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Abstract Objective: To investigate the effects of the heparanase (HPSE) inhibitor OGT2115 on pain behaviors
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and tumor progression in a mouse model of bone cancer pain (BCP). Methods: A BCP mouse model was
established by inoculating Lewis lung carcinoma (LLC) cells into the femur. Animals were randomly divided
into the sham group (Sham), sham + OGT2115 treatment group (Sham + OGT2115), model group (BCP), and
model + OGT2115 treatment group (BCP + OGT2115). The mechanical withdrawal threshold (MWT) and thermal
withdrawal latency (TWL) of the affected hind paw were dynamically monitored. The expression changes of
HPSE in tumor tissues and dorsal root ganglia (DRG) were detected by Western blot and immunofluorescence.
The mRNA levels of inflammatory cytokines, including interleukin-1B (IL-1), interleukin-6 (IL-6), and tumor
necrosis factor-o. (TNF-a) in tumor tissues were measured by qPCR. Tumor-induced bone destruction and soft
tissue swelling were assessed via X-ray imaging and the ratio of affected-to-contralateral leg circumference. For
the in vitro experiments, LLC cells were divided into three groups: LLC, LLC + Veh, and LLC + OGT2115.
The effects of OGT2115 on LLC cell migration and proliferation were evaluated using Transwell migration
assays and EdU proliferation assays, respectively. Results: Compared with the Sham group, mice in the BCP
group developed progressive mechanical and thermal hypersensitivity, accompanied by significantly upregu-
lated HPSE expression in tumor tissues and DRG over time. OGT2115 intervention significantly increased the
pain threshold, alleviated pain hypersensitivity, inhibited aberrant HPSE overexpression and the mRNA levels
of IL-1PB, IL-6, and TNF-a in tumor tissues, and reduced bone destruction score and leg circumference ratio in
BCP mice, indicating inhibition of tumor growth and amelioration of microenvironmental inflammation. In vitro
experiments confirmed that OGT2115 directly inhibited the migration and proliferation of LLC cells.
Conclusion: The HPSE inhibitor OGT2115 effectively alleviates pain hypersensitivity in a BCP model. Its
analgesic mechanism may be related to the inhibition of tumor cell proliferation and migration within the bone
and the amelioration of inflammatory responses in the tumor microenvironment, thereby reducing tumor burden
and associated damage to bone tissue and nerves.
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Fig. 1

(A) HPSE 7EE B RT 0 RATERS 55 3. 5. 7. 10, 14 REXMEAENENFRE; (B) GAPDH #rifkfL )5 i) HPSE
HEREGHE (72 =4); (C) pEpOCHORIRIER S 0 RFER)S 14 R/ DRG 1 HPSE (%¢f5) 5 DAPI (i
) PREREELE, ##X =100 pm; (D) BCP /MR 0 KA1 14 K DRG 1 HPSE %6584 w4 it | (72 =13)

*P <0.05, **P<0.001, ***P<0.0001, 5 0 RAHLL

Expression changes of HPSE in tumor tissue of BCP mice (X £SEM)

(A) Representative Western blot bands of HPSE expression at day 0 (before modeling) and on days 3, 5, 7, 10, and
14 after modeling; (B) Quantification of HPSE protein expression normalized to GAPDH (7z = 4); (C) Representative
immunofluorescence images of HPSE (green) and DAPI (blue) in DRG sections of BCP mice at 0 d and 14 d after
modeling. Scale bar = 100 pm; (D) Quantification of HPSE fluorescence intensity in DRG of BCP mice at 0 d and 14 d (72 =3).
*P <0.05, **P <0.001, ***P < 0.0001, compared with day 0.
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Fig. 2 Effect of OGT2115 on HPSE expression in mice (72 = 4, X =SEM)
(A) Representative Western blot bands of HPSE expression in the Sham, BCP, Sham + OGT2115, and BCP + OGT2115
groups; (B) Quantification of HPSE protein expression normalized to GAPDH in the four groups.
*¥*p <0.01, ***P < 0.001, compared with the Sham group; #p<0.01, compared with the BCP group.
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Fig. 3 Effects of OGT2115 on the mRNA expression of inflammatory cytokines in tumor tissues of BCP mice (72 = 6, X =SEM)
(A) Relative mRNA expression of IL-1f in the Sham, BCP, and BCP + OGT2115 groups; (B) Relative mRNA expression
of IL-6 in the three groups; (C) Relative mRNA expression of TNF-a in the three groups.
*#%P < ().001, compared with the Sham group; “P < 0.01, "P < 0.001, compared with the BCP group.
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Fig. 4 Effects of OGT2115 on mechanical and thermal pain thresholds in BCP mice (72 = 6, X =SEM)
(A) Experimental timeline showing the schedule of model, behavioral tests, and drug administration; (B) Mechanical
withdrawal threshold (MWT) of mice in the Sham, BCP, Sham + OGT2115, and BCP + OGT2115 groups at different time
points; (C) Thermal withdrawal latency (TWL) of mice in the four groups at different time points.
*P < 0.05, **P < 0.01, ***P < 0.001, compared with the Sham group; “P < 0.05, “P < 0.01, P < 0.001, compared with

the BCP group.
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Fig. 5 Effects of OGT2115 on tumor growth and bone destruction in BCP model mice (72 = 6, X =SEM)

(A) Representative X-ray images of the ipsilateral femur from the Sham, BCP, and BCP + OGT2115 groups; (B)
Quantitative analysis of the bone destruction score based on X-ray images; (C) Ratio of the maximum leg circumference
(ipsilateral/contralateral).

#%%P < ().001, compared with the Sham group; “P < 0.01, compared with the BCP group.
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Fig. 6 Effects of HPSE inhibitor on the migration and proliferation of LLC cells
(A) Representative images of migrated LLC cells in a Transwell chamber, Scale bar = 100 pm; (B) Quantitative analysis
of migrated cell numbers (72 = 3, X =SEM); (C) Representative images of LLC cell proliferation as indicated by EdU
staining, Scale bar =100 um; (D) Quantification of the percentage of EdU-positive cells (72 = 3, X =SEM)
##P < (.01, compared with the LLC group; “P < 0.01, compared with the LLC + Vehicle group.
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