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Objective: Neoadjuvant therapy is essential for locally advanced esophageal squamous cell carcinoma (ESCC), but its efficacy
requires improvement. This study investigated the role of tumor-infiltrating mast cells (MCs) in treatment response and prognosis.
Methods: An integrated approach was employed, combining single-cell RNA sequencing of paired specimens from one ESCC patient
pre- and post-neoadjuvant therapy, immunofluorescence analysis of a retrospective cohort of 68 treatment-naive ESCC surgical
specimens, bioinformatics analysis of public datasets, and in vitro mast cell activation assays.

Results: Single-cell sequencing revealed a post-therapy increase in the proportion of MCs among immune cells (4% to 12%),
alongside an enriched inflammatory gene profile. In the cohort of 68 patients, higher MC density was associated with smaller tumor
diameter (Pearson r = —0.32, p=0.007) and significantly better overall survival (36 vs 23.5 months, p=0.038). No such correlations
were found for macrophages or CD8+ T cells. Bioinformatic analysis linked MCs to extracellular matrix and vascular smooth muscle
regulation. Critically, high MC density combined with low desmoplasia or fibrosis identified patients with the most favorable
prognosis. Phenotypically, MCs were predominantly non-degranulated in situ. In vitro, LPS activation (a non-degranulating signal)
significantly upregulated CCL19 and other chemokines in mast cells. Furthermore, LPS was detected in the tumor stroma of 47.1%
(32/68) of patients but not in normal mucosa.

Conclusion: The findings demonstrate that tumor-infiltrating MCs are associated with enhanced efficacy of neoadjuvant therapy and
improved survival in ESCC. The mechanism may involve LPS-induced, non-degranulatory MC activation that modulates the
desmoplastic microenvironment. Targeting this axis presents a promising strategy for ESCC treatment.
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Introduction

Esophageal cancer is a common malignant tumor of the upper digestive tract. Esophageal squamous cell carcinoma
(ESCCQ) is the predominant histologic type in East Asia and ranks as the eighth most common malignancy globally.
According to the latest epidemiological data, ESCC possesses the sixth highest mortality rate among all cancers, posing
a severe threat to human health." Current treatment primarily relies on surgery, with chemotherapy, radiotherapy, and
immunotherapy serving as important adjuvant modalities. However, the clinical efficacy of these treatments is often

limited by drug resistance, low sensitivity, and toxic side effects.”
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The tumor microenvironment (TME) is a critical determinant of the efficacy of chemotherapy, radiotherapy, and
immunotherapy for solid tumors. The TME comprises not only tumor cells but also cancer-associated fibroblasts,
immune cells, vascular networks, extracellular matrix (ECM), and various cytokines, which collectively support tumor
survival and progression.® During proliferation and invasion, cancer cells secrete degrading enzymes and other active
components to remodel the surrounding ECM.* This interaction frequently triggers an excessive deposition of fibrous
connective tissue, a process known as desmoplasia, which is closely associated with tumor progression, metastasis, and
patient prognosis.”®

The accumulation of stromal components increases interstitial pressure, reduces blood flow and vascular density,
thereby impeding drug delivery and contributing to treatment resistance.”® The prognostic impact of stromal fibrosis and
desmoplasia varies across cancer types, being strongly negative in pancreatic cancer but remaining controversial in
breast, nasopharyngeal, and colorectal cancers.”'® The relationship between desmoplasia and prognosis in ESCC,
however, is less clearly defined, warranting further investigation.

Mast cells (MCs) are versatile immune cells residing in various tissues, including tumors. In the TME, MCs
exhibit dual roles, capable of either promoting or inhibiting tumor growth depending on context.'"'? They store
and secrete a vast array of bioactive mediators, such as proteases (eg, tryptase), histamine, prostaglandins,
chemokines, and cytokines. Through these mediators, MCs can influence angiogenesis, immune cell recruitment,
and fibroblast activation.'>'* Notably, MC-derived tryptase and TGF-B can activate fibroblasts and promote
collagen deposition, thereby driving interstitial fibrosis and connective tissue hyperplasia.'>'® This MC-
mediated desmoplasia can, in turn, create a physical barrier that blocks the infiltration of anti-tumor drugs and
lymphocytes, potentially facilitating tumor invasion and metastasis.'’ Consequently, targeting MC activation and
their pro-fibrotic functions represents a potential therapeutic strategy for cancers characterized by a dense stroma.

