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Abstract

Background
CHRFAM7A is a human-restricted fusion gene related to CHRNA7 whose sequence similarity and sparse
single-cell detection complicate interpretation. We examined the myeloid distribution of CHRFAM7A-
assigned transcripts in esophageal squamous cell carcinoma (ESCC) and assessed matrix-to-raw-read
concordance.

Methods
We reanalyzed GSE160269, comprising 19,273 myeloid cells from 64 samples and 60 patients. Tumor
myeloid states were manually annotated and evaluated using mixed-effects and sample-stratified
conditional logistic regression. Robustness analyses used higher UMI thresholds and abundance-
matched sparse-gene controls. Raw reads from P31T and a rule-frozen replication sample, P126T,
underwent transcript competition, barcode-UMI linkage, and structural comparison with annotated
CHRFAM7A exon models.

Results
CHRFAM7A-assigned counts occurred in 1,578/19,273 cells (8.19%). Among 18,261 tumor core-myeloid
cells, detection was highest in LAMP3 + CCR7+ dendritic cells (289/946, 30.55%). Within-sample
enrichment remained strong versus other myeloid cells (odds ratio 5.04, 95% CI 4.39–5.78) and versus
cDC/pDC cells (odds ratio 4.35, 95% CI 3.65–5.17). The direction persisted at > = 2 and > = 3 UMI
thresholds and ranked at the 98th percentile among 100 abundance-matched genes. P31T and P126T
contained 35 and 49 high-confidence sequences structurally compatible with annotated CHRFAM7A
transcripts; raw-read support occurred in 17/20 versus 0/72 and 11/15 versus 0/15 matrix-positive and
matrix-negative cells. Two identical 100-bp sequences were shared.

Conclusions
CHRFAM7A-assigned transcript detection shows a technically supported enrichment in a LAMP3 + 
CCR7+ dendritic-cell state in ESCC. These findings do not establish CHRNA7 expression, alpha7 receptor
activity, vagal signaling, or causality.

Introduction
Esophageal cancer remains a major global health burden, with esophageal squamous cell carcinoma
(ESCC) accounting for most cases in high-incidence regions. The biological and clinical heterogeneity of
ESCC is shaped not only by malignant epithelial cells but also by a complex stromal and immune
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microenvironment [1–4]. Single-cell studies have resolved diverse myeloid, lymphoid, fibroblast, and
epithelial states in ESCC and have emphasized that apparently similar tumors can contain markedly
different immune ecosystems [2–4].

Dendritic cells are central coordinators of antitumor immunity because they integrate antigen sensing,
migration, T-cell priming, and immune regulation. Recent single-cell studies across cancers have
identified LAMP3- and CCR7-expressing mature or migratory dendritic-cell states that can contain both
stimulatory and regulatory programs [5–10]. These states are often described as mature regulatory
dendritic cells or migratory dendritic cells; however, transcriptomic state labels do not by themselves
establish lineage or function. Their molecular heterogeneity and potential relevance to immunotherapy
make careful characterization in individual tumor types important.

The alpha7 nicotinic acetylcholine receptor, encoded by CHRNA7, has been implicated in inflammatory
regulation in several experimental systems. CHRFAM7A is a human-restricted fusion gene that
incorporates a partial duplication of CHRNA7 and can modify alpha7 receptor biology in human cells [11,
12]. Previous experimental work linked vagal-alpha7 signaling to macrophage anti-inflammatory
responses during influenza infection, and separate studies implicated CHRFAM7A in macrophage
polarization [13, 14]. Nevertheless, these observations cannot be directly extrapolated to human tumors.
CHRFAM7A and CHRNA7 share extensive sequence similarity, CHRFAM7A is absent from conventional
nonhuman models, and sparse short-read measurements can be vulnerable to annotation and mapping
ambiguity [11, 12].

We therefore asked a narrower and testable question: in a large ESCC myeloid single-cell data set, is
CHRFAM7A-assigned transcript detection associated with a specific myeloid state after accounting for
sample structure and technical depth, and can the matrix-level signal be supported by raw reads? We
combined manual cell-state annotation, mixed and conditional logistic models, UMI-threshold and
abundance-matched controls, a two-sample raw-read sequence audit, and paired bulk-tissue context.
The analysis was deliberately framed around CHRFAM7A-assigned transcript detection rather than
CHRNA7 expression or alpha7 receptor activity.

