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Introduction: Chemotherapy-induced peripheral neuropathy (CIPN) is a common adverse effect of paclitaxel therapy. The inflam-
masome complex, including apoptosis-associated speck-like protein containing a CARD (ASC), Caspase-1, and NOD-like receptor
family pyrin domain-containing 3 (NLRP3), is implicated in inflammatory signaling pathways related to neuropathy. This study aimed
to evaluate transcriptomic changes in genes involved in the inflammasome pathway in breast cancer patients, with a specific focus on
metformin treatment initiated after the onset of neuropathy.

Materials and Methods: A total of 51 breast cancer patients receiving paclitaxel were included (26 controls, 25 metformin).
Metformin was initiated following the clinical onset of neuropathy. Plasma samples were collected at baseline, cycle 6, and cycle 12.
Expression levels of ASC, Caspase-1, and NLRP3 were quantified as fold-change. Statistical analyses included normality testing
(Shapiro—Wilk), temporal comparisons (Friedman or repeated-measures ANOVA), group comparisons (Mann—Whitney U-test),
correlation (Spearman), and Receiver Operating Characteristic (ROC) analysis.

Results: No significant baseline differences were observed between groups. In the control group, ASC expression increased over time
(p = 0.0005), while Caspase-1 and NLRP3 showed no significant temporal changes. In neuropathic patients, ASC (p < 0.0001),
Caspase-1 (p = 0.0007), and NLRP3 (p = 0.04) expression levels were higher in the metformin group. ROC analysis demonstrated
moderate discriminatory ability for ASC (AUC = 0.74) and Caspase-1 (AUC = 0.70), whereas NLRP3 showed weaker performance
(AUC = 0.62). Correlation analysis revealed positive associations between ASC and Caspase-1, suggesting coordinated gene
expression. These findings reflect transcriptomic modulation rather than functional inflammasome activation.

Conclusion: Metformin administration after neuropathy onset was associated with transcriptomic changes in genes involved in the
inflammasome pathway. However, these findings should be interpreted cautiously, as plasma RNA may not reflect protein activity or
neural tissue processes, and further validation studies are required.
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Introduction

Breast cancer is one of the most commonly diagnosed malignancies worldwide and remains a leading cause of cancer-
related mortality among women.'> Chemotherapy is a cornerstone of treatment; however, it is frequently associated with
adverse effects, among which chemotherapy-induced peripheral neuropathy (CIPN) is particularly significant. CIPN is
commonly observed with taxane-based regimens such as paclitaxel and manifests clinically as numbness, tingling, and

pain in the extremities.> > Approximately 60% of patients receiving paclitaxel develop varying degrees of neuropathy.®
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This condition is often dose-dependent and is associated with structural and functional alterations in peripheral nerves,
particularly in the dorsal root ganglion (DRG), as well as activation of inflammatory pathways.” Metformin, a widely
prescribed antidiabetic agent, has attracted considerable attention due to its pleiotropic effects beyond glycemic control.®
Previous studies have shown that metformin can modulate multiple signaling pathways, including AMPK and MEK/
ERK, and suppress inflammatory responses by inhibiting NOD-like receptor family pyrin domain containing 3 (NLRP3)
activation and downregulating pro-inflammatory mediators.”'® Furthermore, metformin has garnered substantial interest
for its anti-inflammatory and neuroprotective properties.'' In experimental models, metformin has demonstrated neuro-
protective effects by reducing NLRP3, Apoptosis-associated speck-like protein containing a CARD (ASC), and Caspase-
1 expression, inhibiting microglial activation, and modulating pain-related ion channels such as TRPV1 and ASIC3.'%!%-
' These findings suggest a potential role for metformin in mitigating neuropathic processes. Neurotoxicity induced by
anticancer agents involves multiple mechanisms, including axonal degeneration, DRG neuronal injury, and disruption of
neuroimmune homeostasis. Emerging evidence indicates that neuroinflammation, involving both innate and adaptive
immune responses, plays a role in the development of CIPN. Glial cells, including satellite glial cells, Schwann cells,
microglia, and astrocytes, contribute to the maintenance and amplification of inflammatory signaling in the peripheral and
central nervous systems.'> The inflammasome signaling pathway, particularly the NLRP3 inflammasome, has been
recognized as an important mediator in this process, regulating the activation of Caspase-1 and the maturation of pro-
inflammatory cytokines such as IL-1p and IL-18."*"'® The NLRP3 inflammasome is a multiprotein complex consisting of
the NLRP3 sensor, the adaptor protein ASC, and the effector Caspase-1, and its activation is triggered by cellular stress
signals such as mitochondrial dysfunction, reactive oxygen species production, ionic imbalance, and lysosomal
damage.'”** In breast cancer, the expression of inflammasome-related components has been associated with tumor
characteristics and clinical outcomes.***° Additionally, metformin has been reported to exert anticancer and anti-
inflammatory effects by modulating pathways such as NF-kB/IL-6 and reducing oxidative stress.'*'*?” Unlike previous
studies that primarily focused on metformin’s prophylactic effects in preventing CIPN, the distinction between prophy-
lactic and therapeutic approaches is critical. Prophylactic strategies aim to prevent the onset of neuropathy, whereas
therapeutic interventions are initiated after the development of clinical symptoms and may involve different molecular
responses. In the present study, metformin was administered only after the onset of neuropathy, representing a therapeutic
approach. Circulating plasma RNA has emerged as a minimally invasive approach for evaluating systemic molecular
alterations. Although plasma RNA does not directly represent gene expression within neural tissues, it reflects contribu-
tions from multiple sources, including circulating immune cells, endothelial cells, and extracellular vesicles. Therefore, it
may provide indirect insight into systemic inflammatory and stress-related responses associated with CIPN. Given these
findings, it may be hypothesized that metformin could influence inflammasome-related pathways in patients experiencing
CIPN. However, clinical evidence regarding its role in this context remains limited. Importantly, the effect of metformin
when administered after the onset of neuropathy has not been adequately investigated. Therefore, the present study was
designed to evaluate the transcriptomic profile of key inflammasome-related genes, including ASC, Caspase-1, and
NLRP3, in breast cancer patients receiving paclitaxel chemotherapy.

