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ABSTRACT
Peritoneal metastases remain a significant clinical challenge owing to the immunosuppressive nature of 
the omentum, which serves as a protective niche for disseminated tumor cells. Our recent study explored 
the targeted delivery of immunomodulatory cytokine-encoded mRNAs to the omentum, aiming to shift its 
role from a tumor-supportive site to an immune-activating ally. Our findings highlight the potential of 
cytokine mRNA delivery as a novel and safe immunotherapeutic strategy for peritoneal metastases.
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Peritoneal carcinomatosis is an advanced manifestation of 
cancer characterized by the dissemination of malignant cells 
within the peritoneal cavity. Primary tumors that can metasta
size to the peritoneal cavity include gastrointestinal cancers 
such as gastric, colorectal, and appendiceal tumors, as well as 
gynecologic malignancies such as ovarian and endometrial 
cancer.1 This condition is particularly challenging because it 
is usually diagnosed in the late stages and due to the limited 
effectiveness of available therapeutic options, such as systemic 
chemotherapy, which is often hindered by severe side effects 
and poor response in these advanced cases.2 In light of this, 
locoregional immunotherapy has emerged as a promising 
alternative, given its potential to increase therapeutic efficacy 
locally, while reducing the systemic toxicity associated with 
conventional treatments. Previous investigations into immu
notherapy delivered via intraperitoneal infusion represent 
a shift in the treatment paradigm for peritoneal 
carcinomatosis.3 In this context, peritoneal metastases usually 
begin in the omentum. The omentum is recognized as the 
“policeman of the abdomen” which contains functional aggre
gates of different immune cells called “milky spots”,4 contri
buting to crucial peritoneal immunity by collecting antigens, 
toxins, and pathogens from the peritoneal cavity. 
Notwithstanding, in view of this paradox, our hypothesis high
lights the omentum as a “key player” in the antitumor response 
against peritoneal metastases. In this regard, previous findings 
from our group have revealed that viral vectors5 and tumor 
antigen-specific T cells6 act mainly in the omentum when 
administered intraperitoneally, as opposed to other routes. 
This phenomenon activates the endogenous immune response 
of the omentum to induce antitumor responses in the areas of 
peritoneal carcinomatosis, which also have a systemic impact 

to eliminate distant tumors.5 In line with this, we have demon
strated that locoregional immunotherapy strategies that are 
targeted to the omentum are a promising preclinical approach 
translatable to treat patients with peritoneal carcinomatosis.

More recently, we explored the potential of a cationic poly
mer/lipid-based transfection system for the intraperitoneal 
delivery of mRNA, aiming to induce an effector immune 
response in the omentum. In this study, the delivery system 
is shown to be highly efficient at promoting localized luciferase 
expression in the omentum following the intraperitoneal 
administration of mRNA complexes. One of the most relevant 
findings is that the delivery route minimizes systemic impact.7 

A particularly interesting aspect of this study was the identifi
cation of macrophages as the key cells involved in the uptake 
and expression of mRNA complexes. Depletion of macro
phages in murine models resulted in a significant reduction 
in luciferase reporter expression in the omentum, suggesting 
that these phagocytes play crucial roles in the delivery and 
translation of mRNAs within the microenvironment surround
ing the tumor.

These findings align with previous research highlighting the 
role of macrophages in immune responses against tumors and 
in the regulation of efficient immunotherapies. To evaluate the 
therapeutic potential of this strategy, as a proof-of-concept, we 
introduced mRNA encoding interleukin-12 (IL12), an immu
nostimulatory cytokine known for its ability to promote effec
tive CD4+ and CD8+ T-cell responses against tumors. The 
results in murine models revealed a significant improvement 
in the survival of animals treated with mRNA-IL12; further
more, these animals acquired immune memory, as demon
strated by subsequent tumor rechallenge. In addition, mRNA- 
IL12 was able not only to control tumor growth in the short 
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term but also offer long-term protection against recurrence. 
We observed an increased proliferation of effector T cells and 
a reduction in suppressive myeloid populations within the 
tumor microenvironment. Hence, our results support the 
hypothesis that the intraperitoneal delivery of mRNA-IL12 
could reprogram the immune environment to favor an effec
tive antitumor response7 (Figure 1).