Materials and methods

Study design and public data sets
This was a secondary analysis of deidentified, publicly available transcriptomic data. The primary single-
cell data set was GSE160269, which contains myeloid cells from ESCC tumors and adjacent normal
tissues. The processed expression matrix included 19,273 cells from 64 samples representing 60
patients: 18,514 cells from 60 tumor samples and 759 cells from four normal samples. The primary
inferential analysis was restricted to 18,261 tumor core-myeloid cells from 60 patients. Raw sequencing
files corresponding to P31T and P126T were used for sequence-level technical validation. GSE23400, an
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Affymetrix GPL96/GPL97 study containing 53 paired ESCC and adjacent-normal specimens, was used
as external bulk-expression context [20].

Table 1
Data sets and analytical roles.

Data source Material Units analyzed Primary role Key boundary

GSE160269
processed
single-cell
matrix

ESCC
myeloid
cells

19,273 cells; 64
samples; 60
patients. Primary
tumor set: 18,261
core-myeloid cells
from 60 tumors

Cell-state
annotation and
sample-aware
CHRFAM7A-
assigned
transcript-
detection analysis

CHRNA7 and ARG1
were absent from the
processed matrix; cell-
level counts are not
independent biological
replicates

GSE160269
P31T raw
reads

LAMP3 + 
CCR7+ cells
from one
tumor
sample

92 cells in the
matrix-to-raw-read
comparison

Exploratory
discovery and rule
development for
sequence-level
technical
validation

Discovery thresholds
were exploratory/post
hoc

GSE160269
P126T raw
reads

LAMP3 + 
CCR7+ cells
from a
second
tumor
sample

30 cells in the
matrix-to-raw-read
comparison

Technical
replication using
frozen Q1-Q3 rules
without sample-
specific retuning

Internal technical
replication within the
same public cohort, not
independent biological
validation

GSE23400
GPL96

Paired
ESCC and
adjacent-
normal bulk
tissue

53 complete
pairs; 47-pair QC
sensitivity
analysis

External paired-
tissue expression
context

Probe 210123_s_at
maps to both CHRNA7
and CHRFAM7A; neither
locus is separately
measurable

ESCC, esophageal squamous cell carcinoma; QC, quality control.

The analysis was organized in three layers. First, the distribution of matrix-assigned CHRFAM7A counts
was evaluated across manually reviewed myeloid states with sample-aware statistical models. Second,
robustness was assessed using higher raw-UMI thresholds and abundance-matched sparse-gene
controls. Third, raw reads from P31T and P126T were audited against CHRFAM7A and CHRNA7
transcript references and annotated genomic structures. P31T served as an exploratory discovery
sample; the Q1-Q3 transcript-level rules were frozen before application to P126T, making P126T a
prospective technical replication with respect to the analysis rule, not a prospectively collected clinical
sample.

Single-cell annotation and analysis set
Cell clusters were manually reviewed using canonical lineage and state markers. The final core-myeloid
annotation contained monocyte states (Mono01-Mono03), tumor-associated macrophage states
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(TAM01-TAM04), mast cells, conventional dendritic cells (cDC), plasmacytoid dendritic cells (pDC), and a
LAMP3 + CCR7+ dendritic-cell state labeled tDC in the source analysis. The latter state was supported by
LAMP3, CCR7, CCL19, CCL22, and FSCN1. Two clusters dominated by T-cell or plasma/B-cell markers
were treated as contaminants. A rare SIGLEC15 + CTSK+ osteoclast-like cluster was retained as
provisional but excluded from the primary core-myeloid analysis. In this manuscript, tDC refers only to
the transcriptomically defined LAMP3 + CCR7+ dendritic-cell state and is not intended as an ontogenetic
lineage assignment.

