organs (liver, spleen,
kidneys and heart) were collected, fixed in 4% formalin and
embedded in paraffin for further experiments. Mice dis-
playing tumor ulceration bearing tumors <500mm® were
excluded from the analyses.

Fluorescence in vivo and ex vivo imaging

To evaluate the presence of ChemoGell depot, the FITC
signal of cyclodextrin (ex. 465, em. 530) contained in Che-
moGell, was measured under anesthesia 2 h after first injec-
tion and 2 h before second injection in vivo. Additionally,
fluorescent signals were measured from ex vivo tumors and
organs after euthanasia. Signals were captured using the
Lago X instrument (Spectral Instruments Imaging, Bruker).
Subsequently, tumors and organs were fixed in 4% parafor-
maldehyde and embedded in paraffin for further analysis.
To reduce fluorescence background signal, non-fluorescent
2016 Teklad global 16% protein feed (Inotiv) was given to
all mice for the duration of the study.

Blood sampling and analyses in vivo

To assess systemic toxicity, peripheral blood of C57BL/6J
mice bearing KPC3 tumors was collected via tail vein punc-
ture using heparin coated tubes (max. 25 pl/sample) 72 h
after the first injections, under a warming lamp. A total of
20 pl were transferred to solvent-prefilled tubes, and then
analyzed using the Urit V5 smart hematology analyzer.
Haematological markers such as red blood cell count
(RBC), white blood cell count (WBC), haematocrit (HCT)
and platelet count were included. Peripheral blood of the
second cohort of C57/Bl6 albino mice bearing KPC3-luc2
tumors was collected as described after 24 h, 72 h, 7 days
and 14 days of both intratumoral injections.

Tumor and organ staining

Histochemical stainings were performed on 4% formalin
fixed, paraffin embedded tumor and organ 4-um sections.
Mounted slides were deparaffinized, rehydrated, and stained
for haematoxylin and eosin (HE). To evaluate ChemoGell
depot in tumors, Safranin/O Fast-green staining [54] was
used to stain the chitosan, contained in ChemoGell.

For immunohistochemical (IHC) stainings, formalin-
fixed, paraffin embedded tissue 4 um were deparaffinized
and an additional blocking step of 0.3% hydrogen peroxi-
dase (Merck) in methanol was performed for 20 min. Once
rehydrated, antigen retrieval was performed by boiling in
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0.01 mol/l sodium citrate (pH 6.0). Slides then were washed
and incubated with primary antibodies diluted in 1% PBS/
bovine serum albumin (BSA) overnight. Primary antibod-
ies used were: anti-Pan-cytokeratin (1:3200, clone PCK26,
Sigma), anti-Vimentin (1:400, clone d21h3, Cat #5741s,
Cell Signaling Technology), anti-Ki67 monoclonal antibody
(1:200, SP6, Cat #ab16667, Abcam), anti-Cleaved Cas-
pase-3 polyclonal antibody (1:200, Asp175, Cat #9661, Cell
Signaling Technology), anti-F4/80 (1:800, clone BMS, Cat
#14-4801-82, eBioscience) and anti-CD45 (1:200, Cat #30-
F11, eBioscience). Antibodies were diluted in 1% PBS/BSA
and incubated at the recommended temperature overnight.
Then, samples were incubated for 30 min at RT with goat
anti-rabbit (Ab6720, Abcam) and goat anti-mouse (Ab6788,
Abcam) biotinylated secondary antibodies followed by incu-
bation with avidin biotin complex (VECTASTAIN® Elite®
ABC HRP Kit; Vector Laboratories). Peroxidase activity
was detected using the 2-component liquid DAB+ system
(Agilent) according to the manufacturer’s instructions for
5 min. Slides were counterstained in haematoxylin (Sigma
Aldrich), dehydrated, and mounted using Entellan (Sigma
Aldrich). Control sections were processed in parallel, but
without incubation with primary antibody. No labelling was
observed in the negative control slides.

AIl HE and THC slides were scanned with the Pannoramic
250 slide scanner (version 1.23; 3DHISTECH, Ltd, Buda-
pest, Hungary). Images were obtained using Caseviewer
(version 2.4; 3DHISTECH, Ltd).

For immunofluorescent (IF) stainings, the spectral IF
panels used were aSMA, iNOS, and CD8a, F4/80, and
DAPI. Tumor slides were then incubated with anti-mouse
aSMA monoclonal (61001, Progen) and rabbit anti-mouse
iNOS (PA3-030 A, ThermoFisher), or rat anti-mouse F4/80
monoclonal (clone BMS, Cat #14-4801-82, eBioscience)
and rabbit anti-mouse CD8a monoclonal (D4W2Z) anti-
bodies diluted in 1% PBS/BSA at the recommended tem-
perature overnight. Slides were then washed in PBS and
incubated with donkey anti-rat AF488 (A21208, Invitro-
gen) and donkey anti-rabbit AF555 (A31572, Invitrogen),
or donkey anti-rabbit IgG AF488 (A21206, Invitrogen) and
donkey anti-mouse AF555 (A31570, Invitrogen) secondary
antibody diluted in PBS for 30 min at room temperature in
the dark. Nuclear counterstaining was performed by mount-
ing with ProLong DAPI (P36931, ThermoFisher) at room
temperature. All IF images were obtained with the Wide-
field Leica DM6B1 microscope (Leica Microsystems).

