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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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Please note, materials submitted to the Editorial Office Staff are supposed to meet the following requirements:

1. Articles must be provided with a double copy, in English or Russian languages and typed or
compu-ter-printed on a single side of standard typing paper, with the left margin of 3 centimeters width,
and 1.5 spacing between the lines, typeface - Times New Roman (Cyrillic), print size - 12 (referring to
Georgian and Russian materials). With computer-printed texts please enclose a CD carrying the same file titled
with Latin symbols.
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3. Submitted material must include a coverage of a topical subject, research methods, results,
and review.
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articles. Tables and graphs must be headed.
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the subtitles for the microphotographs please indicate the ocular and objective lens magnification power,
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7. Please indicate last names, first and middle initials of the native authors, present names and initials
of the foreign authors in the transcription of the original language, enclose in parenthesis corresponding
number under which the author is listed in the reference materials.

8. Please follow guidance offered to authors by The International Committee of Medical Journal
Editors guidance in its Uniform Requirements for Manuscripts Submitted to Biomedical Journals publica-
tion available online at: http://www.nlm.nih.gov/bsd/uniform_requirements.html
http://www.icmje.org/urm_full.pdf
In GMN style for each work cited in the text, a bibliographic reference is given, and this is located at the end
of the article under the title “References”. All references cited in the text must be listed. The list of refer-
ences should be arranged alphabetically and then numbered. References are numbered in the text [numbers
in square brackets] and in the reference list and numbers are repeated throughout the text as needed. The
bibliographic description is given in the language of publication (citations in Georgian script are followed
by Cyrillic and Latin).

9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
structor or the establishment, where the work has been performed, and a reference letter, both written or
typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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Abstract.

Background: Chemokine (C-C motif) ligand 26 (CCL26),
also known as eotaxin-3, is an immune-regulatory chemokine
involved in inflammatory responses and immune cell
recruitment. Emerging evidence suggests its expression is
dysregulated across multiple malignancies, yet comprehensive
pan-cancer evaluations remain limited.

Objectives: To systematically analyze CCL26 expression,
clinicopathological  correlations, survival associations,
and immune modulatory functions across 33 cancer types,
and evaluate its potential as a prognostic biomarker and
immunomodulatory therapeutic target.

Methods: CCL26 expression was analyzed using GEPIA,
TIMER2.0, and UALCAN, three platforms that share the
TCGA data source but employ distinct analytical pipelines;
cross-platform concordance was therefore used as a measure
of pipeline robustness, not validation. external validation was
performed using four GEO microarray cohorts (GSES53757,
GSE30219, GSE39582, and GSE33479)

Results: CCL26 was significantly upregulated in 11 cancer
types (33.33%), particularly epithelial malignancies including
lung squamous cell carcinoma (LUSC), colon adenocarcinoma
(COAD), and esophageal carcinoma (ESCA), and downregulated
in genitourinary cancers including kidney renal papillary cell
carcinoma (KIRP) and prostate adenocarcinoma (PRAD).
Cross-database validation achieved 96.97% concordance.
Expression correlated with advancing cancer stage, older age
(61-80 years), and racial/ethnic background. Survival analysis
revealed opposing prognostic associations: high CCL26
predicted poor outcomes in LIHC, KIRC, and KIRP (HR 1.45—
3.79, p<0.036), but favorable outcomes in STAD and ESCA
(HR 0.35-0.71, p<0.047). Significant immune correlations were
identified with dendritic cells (LUAD, r=0.373), macrophages
(COAD, r=0.318), and CD4+ T cells (STAD, r=0.296).
Promoter hypermethylation was identified in lung and breast
cancers, with minimal genomic mutation frequency (1%).
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Conclusions: CCL26 exhibits cancer-type-specific expression
and differential prognostic significance across malignancies.
Its strong immune infiltration correlations support potential
utility in prognostic panels and as an immunomodulatory target.
GEO-based validation supported selected expression findings,
particularly in renal and lung cohorts, while also highlighting
context-dependent variability. Collectively, these data support
the biological relevance of CCL26 in cancer but indicate that its
clinical and therapeutic value should be interpreted in a tumor-
specific manner and confirmed in further mechanistic studies.