A cell was considered CHRFAM7A-positive when the processed raw-count matrix contained at least one
UMI assigned to CHRFAM7A. Because most positive cells contained very few UMIs and because
CHRFAM7A is closely related to CHRNA7, the primary outcome is termed CHRFAM7A-assigned
transcript detection rather than quantitative expression. CHRNA7 and ARG1 were absent from the
released processed matrix; this was treated as a measurement limitation rather than evidence of
biological absence.

Sample-aware subtype models
The primary cell-level model was a binomial generalized linear mixed model with CHRFAM7A detection
as the outcome, broad myeloid subtype as the main explanatory variable, standardized log10 total UMI
count, its quadratic term, and standardized mitochondrial transcript percentage as fixed covariates, and
sample as a random intercept. A likelihood-ratio test compared models with and without subtype. Model-
adjusted detection probabilities and pairwise subtype contrasts were estimated on the response scale;
pairwise P values were adjusted by the Benjamini-Hochberg method. Sensitivity analyses excluded
candidate high-count cells and replaced total UMI with detected-gene count.

To control all sample-level characteristics that were constant within a tumor, sample-stratified
conditional logistic regression compared tDC cells with non-tDC myeloid cells while adjusting for
standardized sequencing depth, its quadratic term, and mitochondrial percentage. A DC-restricted model
compared tDC with cDC and pDC cells. Patient/sample-level detection fractions were also compared in
samples containing sufficient cells in both compartments. These approaches were selected to avoid
treating individual cells as independent biological replicates [16, 17].

UMI-threshold and abundance-matched robustness analyses
The primary detection threshold was at least one raw UMI. Sensitivity analyses required at least two or at
least three raw UMIs assigned to CHRFAM7A. At each threshold, conditional logistic models were
refitted and sample-level tDC versus non-tDC detection fractions were summarized. The higher
thresholds reduce sensitivity to isolated single-UMI events but also reduce the number of informative
samples and events.
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To determine whether tDC enrichment was unusual for a transcript with comparable sparsity and count
abundance, 100 control genes were selected separately at the > = 1-UMI and > = 2-UMI thresholds by
matching overall event frequency and mean raw count among event-positive cells. Every control gene
was tested with the same sample-stratified conditional logistic model and technical covariates used for
CHRFAM7A. The empirical one-sided P value was calculated as (1 + number of control odds ratios at
least as large as the CHRFAM7A odds ratio)/(1 + number of valid control models).

Exploratory within-tDC transcriptional program
An exploratory discovery analysis had identified four candidate genes (ALOX15B, BIRC3, GAPDH, and
LPP) associated with CHRFAM7A detection within tDC cells. Their replication was tested in 21
informative samples using 101 matched positive-negative cell pairs and 42 sample-level pseudobulk
libraries. The analysis was considered supportive only if gene-level effects remained significant in the
targeted replication model and showed consistent direction across patients. CHRFAM7A itself was
excluded from biological interpretation because it defined the comparison groups.

Raw-read extraction and sequence-level classification
Raw paired-end reads for P31T and P126T were retrieved from the corresponding Sequence Read
Archive runs. Reads associated with exact cell barcodes from the LAMP3 + CCR7+ state were extracted,
and raw barcode-UMI combinations were retained. Candidate sequences were compared with
CHRFAM7A and CHRNA7 RefSeq transcript libraries using BLAST+ [21]. The frozen Q1-Q3 scheme
classified sequences as Q1 (full-length exact 100% identity in both transcript-reference comparisons), Q2
(full-length > = 99% identity in both), or Q3 (full-length > = 95% identity in both). Sequence-level read-pair,
cell, and raw-UMI support were summarized after deduplication.

Structural interpretation used genome alignments and annotated exon models. A sequence was
considered directly supported when its genomic alignment structure was compatible with annotated
CHRFAM7A exons on the primary assembly; alternate/patch-only support was reported separately.
Directly unresolved sequences could be rescued by projection of their top CHRFAM7A RefSeq transcript
alignment onto multi-assembly GFF exon models [22]. These procedures establish structural
compatibility with annotated CHRFAM7A transcripts but do not establish whole-genome absolute
uniqueness.