Cell preparation for flow cytometry
Tumors were minced in small pieces and additionally incu-

bated with Liberase TL (Roche) for 15 min at 37 °C. The
reaction was stopped by the addition of medium and the

Table 2 Antibodies used in immune characterization of tumors by flow

cytometry

Marker Clone Fluorochrome Supplier
Surface Markers:

CD44 IM7 APC-Cy7 Biolegend
TCRyd GL3 BUV496 BD Biosciences
CDllc N418 BUV563 BD Biosciences
CD103 2E7 BUV615 BD Biosciences
CD19 1D3 BUV661 BD Biosciences
CD62L MEL-14 BV421 Biolegend
Ly6C HK1.4 BV570 Biolegend
CD69 H1.2F3 BV605 Biolegend
NKI.1 PK136 BV650 BD Biosciences
CXCR3 CXCR3-173 BV711 BD Biosciences
PD-1 RMP1-30 FITC Thermofisher
CD3 145-2C11 PECF594 BD Biosciences
F4/80 BMS PE-Cy5 Biolegend
KLRG-1 2F1 PE-Cy7 Invitrogen
CD45 30-F11 RealBlue705 BD Biosciences
CD4 CK1,5 RealBlue744 BD Biosciences
CD25 2A3 RealBlue780 BD biosciences
CCR2 475,301 RealYellow586 BD Biosciences
CDl11b M1/70 Spark PLUS UV395  Biolegend

CD8 53-6.7 SparkBlue550 Biolegend
Ly6G 1A8 BUVS805 BD Biosciences
CD84 1D3/CD84 BUV737 BD Biosciences
Intracellular Markers:

iNOS CXNFT APC eBioscience
FoxP3 FIK-16s PE eBioscience
CD206 Y17-505 R718 BD Biosciences

mixture was gently dissociated into a single-cell suspension
over a 70 um cell strainer. Cells were incubated with Zom-
bie Aqua Fixable Viability Dye (BioLegend) in PBS at room
temperature followed by incubation with 2.4G2 FcR block-
ing antibodies (clone 2.4G2; BD Biosciences) in FACS buf-
fer (PBS, 0.5% BSA and 0.2% NaNj,) for 20 min on ice.
Cells were then stained with surface markers (Table 2) for
30 min at room temperature. For intracellular staining mark-
ers, cells were fixed and stained using the Foxp3/Transcrip-
tion Factor Staining Buffer Set (eBiosciences) according to
manufacturer’s instructions. Cells were then washed with
FACS buffer and stained with intracellular markers (Table 2)
for 60 min at room temperature. Subsequently, cells were
washed twice and resuspended in 150 pl for analysis.

Flow cytometry acquisition

Samples acquired using a Sony ID7000 spectral cytometer
at the Flow cytometry Core Facility (FCF) of LUMC in
Leiden, the Netherlands (https://www.lumec.nl/research/fac
ilities/fcf). Single staining controls were prepared on Ultra-
Comp eBeads Plus (ThermoFisher Scientific), incubated
20 min at room temperature with the conjugated antibodies,
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washed with FACS buffer and then resuspended in 150 pl of
FACS buffer. Stained cells and single stained controls were
acquired on a Sony ID7000 spectral cytometer. This cytom-
eter is configured with 5 lasers (355 nm, 405 nm, 488 nm,
561 nm, and 637 nm) and the PMT voltages were set up
for each laser independently. Samples were unmixed on
1d7000 software (Sony). Each dye was assigned a spectrum
shape before unmixing was calculated. Unstained cells were
analysed using the Autofluorescence Finder tool and auto-
fluorescent cells were gated out.

Statistical and data analyses

For all mice experiments, tumor volume was determined
using the following formula: Width>xLength. For survival
analysis, Kaplan Meier curve analysis and log rank test
were performed. Slidescanner Imagel] software [55] was
used for the quantification of tissue and organ stainings by
using Color Deconvolution H DAB and H&E, and for the
quantification of organoid count and area by thresholding
and analyzing particles. Flow cytometry data was analyzed
using FlowJoTM Software Version 10.1 (Becton, Dickinson
and Company). For testing statistical significance, Mann
Whitney test and one-way ANOVA with multiple testing
were performed.
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