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Abnormal glycosylation is a hallmark of cancer, and hypersialylation
increases tumor metastasis by promoting immune evasion and inducing tumor cell invasion and
migration. Inhibiting sialylation is thus a potential anticancer treatment strategy. However,
targeting sialic acids is difficult because of the lack of selective delivery tools. Here, we
present a prodrug strategy for selectively releasing the global inhibitor of sialylation
peracetylated 3Fax-Neu5Ac (PFN) in cancer cells using the reaction between phenyl azide and
endogenous acrolein, which is overproduced in most cancer cells. The prodrug significantly
suppressed tumor growth in mice as effectively as PFN without causing Kidney dysfunction, which is
associated with PFN. The use of sialylated glycans as immune checkpoints is gaining increasing
attention, and the proposed method for precisely targeting aberrant sialylation provides a novel
avenue for expanding current cancer treatments.
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One of the most remarkable changes in cancer glycosylation is aberrant sialylation due to the marked
upregulation of sialyltransferases, which catalyze the addition of sialic acid to growing glycochains on the
cell surface to form sialoglycans. Desialylation of cancer cells potentiates NK cell-mediated cytotoxicity
and promotes the clearance of cancer cellsinjected into mice, suggesting that targeting aberrant siaylation
could be developed as an effective anticancer treatment.

A cell-permeable peracetylated 3Fx-NeubAc (PFN) effectively inhibited all sialyltransferases via a
mechanism involving its intracellular conversion to an active inhibitor, CMP-3Fx-NeubAc, thereby
reducing overall sialylationin cultured cells. However, despite the efficacy of PFN in decreasing sialylated
glycansin most tissues in the murine model, it causes kidney dysfunction because of the depletion of sialic
acids from podocytes, which impairs glomerular filtration.

Here, we present a prodrug strategy for selectively releasing the global inhibitor of sialylation
peracetylated 3F.-NeubSAc (PFN) in cancer cells using the reaction between phenyl azide and endogenous
acrolein, whichisoverproduced in most cancer cells. Asshown in Figure 1, the 2,6-diisopropylphenyl azide
moiety of 1 selectively reacted with cancer cell-endogenous acrolein to release C2-hydroxy PFN 2, which
was converted to CM P-3F.-NeuSAc to inhibit sialyltransferases, thereby enhancing cancer immunotherapy
and avoid unwanted side effects.
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Figure 1. Schematic of the PFN-based prodrug 1 strategy for the selective release of C2-hydroxyl PFN 2
in tumor sites in vivo through endogenous acrolein to enhance cancer immunotherapy while avoiding
kidney dysfunction caused by PFN.

As reported by Paulson et al., mice treated with 300 mg/kg of PFN develop kidney dysfunction as an
adverse effect. According to the cell-based results, in thelast stage of thisstudy, weinvestigated the efficacy
of prodrug 1 in the treatment of subcutaneous B16F10-xenografted mice and examined whether 1 could be
used to avoid the kidney dysfunction caused by PFN. Because of the limited solubility of 1in saline solution,
mice were divided into three groups as follows. Vehicle, PFN (60 mg/kg), and prodrug 1 (60 mg/kg) via
intravenous administration every day for 5 consecutive daysfor atreatment total of 300 mg/kg. The control
group received a saline solution (vehicle) to replace the compounds in the treatment protocol. Tumor size
was monitored for 16 days. The rate of tumor growth significantly decreased in the PFN (Fig. 2B, blueline)
and prodrug 1 (Fig. 2B, red line) groups compared with the vehicle group (Fig. 2B, orangeline). Mice were
sacrificed on day 16 and tumors were extracted (Fig. 2C). The findings shown in Fig. 2B—-C demonstrate