Our team’s preliminary work and other reports suggest that MCs can activate fibroblasts and regulate their
proliferation in the TME. However, the specific role of MCs in modulating the desmoplastic microenvironment of
ESCC, and how this modulation ultimately influences the efficacy of neoadjuvant therapy, remains poorly under-
stood. We hypothesized that tumor-infiltrating MCs, by modulating desmoplasia, could affect drug delivery and
immune infiltration, thereby impacting treatment outcomes. To test this, we analyzed the relationship between MC
density, interstitial fibrosis, desmoplastic reaction, and patient prognosis in ESCC. Furthermore, we investigated
the phenotype of these MCs and their functional impact on the microenvironment to elucidate the potential
mechanism linking MC-driven desmoplasia modulation to neoadjuvant therapy efficacy.

Metarials and Methods

Patients and Specimens

The study was conducted in accordance with the Declaration of Helsinki and approved by the Ethics Committee of the
Fourth Hospital of Hebei Medical University. For single-cell sequencing analysis, paired specimens (pre-treatment endo-
scopic biopsies and post-treatment surgical resection) were obtained from one ESCC patient who received neoadjuvant
therapy (anti-angiogenic drugs combined with chemotherapy). For histopathological and immunofluorescence analyses,
a retrospective cohort was utilized, comprising postoperative paraffin-embedded tumor tissues from 68 ESCC patients who
underwent primary surgical resection at the Fourth Hospital of Hebei Medical University between January 2021 and
December 2023. The sample size for this cohort was determined by the availability of cases meeting the inclusion criteria
during the study period. Key inclusion criteria were: (1) histologically confirmed ESCC; (2) underwent curative-intent
surgery without preoperative neoadjuvant therapy; (3) availability of complete clinical and follow-up data. Exclusion criteria
included: (1) presence of distant metastases at diagnosis; (2) history of other malignancies; (3) insufficient tissue quality for
analysis. Paired para-carcinoma normal tissues were also collected for comparison.

Single-Cell RNA Sequencing
Single-cell suspensions were prepared from fresh tissue specimens. Briefly, approximately 10,000 cells per sample were
loaded to capture ~8,000 cells per sample using the Chromium Single Cell A Chip kit and libraries were constructed
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using the Single Cell 5’ Library and Gel Bead Kit (10x Genomics, Pleasanton, CA, USA, #1000006) according to the
manufacturer’s instructions. Following barcoded reverse transcription within Gel Beads-in-emulsion (GEMs), cDNA was
amplified and quality-assessed using an Agilent 2100 Bioanalyzer. Sequencing libraries were constructed and sequenced
on an Illumina Novaseq6000 platform with a paired-end 150 bp (PE150) strategy, aiming for a minimum depth of
100,000 reads per cell. Raw sequencing data (fastq files) were aligned to the hg38 human reference genome and
quantified using CellRanger software (version 6.0.0). Subsequent data analysis was performed in R (version 4.1.0)
using the Seurat package (v4.1.0). Low-quality cells were filtered out based on the following criteria: unique molecular
identifier (UMI) counts < 8,000, mitochondrial gene content > 75%, or ribosomal gene content < 45%. Potential doublets
were removed using DoubletFinder (version 2.0.3). Data normalization, identification of highly variable genes, and log-
normalization were performed using Seurat’s NormalizeData and FindVariableFeatures functions. To integrate data from
different samples and mitigate batch effects, the IntegrateData function was applied. Principal component analysis (PCA)
and uniform manifold approximation and projection (UMAP) were performed on the integrated dataset for dimension-
ality reduction and visualization.