Keywords. CCL26, pan-cancer analysis, biomarker, prognosis,
immune infiltration, immunomodulation, bioinformatics,
epigenetic regulation.

Introduction.

Chemokines represent critical mediators of immune cell
migration and play dual roles in cancer biology: antimicrobial
immunity and tumorigenic effects [1]. Recent advances in
cancer genomics have identified numerous chemokine ligands
as potential biomarkers with prognostic significance across
hematologic and solid tumors [2]. The chemokine/chemokine
receptor axis contributes to development of immunosuppressive
tumor microenvironments and protects developing tumors from
immune surveillance [3].

Chemokine (C-C motif) ligand 26 (CCL26), also known as
eotaxin-3, is predominantly expressed in epithelial tissues and
plays important roles in immune regulation and inflammatory
responses [4]. Normally, CCL26 functions to recruit and
activate immune cells at inflammatory sites. However, emerging
evidence suggests that in malignant contexts, CCL26 may
influence cancer progression through interactions with stem
cell development pathways and immune response regulatory
networks. This dual functionality makes CCL26 particularly
intriguing as a prognostic biomarker.

Previous studies have identified dysregulated CCL26
expression in various malignancies, suggesting context-
dependent roles in tumor biology [5]. However, comprehensive
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pan-cancer evaluations remain limited. This study addresses
this gap through systematic analysis of CCL26 expression
patterns, clinicopathological correlations, survival associations,
and immune modulatory functions across 33 cancer types.

Study Objectives:

+ Evaluate CCL26 expression across multiple cancer types.

+ Correlate expression with clinicopathological parameters
and patient outcomes.

* Assess relationships between CCL26 and immune cell
infiltration.

+ Identify genetic and epigenetic mechanisms of CCL26
dysregulation.

* Determine potential clinical utility as a stratification and
prognostic biomarker.

Materials and Methods.

Data Sources and Bioinformatics Tools:

CCL26 expression analysis employed four major publicly
accessible bioinformatics platforms accessed January 2025:

GEPIA Database: (http://gepia.cancer-pku.cn/) [6]: Analyzes
RNA-sequencing data from The Cancer Genome Atlas (TCGA)
and Genotype-Tissue Expression (GTEx) projects. Enables
comparison of tumor versus normal tissue expression across 33
cancer types.

TIMER2.0 Database: (http://timer.cistrome.org/

and https://cistrome.shinyapps.io/timer/) [7]: Provides

comprehensive tumor-infiltrating immune cell estimates
alongside gene expression data, enabling correlation analyses.

UALCAN Database: (https://ualcan.path.uab.edu/) [8,9]:
Facilitates clinicopathological stratification analysis including
cancer stage, patient age, gender, and race/ethnicity.

Kaplan-Meier Plotter: (https://kmplot.com/analysis) [10]:
Enables survival analysis with hazard ratio calculation and log-
rank test statistics.

Expression Analysis:

Differential expression of CCL26 between tumor and normal
tissues was investigated across 33 cancer types. Expression
categorization employed the following criteria: significant
upregulation (p < 0.05 with fold-change >1.5), significant
downregulation (p < 0.05 with fold-change <0.67), and non-
significant changes. P-values were determined using t-tests with
multiple testing corrections where applicable.

Clinicopathological Correlation Analysis:

CCL26 expression was stratified by: (1) cancer stage (Stages
I-1V), (2) patient age (21-40, 41-60, 61-80, 81-100 years),
and (3) race/ethnicity (Caucasian, African American, Asian).
Statistical significance was assessed using ANOVA with post-
hoc testing where appropriate.

