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Intratumoral sustained release
of resiquimod with ablative
fractional laser induces ef� cacy
in a cutaneous squamous cell
carcinoma mouse model
Martin Wiinberg 1*, Fredrik Melander 1,
Catharina M. Lerche 2,3, Thomas L. Andresen 1,
Uffe H. Olesen 2 and Merete Haedersdal 2

1Department of Health Technology, Technical University of Denmark, Kongens Lyngby, Denmark,
2Department of Dermatology, Copenhagen University Hospital - Bispebjerg, Copenhagen, Denmark,
3Department of Pharmacy, University of Copenhagen, Copenhagen, Denmark
Introduction: The Toll-like receptor (TLR) 7/8 agonist resiquimod has shown
promise for precancerous lesions of cutaneous squamous cell carcinoma (cSCC)
but remains unexplored as a treatment for cSCC. Additionally, ablative fractional
laser (AFL) has been shown to enhance the ef�cacy of TLR7 agonist in mouse
tumor models. This study investigates the ef�cacy of intratumoral resiquimod
formulated into a sustained-release gel (RSQ-gel) in a cSCC mouse model and
compares RSQ-gel with topical imiquimod (IMQ) cream, a clinically approved
TLR7 agonist. We further examine whether adjuvant AFL enhances the ef�cacy of
RSQ-gel.
Methods: A syngeneic transplanted cSCC mouse model was established using
cells from a UVR-induced cSCC mouse model. The immunostimulatory effects
of RSQ-gel were assessed by analyzing the expression of the activation marker
CD86 on plasmacytoid dendritic cells (pDC) and cross-presenting conventional
type I dendritic cells (XCR1+ cDC1) via �ow cytometry. Tumor growth and survival
outcomes were evaluated for RSQ-gel as monotherapy and in combination
with AFL.
Results: RSQ-gel was associated with activation of pDCs and XCR1+ cDC1s in the
tumor-draining lymph node, as indicated by higher expression of CD86
compared to IMQ (P< 0.0001, P = 0.00175, respectively). RSQ-gel
monotherapy delayed tumor growth but did not prolong survival (P = 0.0651).
However, combining RSQ-gel with AFL resulted in prolonged survival compared
to AFL-treated and untreated mice (P = 0.0153, P = 0.0214, respectively). Weekly
RSQ-gel treatment induced comparable ef�cacy to daily topical IMQ treatment.
Discussion: RSQ-gel with AFL demonstrated signi�cant antitumor ef�cacy in the
cSCC mouse model. Local RSQ-gel combined with adjuvant AFL may offer a
promising therapeutic approach for cSCC.
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1 Introduction

Cutaneous squamous cell carcinoma (cSCC) is the second most
prevalent type of epithelial cancer. Ultraviolet radiation (UVR)
exposure is the primary risk factor for the development of cSCC.
The standard of care is surgical excision, which results in high cure
rates. However, cSCC lesions may develop in anatomically
challenging locations or become locally invasive if not treated
early, potentially rendering them ineligible for surgical excision
(1). Locally applied drugs provide a feasible treatment alternative in
inoperable cases of cSCC. Additionally, cSCC is considered a
suitable candidate for immunotherapies due to its high
mutational burden attributed to UVR exposure (2). This was
highlighted with the approval of systemic treatment with the
immune checkpoint inhibitor, cemiplimab, an antagonizing
antibody targeting the programmed-death 1 protein, resulting in
antitumor responses (2�6). Toll-like receptor (TLR) 7 agonists are
another promising category of immunotherapeutic drugs for cSCC
(7). However, topical administration of the TLR7 agonist
imiquimod (IMQ) is currently only approved for the treatment of
actinic keratosis, a precancerous form of cSCC, and shows limited
ef�cacy in human cSCC (8�10).

TLR7 agonists trigger an innate immune response in
plasmacytoid dendritic cells (pDC) characterized by the secretion
of the pro-in�ammatory cytokine, type I interferon-alpha (IFN-a)
(11, 12). IFN-a secreted by pDCs activates conventional type I
dendritic cells (cDC1), a subset of antigen cross-presenting cells
characterized by their expression of X-C motif chemokine receptor
1 (XCR1). cDC1s are involved in mediating immunotherapy
responses following TLR7 agonist treatment (13�17). TLR7
agonists enhance XCR1+ cDC1s� ability to present antigens and
activate cytotoxic T cells (12, 16�18), thereby inducing antitumor
responses (19�22). Resiquimod, a derivative of IMQ, triggers both
TLR7 and TLR8 and has been reported to induce a more potent
immune response than IMQ (23�25). Topical resiquimod has
demonstrated promising response rates against actinic keratosis
in clinical trials but is yet be evaluated in the treatment of
cSCC (26).