Matrix-to-raw-read concordance was assessed within each sample by comparing the presence of
validated raw-read/UMI evidence between cells with and without CHRFAM7A-assigned matrix counts.
Fisher's exact test and Spearman correlations between matrix and raw-read counts were used as internal
technical concordance measures. Exact full-length sequence overlap between P31T and P126T was
descriptive because molecule recovery is sensitive to sequencing depth, UMI sampling, and cell
composition.
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Paired bulk-expression context
For GSE23400, processed GPL96 expression values were analyzed in a paired tumor-versus-adjacent-
normal design using limma [19, 20]. All 53 complete pairs were included in the primary analysis; a
sensitivity analysis excluded six samples flagged by conservative quality-control criteria, leaving 47
pairs. Probes with ambiguous multi-gene annotation were excluded before gene-level collapse.

The GPL96 probe 210123_s_at maps to both CHRNA7 and CHRFAM7A. Consequently, neither gene was
separately measurable in the unique-gene matrix, and no direct tumor-normal differential-expression
claim was made for either locus. The bulk analysis was used only to describe the wider ESCC
transcriptional context and to document this measurement boundary.

Statistical analysis and reproducibility
Tests were two-sided unless explicitly identified as empirical one-sided tests. Effect estimates are
reported with 95% confidence intervals. Multiple pairwise comparisons used Benjamini-Hochberg false-
discovery-rate adjustment. Analyses were conducted in R using Seurat-compatible objects, lme4,
emmeans, survival/conditional-logistic modeling utilities, edgeR, and limma, and in Python for raw-read
sequence integration; BLAST + was used for sequence alignments [15, 18, 19, 21]. Final P31T, P126T, and
cross-sample outputs were frozen with file-size and SHA256 manifests. No survival model was used to
support the primary conclusions.

Detailed subtype, UMI-threshold, empirical-null, negative-replication, and raw-read concordance results
are provided in Supplementary Tables S1-S7 (Online Resource 1).

Results

A manually reviewed ESCC myeloid atlas identifies a
LAMP3 + CCR7+ dendritic-cell state
The processed GSE160269 matrix contained 19,273 myeloid cells from 64 samples and 60 patients.
Manual review assigned 19,014 cells to the core-myeloid set, 86 cells to a rare provisional SIGLEC15 + 
CTSK+ population, and 173 cells to non-myeloid contaminant clusters. The primary tumor analysis
included 18,261 core-myeloid cells from 60 tumors. The LAMP3 + CCR7+ state contained 975 cells
overall, including 946 tumor cells and 29 cells from three normal samples (Fig. 1; Table 1).

Across all myeloid cells, CHRFAM7A-assigned counts were detected in 1,578 cells (8.19%) with 1,849
total UMIs. The mean among detected cells was 1.17 UMIs, confirming that this was a sparse transcript-
detection phenotype rather than a high-abundance quantitative expression signal. CHRNA7 and ARG1
were not represented in the processed matrix.
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CHRFAM7A-assigned transcript detection is concentrated
in the LAMP3 + CCR7+ state
Within the 18,261 tumor core-myeloid cells, 1,488 cells (8.15%) were CHRFAM7A-positive. The raw
detection fraction was highest in the LAMP3 + CCR7+ state (289/946, 30.55%), followed by TAM04
(107/673, 15.90%), cDC (257/2,567, 10.01%), TAM02 (393/4,589, 8.56%), and lower fractions in the
remaining populations (Fig. 2A; Table 2).

The primary mixed model was not singular and showed a strong overall subtype effect (likelihood-ratio
chi-square = 520.92, P = 1.49x10^-105). At average technical covariate values, the adjusted detection
probability for the LAMP3 + CCR7+ state was 27.34% (95% CI 24.21%-30.72%), compared with
2.37%-8.72% across the other broad myeloid subtypes. Pairwise odds ratios for the LAMP3 + CCR7+
state versus individual comparator subtypes ranged from 3.94 (versus mast cells) to 15.48 (versus
Mono01), and all Benjamini-Hochberg-adjusted P values were below 1.2x10^-23. The direction and
ranking were preserved after excluding candidate high-count cells and after adjustment for detected-
gene count instead of total UMI (Fig. 2B).