Materials and Methods
Sample Collection and Ethical Considerations

The biological samples used in this study were obtained from the existing biobank of the Thalassemia and
Hemoglobinopathy Research Center, Health Research Institute, Ahvaz Jundishapur University of Medical Sciences.
These samples had been collected previously under an approved research protocol. The present study was designed and
executed with new objectives and hypotheses, and it was assigned an independent ethical approval code separate from
that of the prior project. All procedures were performed in accordance with the moral principles outlined in the
Declaration of Helsinki, and the study protocol was approved by the Ethics Committee of Ahvaz Jundishapur
University of Medical Sciences (Ethics Code: IR. AJUMS.REC.1403.539). Only basic demographic data (age and sex)
were shared across datasets; all subsequent analyses and research objectives were entirely independent.
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Study Design and Patient Population

This prospective cohort study included 51 breast cancer patients undergoing paclitaxel chemotherapy. Patients were
divided into a control group (n = 26) and a metformin-treated group (n = 25). Importantly, metformin was initiated only
after the clinical onset of neuropathy, representing a therapeutic rather than prophylactic approach. The study included
breast cancer patients undergoing paclitaxel-based chemotherapy. Eligible participants were adults (>18 years) with
a confirmed histopathological diagnosis of breast cancer and scheduled to receive paclitaxel chemotherapy. Patients with
uncontrolled diabetes, pre-existing neuropathy, renal or hepatic impairment, significant psychiatric illness, pregnancy,
known metformin intolerance, or use of medications affecting neuropathy or inflammatory pathways were excluded. All
participants provided written informed consent after receiving a complete explanation of the study aims and procedures,
and enrollment began only after ethical approval was obtained. Neuropathy was assessed using the National Cancer
Institute Common Terminology Criteria for Adverse Events (NCI-CTCAE v5.0) at baseline and during each chemother-
apy cycle. Metformin treatment was initiated in patients who developed Grade >2 neuropathy, and the cumulative
paclitaxel dose at neuropathy onset was recorded.

Patient Selection and Group Allocation

During paclitaxel treatment, all patients were regularly evaluated for signs of CIPN. Following the development of
neuropathy after several cycles of chemotherapy, eligible patients were recruited into the study. A total of 51 patients met
the inclusion criteria:25 patients were assigned to the metformin group and received 500 mg metformin three times daily
from the time neuropathy was diagnosed until completion of chemotherapy. Twenty-six patients continued routine
chemotherapy without metformin and were designated as the control group.

Sample Collection
Peripheral blood samples were collected at baseline, cycle 6, and cycle 12. Plasma was separated by centrifugation and
stored at —80°C until further analysis.

