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Purpose: Triple-negative breast cancer (TNBC) is an aggressive breast cancer subtype with limited targeted treatment options. Blood-
based biomarkers that might help predict response to neoadjuvant chemotherapy (NAC) remain lacking. We examined whether pre-
treatment peripheral blood expression of interleukin-6 (IL-6) and signal transducer and activator of transcription 3 (STAT3) was
associated with clinicopathological features and NAC response in TNBC.

Methods: This prospective cross-sectional study included 20 patients with TNBC and 10 healthy controls. Whole-blood RNA was
isolated using Trizol, reverse-transcribed to cDNA, and analysed by RT-qPCR with TagMan® Gene Expression Assays. Relative

2724CT) method using GAPDH as the housekeeping gene. Clinicopathological variables and

expression was calculated with the Livak (
pathological response assessed by the Miller—Payne system were analysed using IBM SPSS Statistics 23.0.

Results: Compared with the control group, IL-6 and STAT3 expression levels were significantly elevated in patients with TNBC by
8.9-fold (p=0.001) and 25.1-fold (p=0.001), respectively. Higher levels of IL-6 and STAT3 expression were associated with adverse
pathological features, including lymphovascular invasion, poor tumour differentiation, and reduced rates of complete pathological
response. ROC analysis showed modest discriminatory performance for both markers. The AUC for IL-6 was 0.68 (95% CI:
0.50-0.86) and for STAT3 was 0.72 (95% CI: 0.53-0.91).

Conclusion: In this pilot cohort, higher peripheral blood IL-6 and STAT3 expression was associated with unfavourable clinicopatho-
logical features in TNBC. These findings suggest that the IL-6/STAT3 axis may have value within broader predictive biomarker
panels, although larger prospective studies are needed before any clinical application is considered.
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Introduction

Breast cancer is the most commonly diagnosed malignancy worldwide and remains a leading cause of cancer-related
mortality among women. Triple-negative breast cancer (TNBC), characterised by the absence of estrogen receptor (ER),
progesterone receptor (PR), and human epidermal growth factor receptor 2 (HER2) expression, constitutes approximately
10-20% of all breast cancers. The aggressive behaviour exhibited by patients, their relative youth at the time of
diagnosis, and the elevated recurrence and metastasis rates that are characteristic of this condition all serve to underscore

the poor prognosis that is frequently associated with TNBC.'~
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Figure | Schematic representation of the IL-6/JAK/STAT3 signalling pathway. IL-6 binds to IL-6R and GPI30, activates JAK, and promotes phosphorylation of STAT3 at
Tyr705. Phosphorylated STAT3 dimerises and translocates to the nucleus, where it regulates transcription of genes involved in apoptosis, proliferation, and survival. SOCS
and PIAS act as negative regulators of the pathway."

The biology of TNBC is distinct, displaying substantial molecular heterogeneity, genomic instability, and mutations in
key signalling pathways associated with proliferation, invasion, and resistance to chemotherapy.® Diagnostic approaches
involve clinical evaluation, imaging (eg, mammography, ultrasound, MRI), and histopathological confirmation through
biopsy and immunohistochemical analysis to establish receptor status.*

The aetiopathogenesis of cancer, including TNBC, is complex, multifactorial, and increasingly recognised as linked to
chronic inflammatory processes. The secretion of cytokines and chemokines by chronic inflammation has been demon-
strated to facilitate tumourigenesis by promoting a pro-tumoral microenvironment.” Among these inflammatory media-
tors, interleukin-6 (IL-6) has emerged as a crucial cytokine involved in tumour progression, immune regulation, and
metastasis.®’

At the cellular level, IL-6 binds to its receptor IL-6R-alpha (GP80), forming a complex with the co-receptor GP130.
The activation of this complex results in the phosphorylation and subsequent activation of signal transducer and activator
of transcription 3 (STAT3). Following activation, STAT3 translocates to the nucleus, thereby triggering transcription of
genes involved in cell survival, proliferation, invasion, and metastasis (Figure 1).*° STAT3, in particular, has garnered
significant attention due to its constitutive activation in various malignancies, including breast cancer. Aberrant STAT3
signalling has been linked to resistance to chemotherapy, promotion of epithelial-mesenchymal transition (EMT), tumour
immune escape, and poor clinical outcomes. In TNBC, persistent activation of the IL-6/STAT3 axis may contribute to the
aggressive phenotype and reduced response to conventional treatments.'*"!