Survival Analysis:

Overall survival (OS) and disease-free survival (DFS) were
evaluated using Kaplan-Meier curves stratified by CCL26
expression (high vs. low, median expression cutoff). Hazard
ratios (HR) with 95% confidence intervals were calculated using
log-rank tests (10). P-values <0.05 were considered statistically
significant.
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Immune Cell Infiltration Analysis:

Correlations between CCL26 expression and tumor-infiltrating
immune populations (CD8+ T cells, CD4+ T cells, macrophages,
dendritic cells, B cells, and neutrophils) were quantified using
Spearman's correlation coefficient (7). Correlation strength was
classified as: strong (r > 0.5), moderate (0.3 <r <0.5), or weak
(r<0.3).

Genetic Alteration and Methylation Analysis:

cBioPortal (https://www.cbioportal.org/) [11] was used
to assess mutation frequency and copy number variations
affecting CCL26. Promoter methylation analysis examined
DNA methylation status across cancer types, comparing tumor
versus normal tissue methylation patterns (hypermethylation vs.
hypomethylation) [12,13].

Gene Interaction Network Analysis:

GeneMANIA (http://www.genemania.org/) generated co-
expression networks and identified functional relationships,
categorizing interactions by type: co-expression, physical
protein-protein interactions, predicted interactions, shared
protein domains, pathway involvement, and genetic interactions.
Cross-Platform Concordance Analysis:

To enhance analytical robustness and reduce potential
platform-specific bias, results from the three TCGA-based
analytical platforms (GEPIA, TIMER2.0, and UALCAN)
were systematically compared. Concordance was defined as
agreement in the direction of expression change (upregulation
or downregulation) and statistical significance (p < 0.05) across
the platforms. Since these tools primarily utilize overlapping
TCGA-derived datasets, the observed agreement should be
interpreted as cross-platform analytical concordance rather
than biological validation. external validation was subsequently
performed using separate GEO cohorts derived from non-TCGA
patient populations [6-8].

Statistical Methods and Reproducibility:

Expression Classification: For survival analyses, CCL26
expression was stratified using median expression value as
cutoff within each cancer cohort to define "high" (>median)
versus "low" (<median) expression groups. This approach
maintains balanced group sizes and is standard for biomarker
stratification studies [10].

Multiple Testing Correction: All p-values reported from
bioinformatics database tools reflect corrections applied
internally by GEPIA, TIMER2.0, and UALCAN platforms.
TIMER and UALCAN apply FDR (False Discovery Rate)
correction with Benjamini-Hochberg adjustment [7,9]; GEPIA
applies Benjamini-Hochberg adjustment [6].

Cutoff Definition for Significance: Statistical significance
threshold set at p < 0.05 for all analyses. For survival analysis,
log-rank test p-values reported [10]; for correlation analysis,
Spearman correlation p-values reported [7]; for expression
comparisons, t-test or Mann-Whitney U test p-values reported
as determined by each platform.

Batch Correction: All three primary databases (GEPIA,
TIMER, UALCAN) employ standardized data preprocessing
including normalization and batch effect correction using
established TCGA pipelines [6-8]. No additional batch
correction was performed by authors.


http://gepia.cancer-pku.cn/
http://timer.cistrome.org/
https://cistrome.shinyapps.io/timer/
https://ualcan.path.uab.edu/
https://kmplot.com/analysis
https://www.cbioportal.org/
http://www.genemania.org/

Reproducibility: Results are fully reproducible by accessing
the same databases using the same cancer type definitions and
default parameters of each platform.

External GEO-based validation: To assess the
reproducibility of selected discovery-phase expression findings,
external validation was performed using Gene Expression
Omnibus (GEO) cohorts with available processed microarray
expression data. Three cohorts were suitable for tumor-
versus-normal differential expression analysis: GSE53757 for
clear cell renal cell carcinoma (KIRC), GSE30219 for lung
tumors, and GSE39582 for colon adenocarcinoma (COAD). In
addition, GSE33479 was used as a progression-oriented cohort
to examine CCL26 expression across the histologic stages
of squamous carcinogenesis. For hepatocellular carcinoma,
uploaded GSE14520 platform-specific matrices were screened,
but a usable CCL26 probe was not present in the available
uploaded files; therefore, this cohort was not included in the
external validation analysis.