Histological Staining and Evaluation of Tissue Fibrosis and Desmoplasia

Formalin-fixed, paraffin-embedded (FFPE) ESCC resection specimens were sectioned at Sum thickness, deparaffinized in
xylene, rehydrated through a graded ethanol series, and stained with Hematoxylin & Eosin (H&E). The degree of stromal
fibrosis was evaluated on H&E-stained sections and graded semi-quantitatively into three levels, adapted from previously
published criteria:'® Grade 1 (mild, fibrosis area < one-third of the tumor stroma), Grade 2 (moderate, fibrosis area
between one-third and two-thirds), and Grade 3 (severe, fibrosis area > two-thirds). Furthermore, the desmoplastic
microenvironment was categorized into three types based on the nature of the fibrotic matrix, as described by Ueno
et al:'® immature type (presence of myxoid changes in the matrix, regardless of keloid collagen), intermediate type
(presence of keloid collagen without myxoid changes), and mature type (absence of both keloid collagen and myxoid
changes). All histological evaluations were performed independently and in a blinded manner by two surgeons and one
pathologist. The final category for each case was determined by the consensus of at least two evaluators.

Immunofluorescence Staining
Tissue Immunofluorescence

For FFPE tissue sections, after deparaffinization, rehydration, and microwave-assisted antigen retrieval in citrate buffer
(pH 6.0), endogenous peroxidase activity was quenched with 3% hydrogen peroxide for 15 minutes. After blocking with
5% BSA for 1 hour, sections were incubated with primary antibodies against Tryptase (Abcam, ab2378, 1:200), LPS
(Sigma-Aldrich, L4391, 1:300), CCL19 (R&D Systems, MAB361, 1:200), or CXCL8 (Invitrogen, MAS5-23758,
1:200) either at 37°C for 1 hour or at 4°C overnight. Subsequently, sections were incubated with appropriate secondary
antibodies, including biotinylated goat F(ab’)2 anti-mouse IgG (Southern Biotechnology, 1031-08, 1:500) followed
by streptavidin Alexa 488 (Invitrogen, S11223, 1:1000), or Rhodamine Red-X donkey F(ab’)2 anti-rabbit IgG (Jackson
ImmunoResearch, 711-295-152, 1:500), or NL637 donkey anti-goat IgG (R&D Systems, NL0O07, 1:200) for 1 hour at
room temperature. To reduce autofluorescence, sections were treated with 0.1% Sudan Black B (Fisher Scientific, BP108-
25) in 70% ethanol for 30 minutes. Nuclei were counterstained with DAPI (Vector Laboratories, H-1200), and slides
were mounted and imaged using an Olympus BX53 fluorescence microscope.

Cell Immunofluorescence

For the cultured HMC-1 mast cell line, cells were fixed with 3.7% formaldehyde for 15 minutes at room temperature,
permeabilized with 0.2% Triton X-100 in PBS for 10 minutes, and blocked with 5% BSA. Cells were then incubated with
primary antibodies against Tryptase (1:200), CCL19 (1:200), or CXCLS8 (1:200) for 1 hour at room temperature,
followed by incubation with Alexa Fluor 488-conjugated donkey anti-mouse IgG (Invitrogen, A-21202, 1:1000) or Cy3-
conjugated donkey anti-rabbit IgG (Jackson ImmunoResearch, 711-165-152, 1:1000) for 1 hour. Nuclei were stained
with DAPI, and images were acquired using an Olympus IX73 inverted fluorescence microscope.
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Bioinformatics Analysis
Gene expression data (FPKM values) and clinical information for esophageal carcinoma (ESCA cohort) were downloaded
from The Cancer Genome Atlas (TCGA) database (https://portal.gdc.cancer.gov). Patients were stratified into high and low

expression groups based on the median expression levels of mast cell-related genes KIT and FCER1A. Differentially
expressed genes (DEGs) between these groups were identified using the #-test implemented in R, with an adjusted p-value
(FDR) < 0.25 considered significant. The common DEGs shared between the KIT and FCER1A comparisons were
identified and visualized using a Venn diagram. Functional enrichment analysis for Kyoto Encyclopedia of Genes and
Genomes (KEGG) pathways and Gene Ontology (GO) terms was performed on the common DEGs using the R package
ClusterProfiler (v3.14.3), with a significance threshold of p < 0.05.