Although most previous studies have focused on protein expression within tumour tissue, blood-based assays may
offer a clinically practical and minimally invasive approach for evaluating systemic inflammatory signalling. However,
data on peripheral IL-6 and STAT3 gene expression in TNBC remain limited. We therefore hypothesised that higher pre-
treatment peripheral IL-6 and STAT3 expression would be associated with adverse clinicopathological characteristics and
poorer pathological response to NAC in TNBC. The aim of this study was to assess IL-6 and STAT3 gene expression
levels in peripheral blood samples obtained before NAC and to examine their association with clinicopathological
features and Miller—Payne response categories.
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Methods
Study Design and Participants

This prospective cross-sectional study was conducted following the approval of the Ethics Committee of Sakarya
University Faculty of Medicine (Approval No: 71522473/050.01.04/30). Written informed consent was obtained from
all participants. This study was conducted on the relevant ethical principles of the Declaration of Helsinki, revised in
2013.

A total of 20 patients diagnosed with triple-negative breast cancer and a control group of 10 healthy individuals were
included in the study. TNBC diagnosis was confirmed by histopathological evaluation and immunohistochemical staining
demonstrating negative ER, PR, and HER2 status. To minimise biological variability and potential confounding,
participants with any of the following conditions were excluded: active infection; autoimmune or chronic inflammatory
disease; recent vaccination (within 4 weeks); or current use of corticosteroids, non-steroidal anti-inflammatory drugs
(NSAIDs), or other immunomodulatory medications.

Sample Collection, RNA Isolation, and RT-qPCR

Peripheral blood samples (5 mL) were collected in EDTA-coated tubes from all participants before treatment initiation.
To minimise pre-analytical variation, all samples were obtained after overnight fasting, between 08:00 and 10:00 AM,
and processed within 2 hours of collection. Whole blood was used as the sample matrix. Total RNA was isolated using
the Trizol reagent method (Invitrogen, USA) according to the manufacturer’s instructions. Following homogenization,
200 pL of chloroform was added to each sample, and the mixture was centrifuged at 12,000 rpm for 15 minutes at 4°C.
The aqueous phase containing RNA was collected. RNA quantity was measured using a Qubit 4.0 Fluorometer
(Invitrogen, USA), and purity was verified by A260/A280 absorbance ratios of 1.8-2.0. All samples underwent DNase
I treatment to eliminate potential contamination with genomic DNA.

Complementary DNA (cDNA) was synthesised from 1 pg of total RNA using the High-Capacity cDNA Reverse
Transcription Kit (Applied Biosystems™, Thermo Fisher Scientific, USA), following the manufacturer’s protocol.
Synthesised cDNA was stored at —20 °C until analysis. Quantitative real-time PCR (RT-qPCR) was performed using
the TagMan® Gene Expression Assay system (Thermo Fisher Scientific, USA) on a QuantStudio 5 Real-Time PCR
System (Applied Biosystems, USA). The following assays were used: IL-6 (Hs00174131 ml), STAT3
(Hs00374280 m1), and GAPDH (Hs02786624 g1). Primer/probe assay IDs, annealing temperature, and amplification
efficiency data are provided in Supplementary Table 1.