GEO datasets were identified through manual searches
of the Gene Expression Omnibus (GEO) database using
combinations of the terms “CCL26,” “cancer,” ‘“tumor,”
“carcinoma,” “expression,” and individual cancer-type names
identified during the TCGA-based discovery phase (e.g., renal
cell carcinoma, lung cancer, colon adenocarcinoma). Dataset
inclusion criteria were predefined and included: (1) availability
of publicly accessible processed expression matrices or series
matrix files; (2) inclusion of tumor and non-tumoral/control
tissues or progression-stage samples; (3) adequate sample size to
support statistical comparison; (4) compatible probe annotation
for CCL26 expression analysis; and (5) human clinical tissue
samples rather than cell-line-only datasets. Preference was
given to cohorts with matched tumor-normal designs, larger
sample numbers, and clear clinicopathological annotation.
Datasets lacking usable CCL26 probe annotation, incomplete
processed data, or insufficient control samples were excluded
from validation analyses.

Series matrix files were used as the source of processed
expression values. Sample groups were defined according
to GEO sample annotations. For GSE53757, tumor samples
were compared with matched normal kidney tissues. For
GSE30219, lung tumor samples were compared with non-
tumoral lung tissues. For GSE39582, colon adenocarcinoma
samples were compared with non-tumoral colorectal mucosa. In
GSE33479, normal bronchial epithelium, premalignant lesions,
and squamous cell carcinoma samples were evaluated as a
progression spectrum rather than only a binary tumor-versus-
normal contrast.

Genome-wide differential expression analysis was performed
for each tumor-versus-normal cohort by calculating log2 fold
change as the difference in mean expression between tumor and
normal groups. Two-sided Welch’s t-tests were used to compare
expression values between groups for each probe, and p-values
were adjusted for multiple testing using the Benjamini—
Hochberg false discovery rate (FDR) method. Volcano plots
were generated for each cohort, with the x-axis representing
log2 fold change and the y-axis representing —log10(p-value).
CCL26 was labeled using probe 223710 at in GSES53757,
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GSE30219, and GSE39582, and probe A 23 P215484 in
GSE33479.

For the progression-oriented GSE33479 cohort, CCL26
expression was compared between normal and squamous
cell carcinoma samples, and the relationship between CCL26
expression and histologic progression stage was additionally
assessed wusing Spearman rank correlation. Statistical
significance was defined as p < 0.05.

Results.
CCL26 Expression Distribution Across Cancer Types.

GEPIA Database Analysis:

Significant CCL26 upregulation was identified in 2 cancer
types (6.06%): lung squamous cell carcinoma (LUSC) and
pancreatic adenocarcinoma (PAAD). Testicular germ cell
tumors (TGCT) showed elevated expression at borderline
significance. Conversely, significant downregulation occurred
in 3 cancers (9.09%): acute myeloid leukemia (LAML),
ovarian serous cystadenocarcinoma (OV), and uterine corpus
endometrial carcinoma (UCEC). Non-significant upregulation
appeared in 13 additional cancers (39.39%), while 12 cancers
(36.36%) demonstrated downregulation (Figure 1).

TIMER?2.0 Database Analysis:

Significantly elevated CCL26 expression characterized 9
cancer types (27.27%): cholangiocarcinoma (CHOL), colon
adenocarcinoma (COAD), oesophageal carcinoma (ESCA),
head and neck squamous cell carcinoma (HNSC), liver
hepatocellular carcinoma (LIHC), lung adenocarcinoma
(LUAD), lung squamous cell carcinoma (LUSC), gastric
adenocarcinoma (STAD), and thyroid carcinoma (THCA)
(all p < 0.001). Significant downregulation affected 5 cancer
types (15.15%): kidney renal clear cell carcinoma (KIRC, p <
0.05), bladder urothelial carcinoma (BLCA, p < 0.01), prostate
adenocarcinoma (PRAD, p < 0.01), kidney renal papillary cell
carcinoma (KIRP, p <0.001), and UCEC (p <0.001) (Figure 2).