In this study, we formulated resiquimod into a sustained drug
release matrix (RSQ-gel) that can be injected intratumorally,
allowing resiquimod to be released over time at high
concentrations while minimizing systemic drug spillover (27).
The RSQ-gel is stored in a liquid phase, enabling administration
with a conventional hypodermic needle, after which forms a semi-
solid depot in the tumor.

Resiquimod is released over seven days from the RSQ-gel (27),
thus requiring fewer treatments than topical creams. Additionally,
the RSQ-gel consists of components that are biodegradable. A more
comprehensive description of the RSQ-gel technology and its
formulation is available in Jensen et al. (27). RSQ-gel has shown
antitumor ef�cacy in the CT26 colon carcinoma cancer mouse
model but has not been evaluated for the treatment of cSCC (27).

To evaluate the treatment potential of RSQ-gel, we generated a
syngeneic transplanted cSCC mouse model based on the well-
established spontaneous UVR-induced cSCC model (28). The
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transplanted cSCC model enables consistent and synchronized
tumor growth, providing a robust model for evaluating
therapeutic ef�cacy and biological responses under controlled
conditions. In contrast, the parental spontaneous UVR-induced
tumor model is highly resource-intensive as it requires larger group
sizes to account for the unsynchronized development and growth of
multiple tumors, making it more suitable for later-stage validation
(29). The therapeutic potential of RSQ-gel is evaluated by
examining its potential to activate pDCs and cDC1s within the
tumor-draining lymph node (LN) and measuring tumor growth
following weekly administrations. To enhance the potential
antitumor ef�cacy of RSQ-gel, we combine RSQ-gel with adjuvant
ablative fractional laser (AFL) treatment as preclinical studies of
AFL have shown antitumor ef�cacy when combined with topical
IMQ or immune checkpoint inhibitor treatment (29�34). The aim
of this study is to investigate the therapeutic ef�cacy of
intratumorally administered RSQ-gel in the transplanted cSCC
model with and without AFL and compare the ef�cacy to daily
administration of the clinically approved topical IMQ cream.
2 Materials and methods

2.1 Mice

Female C3.Cg-Hrhr/TifBomTac (Taconic, Ry, Denmark)
immunocompetent mice were housed at Bispebjerg Hospital
under a twelve-hour light/dark cycle at 24 °C with ad libitum
feeding. Mice were acclimatized for at least one week prior to
experiments. Mice included in studies were tattooed with
identi�cation numbers on their abdomen under sedation with 0.5
mL fentanyl citrate (0.158 mg/mL), �uanisone (5 mg/mL), and
midazolam (2.5 mg/mL) since earmarking is not feasible in this
mouse strain. All protocols and procedures were ethically reviewed
and approved by the Danish Animal Experiments Inspectorate
(permit number: 2019-15-0201-01666) and conducted in
accordance with Directive 2010/63/EU.
2.2 Study design

The study was conducted in three parts: First, ex vivo �ow
cytometry analysis, measuring activation and recruitment of
dendritic cells in tumor-draining LN following treatment,
secondly, evaluation of ef�cacy of weekly RSQ-gel or daily IMQ
monotherapy in a syngeneic transplanted cSCC tumor model, and
lastly, assessment of the ef�cacy of weekly RSQ-gel or daily IMQ
treatment with adjuvant AFL treatment in a syngeneic transplanted
cSCC tumor model (Figure 1).

For �ow cytometry, cSCC tumor-bearing mice were
randomized and divided into three intervention groups with
equal mean tumor volume of 140 mm3 (n = 5 per group):
Untreated, IMQ or RSQ-gel. Treatment groups received a single
treatment of either topical IMQ or intratumoral RSQ-gel. Mice were
euthanized one day after treatment for ex vivo �ow cytometry
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analysis of dendritic cells in the tumor-draining LN. Outcome
measures were geometric mean �uorescent intensity (gMFI) of
the activation marker CD86 on pDCs and XCR1+cDC1s as well
as percentage of XCR1+cDC1s of all CD45+ immune cells in the
tumor-draining LN.