Each reaction (20 pL total volume) consisted of 10 pL. of TagMan Universal PCR Master Mix, 1 uL of TagMan Gene
Expression Assay, 1 pL of cDNA template, and 8 pL of nuclease-free water. The thermal cycling conditions were as
follows: 50°C for 2 minutes, 95°C for 10 minutes, followed by 40 cycles of 95°C for 15 seconds and 60°C for 1 minute.
All samples were analysed in triplicate. Technical replicates with a Ct standard deviation > 0.3 were excluded from

analysis. Amplification efficiencies for each assay were assessed using standard curves and ranged from 95% to 105%.
Relative expression levels of IL-6 and STAT3 were calculated using the 22" (Livak) method. GAPDH served as the
internal control. The calibrator was defined as the mean expression level of the healthy control group. Fold changes were
calculated by comparing the ACt values of TNBC patients with those of the calibrator group. All ACt values were
confirmed to be normally distributed before the analysis.

Clinicopathological Evaluation
Clinical variables, including age, tumour size, TNM stage, lymph node status, and lymphovascular invasion, were
obtained from medical records. Histological grading was performed according to the Bloom—Richardson system.
Pathological response to NAC was assessed using the Miller—Payne grading system by comparing tumour cellularity
in pre-treatment core biopsy specimens and post-treatment surgical specimens. Grade 1 indicated no meaningful change;
Grade 2, up to 30% reduction in tumour cells; Grade 3, 30-90% reduction; Grade 4, greater than 90% reduction; and
Grade 5, no identifiable malignant cells in the tumour bed (pathologic complete response). For analysis, Grades 45 were
classified as responders and Grades 1-3 as non-responders.
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Statistical Analysis

Statistical analyses were performed using IBM SPSS Statistics version 23.0. Descriptive statistics were expressed as
means, medians, standard deviations, and frequencies, as appropriate. Before all analyses, data normality was tested
using the Shapiro—Wilk test. For variables not conforming to a normal distribution, non-parametric tests (eg, Mann—
Whitney U-test) were employed; otherwise, parametric tests were used. To evaluate the potential for false-positive
findings in multiple comparisons, a Bonferroni correction was applied to the significance level when appropriate.
A p-value <0.05 was considered statistically significant after adjustment. Outlier detection was performed using the
1.5xIQR rule, and identified outliers were excluded from final analyses. There was no missing data in the dataset.
A power analysis was conducted using G*Power 3.1. Assuming an effect size of a 2-fold difference in gene expression
(standard deviation=1.5), a=0.05, and power n1—-§)=0.80, a minimum of 18 subjects per group was required. The
TNBC cohort met this requirement, supporting the feasibility of a pilot analysis; however, the findings are interpreted as
preliminary due to the smaller control group. Because of the limited sample size and sparse subgroup counts, no
multivariable regression models or formal sensitivity analyses were performed, and all analyses were interpreted as
exploratory. Receiver Operating Characteristic (ROC) analysis was used to assess the discriminatory performance of 1L-6
and STAT3 expression in distinguishing TNBC patients from healthy controls and exploring their association with
chemotherapy response. Area under the curve (AUC) values were calculated, along with 95% confidence intervals (CI),
using a non-parametric method (DeLong). Sensitivity and specificity values were determined for optimal threshold points
based on Youden’s index.

Results
The study included 20 patients with triple-negative breast cancer (TNBC) and 10 healthy control individuals. The mean
age of the TNBC group was 44.2 years (range, 31-57 years). Clinical characteristics of the TNBC patients, including
tumour size, TNM stage, lymph node status, lymphovascular invasion, histologic grade, and response to neoadjuvant
chemotherapy, are summarised in Table 1.

Real-time PCR analysis revealed significantly elevated expression of both IL-6 and STAT3 in the TNBC group
compared with healthy controls. The mean fold increase for IL-6 was 8.9-fold (p=0.001), and for STAT3 was 25.1-fold
(p=0.001), based on the 2" **“" method (Figure 2).