While preclinical results are promising, translating this 
approach to human clinical trials requires thorough validation 
of the safety and efficacy of the mRNA delivery system, as well 
as optimal dosing and administration regimens. Additionally, 
the complexity of the human tumor microenvironment, which 
may differ significantly from that of murine models, is 
a determining factor in the adaptability and success of this 
strategy. Nevertheless, mRNA technology has proven to be 
flexible and scalable, suggesting that therapies based on this 
platform could be quickly developed to treat various types of 
cancer sharing peritoneal carcinomatosis as an advanced 
manifestation.

In conclusion, the findings from the studies conducted by 
our group on this subject introduce a new paradigm for 
treating peritoneal carcinomatosis. Locoregional treatment 
focuses on enhancing the mechanism of action of immu
notherapy in the complex intraperitoneal tumor environ
ment. This can be achieved by targeting the omentum, 
which is typically the tissue most affected by peritoneal 
metastases. Various immunomodulatory strategies have 
demonstrated their ability to induce changes in the tumor 
microenvironment, resulting in significant improvements in 
survival and the development of immune memory. 
Specifically, mRNA-based therapies have the potential to 
revolutionize the treatment of challenging tumors with local 

and intracavity approaches.8,9 Although our findings have 
been demonstrated with TransIT®, which is not approved 
for clinical use, they provide a compelling proof-of-concept. 
Future studies should explore clinically translatable mRNA 
delivery systems, such as lipid nanoparticles (LNPs) already 
in clinical development, to evaluate whether similar tropism 
and immune activation in the omentum can be achieved. The 
advantages of our approach include the targeted activation of 
immune responses at the site of peritoneal metastases, the 
potential for inducing durable immune memory, and 
reduced systemic toxicity compared to systemic treatments. 
However, there are important caveats that must be acknowl
edged. The murine peritoneal environment differs from that 
of humans in complexity and scale, and our preclinical 
models may not fully capture the immune suppressive net
works present in human disease. Moreover, macrophage 
involvement, while promising, may be modulated differently 
in clinical settings due to patient heterogeneity and 
comorbidities.

Moving forward, we aim to address several open questions. 
How might different mRNA-encoded cytokines, or combina
tions thereof, modulate the omental microenvironment? Can 
this strategy be integrated with adoptive cell therapies or 
checkpoint inhibitors for synergistic effects? And importantly, 
what biomarkers might predict responsiveness or resistance to 
omentum-targeted mRNA immunotherapy?

In summary, the intraperitoneal delivery of immunostimu
latory mRNAs represents a promising strategy for reprogram
ming the immune microenvironment of the omentum. By 
converting this immunosuppressive niche into an immune- 
activating compartment, we hope to establish a platform for 
less toxic and more effective therapies against peritoneal 

Figure 1. Targeting the omentum for immunomodulatory mRNA therapy in peritoneal metastases. This schematic illustrates the strategy for the intracavitary 
administration of immunomodulatory cytokine-encoded mRNA complexes to the omentum. The mRNA is encapsulated in lipid-based carriers and delivered via 
intraperitoneal injection. Upon reaching the omentum, the mRNA complexes are taken up by immune cells, particularly macrophages, leading to localized expression of 
immunomodulatory molecules. This approach aims to shift the omentum from an immunosuppressive niche to an immune-activating site, promoting an antitumor 
response while minimizing systemic toxicity.
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carcinomatosis. Continued research into optimizing delivery, 
understanding the underlying immune mechanisms, and 
ensuring clinical translatability will be key to advancing this 
approach from bench to bedside.
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