Cell Culture and Activation

The human mast cell line HMC-1 (obtained from the Shanghai Institute of Biochemistry and Cell Biology, China) was
cultured in Iscove’s Modified Dulbecco’s Medium (IMDM, Gibco, 12440053) supplemented with 10% fetal calf serum
(FCS, Gibco, 10091-148) and 1% penicillin-streptomycin (Sigma-Aldrich, P0O781) at 37°C in a 5% CO2 humidified
incubator. For in vitro activation, HMC-1 cells (1x1076 cells/well in a 6-well plate) were treated with Lipopolysaccharide
(LPS, Sigma-Aldrich, L.4391) at indicated concentrations (0.1 pg/mL or 1 pg/mL) for 6 hours. Cells treated with PBS
vehicle alone served as the control. After treatment, cell pellets were collected for immunofluorescence staining, and
culture supernatants were centrifuged at 3000 rpm for 10 min, aliquoted and stored at —80°C for subsequent analysis.

RNA Extraction and Quantitative Real-Time PCR (qRT-PCR)

Total RNA was extracted from HMC-1 cells using TRIzol reagent (Invitrogen, 15596026) according to the manufac-
turer’s protocol. RNA concentration and purity were measured using a NanoDrop spectrophotometer. One microgram of
total RNA was reverse-transcribed into cDNA using the TUREscript RT Master Mix reverse transcription kit (Aidlab,
AT341). qRT-PCR was performed using the GO Taq qPCR Master Mix (Promega, A6002) on a QuantStudio 5 Real-Time
PCR System (Applied Biosystems). The primer sequences (Sangon Biotech, Shanghai) used were:

Human TPSB2 (F: 5>-GACCACCACCACCAATTCCAAG-3’; R: 5’-TTAGTTGTTGTGTTGATTCTCAGTGTG-3’),
Human CXCLS8 (F: 5’-CCCATTCTTCTAAACAGCAGCATTC-3’; R: 5>-TGATTGAGAGGAGCCATCCAGATAG-3’),
Human CCL19 (F: 5>-GTGGACCTGACCTGCCGTCTAG-3’; R: 5>-GAGTGGGTGTCGCTGTTGAAGTC-3"), Human
GAPDH (F: 5°-GGAGCGAGATCCCTCCAAAAT-3’; R: 5’-GGCTGTTGTCATACTTCTCATGG-3").The cycling con-
ditions consisted of 95°C for 10 minutes, followed by 40 cycles of 95°C for 15 seconds, 58°C for 30 seconds, and 72°C for
30 seconds. The relative expression levels of the target genes were calculated using the 2-AACT method with GAPDH as
the endogenous control.

Statistical Analysis

SPSS 19.0 software (IBM Corporation) and GraphPad Prism 5 software (GraphPad Software, Inc.) were used for
statistical and graphical analysis. Data from at least three independent experiments are presented as mean + SEM.
Differences between two groups were analyzed by Student’s #-test, while comparisons among multiple groups were
performed using one-way ANOVA followed by Tukey’s post-hoc test. Survival analysis was conducted using the Kaplan-
Meier method, and differences in survival curves were assessed by the Log rank test. A p-value of less than 0.05 was
considered statistically significant.