Within-sample models and higher UMI thresholds support
the enrichment pattern
A sample-stratified conditional logistic model confirmed enrichment within individual tumors. Relative to
all other core-myeloid cells, the LAMP3 + CCR7+ state had an odds ratio of 5.04 (95% CI 4.39–5.78; P = 
5.58x10^-117) for CHRFAM7A detection after cell-level technical adjustment. The estimate was similar
after excluding high-count cells (odds ratio 5.05) and increased in the detected-gene-adjusted sensitivity
model (odds ratio 6.02). Restricting the comparator to cDC and pDC cells retained a strong association
(odds ratio 4.35, 95% CI 3.65–5.17; P = 7.19x10^-62).

Among 44 tumors eligible for sample-level paired comparison, the LAMP3 + CCR7+ detection fraction
exceeded the non-tDC fraction in 43, was equal in none, and was lower in one (paired Wilcoxon P = 
9.70x10^-9). At the > = 2-UMI threshold, 95/946 LAMP3 + CCR7+ cells (10.04%) from 41 samples
remained positive; 38 of 44 eligible tumors had a higher tDC fraction (P = 3.31x10^-8). At the > = 3-UMI
threshold, 31/946 cells (3.28%) from 21 samples were positive; despite the reduced event count, the
sample-level direction remained nonrandom (P = 7.61x10^-5) (Fig. 3A).
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Table 2
Principal single-cell association and robustness results.

Analysis Comparison/threshold Result Interpretation

Raw subtype
summary

LAMP3 + CCR7+ state 289/946 positive cells
(30.55%); highest
among 11 tumor core-
myeloid subtypes

Descriptive
enrichment; not
adjusted

Mixed-effects
logistic model

Subtype omnibus test Chi-square = 520.92; P 
= 1.49x10^-105

Subtype contributes
beyond technical
covariates and sample
random intercept

Mixed-effects
logistic model

Adjusted LAMP3 + 
CCR7+ probability

27.34% (95% CI
24.21%-30.72%)

Model-based
probability at average
covariate values

Conditional
logistic model

LAMP3 + CCR7+ vs all
other core myeloid

OR 5.04 (95% CI 4.39–
5.78); P = 5.58x10^-117

Within-tumor
enrichment after cell-
level technical
adjustment

Conditional
logistic model

LAMP3 + CCR7+ vs
cDC/pDC

OR 4.35 (95% CI 3.65–
5.17); P = 7.19x10^-62

Enrichment persists
within dendritic-cell
compartment

Patient/sample-
level paired
summary

>=1 UMI 43/44 tumors higher in
tDC; Wilcoxon P = 
9.70x10^-9

Direction is consistent
across tumors

UMI-threshold
sensitivity

>=2 UMI 95/946 tDC positive;
38/44 tumors higher; P 
= 3.31x10^-8

Not explained solely
by single-UMI events

UMI-threshold
sensitivity

>=3 UMI 31/946 tDC positive; 20
higher, 19 equal, 5
lower; P = 7.61x10^-5

Direction persists with
reduced event count

Abundance-
matched null

>=1 UMI OR 6.64; 98th
percentile; empirical P 
= 0.0297

Unusual among 100
similarly sparse
genes, but not unique

Abundance-
matched null

>=2 UMI OR 25.07; 98th
percentile; empirical P 
= 0.0297

Robust at higher
count threshold

Targeted four-
gene program

ALOX15B, BIRC3,
GAPDH, LPP

No gene met targeted
replication criteria

No validated
CHRFAM7A-
associated
transcriptional
signature

CI, confidence interval; OR, odds ratio; tDC, transcriptomically defined LAMP3 + CCR7+ dendritic-cell
state; UMI, unique molecular identifier.
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The 29 normal LAMP3 + CCR7+ cells showed a descriptively similar raw detection fraction (9/29,
31.03%), but they came from only three normal samples. The available data therefore do not support a
claim that the state-associated pattern is tumor-specific.