To evaluate the treatment ef�cacy, mice in the monotherapy study
were randomized into three groups with an average tumor size of 105
mm3: Untreated (n = 8), IMQ (n = 9), RSQ-gel (n = 7) and four
groups in the combination study with an average tumor size of 129
mm3: Untreated (n = 9), AFL (n = 9), AFL+IMQ (n = 10), AFL+RSQ-
gel (n = 9). Tumor dimensions were measured three times weekly with
a digital caliper and tumor volume was calculated as Tumor volume =
Length�Width2

2 . Humane endpoints were de�ned as a tumor volume
>800 mm3 or weight loss >15% between measurements, failure to
thrive or tumor ulceration. Mice with signi�cant weight loss, failure to
thrive or tumor ulceration were censored in survival analysis. Animal
well-being was monitored daily throughout the studies. Outcomes
measurements in survival studies were tumor volume and days until
reaching humane endpoint. Investigators were not blinded during the
described studies.
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2.3 Tumor model establishment

A syngeneic transplanted cSCC tumor model was established
using tumor cells from the autochthonous UVR-induced cSCC tumor
model (Figure 2A). The parental UVR-induced cSCC tumors were
generated as previously described in Lerche et al (28). Brie�y, mice
were exposed to an erythema-inducing UVR-protocol thrice weekly.
Mice developed super�cial epidermally and dermally located cSCC
tumors (Figure 2B) approximately 20 weeks after UVR initiation.
UVR-induced tumors were aseptically excised and subsequently
mechanically minced. Tumor matrix was further enzymatically
dissociated in tubes containing Mouse Tumor Dissociation kit
(Milteney Biotec, Bergisch Gladbach, Nordrhein-Westfalen, cat#130-
096-730) for 1 hour at 37 °C in a Mini LabRoller™ tube rotator
(LabNet International, Edison, NJ, USA). Enzyme digested tumor
tissue was passed through 70 µm cell strainer (pluriSelect Life Science,
Leipzig, Sachsen, Germany, cat# 43-10070) twice and washed with
sterile 4 °C phosphate-buffered saline to obtain a single-cell solution of
tumor cells. The tumor cells were counted using a Countess I™

(Thermo Fisher Scienti�c, Waltham, MA, USA) and diluted in Hank�s
FIGURE 1

Experimental design. Schematic overview of study design. Tumors were established by subcutaneous injection of in vivo passaged UVR-induced
cSCC cells into the right �ank of hairless C3.Cg-Hrhr/TifBomTac mice. Mice were randomized into intervention groups with the same average tumor
volumes. The study consists three experimental arms: (1) Flow cytometry of tumor-draining lymph nodes (tdLN), assessing CD86 activation marker
on pDCs and XCR1+ cDC1s in untreated, IMQ, and RSQ-gel-treated groups,; (2) Ef�cacy of RSQ-gel, comparing untreated, IMQ, and RSQ-gel
groups; (3) Ef�cacy of RSQ-gel with AFL, evaluating untreated, AFL, IMQ + AFL, and RSQ-gel + AFL groups. Abbreviations: AFL, ablative fractional
laser; cDC1, conventional type I dendritic cells; cSCC, cutaneous squamous cell carcinoma; gMFI, geometric mean �uorescence intensity; IMQ,
topical imiquimod cream; RSQ-gel, intratumoral injected sustained release formulated resiquimod gel; pDC, plasmacytoid dendritic cells; tdLN,
tumor-draining lymph node; UVR, ultraviolet radiation; XCR1, X-C motif chemokine receptor 1.
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Balanced Salt Solution to a concentration of 20 x 106 viable cells/mL.
2 x 106 viable tumor cells were injected subcutaneously into the right
�ank of the mice. A single tumor established at the point of injection
and no metastasis were observed throughout the study.
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The tumor was excised once the length of the �rst generation of
syngeneic transplanted cSCC tumor measured 12 mm in length.
Tumor cell isolation and inoculation procedures were repeated as
described above. Tumor cells were in vivo passaged for a total of
FIGURE 2

Establishment of syngeneic transplanted cutaneous squamous cell carcinoma (cSCC) mouse model. (A) Conceptual illustration of the establishment
of the syngeneic transplanted cSCC tumor model based on tumor cells originating from the UVR-induced autochthonous cSCC tumor model. The
model is established in the hairless and immunocompetent C3.Cg-Hrhr/TifBomTac mouse strain. (B) Representative histological image of UVR-
induced cSCC tumor stained with hematoxylin and eosin-stained. (C) Representative histological image of a transplanted cSCC tumor used
throughout this study stained with hematoxylin and eosin. The images show that transplanted cSCC tumors are located in the subcutaneous layer
below Panniculus carnosus. Abbreviations: cSCC, cutaneous squamous cell carcinoma; UVR, ultraviolet radiation.
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