Results
Elevated Proportion of Tumor-Infiltrating Mast Cells Following Effective Neoadjuvant
Therapy

A representative case of advanced ESCC (grade 11, stage IIT) received neoadjuvant therapy combining anti-angiogenic agents
with a TC (taxane and platinum) regimen. After 4 cycles, significant tumor regression was observed (Figure 1A). Therapeutic
efficacy was assessed by computed tomography (CT) scanning (Figure 1B) and histopathological examination of
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H&E-stained sections (Figure 1C). We performed single-cell RNA sequencing on fresh tumor specimens obtained from this
patient before and after neoadjuvant therapy. Analysis of the immune cell landscape revealed a notable shift: the proportion of
mast cells among all immune cells increased from 4% pre-treatment to 12% post-treatment, even though the absolute number
of mast cells decreased from 462 to 340 (Figure 1D and E). Gene expression profiling indicated that mast cells post-treatment
exhibited enhanced expression of wvarious cytokines (eg, IL1B, 1IL18, TNF) and chemokines
(eg, CCL3, CCL4, CCL2, CXCL2, CXCLS) (Figure 1F). Concurrently, an increase in fibroblast numbers and the over-
expression of multiple functional genes in fibroblasts were observed after treatment (Figure 1F).

High Density of Tumor-Infiltrating Mast Cells Correlates with Reduced Tumor Burden

and Improved Survival
To characterize mast cell distribution in ESCC, we analyzed paired tumor and adjacent normal tissues from 68 treatment-
naive patients. Patient baseline characteristics are summarized in Table 1. H&E staining was used for general histology
(Figure 2A—C), and immunofluorescence for tryptase was employed to identify mast cells (Figure 2B—D). Mast cells
were predominantly located in the tumor stroma surrounding cancer nests. Comparative analysis revealed that 54 patients
had lower mast cell density in tumor tissue compared to their normal mucosa (MC-low), while 14 patients had higher
tumor mast cell density (MC-high) (Figure 2E). We observed a significant negative correlation between tumor-infiltrating
mast cell density and both maximum tumor diameter (Pearson r = —0.32, p = 0.007) (Figure 2F) and pathological T stage
(Pearson r = —0.20, p = 0.09) (Figure 2G). No significant correlations were found with tumor differentiation or lymph
node metastasis (data not shown). Critically, patients in the MC-high group had significantly longer overall survival (36 +
15.01 months) than those in the MC-low group (23.5 + 17.07 months; Log rank test, p = 0.038) (Figure 2H).

For comparison, we also evaluated tumor-infiltrating macrophages (CD68+) and CD8+ T cells (Figure 3A). While
both cell types were present at significantly higher densities in tumors compared to normal tissue (Figure 3B and C), their
densities showed no significant correlation with tumor diameter (Figure 3D and E) or overall survival (Figure 3F and G).

Combined Analysis of Mast Cells and Desmoplasia Refines Prognostic Stratification
To explore the functional role of mast cells, we analyzed data from the TCGA-ESCC cohort. Expression of mast cell
marker genes KIT and FCERIA was significantly lower in tumor tissues compared to normal esophageal
samples (Figure 4A and B). Cross-analysis of differentially expressed genes between KIT/FCERI1A high- and low-
expression groups identified 87 shared genes (Figure 4C). Functional enrichment analysis (KEGG and GO) revealed that
these mast cell-associated genes were primarily involved in “extracellular region” and “vascular smooth muscle
contraction” (Figure 4D and E).

We next evaluated the desmoplastic microenvironment. Based on H&E staining, desmoplastic reaction was categorized as
mature (mild, n=22) or immature (severe, n=46) (Figure 5A and B). While desmoplasia grade alone did not significantly stratify
survival (Figure 5C), within the mature/mild desmoplasia subgroup, patients with high mast cell density (MC-high) had
significantly better overall survival than those with low density (MC-low) (34.5 £+ 19.14 vs 27.0 £ 16.56 months; p =
0.037) (Figure 5D). Similarly, stromal fibrosis was graded as mild (n=28) or severe (n=40) (Figure 5E and F). Fibrosis grade
alone also did not impact survival (Figure 5G). However, within the mild fibrosis subgroup, MC-high patients again showed
a significant survival advantage over MC-low patients (36.5 & 21.99 vs 26.0 = 12.76 months; p = 0.027) (Figure SH).