The enrichment is unusual, but not unique, among
abundance-matched sparse genes
In abundance-matched null analyses, CHRFAM7A had an odds ratio of 6.64 (95% CI 5.73–7.68) at the > 
= 1-UMI threshold and 25.07 (95% CI 17.82–35.26) at the > = 2-UMI threshold. At each threshold, only
two of 100 matched control genes had odds ratios at least as large. CHRFAM7A therefore ranked at the
98th percentile, with an empirical one-sided P value of 0.0297 at both thresholds (Fig. 3B). This result
supports the view that the tDC enrichment is not merely a generic property of low-abundance genes;
however, it also shows that comparably strong enrichment can occur for a small number of other sparse
genes.

The exploratory four-gene transcriptional program did not meet prespecified replication criteria.
Directional agreement across 21 informative samples was 12/21 for ALOX15B, 14/21 for BIRC3, 9/21 for
GAPDH, and 11/21 for LPP, and none remained significant in the targeted replication model after
adjustment. These genes were therefore not used to define a CHRFAM7A-associated mechanism or
signature.

Raw reads provide two-sample technical concordance for
CHRFAM7A-assigned matrix counts
The P31T discovery set contained 35 Q1-Q3 sequences (15 Q1, 11 Q2, and nine Q3). Thirty-two had
direct primary-assembly genomic structures compatible with annotated CHRFAM7A exons, and three
were resolved by RefSeq-to-GFF projection. These sequences represented 37 validated read pairs and 28
reported barcode-raw-UMI molecules across 17 of 92 tDC cells. Validated support was found in 17 of 20
matrix-positive cells and in none of 72 matrix-negative cells (two-sided Fisher P = 8.09x10^-16). Matrix
and raw-read counts were correlated across all cells (Spearman rho = 0.914) and within matrix-positive
cells (rho = 0.686).

Application of the frozen Q1-Q3 criteria to P126T without sample-specific retuning yielded 49 sequences
(28 Q1, 18 Q2, and three Q3), 68 validated read pairs, and 16 globally deduplicated barcode-raw-UMI
molecules across 11 of 30 tDC cells. Forty sequences had direct primary-assembly support, one had
direct alternate/patch support, and eight were resolved by transcript-to-GFF projection. Raw-read support
was found in 11 of 15 matrix-positive cells and in none of 15 matrix-negative cells (two-sided Fisher P = 
5.00x10^-5). Spearman correlations were 0.856 across all cells and 0.820 among matrix-positive cells
(Fig. 4; Table 3).

P31T and P126T shared two identical full-length 100-bp sequences. Both retained the same query
identifier, Q1 quality class, direct-primary structural class, preferred CHRFAM7A transcript
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(XM_011522155.4), and projection class. Exact overlap represented 5.71% of the P31T set and 4.08% of
the P126T set (Jaccard index 0.0244). Because exact molecule recovery is sampling-sensitive, this
limited overlap was treated as additional molecule-level concordance rather than as the main replication
criterion.

Table 3
Frozen raw-read technical-concordance results.

Measure P31T discovery P126T rule-frozen replication

Cells evaluated 92 tDC cells 30 tDC cells

Frozen Q1-Q3 sequences 35 (Q1 15; Q2 11; Q3 9) 49 (Q1 28; Q2 18; Q3 3)

Validated read pairs 37 68

Reported barcode-raw-UMI
molecules

28 16 globally deduplicated

Cells with raw-read support 17/92 11/30

Matrix-positive cells with
support

17/20 (85.0%) 11/15 (73.3%)

Matrix-negative cells with
support

0/72 0/15

Fisher exact P 8.09x10^-16 5.00x10^-5

Spearman rho, all cells 0.914 0.856

Direct primary-assembly
structural support

32 40

Direct alternate/patch
structural support

0 1

RefSeq-to-GFF projection-
resolved

3 8

Valid annotated transcript
projections

35/35 49/49

Exact cross-sample sequence
overlap

2 shared 100-bp sequences;
5.71% of P31T set

2 shared 100-bp sequences;
4.08% of P126T set

Q1, full-length exact 100% transcript-level identity under the frozen comparison scheme; Q2, full-length > 
= 99%; Q3, full-length > = 95%; UMI, unique molecular identifier. Structural compatibility does not
establish whole-genome absolute uniqueness.