Table | Baseline Clinicopathological Characteristics of
Patients with TNBC (n=20)

Characteristic Category [ n | %
Age <50 years Il | 55
250 years | 9 | 45
Tumour size (cm) <2 3 15
2-5 16 | 80

>5 | 5
Metastatic lymph node status Negative 8 | 40
Positive 12 | 60

TNM stage | | 5
1l 17 | 85
n 2 10
(Continued)
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Table | (Continued).

Characteristic Category ([ n | %

Lymphovascular invasion Negative 141 70

Positive 6 30

Histologic grade (Bloom-Richardson) | | 6 30
1l 4 |20
1] 10 | 50

Abbreviations: cm, centimetre; TNBC, triple-negative breast cancer;
TNM, tumour-node-metastasis.

The distribution of Miller-Payne grades following neoadjuvant chemotherapy is shown in Figure 3: grade 1 in 2
patients, grade 2 in 5 patients, grade 3 in 7 patients, grade 4 in 4 patients, and grade 5 in 2 patients. Patients exhibiting
a better pathological response generally demonstrated lower levels of IL-6 and STAT3 expression.

In exploratory subgroup analyses, elevated expression levels of both markers were significantly correlated with
lymphovascular invasion and poorer tumour differentiation. Additionally, higher IL-6 expression was associated with the
absence of a complete response, whereas the association between STAT3 expression and response did not achieve
statistical significance (Table 2). No significant associations were observed between these markers and factors such as
age, tumour size, metastatic lymph node status, or TNM stage.

Receiver operating characteristic analysis suggested modest discriminatory performance for both genes. For IL-6, the
AUC was 0.721 (95% CI 0.524-0.918; p=0.084), with an optimal cut-off value of 6.32, 68% sensitivity, and 52%
specificity. For STAT3, the AUC was 0.683 (95% CI 0.476—0.889; p=0.16), with an optimal cut-off value of 9.23, 62%
sensitivity, and 56% specificity (Figure 4).

When clinicopathological variables were evaluated according to these threshold values, IL-6 expression above 6.32
was associated with higher TNM stage and absence of complete response. No statistically significant threshold-based

association was observed for STAT3 in this exploratory analysis (Table 3).

Discussion

Several conclusions can be drawn from this study. Firstly, the expression levels of IL-6 and STAT3 in peripheral blood
were significantly elevated in patients with TNBC compared to healthy controls. Secondly, higher expression levels were
associated with pathological features indicative of more aggressive disease, notably lymphovascular invasion and poorly
differentiated tumours. Thirdly, the correlation with treatment response was more pronounced for IL-6 than for STAT3
within this cohort, although ROC analysis demonstrated only modest discriminatory capacity overall.

25+ p<0.001 509
20+ ] 40
$ - $
£ 15+ £ 30-
5 5
Z 10 T 204
2 &
5+ 10—
=
0 ———ofesepeses T 0-
Control IL-6 Control STAT3

Figure 2 Relative peripheral blood IL-6 and STAT3 expression in the TNBC and control groups. Circles indicate healthy controls (n=10), and squares indicate patients with TNBC

(n=20). Expression levels are shown as fold-change values calculated by the 27" method. Horizontal bars represent mean * SD. p values denote between-group comparisons.
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Number of Patients

Grade 1 Grade 2 Grade 3 Grade 4 Grade 5
Miller-Payne Grade

Figure 3 Distribution of patients with TNBC according to Miller-Payne grade after neoadjuvant chemotherapy (n=20). Bars represent the number of patients in each Miller-
Payne category.

