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Nucleic acids represent a promising therapeutic modality for cancer treatment because they can directly target mechanisms
underlying tumor progression. We developed chemically synthesized short hairpin oligonucleotide pairs (oHPs), a novel
anticancer nucleic acid therapeutic candidate that suppresses tumor growth through activation of innate immunity. However,
like many nucleic acid therapeutics, oHPs face major delivery challenges, including poor cellular uptake, rapid degradation,
and preferential accumulation in the liver. Indeed, most currently approved nucleic acid drugs are either administered in naked
form or utilize GalNAc conjugation for liver targeting. Therefore, efficient delivery to tumors outside the liver remains a

critical challenge.

To address this issue, we collaborated with DDS researchers to identify effective delivery systems for oHPs and improve their
tumor accumulation and antitumor efficacy in breast cancer and melanoma models. First, we evaluated intratumoral
administration of oHPs-DDS complexes in mice bearing subcutaneous B16 melanoma tumors. Among five tested DDS
formulations, one showed particularly strong tumor growth suppression. In a breast cancer model, administration three times
at four-day intervals resulted in complete tumor disappearance in two of six mice. Immunohistochemical analyses revealed
accumulation of CD4-positive and CD8-positive T cells around tumors following treatment, suggesting activation of
antitumor immunity. Furthermore, depletion of CD4 or CD8 T cells reduced the therapeutic effect, indicating that T-cell-
mediated immunity contributes substantially to tumor suppression. Combination therapy with anti-PD-1 antibody further
enhanced antitumor efficacy even in poorly immunogenic B16 melanoma models, suggesting that oHPs may function as an

effective adjuvant for immune checkpoint inhibitors.

We next examined systemic administration via tail vein injection. Among several DDS candidates, one formulation achieved
strong tumor growth suppression without severe toxicity such as splenomegaly or organ hemorrhage, although mild transient
anaphylactic responses and skin symptoms were observed. Optimization of dosing conditions successfully reduced these
adverse reactions while preserving therapeutic efficacy. CD8 immunostaining demonstrated increased infiltration of CD8-

positive cells into tumors following systemic administration of the oHPs-DDS complex.

Biodistribution studies using fluorescent labeling demonstrated the importance of DDS optimization. A DDS previously used
for intratumoral injection accumulated mainly in the liver after intravenous administration and failed to reach tumors
efficiently. In contrast, the optimized DDS enabled strong accumulation of oHPs within tumor tissues. Fluorescence imaging
revealed selective tumor localization of oHPs with relatively weak retention in normal organs such as the liver and spleen.
Safety evaluation after repeated intravenous administration showed no major abnormalities in liver or kidney function

parameters, except for a slight increase in ALP levels that remained within normal ranges.

Overall, this study identified an effective DDS capable of improving delivery, tumor accumulation, and antitumor efficacy of
oHPs in breast cancer and melanoma models. These findings highlight the potential of combining nucleic acid therapeutics

with advanced delivery technologies to develop next-generation cancer immunotherapies.