Paired bulk data provide ESCC context but cannot quantify
CHRNA7 and CHRFAM7A separately
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The GSE23400 primary analysis included 53 paired ESCC and adjacent-normal specimens. After
collapse of uniquely annotated probes, 12,501 genes were represented; 243 were upregulated and 258
were downregulated under the primary thresholds. A 47-pair sensitivity analysis showed strong
agreement with the primary results (Pearson r = 0.989, Spearman rho = 0.982, 95.75% directional
concordance), with 474 stable significant genes.

However, the relevant GPL96 probe 210123_s_at maps to both CHRNA7 and CHRFAM7A and was
excluded from the unique-gene matrix. Thus, the bulk data do not independently validate differential
expression of either locus. They serve only as paired-tissue transcriptional context and as a
demonstration of why target-specific interpretation requires sequence-aware analysis.

Discussion
This study identifies a consistent concentration of CHRFAM7A-assigned transcript detection in a LAMP3 
+ CCR7+ dendritic-cell state within ESCC myeloid data. The association was evident descriptively,
persisted after adjustment for sequencing depth and mitochondrial percentage, remained strong in
within-sample comparisons and within the dendritic-cell compartment, and survived increasingly
stringent UMI thresholds. An abundance-matched null analysis placed the effect at the 98th percentile
among equally sparse genes. Raw-read analyses in P31T and a rule-frozen P126T technical replication
sample further showed that matrix-positive cells were preferentially supported by high-confidence
sequences structurally compatible with annotated CHRFAM7A transcripts.

The cellular state highlighted here is consistent with the broad family of LAMP3 + CCR7+ mature or
migratory dendritic-cell states described in multiple cancers [5–10]. These cells can express migration,
antigen-presentation, inflammatory, and regulatory programs simultaneously, and their function may vary
with tissue context. We therefore avoided equating the tDC label with a single lineage or with a uniformly
immunosuppressive phenotype. The present result is a mapping of a transcript-detection phenotype
onto a transcriptomic state; it does not establish how CHRFAM7A affects dendritic-cell differentiation,
migration, antigen presentation, or T-cell regulation.

The distinction between CHRFAM7A and CHRNA7 is central. CHRFAM7A is human-restricted and can
alter alpha7 receptor biology, but its genomic architecture and sequence similarity to CHRNA7
complicate short-read quantification [11, 12]. The processed GSE160269 matrix contained a CHRFAM7A
row but no CHRNA7 row, and the GPL96 bulk probe in GSE23400 could not separate the two genes.
Accordingly, our results cannot be interpreted as evidence that the LAMP3 + CCR7+ state expresses
functional CHRNA7, that alpha7 receptor signaling is active, or that vagal input shapes the observed
cells. Experimental evidence for vagal-alpha7 signaling in infected lung macrophages and for
CHRFAM7A effects on macrophage polarization provides biological context [13, 14], but not mechanistic
validation in ESCC dendritic cells.

Several analytic features strengthen the inference that the observed pattern is not solely a technical
artifact. First, the primary mixed model accounted for sample clustering, library depth, nonlinear depth
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effects, and mitochondrial percentage. Second, conditional logistic regression compared cell states
within the same tumor, controlling all sample-level covariates that were constant within a sample. Third,
the direction persisted after excluding single-UMI-only events and after matching CHRFAM7A to genes
with similar event frequency and event-positive abundance. These steps address common forms of
pseudoreplication and detection-depth confounding in single-cell analysis [16, 17]. They do not, however,
eliminate every form of mapping error, ambient RNA, or state-dependent RNA-content bias.

The raw-read audit offers an orthogonal check on the processed matrix. In both P31T and P126T,
validated evidence was concentrated in cells with CHRFAM7A-assigned matrix counts and absent from
matrix-negative cells in the evaluated tDC sets. The P126T rules were frozen before application, reducing
the risk of sample-specific threshold tuning. Structural analysis separated direct primary-assembly
support, alternate/patch support, and transcript-projection rescue, and all retained sequences had a valid
annotated CHRFAM7A projection. Nonetheless, these are still short-read data. Structural compatibility
with CHRFAM7A transcripts is not equivalent to proof of whole-genome absolute uniqueness, and the
two samples constitute internal technical concordance rather than independent biological replication.