UALCAN Database Analysis:

Significant upregulation was confirmed in 10 cancer types
(30.30%): CHOL, COAD, ESCA, HNSC, LIHC, LUAD,
LUSC, STAD, THCA, and TGCT. Significant downregulation
occurred in 4 cancer types (12.12%): KIRP, PRAD, TGCT,
and UCEC. Data were unavailable for 8 cancer types (24.24%)
(Figure 3) S1.

CCL26 expression patterns across three bioinformatics
platforms—GEPIA, TIMER2.0, and UALCAN. Several
epithelial malignancies, including lung squamous cell
carcinoma (LUSC), -cholangiocarcinoma (CHOL), colon
adenocarcinoma (COAD), esophageal carcinoma (ESCA), head
and neck squamous cell carcinoma (HNSC), liver hepatocellular
carcinoma (LIHC), lung adenocarcinoma (LUAD), gastric
adenocarcinoma (STAD), thyroid carcinoma (THCA), and
testicular germ cell tumors (TGCT), consistently exhibited
CCL26 upregulation, with statistical significance observed in at
least two platforms.

In contrast, uterine corpus endometrial carcinoma (UCEC)
showed consistent CCL26 downregulation across all three
Platform. For pancreatic adenocarcinoma (PAAD), CCL26



upregulation was observed in GEPIA and TIMER, while
UALCAN data were unavailable. Overall, this cross- Platform
agreement highlights a subset of tumor types with robust
and reproducible CCL26 expression patterns, supporting the
reliability of the observed dysregulation and justifying their
prioritization for downstream prognostic and immunological
analyses (Figure 4).

Cross-Platform Concordance of Expression Patterns:

Analysis of all three databases revealed concordant significant
upregulation in LUSC across all platforms. Both TIMER and
UALCAN concordantly identified significant upregulation
in CHOL, COAD, ESCA, HNSC, LIHC, LUAD, STAD,
and THCA (83.3% concordance in high-expressing tumors).
Concordant downregulation was observed in KIRP and PRAD
(83.4% concordance), and UCEC across all three Platform
(100% concordance). Overall cross-platform concordance rate:
96.97% (32/33 cancers show concordant patterns across at least
2 databases) (Figure 5).

CCL26 Expression Correlates with Cancer Stage:

Stage-specific analysis revealed progressive CCL26 elevation
across tumor stages in multiple epithelial cancers. Lung
squamous cell carcinoma demonstrated significant upregulation
across all stages (Stage I: p =3.31 x 1072, Stage II: p = 5.05 x
1077, Stage I1I: p=5.94 x 10°¢, Stage IV: p=2.36 x 1072). Similar
patterns appeared in LUAD, COAD, and THCA across all four
stages. Cholangiocarcinoma showed significant upregulation in
Stages I, II, and IV (p values: 9.04 x 1073, 5.86 x 1073, 3.59 x
1072 respectively). Esophageal carcinoma exhibited significant

(a)

(b)
*  Significant
upregulation,

6.08, 6%

Signficant
downregulation, 8

209, 9%

= Non-sigmficant
upregulation,
39.35, 39%

o= ._
' : _

upregulation in Stages II and III (p = 2.95 x 10~ and 3.71 %
107°) (Figure 6) S2.

Conversely, downregulated tumors showed inverse patterns.
Kidney renal papillary cell carcinoma demonstrated significantly
higher expression in normal tissue compared to Stage 1 (p =
1.15 x 107) and Stage 2 (p = 4.80 x 107?). Similarly, UCEC
showed normal-tissue predominance at Stage 2 (p =2.93 x 107?)
and Stage 3 (p =2.90 x 1072) (Figure 7).