LPS-Induced Non-Degranulatory Activation of Mast Cells Upregulates CCL19

We investigated the activation state of tumor-infiltrating mast cells. Immunofluorescence for tryptase showed that the
majority of mast cells in both tumor and normal tissues retained tryptase within their cytoplasm, indicative of a non-
degranulated phenotype (Figure 6A—-C).

To model non-degranulatory activation in vitro, the human mast cell line HMC-1 was stimulated with LPS. This led
to a dose-dependent upregulation of chemokine genes CCL19, CCL21, and CXCLS8 (Figure 7A). Increased secretion of
CCL19 and CXCL8 proteins was confirmed by immunofluorescence (Figure 7B and C). To support the potential
relevance of this pathway in vivo, we detected LPS by immunofluorescence in the tumor stroma of 32 out of 68
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Table | Baseline Characteristics of Patients with

ESCC
Characteristics Total Patients %
(n=68)
Age (years)
Mean+SD 60+7.77
Range 47~73
Gender (n)
Male 52 76.47
Female 16 23.53
Tumor location (n)
Upper 16 23.53
Middle 42 61.76
Lower 10 14.71
Tumor differentiation (n)
High 20 29.42
Middle 24 35.29
Low 24 35.29
Tumor size (cm)
Mean+SD 4+1.65
Range 1~9
T stage (n)
2 36 52.94
3 28 41.18
4 4 5.88
N stage (n)
0 34 50.00
| 26 38.24
2 6 8.82
3 2.94

(47.1%) patients, with a distribution pattern similar to mast cells. In contrast, LPS was undetectable in normal esophageal
mucosa (Figure 7D and E).

Discussions

The role of mast cells (MCs) in cancer has evolved beyond their classical function in allergy, emerging as a complex and
context-dependent modulator of the tumor microenvironment (TME).'**° Our study provides clinical and mechanistic
evidence in ESCC, demonstrating that a higher density of tumor-infiltrating MCs is associated with improved efficacy of
neoadjuvant therapy and better patient survival. This protective association appears to be linked to a modulation of the
desmoplastic microenvironment.>!

A key and novel finding of our study is the observed increase in the relative proportion of MCs within the immune landscape
following effective neoadjuvant therapy, as revealed by single-cell sequencing. This shift occurred alongside an enrichment of
a pro-inflammatory gene signature in these MCs, suggesting a potential functional reprogramming rather than a passive
accumulation. Furthermore, in our larger cohort, high MC density was correlated with smaller tumor size and superior overall
survival, a relationship not observed for other immune cells like CD8+ T cells or macrophages. This underscores the unique and
potentially pivotal role of MCs in ESCC progression and treatment response.

The function of MCs in cancer is notoriously pleiotropic, with studies reporting both pro-tumoral and anti-tumoral
effects depending on the cancer type and context.”>** In certain malignancies, MCs are known to promote angiogenesis
and immunosuppression.”**> However, our data in ESCC align with a growing body of evidence suggesting a protective
role in some solid tumors.?® The discrepancy may be explained by their activation state and subsequent mediator release
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t-test). (C) Venn diagram of overlapping DEGs. (D) GO term and (E) KEGG pathway enrichment analyses for the 87 shared genes.