Several limitations require explicit consideration.

Limitations
This is a secondary analysis of public transcriptomic data, and no new clinical cohort or
experimental validation was generated.

CHRFAM7A and CHRNA7 share extensive sequence similarity; therefore, matrix-level results are
described as CHRFAM7A-assigned transcript detection rather than definitive locus-specific
expression.

Raw-read technical concordance was evaluated in only two tumor samples from the same public
cohort and does not constitute independent biological or population-level replication.

GSE160269 contained only four normal samples, which was insufficient for a reliable tumor-versus-
normal inference, and GSE23400 could not quantify CHRNA7 and CHRFAM7A separately because of
probe ambiguity.

The study did not measure protein abundance, receptor activity, spatial localization, vagal input, or
causal function; the exploratory four-gene within-tDC program did not replicate.

Future work should use assays designed for the CHRNA7-CHRFAM7A locus. Targeted long-read RNA
sequencing, junction-specific digital PCR, capture-based sequencing, and allele-aware reference
construction could establish isoform and locus specificity. Spatial or multiplexed in situ assays could
determine whether CHRFAM7A-assigned transcripts localize to LAMP3 + CCR7+ cells in intact ESCC
tissue. Protein-level and functional experiments would then be required to test receptor assembly,
cholinergic responsiveness, antigen-presentation capacity, migratory behavior, and effects on T-cell
activation. Such studies should include human-relevant models because CHRFAM7A is not represented
in standard mouse genomes.
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In summary, the data support a technically robust tDC-enriched CHRFAM7A-assigned transcript-
detection phenotype in ESCC. The result provides a focused human-specific hypothesis for future
validation while remaining separate from claims about CHRNA7 expression, alpha7 receptor function,
vagal signaling, or causality.

Conclusions
CHRFAM7A-assigned transcript detection is enriched in a LAMP3 + CCR7+ dendritic-cell state in ESCC
myeloid single-cell data. The association is supported by sample-aware models, higher-UMI and
abundance-matched robustness analyses, and two-sample raw-read technical concordance under frozen
sequence-classification rules. These findings define a focused human-specific hypothesis for future
validation but do not establish CHRNA7 expression, alpha7 receptor function, vagal signaling, or
causality.
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Figures

Figure 1

Study design and manually reviewed ESCC myeloid atlas. (A) Three-layer analytical workflow. (B)
Manually reviewed broad myeloid annotations in GSE160269. (C) CHRFAM7A-assigned matrix counts
across the myeloid embedding. The rare provisional and non-myeloid populations were excluded from
the primary tumor core-myeloid analysis
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Figure 2

CHRFAM7A-assigned transcript detection across tumor myeloid states. (A) Raw detection fractions;
numbers denote positive cells. (B) Model-adjusted probabilities with 95% confidence intervals at average
technical covariate values. (C) Pairwise odds ratios comparing tDC with each other subtype in the
primary mixed model

Page 19/21



Figure 3

Raw-read and sequence-level technical concordance in P31T and P126T. (A) Validated raw-read support
among matrix-positive and matrix-negative tDC cells. (B) Frozen Q1-Q3 sequence counts. (C) Final
structural evidence classes; Spearman correlations compare matrix and raw-read molecule counts
across cells. (D) Two identical 100-bp sequences were recovered in both samples with concordant
classification. This is internal technical concordance and does not establish whole-genome absolute
uniqueness or independent biological replication
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Figure 4

Within-sample and sparse-gene robustness analyses. (A) Proportions of eligible tumors with higher,
equal, or lower tDC detection than non-tDC cells at three UMI thresholds; labels give counts. (B)
Conditional-logistic odds ratios for all core-myeloid and dendritic-cell-restricted comparisons. (C)
CHRFAM7A odds ratios compared with the median and maximum among 100 abundance-matched
control genes; empirical P values are one-sided
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