Treatment Protocol and Sampling Timeline

All patients received standard paclitaxel chemotherapy at a dose of 75 mg/m?, administered intravenously once weekly
for a total of 12 cycles. Peripheral blood samples (5 mL) were collected at three designated time points: baseline (before
initiation of chemotherapy), after the 6th cycle, and after the 12th cycle.

Sample Processing and Plasma Storage

Immediately after collection, blood samples were transported on ice to the laboratory. Plasma separation was performed
by centrifugation at 3000 rpm for 7 minutes at 4°C. The isolated plasma was aliquoted into RNase-free microtubes and
stored at —80°C until molecular analyses were performed.

RNA Extraction

Total RNA was extracted from 400 pL of plasma using a commercial RNA extraction kit (Cat. No. FAWBRO050,
Favorgen Biotech Corp., Ping-Tung, Taiwan) according to the manufacturer’s instructions. RNA concentration and purity
were assessed by spectrophotometry, and samples with an OD260/280 ratio of 1.8-2.0 were considered acceptable In
brief, blood cells were lysed using a guanidinium thiocyanate-containing buffer, and Proteinase K was added to ensure
complete protein degradation. After ethanol addition, RNA was bound to a silica membrane column and subjected to
sequential washes with the provided buffers. Purified RNA was eluted in RNase-free water with a final volume of
30-50 pL. All extraction steps were performed under RNase-free conditions, and samples were stored at —80°C until

downstream processing.
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cDNA Synthesis

cDNA was synthesized using a reverse transcription kit (Cat. No. YT4500, Favorgen Biotech Corp., Ping-Tung, Taiwan)
following the manufacturer’s protocol. The reaction mixture contained M-MuLV Reverse Transcriptase, 5% reaction
buffer, dNTP mix, RNase inhibitor, random hexamer primers, and Oligo(dT)18 primers. For Oligo(dT)18-primed
reactions, reverse transcription was performed at 42°C for 60 minutes, whereas reactions primed with random hexamers
were conducted at 37°C. Enzyme inactivation was performed at 70°C for 5 minutes, and the resulting cDNA was stored
at —20°C until further quantitative PCR (qPCR) analysis.

Real-Time PCR

Quantitative real-time PCR was performed using SYBR Green Master Mix (Cat. No. YT2551, Favorgen Biotech Corp.,
Ping-Tung, Taiwan) in a final reaction volume of 20 pL. All reactions were performed in triplicate, and a no-template
control (NTC) was included to assess contamination. Amplification efficiency was within the acceptable range (90—
110%). Quantitative PCR was performed on an Applied Biosystems StepOne Real-Time PCR System. Each 20-uL
amplification reaction consisted of 10 pL. SYBR Green Master Mix, 0.4 puL of each primer (10 uM), template cDNA, and
nuclease-free water. The thermal cycling conditions were as follows: initial denaturation at 95°C for 3 minutes, followed
by 40 cycles of denaturation at 95°C for 10 seconds, annealing at 60°C for 10 seconds, and extension at 72°C for
20 seconds. Melting curve analysis was performed to verify the specificity of the PCR products. GAPDH was used as the
internal control, and relative gene expression levels were calculated using the 2°—AACt method. GAPDH was used as the
reference gene due to its stable expression across samples. ASC, Caspase-1, and NLRP3 were selected as key
components of the canonical inflammasome pathway.

Quality Control and Technical Considerations
All laboratory procedures were conducted in a blinded manner with respect to group allocation. Samples that did not
meet RNA quality thresholds or internal quality control parameters were excluded from analysis. Each qPCR run

included no-template controls (NTC) and an internal housekeeping control to ensure assay accuracy and reliability.

Statistical Analysis

Gene expression levels were calculated using the 2°-AACt method. Normality of distribution for fold-change values of
NLRP3, ASC, and Caspase-1 was assessed using the Shapiro—Wilk test. Because most variables were non-normally
distributed, nonparametric statistical methods were employed for subsequent analyses. Temporal within-group changes
across baseline, cycle 6, and cycle 12 were evaluated using the Friedman test; significant outcomes were further
examined using Dunn’s multiple-comparison test. For variables exhibiting normal distributions, such as NLRP3,
a Repeated-Measures ANOVA followed by Tukey’s post hoc test was applied. Between-group comparisons (metformin
versus control) among neuropathic patients were performed using the Mann—Whitney U-test due to non-normality.
Results are presented as median (interquartile range, IQR), as appropriate. The diagnostic performance of each gene was
assessed using receiver operating characteristic (ROC) analysis, with area under the curve (AUC), standard error, and
95% confidence intervals (CI) reported. Associations among gene expression levels were evaluated using Spearman
correlation coefficient. Statistical analysis was performed using IBM SPSS Statistics for Windows, version 21 (IBM
Corp., Armonk, NY, USA), GraphPad Prism, version 10 (GraphPad Software, San Diego, CA, USA), and GenEx, with
p-values < 0.05 considered statistically significant.

