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Background of research
I. Background, motivation, and significance

Wound healing is a significant clinical challenge, particularly in the context of
chronic wounds, which are a common complication of diseases like diabetes. Non-healing
wounds such as diabetic foot ulcers (DFU) and venous stasis ulcers fail to progress through the
normal stages of healing and can persist for months or even years, causing significant
morbidity and reducing the quality of life for patients[1]. The management of chronic
wounds places a substantial public health burden worldwide that is associated with
high healthcare costs, long-term disability, and significantly reduced quality of life for
patients.

Wound healing is a dynamic and complex process that involves a series of coordinated
events, including hemostasis, inflammation, proliferation, and remodeling[2]. The
inflammatory phase is crucial for protecting the wound from infection and also initiating the
subsequent phases of healing. During the proliferative phase, new tissue, known as granulation
tissue (GT), is formed to fill the wound gap, and new blood vessels are developed to
supply nutrients to the healing wound. The final phase — remodeling - involves the
maturation and reorganization of collagen fibers in the wound bed, leading to wound closure
and the restoration of a functional barrier. Immune cells play a crucial role in these stages,
not only defending against infection but also regulating the whole healing process[3].
However, in chronic wounds, this process is impaired, leading to persistent
inflammation and delayed healing.

Photodynamic therapy (PDT) is a treatment that has gained significant attention
in recent years due to its potential in treating various medical conditions, especially
cancer[4]. It is a unique treatment modality that involves the use of light-sensitive
compounds, known as photosensitizers (PS). When exposed to a specific wavelength of
light, the PS becomes activated and undergoes a series of chemical reactions that result in
the generation of reactive oxygen species (ROS). These ROS can cause direct cytotoxic
effects.

The application of PDT in wound healing is an emerging field of research[5, 6]. It
is minimally invasive, and can be targeted specifically to the wound site. Recent research
has shown that PDT can promote wound healing. The ROS generated during PDT can kill
bacteria, reducing the risk of wound infection. Additionally, ROS can also trigger a type of
cell death known as immunogenic cell death, which can stimulate a robust immune
response. This immune response clears dead cells and debris from the wound, reduces
inflammation, and promotes tissue repair and regeneration. Therefore, the mechanism
of PDT involves a combination of direct cytotoxic effects and the modulation of the
immune response, making it a versatile therapy for a range of conditions.

Despite these promising findings, our understanding of the mechanisms underlying the
effects of PDT on wound healing is still in its infancy. For instance, it is unclear which types
of PDT are most effective for promoting wound healing, and the immune
mechanisms underlying the effects of PDT on wound healing are not fully understood.
Answering these questions is essential for designing of PDT for wound healing in different
contexts, such as surgical wounds, burn wounds, abrasion wounds, surgical wounds in
patients undergoing chemotherapy, or chronic non-healing wounds in patients suffering
from conditions such as diabetes mellitus (DM). This proposal aims to address these gaps of
knowledge for the design of novel therapy for wound healing.



Interestingly, tumors have often been described as 'wounds that do not heal' due to the
chronic inflammation, tissue proliferation, and remodeling seen in both processes[7-10].
However, unlike in normal wound healing, these processes in the tumor microenvironment
(TME) often lead to the promotion of tumor growth and progression. Given these parallels,
insights gained from studying the immune mechanisms involved in PDT-mediated wound
healing can potentially be applied to cancer therapy. Therefore, the proposed research could
have far-reaching implications, not only improving our understanding of wound healing but
also informing the development of novel cancer therapies.

I1. Key questions addressed

1. What type(s) of PDT is most effective in promoting wound healing? There are two main
types of PDT — Type I reactions generate radical and radical anion species (e.g. 02, HO"),
while type II reactions produce singlet oxygen ('O2). Type II PDT is highly dependent on
oxygen availability. Within each type, multiple PSs with varying properties can be utilized.
It is unclear which type of PDT is best suited for wound healing applications. We will use
acute and chronic wound mouse models in normal and DM mice to test the efficacy of a
panel of PDTs.

2. Does PDT influence the recruitment of innate immune cells to the wound site for
wound healing promotion? While several studies have shown the beneficial effects of PDT
in promoting wound healing, little is known about the underlying mechanisms. Innate
immune cells play pivotal role in all stages of the wound healing process. Using mouse
models and cellular assays, we will track the recruitment of immune cells to the wound site
following PDT, and assess the functions of these cells to delineate their role in PDT-
mediated wound healing.

Overall, this proposal aims to identify the most effective PDT for wound healing
applications and dissect the mechanism of PDT-mediated wound healing promotion. This
research has the potential to significantly improve our understanding of PDT and wound
healing, and could lead to the development of more effective treatments for chronic wounds.
The insights gleaned can also be applied to the development of cancer therapies.

II1. Expertise and previous relevant work done by the research team

The proposed research represents a powerful collaboration between two research
groups with complementary expertise. The Chow (PI) group brings a deep understanding of
the immune mechanisms in tumors, providing critical insights into the parallels between tumor
biology and wound healing, as well as the role of immune cells in these processes (Figure 1).
The group has successfully established an in vivo drug screening platform for wound healing
(Figure 2). The Lo (co-PI) group, with their extensive experience in the development of PDT,
contributes a wealth of knowledge on PDT techniques and modifications, the generation of
ROS, and the application of PDT in different disease contexts. The two groups have a proven
track record of successful collaborations in designing novel PDTs for cancer treatment (Figure
3). Collectively, the team has been recognized by several awards, including the Croucher
Innovation Award (PI) and Stanford’s Top 2% Most Highly Cited Scientists (co-PI).
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Figure 1: Immune profiling in the primary tumor, metastasized tumor, and draining lymph node
in untreated and mice receiving PDT treatment. The relative level of (a) mDCs, (b) pDCs, and (c)
B cells in lymph nodes and tumor sites in day 21. (d) The relative level of various T cells in tumor sites
a in day 21. (¢) Mean number of lung nodules in day 21. (*P<0.05, **P<0.01, ***P<0.001,
**A%P<0.0001).
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Figure 2: Screening drug treatments for wound healing in vivo. (a) Schematics showing the
experimental setup for wound healing assays and drug treatment regimen. (b) Wound size was tracked
throughout the course of healing progression. (¢) Quantification of wound closure as a percentage of
original wound size on Day 0.
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Figure 3: Newly developed PDTs were effective in suppressing tumor growth and enhancing
innate immune cell infiltration into the tumor. (a) Schematics showing the experimental setup for
administering PDT developed by the team to tumor bearing mice. (b) Effect of PDTs on tumor volume.
(c) The tumor volume at day 21. (d) Changes in body weight with time after tumor cell inoculation.
The proportions of innate immune cells in lymph nodes at day 21, including (e) leucocytes (f)
neutrophils (g) macrophages and (h) natural killer cells (N.K. cells). (¥*P<0.05, **P<0.01, ***P<0.001,
****¥P<0.0001).
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