CCL26 Expression Correlates with Patient Age:

Stage- age-related expression variations were observed across
multiple cancer types. Cholangiocarcinoma, head and neck
squamous cell carcinoma, and liver hepatocellular carcinoma
showed significantly elevated tumor expression (vs. normal)
predominantly in the 41-60 and 61-80-year age groups (p values
ranging from 1.91 x 107 to 9.24 x 1073). Lung adenocarcinoma
and lung squamous cell carcinoma demonstrated consistent
upregulation across all age groups (41-80+ years), with
maximal significance in the 61-80-year cohort (LUSC: p <1
x 107*%). Thyroid carcinoma exhibited remarkably consistent
upregulation across all age groups (p values 3.40 x 107#t0 9.78
x 1073). Colon adenocarcinoma demonstrated age-progressive
upregulation from 21-40 years through 61-80 years (p values
1.85 x 1072 to 5.86 x 107®) (Figure 8).

In downregulated tumors, normal tissue expression exceeded
tumor expression particularly in older age groups. Uterine
corpus endometrial carcinoma showed normal > tumor at ages
41-60 years (p =3.66 x 1072) and 61-80 years (p =2.74 x 1072).
Kidney renal papillary cell carcinoma demonstrated normal-
tissue predominance across multiple age groups (Figure 9).
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Figure 1. (a) CCL26 expression analysis in various tumours using the GEPIA database. (b) Distribution of CCL26 Expression Patterns Across

Cancer Types (GEPIA Analysis).
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Figure 2. Differential expression between tumour and normal tissues for CCL26 gene across all TCGA tumours.
TIMER?2.0 database (a) The box plot shows the expression of the CCL26 gene across various tumour (red) and normal (blue) tissue samples.
Significant expression differences between tumour and normal tissues are indicated by stars (*: p-value < 0.05: p-value <0.01; *: p-value
<0.001), (b) Distribution of CCL26 Expression Patterns Across Cancer Types (TIMER2.0).
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Figure 3. CCL26 expression analysis in various tumours using the UALCAN database Distribution of CCL26 Expression Patterns Across
Cancer Types (UALCAN Analysis).
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Figure 4. The distribution of CCL26 expressions among tumour and normal samples: GEPIA, TIMER?2.0 and UACLAN database.
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Figure 5. Cross expression of CCL26 in Cancer: TIMER, GEPIA and UALCAN database.

CCL26 Stage-Specific Significance Heatmap (-log10 p-values)
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Figure 6. CCL26 gene expression in different cancer stage in cancers have significant gene expression.

Heatmap representing stage-specific statistical significance of CCL26 expression across epithelial malignancies. Color intensity corresponds to
—log10(p-values), where warmer tones indicate stronger deviation from normal tissue expression. Lung squamous cell carcinoma demonstrates
maximal early-stage significance with progressive attenuation, whereas colon and lung adenocarcinomas exhibit sustained mid-stage
dysregulation, highlighting cancer-type-dependent temporal expression dynamics.
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CCL26 Downregulation vs Normal (-logl0 p)
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Figure 7. CCL26 gene expression analysis in cancer stage in cancers have significant gene down regulation.
Heatmap of stage-specific statistical significance of CCL26 downregulation relative to normal tissue in KIRP and UCEC. Color intensity
represents —log10(p-values); gray cells indicate stages without reported significance.

Age-Stratified Significance of CCL26 Expression Across Selected Cancers
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Figure 8. CCL26 gene expression analysis with age in cancers have significant gene up regulation. Age-stratified statistical significance of

CCL26 tumor overexpression relative to normal tissue across epithelial malignancies. Bar height represents —log10(p-values), with taller bars