Ethical Considerations
This study was conducted in accordance with the Declaration of Helsinki. Written informed consent was obtained from
all participants prior to enrollment. Renal function was monitored during the study period, and adverse effects of

metformin, including gastrointestinal symptoms, were recorded. No serious adverse events were observed.
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Results

A total of 51 breast cancer patients receiving paclitaxel chemotherapy were included in this study, comprising 26 patients
in the control group and 25 patients in the metformin-treated group. No statistically significant baseline demographic
differences were observed between the groups at study entry. Normality assessment of fold-change data using the
Shapiro—Wilk test indicated that ASC expression showed non-normal distributions at all evaluated time points, whereas
Caspase-1 showed mixed distributions, and NLRP3 generally showed normal distributions across treatment cycles
(Table 1). Based on these findings, non-parametric statistical analyses were primarily applied. Longitudinal analysis
within the control group demonstrated a significant time-dependent increase in ASC expression across chemotherapy
cycles (Table 2). Post hoc analysis revealed significant differences between baseline and Cycle 6 (p = 0.0135) and
between baseline and Cycle 12 (p = 0.0005), whereas no significant difference was observed between Cycle 6 and Cycle

Table | Shapiro-Wilk Test for Normality of Fold-Change Data for ASC,
Caspase-|, and NLRP3 at Baseline, Cycle 6, and Cycle 12

Marker | Time Point | W/KS | P value Passed P-value
Normality Test? | Summary

ASC Baseline 1.000 <0.0001 | No AR

Cycle 6 0.8891 | 0.0046 No ok

Cycle 12 0.8409 | 0.0004 No R
Caspasel | Baseline 0.9309 | 0.0520 Yes ns

Cycle 6 0.9631 | 0.3708 Yes ns

Cycle 12 0.8782 | 0.0026 No ok
NLRP3 Baseline 0.9681 | 0.4883 Yes ns

Cycle 6 0.9632 | 0.3729 Yes ns

Cycle 12 0.9725 | 0.6085 Yes ns

Note: This table presents Shapiro—Wilk normality test results for fold changes in ASC, Caspase-1, and
NLRP3 at Baseline, Cycle 6, and Cycle 12. W statistics and corresponding p-values are reported for each
variable. Statistical notation: ns (p = 0.05), * (p < 0.05), ** (p < 0.01), ** (p < 0.001), ¥**** (p < 0.0001).
Abbreviations: ASC, apoptosis-associated speck-like protein containing a CARD; NLRP3, NOD-
like receptor family pyrin domain-containing 3; ns, non-significant.

Table 2 Comparative Analysis of Longitudinal Fold-Change Expression Across Treatment Cycles

Marker Test/Comparison Statistic/Mean Diff | P value | Significant? | Summary
ASC Friedman test 15.27 0.0005 Yes e
Dunn: New Case vs. Cycle 6 —22.00 0.0135 Yes *
Dunn: New Case vs. Cycle 12 | —29.00 0.0005 Yes R
Dunn: Cycle 6 vs. Cycle 12 —7.000 >0.9999 | No ns
Caspasel | Friedman test 3.267 0.1953 No ns
Dunn: New Case vs. Cycle 6 —7.000 >0.9999 | No ns
Dunn: New Case vs. Cycle 12 | —14.00 0.2121 No ns
Dunn: Cycle 6 vs. Cycle 12 —7.000 >0.9999 | No ns
(Continued)
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Table 2 (Continued).