These findings are biologically plausible and align closely with existing knowledge regarding the IL-6/STAT3 axis.
IL-6 plays a role in fostering a pro-inflammatory tumour microenvironment and has been linked to processes such as
epithelial-mesenchymal transition, immune evasion, angiogenesis, and metastatic progression.'> !> STAT3, as
a downstream transcription factor, regulates genes involved in proliferation, survival, and invasion and has repeatedly

been linked to treatment resistance and poor outcome in breast cancer.'®'""'%!'7 Our data do not establish causation, but

Table 2 Association Between IL-6 and STAT3 Expression and Clinicopathological Features in TNBC (n=20)

Clinicopathological Feature | Category IL-6 p value STAT3 p value
(Mean Fold-Change) (Mean Fold-Change)
Age <50 9.03 0.93 27.90 0.96
250 10.33 26.10
Tumour size (cm) <2 9.64 0.14 3245 0.97
2-5 10.24 2447
>5 15.51 34.82
Metastatic lymph node status Negative 7.71 0.09 24.34 0.24
Positive 11.65 3113
TNM stage | 1.57 0.45 9.12 0.51
Il 9.50 10.31
1] 10.77 18.58
(Continued)
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Table 2 (Continued).

Clinicopathological Feature | Category IL-6 p value STAT3 p value
(Mean Fold-Change) (Mean Fold-Change)

Lymphovascular invasion Negative 8.95 0.035% 24.73 0.033*
Positive 10.98 34.56

Histologic grade Well differentiated 8.25 0.048* 17.13 0.044*
Poorly differentiated 14.32 31.86

Complete response Negative 7.21 0.042* 26.61 0.06
Positive 4.45 14.32

Notes: Values are presented as mean fold-change. *p<0.05.

they do suggest that peripheral blood expression of these genes may reflect the same aggressive biology described in
tissue-based and experimental studies.

The present study does not assert a significant conceptual breakthrough. Instead, it provides preliminary clinical
evidence derived from a minimally invasive sampling methodology. While much of the existing research has concen-
trated on tumour tissue or protein expression, this study investigates pre-treatment peripheral blood gene expression to
assess whether a more practical biomarker source can still yield clinically relevant information. The modest area under
the curve values suggest that IL-6 and STAT3 are unlikely to serve effectively as standalone diagnostic markers. If their
utility is confirmed, it is more probable that they would contribute value within multi-marker models or in combination
with established clinicopathological variables.

From a translational perspective, the IL-6/STAT3 axis remains an appealing target because it sits at the intersection of
inflammatory signalling and treatment resistance. Experimental and early clinical studies have suggested that agents

targeting IL-6, the IL-6 receptor, or STAT3 may help reduce stemness, chemoresistance, and metastatic behaviour in

IL-6 STAT3
ROC Curve
o ROC Curve 1 10
AUC: 0.721 AUC: 0.683
95% Cl: 0.524-0.918 95% Cl:0.476-0.889
08 /,/ 08 //’
/// /
06 A > 0" A
c S '
& oo, 14
04 A ; 7
02 A i 02 o
00 55 » i T oy e 02 04 08 08 10
1 - Specificity 1 - Specificity

Figure 4 Receiver operating characteristic curves for IL-6 and STAT3 expression in distinguishing TNBC cases from healthy controls. The blue line represents the observed
ROC curve, and the red diagonal line represents the line of no discrimination (AUC=0.50). AUC values and 95% confidence intervals are shown within each panel.
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Table 3 Distribution of Clinicopathological Features According to IL-6 and STAT3 Threshold Values

Clinicopathological Feature | Category Overall | IL-6 <632 | IL-6>6.32 | pvalue | STAT3 <9.23 | STAT3 >9.23 | p value
n (%) n (%) n (%) n (%) n (%)
Age <50 1 (55) 8 (73) 3(27) 039 4(36) 7 (64) 0.42
250 9 (45) 5 (55) 4 (45) 3 (33) 6 (67)
Tumour size (cm) <2 3 (15) I (33) 2 (67) 0.53 I 33) 2 (67) 026
2-5 16 (80) 6 (37) 10 (63) 531) 1 (69)
>5 I (5) 0(0) I (100) 0(0) I (100)
Metastatic lymph node status | Negative 8 (40) 4 (50) 4 (50) 0.17 2 (25) 6 (75) 0.82
Positive 12 (60) 3 (25) 9 (75) 8 (67) 4(33)
TNM stage | I (5) I (100) 0(0) 0.031* I (100) 0(0) 0.40
[ 17 (85) 424 13 (76) 7 (41) 10 (59)
i 2 (10) 0(0) 2 (100) I (50) I (50)
Lymphovascular invasion Negative 14 (70) 6 (43) 8 (57) 0.86 4(29) 10 (72) 077
Positive 6 (30) 2 (33) 4(67) 3 (50) 3 (50)
Complete response Negative 5 (25) I (20) 4 (80) 0.026* 2 (40) 3 (60) 077
Positive 15 (75) 12 (80) 3 (20) 9 (60) 6 (40)