indicating stronger statistical deviation. The 61-80-year cohort demonstrates maximal significance across multiple cancer types, particularly
lung squamous cell and thyroid carcinomas.
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Figure 9. CCL26 gene expression analysis with race in cancers have significant gene down regulation. Age-stratified statistical significance
of CCL26 downregulation in uterine corpus endometrial carcinoma (UCEC) and kidney renal papillary cell carcinoma (KIRP). Bar height
represents —log10(p-values) for the comparison of normal versus tumor tissue within each age cohort. Higher bars indicate stronger statistical
evidence that normal tissue expression exceeds tumor expression. UCEC demonstrates significant normal-tissue predominance in the 41-60 and
61-80 year groups, while KIRP shows consistent normal-tissue predominance across multiple age cohorts.
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Figure 10. CCL26 gene expression analysis with race in cancers have significant gene expression. Race/ethnicity-stratified statistical
significance of CCL26 tumor overexpression across selected epithelial malignancies. Stacked column bars represent —log10(p-values) for each
racial/ethnic cohort, where greater bar height indicates stronger statistical evidence of elevated tumor expression relative to normal tissue.
Lung squamous cell carcinoma (LUSC) demonstrates the most pronoun ced elevation—particularly among Caucasian patients—while thyroid
carcinoma (THCA) shows consistent upregulation across all racial groups. Head and neck squamous cell carcinoma (HNSC) exhibits moderate
elevation primarily in Caucasian and African American cohorts.
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Figure 11. CCL26 gene expression analysis with race in cancers have significant gene down regulation. Box-and-whisker plots illustrating
race-stratified CCL26 expression in downregulated tumors (KIRP, UCEC, and PAAD). Transcript per million (TPM) values are shown for
normal and tumor samples across racial cohorts. Median expression levels demonstrate that normal tissue expression exceeds tumor expression,
with the most pronounced normal-tissue predominance observed among Caucasian and African American groups. Boxes represent the
interquartile range, whiskers indicate distribution spread, and cohort sizes (n) are indicated for each category.
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Promoter Methylation Pattern of CCL26 Across Selected Cancers
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Figure 12. Methylation patterns across cancer types. Differential methylation patterns of CCL26 across cancer types. Stacked columns indicate
direction of methylation change in tumor relative to normal tissue, with hypermethylation observed in BRCA, CESC, KIRP, LUAD, LUSC, and
THCA, and hypomethylation identified in LIHC, PCPG, GBM, and TGCT.
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Figure 13. The correlation between CCL26 expression and survival outcomes in various cancers using UALCAN database.
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Figure 14. The correlation between CCL26 expression and survival outcomes in various cancers using GEPIA database ACC, BLCA, KICH,
MESO, SKCM, UCS, UVM.
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Figure 15. GeneMANIA interaction networks illustrating functional associations of CCL26 in representative high- and low-expression
cancers. Colored nodes represent genes functionally associated with CCL26 based on co-expression, shared pathways, physical interactions,
predicted interactions, co-localization, and genetic interactions. Connecting lines indicate the type and strength of interaction between genes,
with different edge colors corresponding to distinct interaction categories as defined by the GeneMANIA platform. Network complexity differed
between cancer types, suggesting context-dependent functional involvement of CCL26-associated immune and inflammatory pathways.
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Figure 16. Enrichr Analyses of CCL26-associated genes using cBioPortal and Enrichr platforms across representative cancer types.
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Figure 17. Volcano plots: Differential expression between tumor and normal tissues across external GEO cohorts. Each point represents
one transcript, the x-axis shows log2 fold change (Tumor — Normal), and the y-axis shows —logl0 (p value). Red points denote significant
upregulation in tumors (FDR < 0.05), blue points indicate significant downregulation, and gray points indicate no significant difference. CCL26
is labeled in each panel. Sample sizes for tumor and normal groups are indicated within the corresponding panels.

Table 1. Survival Outcomes - Kaplan-Meier Plotter Analysis.

Cancer Type Database Association HR (95% CI) P-value
STAD KM Plotter Good 0.71 (0.5-1.0) 0.046
PCPG KM Plotter Good ~0 0.011
LUAD KM Plotter Poor 1.43 (1.0-2.03) 0.046
LIHC KM Plotter Poor 1.45 (1.02-2.07) 0.036
BLCA KM Plotter Poor 1.46 (1.09-1.96) 0.011
KIRP KM Plotter Poor 3.79 (2.09-6.87) 2.3e-06
KIRC KM Plotter Poor 1.69 (1.26-2.28) 0.00046
HNSC KM Plotter Poor 1.33 (1.02-1.74) 0.035
ESCA KM Plotter Good 0.35(0.12-1.03) 0.047

Comprehensive survival analysis identified paradoxical associations. Gastric adenocarcinoma (STAD) showed improved survival with high
CCL26 (HR = 0.71, p = 0.046). Esophageal carcinoma (ESCA) showed improved outcomes (HR = 0.35, p = 0.047). Conversely, poor prognostic

associations emerged for LUAD, LIHC, KIRC, KIRP, HNSC, and BLCA.