profile. We identified that the majority of MCs in ESCC tissues were in a non-degranulated state, retaining mediators like
tryptase intracellularly. This phenotype is consistent with activation via Toll-like receptors (TLRs), such as TLR4 by
bacterial lipopolysaccharide (LPS), which can trigger sustained cytokine/chemokine secretion without massive, immedi-
ate degranulation.'>'>'® Our bioinformatics analysis linked MCs in ESCC to processes like “vascular smooth muscle
contraction,” hinting at a potential role in regulating vessel tone and perfusion, which could influence drug delivery.
Crucially, we propose a mechanistic link between MCs and the desmoplastic stroma. Our in vitro experiments demon-
strated that LPS activation of MCs robustly upregulated chemokines, particularly CCL19. CCL19 is a key chemokine
involved in lymphocyte homing and has been implicated in extracellular matrix remodeling.?’** Therefore, we hypothesize
that in the ESCC TME, MCs recruited and potentially activated by intratumoral bacteria (as suggested by our detection of LPS
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Figure 5 Prognostic value of combining mast cell density with desmoplasia and fibrosis assessment. Representative H&E images of (A) mature/mild and (B) immature/severe
desmoplasia (scale bars, 100 um). (C and D) Survival analysis by desmoplasia grade alone and combined with mast cell density. Representative H&E images of (E) mild and
(F) severe fibrosis (scale bars, 100 um). (G and H) Survival analysis by fibrosis grade alone and combined with mast cell density.
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Figure 6 Mast cells in ESCC predominantly exhibit a non-degranulated phenotype. (A and B) Schematic and representative images illustrating degranulated vs non-
degranulated mast cells based on tryptase distribution (scale bars, 25 um). (C) Quantification of degranulation status in tumor and normal tissues.

in nearly half of the tumors) may secrete a spectrum of factors that help to maintain a less fibrotic, more organized stromal
architecture.”” This is supported by our clinical observation that the survival advantage of high MC density was most
pronounced in patients with low-grade desmoplasia and fibrosis. A less dense, more mature stroma may facilitate enhanced
perfusion and improved penetration of chemotherapeutic agents, thereby explaining the association with better neoadjuvant
therapy efficacy.”®!” This model reconciles our findings, positioning MCs as regulators of stromal composition whose activity

can indirectly enhance treatment response.
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Figure 7 LPS induces chemokine production in mast cells and is present in the ESCC microenvironment. (A) qRT-PCR analysis of chemokine mRNA expression in HMC- 1 cells
after LPS stimulation. Immunofluorescence detection of (B) CCLI9 and (C) CXCL8 in LPS-stimulated HMC-1 cells (scale bars, 25 um). (D) Representative immunofluorescence
images showing LPS expression in tumor tissue but not in normal mucosa (scale bars, 100 um). (E) Quantification of LPS-positive patients. *p < 0.05, **p < 0.01, **p < 0.001.

OncoTargets and Therapy 2026:19 htps: 13



Cui et al

Several limitations of our study should be acknowledged. Firstly, the retrospective nature of the cohort analysis and its single-
center design necessitate validation in prospective, multi-center studies. Secondly, while our in vitro data support a functional role
for LPS-activated MCs, the precise molecular mechanisms by which MC-derived factors directly modulate fibroblast activity
and collagen deposition in the ESCC TME require further investigation, ideally through in vivo models. Finally, the specific
source of intratumoral LPS and the full spectrum of MC-activating signals in ESCC remain to be fully elucidated.

Despite these limitations, our findings illuminate a promising therapeutic avenue. Future research should explore
whether pharmacological modulation of MCs—for instance, by promoting their “favorable,” non-degranulating pheno-
type or leveraging their chemokine secretion—can be harnessed to normalize the desmoplastic stroma. Such a strategy
could be used as an adjuvant to enhance the efficacy of conventional neoadjuvant therapies in ESCC patients.

Conclusions

In conclusion, our integrated analysis suggests that tumor-infiltrating mast cells are associated with enhanced efficacy of
neoadjuvant therapy and improved survival in ESCC. We propose that this effect is mediated, at least in part, through the
modulation of the desmoplastic microenvironment. Mast cells, potentially activated by bacterial products like LPS in
a non-degranulatory manner, may contribute to a stromal phenotype that is more permissive to drug delivery and anti-
tumor activity. Therefore, targeting the crosstalk between mast cells and stromal components represents a potential novel
strategy to improve therapeutic outcomes and patient prognosis in ESCC.
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