Marker Test/Comparison Statistic/Mean Diff | P value | Significant? | Summary
NLRP3 Repeated Measures ANOVA F = 0.5457 0.5610 No ns

Tukey: New Case vs. Cycle 6 | 0.3350 0.8521 No ns

Tukey: New Case vs. Cycle 12 | —0.2287 0.8651 No ns

Tukey: Cycle 6 vs. Cycle 12 —0.5637 0.5665 No ns

Notes: This table summarizes longitudinal comparisons of fold-change expression levels for ASC, Caspase-1, and NLRP3 across
Baseline, Cycle 6, and Cycle [2. Friedman test followed by Dunn’s multiple-comparison test was applied for non-parametric
variables, whereas repeated-measures ANOVA followed by Tukey's post hoc test was used for normally distributed variables.
Statistical notation: ns (p 2 0.05), * (p < 0.05), *** (p < 0.001).

Abbreviations: ANOVA, analysis of variance; ASC, apoptosis-associated speck-like protein containing a CARD; NLRP3, NOD-
like receptor family pyrin domain-containing 3; ns, non-significant.

12. In contrast, Caspase-1 and NLRP3 expression levels did not demonstrate significant temporal variation during
treatment. Figure 1 illustrates the longitudinal fold-change patterns of ASC, Caspase-1, and NLRP3 across baseline,
Cycle 6, and Cycle 12. ASC showed a progressive increase over time, whereas Caspase-1 and NLRP3 remained
relatively stable Between-group comparisons showed higher median fold-changes in ASC, Caspase-1, and NLRP3
expression in metformin-treated patients compared with controls (Tables 3 and 4). ASC showed the greatest difference,
with median expression levels increasing from 1.21 in controls to 2.73 in the metformin group (p < 0.0001). Caspase-1
expression also showed a moderate increase (1.18 vs. 1.76, p = 0.0007). Although NLRP3 reached nominal statistical
significance (0.81 vs. 10.67, p = 0.04), substantial inter-individual variability and broad confidence intervals were
observed, suggesting considerable biological heterogeneity. Therefore, the NLRP3 findings should be interpreted
cautiously. Hodges—Lehmann estimation further supported intergroup differences, particularly for ASC and Caspase-1.
Figure 2 demonstrates the distribution of fold-change values for all three genes in both study groups. ROC curve analysis
was performed to evaluate the discriminatory performance of inflammasome-related transcripts between metformin-
treated and control patients (Table 5). ASC demonstrated the strongest discriminatory performance among the evaluated
markers (AUC = 0.74, 95% CI: 0.6339-0.8464), followed by Caspase-1 (AUC = 0.70, 95% CI: 0.5928-0.8167). In
contrast, NLRP3 showed relatively weak discriminatory ability (AUC = 0.62, 95% CI: 0.5082-0.7413), with
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Figure | Longitudinal Fold-Change Expression Patterns of ASC, Caspase-|, and NLRP3 During Paclitaxel Chemotherapy.

Notes: This figure illustrates fold-change expression levels of ASC, Caspase-1, and NLRP3 at Baseline, Cycle 6, and Cycle 12 in breast cancer patients receiving paclitaxel
chemotherapy. Data are presented as median and IQR. Statistical analyses were performed using the Friedman test or a repeated-measures ANOVA, depending on the data
distribution. Statistical notation: ns (p = 0.05), * (p < 0.05), *** (p < 0.001).

Abbreviations: ASC, apoptosis-associated speck-like protein containing a CARD; NLRP3, NOD-like receptor family pyrin domain-containing 3; IQR, interquartile range;
ANOVA, analysis of variance; ns, non-significant.
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Table 3 Shapiro—Wilk Test for Fold-Change Data Normality in
Control and Metformin Groups

Marker Group Shapiro-Wilk P | Normality Passed?
ASC Control <0.0001 No
ASC Metformin | <0.0001 No
Caspasel | Control 0.0072 No
Caspasel | Metformin | 0.0130 No
NLRP3 Control <0.0001 No
NLRP3 Metformin | <0.0001 No

Notes: This table presents Shapiro—Wilk normality test results for fold changes in
ASC, Caspase-1, and NLRP3 in the control and metformin-treated groups. Most
datasets demonstrated non-normal distribution, supporting the use of non-
parametric statistical analyses for between-group comparisons. Abbreviations:
ASC, apoptosis-associated speck-like protein containing a CARD; NLRP3, NOD-
like receptor family pyrin domain-containing 3.