Notes: Values are presented as n (%). Threshold values were derived from ROC analysis. *p<0.05.

TNBC."¥2° Our findings are consistent with that direction of research, but they should not be interpreted as evidence that
either marker is ready for clinical decision-making.

Future investigations should assess these markers within larger prospective cohorts, preferably incorporating paired
tumour tissue and blood samples, along with longitudinal sampling during treatment and monitoring of survival
outcomes. Validation at the protein level, such as through ELISA-based measurement of circulating IL-6, would further
elucidate the relationship between transcriptional alterations and biologically relevant protein activity. If validated, such
research could contribute to the refinement of biomarker panels designed to identify patients at increased risk of an
insufficient response to neoadjuvant chemotherapy.

Study Limitations

This study has several limitations that must be acknowledged to provide context for interpreting the findings. First and
foremost, the relatively small sample size limits the statistical power of the analyses and the generalisability of the
results. This limitation is particularly pronounced in subgroup analyses, where certain clinical categories—such as
patients with tumour size >5 cm—contained only a single case, thereby restricting the ability to detect meaningful
differences. Accordingly, the findings should be regarded as preliminary and underscore the need for validation in larger,
independent cohorts with more balanced clinical subgroup distributions.

Secondly, the cross-sectional study design and the lack of longitudinal follow-up data preclude drawing definitive
conclusions about the causal relationship between elevated IL-6/STAT3 expression and long-term clinical outcomes, such
as overall or disease-free survival. Future prospective studies with serial sampling and survival endpoints are essential to
further elucidate the prognostic significance of these molecular markers in the context of triple-negative breast cancer.

A further limitation lies in the exclusive use of peripheral blood samples for gene expression analysis. While
peripheral blood sampling is minimally invasive and clinically feasible, it may not fully capture the complex molecular
landscape and cellular heterogeneity of the tumour microenvironment. Blood-based expression primarily reflects

systemic immune activity and inflammatory status rather than tumour-intrinsic gene expression patterns. This
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methodological choice may, in part, account for the moderate diagnostic performance observed in the ROC analyses.
Incorporating paired tumour tissue samples into future research would provide a more comprehensive understanding of
the pathophysiological roles of IL-6 and STAT3 in TNBC and enhance the interpretability of biomarkers.

Despite applying exclusion criteria and standardised sample handling protocols—including fasting blood collection
within a fixed time window and processing within two hours—to mitigate pre-analytical and biological confounding, the
potential for residual confounding remains. Subclinical inflammation, undiagnosed comorbidities, psychosocial stress, or
the use of unreported medications (such as NSAIDs or corticosteroids) could still influence cytokine expression levels.
This inherent limitation is common in observational biomarker studies and should be considered when interpreting the
observed associations between IL-6/STAT3 expression and neoadjuvant chemotherapy response.

Conclusion

In this prospective cross-sectional pilot study, higher pre-treatment peripheral blood IL-6 and STAT3 expression were
associated with unfavourable clinicopathological features in TNBC, and IL-6 in particular showed an association with
poorer pathological response to neoadjuvant chemotherapy. These findings support further study of the IL-6/STAT3 axis
as part of broader biomarker strategies associated with treatment response. Larger, well-powered prospective studies are
needed before these markers can be considered for routine clinical use.
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