that PFN and prodrug 1 significantly suppressed tumor growth compared with the control condition
(vehicle) by inhibiting sialyation in tumors to enhance the immunotherapy effect.
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Figure 2. In vivo prodrug 1 activation by acrolein against B16F10 tumor growth in mice. (A) Schematic
representation of the in vivo experiment. B16F10 cell xenograft-bearing C57B/6J mice were treated with
vehicle, PFN, or prodrug 1. Tumors were initially implanted in mice and developed over 5 days before
therapy. When tumor sizes reached 15-20 mm3, the B16F10 tumor-bearing mice were randomly divided
into 3 groups: vehicle group (n = 6); PFN treatment (n = 6); prodrug 1 treatment (n = 6). A dose of 60
mg/kg was administered in the form of daily injectionsfor 5 days through intravenous injection. The tumor
volume and body weight of the mice were recorded until day 16 post-injection. Tumor volume was
quantified using an equation of V = W2 x L x 0.4, where W and L represented the minor and major length
of the tumor, respectively. On day 16 post-injection, mice were sacrificed, urine and blood were collected,
and their tumors were excised, imaged, and weighed. (B) Measurement of tumor size (mm?) in mice over



time. (C) Visual comparison of extracted tumors shows the extent of growth inhibition at 11 days after the
start of therapy (n = 6). (D) Body weight changesin the different groups of mice. Determination of albumin
levelsin serum (E) or urine (F) pooled from mice at 11 days after the start of therapy. (G) Determination
of blood urea nitrogen (BUN) in blood pooled from mice at 11 days after the start of therapy. (H)
Hematoxylin and eosin staining on kidney tissue in various groups of mice at 11 days after the start of
therapy. (1) Fluorescence staining by MALII lectin on kidney tissue in various groups of mice at 11 days
after the start of therapy. Black arrows under the horizontal axis indicate the day of treatment with the
compounds. Datain (B and D-G) are presented as the mean + SE, n = 6 biological replicates. P values were
determined using atwo-tailed Student’s t-test. * P < 0.05, ** P < 0.01, ***P < 0.001 compared to the vehicle

group.

PFN causes kidney dysfunction in mice, which manifests as edema, weight gain, excretion of albumin
inthe urine, and albumin lossfrom the blood. In this study, mice receiving PFN showed higher body weight
(Fig. 2D, blue line) than those in the vehicle group (Fig. 2D, orange line) at approximately 8 days after the
start of treatment, indicating the occurrence of edema. Analysis of the blood and urine in the three groups
showed a decrease in blood albumin (Fig. 2E) concomitant with an increase in urine abumin (Fig. 2F) in
the PFN group compared with the vehicle group, with a substantial increase in urea nitrogen in the blood
(BUN) (Fig. 2G), indicating that PFN caused kidney dysfunction in mice. By contrast, in the prodrug 1
group, these measurements were comparable to those in the vehicle group. In addition, histochemical
studies (Fig. 2H-I) were performed on day 16 paraffin-embedded kidney tissue sections from mice treated
with vehicle, PFN, and prodrug 1. Although the hematoxylin and eosin staining on the kidney tissues of
treated mice in the three groups did not show histological changes (Fig. 2H), the fluorescent lectin staining
of thesekidney tissuesreveal ed that the PFN group (Fig. 21-ii) obviously decreased MALII staining relative
to the vehicle and prodrug 1 groups (Fig. 2I-i and iii). The datain Fig. 2| demonstrated that prodrug 1 did
not alter histochemical characteristics or sialic acid expression in the kidney tissues of mice. Thesein vivo
resultsof Fig. 2 indicate that activation of prodrug 1 by endogenous acrolein in tumorsto release 2-hydroxyl
of PFN 2 for inhibiting sialic acid formation may enhance tumor immunotherapy to inhibit tumor growth
without causing kidney dysfunction, highlighting the potential of this strategy for future applications in
cancer therapy. To apply the prodrug strategy to clinical trial testing in the future, we will proceed with a
preclinical study using a patient-derived xenograft (PDX) mouse model to further investigate the effect of
prodrug 1 on tumor therapy and evaluate its toxicity.

This study represents a significant advance in research into targeting aberrant sialylation in cancer to
enhance cancer immunotherapy. Cell-based experiments showed that endogenous acrolein can be used to
activate prodrug 1 to release 2, thereby inhibiting sialylation in cancer cells to increase susceptibility to NK
cell-mediated cytolysis. Prodrug 1 significantly suppressed B16F10 tumor growth in mice as effectively as
PFN without causing kidney dysfunction. Because the use of sialylated glycans asimmune checkpointsis
gaining increased attention,™ this system for precisely targeting aberrant sialylation offers another avenue
for expanding current cancer immunotherapy.

The paper presenting these findings has been finalized and published (Chem. Sci. 2024, DOI:
10.1039/D4SC00969J)
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