Table 4 Comparison of Fold-Change Expression Levels Between Control and Metformin Groups

Marker Control | Metformin | Difference | Difference 95% CI of Difference | Mann-Whitney U | P value | P-value

Median | Median (Actual) (Hodges-Lehmann) summary
ASC 1.210 2.730 1.519 1.390 0.724 to 2.030 514 <0.000] | Hkkk
Caspasel | 1.181 1.766 0.5845 0.6095 0.271 to 0.9136 584 0.0007 ok
NLRP3 0.8188 10.67 9.856 3342 0.0079 to 11.25 759.5 0.04 &

Notes: This table summarizes comparisons of fold-change expression levels for ASC, Caspase-1, and NLRP3 between the control and metformin-treated groups using the Mann—
Whitney U-test. Median values, Hodges—Lehmann estimated differences, Cl, and U statistics are presented. Statistical notation: * (p < 0.05), *** (p < 0.001), **** (p < 0.0001).
Abbreviations: ASC, apoptosis-associated speck-like protein containing a CARD; NLRP3, NOD-like receptor family pyrin domain-containing 3; Cl, confidence interval.

performance only marginally above random classification. These findings suggest that ASC and Caspase-1 may possess
moderate transcript-level discriminatory potential, whereas the biomarker relevance of NLRP3 remains uncertain and
requires validation in larger cohorts. Figure 3 presents the ROC curves for ASC, Caspase-1, and NLRP3. Correlation
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Figure 2 Comparison of Fold-Change Expression Levels Between Control and Metformin Groups.

Notes: This figure compares fold changes in ASC, Caspase-1, and NLRP3 expression between control and metformin-treated patients. Data are presented as median and
IQR. Statistical comparisons were performed using the Mann—Whitney U-test. Statistical notation: * (p < 0.05), *** (p < 0.001), **** (p < 0.0001).

Abbreviations: ASC, apoptosis-associated speck-like protein containing a CARD; NLRP3, NOD-like receptor family pyrin domain-containing 3; IQR, interquartile range.
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Table 5 ROC Analysis of Inflammasome-Related
Transcripts

Marker | AUC | Std. Error 95% ClI P value
ASC 0.74 0.054 0.6339-0.8464 | <0.0001
Caspasel | 0.70 0.057 0.5928-0.8167 | 0.0009
NLRP3 0.62 0.059 0.5082-0.7413 | 0.041

Notes: This table summarizes ROC analysis evaluating transcript expres-
sion levels of ASC, Caspase-1, and NLRP3 between metformin-treated and
control patients. AUC standard error, Cl, and p-values are reported.
Abbreviations: ROC, receiver operating characteristic; AUC, area under
the curve; Cl, confidence interval; ASC, apoptosis-associated speck-like
protein containing a CARD; NLRP3, NOD-like receptor family pyrin
domain-containing 3.

analysis revealed positive associations among several inflammasome-related transcripts (Table 6). The strongest correla-
tion was observed between ASC and Caspase-1 within the metformin group (r = 0.62, p < 0.001), whereas a slightly
weaker but still significant association was identified in the control group (r = 0.55, p < 0.01). A weaker correlation was
also observed between ASC and NLRP3 in the metformin group (r = 0.32, p = 0.04). Other correlations were either weak
or non-significant. These findings indicate coordinated transcriptomic expression patterns among selected inflammasome-
related genes. Figure 4 illustrates the correlation patterns among ASC, Caspase-1, and NLRP3 expression levels in both
study groups. Overall, the observed findings indicate transcriptomic modulation of inflammasome-related genes follow-
ing metformin administration after neuropathy onset. However, because the present study was limited to plasma RNA
analysis without protein-level or functional validation, these findings should not be interpreted as direct evidence of
functional inflammasome activation. In addition, the relatively small sample size and substantial biological heterogeneity,
particularly for NLRP3, warrant cautious interpretation of the results.

Discussion

In this exploratory cohort study of 51 paclitaxel-treated breast cancer patients (25 receiving metformin, 26 controls), gene
expression of three principal inflammasome components, ASC, Caspase-1, and NLRP3, was examined in plasma
samples. Median fold-change expression of all three genes was significantly higher in the metformin group than in
controls, with notable increases in ASC (p < 0.0001), Caspase-1 (p = 0.0007), and NLRP3 (p = 0.04). Temporal intra-
group analysis revealed that only ASC showed a significant time-dependent increase from Baseline to Cycle 12 (p =
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Figure 3 ROC Curves for ASC, Caspase-|, and NLRP3.

Notes: This figure presents ROC curves evaluating the discriminatory performance of ASC, Caspase-|, and NLRP3 transcript expression levels between metformin-treated
and control patients. AUC values were calculated for each marker.

Abbreviations: ROC, receiver operating characteristic; AUC, area under the curve; ASC, apoptosis-associated speck-like protein containing a CARD; NLRP3, NOD-like
receptor family pyrin domain-containing 3.
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Table 6 Spearman Correlation Analysis Among Inflammasome-Related Transcripts

Variable | Variable 2 Correlation | P-value 95% CI

Control ASC Metformin ASC —0.03 0.86 —0.33 to 0.28
Control ASC Control Caspase | 0.55 0.00 0.30 to 0.73
Control ASC Metformin Caspasel —0.00 0.99 —0.31 to 0.31
Control ASC Control NLRP3 0.18 0.22 —0.12 to 0.46
Control ASC Metformin NLRP3 0.20 0.19 —0.11 to 0.48
Metformin ASC Control Caspase | —-0.01 0.96 —0.32 to 0.30
Metformin ASC Metformin Caspasel 0.62 0.00 0.38 to 0.78
Metformin ASC Control NLRP3 —0.10 0.52 —0.40 to 0.22
Metformin ASC Metformin NLRP3 0.32 0.04 0.0l to 0.57
Control Caspase | Metformin Caspase 0.14 0.39 —0.18 to 0.43
Control Caspase | Control NLRP3 0.37 0.0l 0.08 to 0.60
Control Caspase | Metformin NLRP3 0.10 0.52 —0.21 to 0.39
Metformin Caspasel Control NLRP3 —0.02 0.88 —0.33 to 0.29
Metformin Caspasel Metformin NLRP3 0.07 0.67 —0.25 to 0.37
Control NLRP3 Metformin NLRP3 —0.13 0.40 —0.42 to 0.18

Notes: This table presents Spearman correlation coefficients, p-values, and Cl for associations among ASC,
Caspase- |, and NLRP3 expression levels in the study groups. Statistical notation: * (p < 0.05), ** (p < 0.01).
Abbreviations: ASC, apoptosis-associated speck-like protein containing a CARD; NLRP3, NOD-like
receptor family pyrin domain-containing 3; Cl, confidence interval.

0.0005), while Caspase-1 and NLRP3 did not. ROC analysis indicated that ASC (AUC = 0.74) and Caspase-1 (AUC =
0.70) provided moderate to good discrimination between the metformin and control groups, whereas NLRP3 exhibited
lower discrimination (AUC = 0.62). Combined biomarker models may improve discriminatory performance and should
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Figure 4 Correlation Patterns Among ASC, Caspase-1, and NLRP3 Expression Levels.

Notes: This figure illustrates Spearman correlation analysis among ASC, Caspase-I, and NLRP3 transcript expression levels in control and metformin-treated patients.
Correlation coefficients and corresponding p-values are presented within the figure.

Abbreviations: ASC, apoptosis-associated speck-like protein containing a CARD; NLRP3, NOD-like receptor family pyrin domain-containing 3.
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be evaluated in future studies. Correlation analysis revealed a significant increase in ASC—Caspase-1 correlation in the
metformin group (r = 0.62, p < 0.001) compared with controls (r = 0.55, p < 0.01), suggesting coordinated transcriptomic
regulation rather than direct evidence of increased inflammasome activity. Importantly, these findings should be
interpreted as transcriptomic changes rather than evidence of enhanced inflammatory activity. Increased mRNA expres-
sion does not necessarily correspond to increased protein levels or functional activation of the inflammasome pathway.
This distinction is critical when interpreting plasma-based gene expression data. These findings are partially consistent
with previous studies reporting NLRP3 involvement in paclitaxel-induced neuropathy (PIN), such as Jia et al (2017),
who demonstrated increased inflammasome activity in neural tissues of paclitaxel-treated animals.?® Conversely, other
studies (Ha et al*’ and Bakry et al'' reported anti-inflammatory and protective effects of metformin on the NLRP3
pathway. Ha et al demonstrated that metformin can inhibit NLRP3 assembly through AMPK activation in microglia, and
Bakry et al reported a reduction in paclitaxel-induced peripheral neuropathy (PIPN) in patients treated with metformin.
The apparent discrepancy with the present findings may be explained by several key factors. First, the sample source
differs: previous studies mainly examined target tissues such as dorsal root ganglia or neural tissue, whereas this study
assessed plasma gene expression. Plasma-derived RNA may originate from circulating immune cells, endothelial cells, or
extracellular vesicles, and therefore may reflect systemic responses rather than direct neuronal inflammasome activity.
Emerging evidence suggests that innate immunity plays a crucial role in CIPN, with systemic inflammatory responses
contributing to neuropathic processes.’® Second, differences between transcriptional and functional regulation must be
considered. Metformin may inhibit inflammasome activation at the protein or enzymatic level without reducing mRNA
expression. Therefore, increased transcript levels may represent compensatory or adaptive responses rather than
enhanced pathway activation. Third, the timing of metformin administration is a critical factor. Bakry et al initiated
metformin before chemotherapy as a prophylactic intervention, whereas in the present study, metformin was administered
after the onset of neuropathy. This distinction between prophylactic and therapeutic use may result in fundamentally
different molecular responses. Additional factors, including dosage, metabolic status, and comorbid conditions, may also
influence gene expression patterns. Consistent with the present findings, Cristiano et al’' demonstrated that taxanes
activate glial cells, leading to the release of pro-inflammatory cytokines and modulation of inflammasome-related
pathways. Multi-omics analyses in paclitaxel-treated patients further indicate that CIPN involves complex and inter-
connected molecular networks.>® Chen et al*® also confirmed the role of NLRP3 signaling in inflammatory pain
pathways. However, the observed increase in Caspase-1 and ASC transcripts in the present study should not be
interpreted as evidence of increased inflammasome-mediated inflammation, but rather as potential indicators of systemic
or compensatory gene regulation. The increased ASC—Caspase-1 correlation in the metformin group likely reflects
coordinated pathway regulation rather than causative inflammatory activation. ASC showed the most pronounced
temporal change, which may reflect upstream signaling dynamics, cellular stress responses, or release from circulating
sources, such as extracellular vesicles. Nevertheless, without protein-level validation, these interpretations remain
speculative. Analysis indicated moderate diagnostic performance for ASC and Caspase-1; however, given the limited
sample size and lack of external validation, these findings should be interpreted cautiously. The present study has several
strengths, including a longitudinal design with multiple sampling time points and comprehensive statistical analyses.
However, several limitations should be acknowledged. The present study was limited to transcriptomic data without
corresponding protein-level or functional assessments, such as IL-1f, IL-18, or Caspase-1 activity measurements, thereby
restricting mechanistic interpretation. In addition, increased transcript abundance should not be interpreted as direct
evidence of functional inflammasome activation. The relatively small sample size, substantial inter-individual biological
variability, and absence of an independent external validation cohort may further limit statistical power and general-
izability. Multiple-comparison correction was not applied; therefore, borderline findings, particularly for NLRP3, should
be interpreted cautiously. Because treatment allocation was not randomized, potential selection bias and differences in
neuropathy severity between groups cannot be excluded. Furthermore, clinical improvement in neuropathy symptoms
following metformin treatment was not systematically quantified using longitudinal symptom-based outcome measures.
Another important limitation is the uncertain cellular origin of circulating plasma RNA, which may derive from immune
cells, endothelial cells, platelets, or extracellular vesicles rather than directly from neural tissues. Consequently, RNA-
based findings cannot be directly equated with neural tissue pathology or functional inflammasome activity and may
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instead reflect systemic, compensatory, or non-neuronal transcriptomic responses. Therefore, the present findings should
be considered exploratory and hypothesis-generating rather than definitive evidence of functional regulation of the
inflammasome. Future studies with larger cohorts, randomized designs, and integrated multi-level analyses incorporating
protein, enzymatic, and tissue-specific assessments are required. Comparative studies evaluating prophylactic versus
post-onset metformin administration are particularly important to clarify potential context-dependent effects.

Conclusion

This study showed that metformin administration after the onset of PIN was associated with altered expression of
inflammasome-related genes, particularly ASC and Caspase-1, in breast cancer patients. ROC and correlation analyses
suggested moderate transcript-level discriminatory ability for ASC and Caspase-1, whereas NLRP3 demonstrated weaker
performance. However, these findings were limited to plasma RNA expression and should not be interpreted as direct
evidence of functional inflammasome activation or inflammatory activity. The observed changes may reflect systemic or
compensatory transcriptomic responses rather than direct neuropathic mechanisms. Therefore, the biological and clinical
significance of these findings remains uncertain. Future studies incorporating protein validation, Caspase-1 activity
assays, tissue-specific and tumor microenvironment analyses, cytokine and immune-cell profiling, RNA sequencing, and
direct comparisons between prophylactic and post-onset metformin administration are required to clarify the biological
relevance of these observations.
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