Table 2. Immune Cell Infiltration Correlations.

Cancer Type Immune Cell Type Correlation (1) P-value

LUAD Dendritic Cells 0.373 4.10e-42
COAD Macrophages 0.318 1.48e-28
STAD CD4+ T Cells 0.296 1.76e-26

These correlations suggest CCL26-mediated immune cell recruitment in the tumor microenvironment, consistent with its known chemotactic

properties.

CCL26 Expression Varies by Race/Ethnicity:

Significant race-dependent expression patterns emerged.
Across  upregulated tumors, Caucasians consistently
demonstrated the most pronounced CCL26 elevation. Lung
squamous cell carcinoma showed elevated expression in
Caucasians (p = 1.62 x 107'2), African Americans (p = 8.80 x
107%), and Asians (p = 1.80 x 1072). Thyroid carcinoma showed
significant upregulation across all racial groups. Head and neck
squamous cell carcinoma demonstrated elevation in Caucasians
and African Americans (Figure 10).

In downregulated tumors, normal tissue expression exceeded
tumor expression particularly in Caucasians and African
Americans (Figure 11).

CCL26 Promoter Methylation Patterns:

Differential methylation regulation characterized CCL26

dysregulation across cancers. Hypermethylation (increased
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methylation in tumors) was observed in 6 cancer types: breast
invasive carcinoma (BRCA), cervical squamous cell carcinoma
(CESC), kidney renal papillary cell carcinoma (KIRP), lung
adenocarcinoma (LUAD), lung squamous cell carcinoma
(LUSC), and thyroid carcinoma (THCA).

Hypomethylation (decreased methylation in tumors)
characterized 4 cancer types: liver hepatocellular carcinoma
(LIHC), pheochromocytoma and paraganglioma (PCPG),
glioblastoma multiforme (GBM), and testicular germ cell tumors
(TGCT) (Figure 12).

Survival Outcomes:

UALCAN Database:

Statistically significant associations with overall survival
appeared in four cancer types. Kidney renal clear cell
carcinoma (KIRC) showed worse survival with high CCL26
(p = 0.00065). Kidney renal papillary cell carcinoma (KIRP)



similarly demonstrated worse survival with elevated expression
(p = 0.0035). Liver hepatocellular carcinoma (LIHC) exhibited
worse outcomes with high CCL26 (p = 0.022). Mesothelioma
(MESO) demonstrated improved survival with high CCL26
expression (p = 0.0011) (Figure 13).

GEPIA Database:
Seven cancer types showed significant survival associations
including  adrenocortical  carcinoma (ACC), bladder

urothelial carcinoma (BLCA), kidney chromophobe (KICH),
mesothelioma (MESO), skin cutaneous melanoma (SKCM),

uterine carcinosarcoma (UCS), and uveal melanoma (UVM)
with p values 0.011-0.037 (Figure 14).

Immune Cell Infiltration Correlations:

TIMER2.0 analysis revealed moderate positive correlations
between CCL26 expression and specific immune populations:

Gene Interaction Network Analysis:

Network complexity demonstrated cancer-type-dependent
variation correlated with expression status.

High-expressing tumors displayed diverse, multi-component
interaction networks:

LUSC: Co-expression 52%, Physical 24%, Predicted 18%,
Shared domains 3%, Pathway 2%, Co-localization 1%

CHOL: Co-expression 55%, Physical 41%, Other <2%

COAD: Co-expression 72%, Physical 18%, Co-localization
6%, Pathway 4%

ESCA: Predicted 45%, Co-expression 45%, Pathway 5%,
Other 5%

Low-expressing tumors exhibited simplified, co-expression-
dominated networks:

KIRP: Co-expression 65%, Physical 12%, Predicted 8%,
Pathway 6%, Other 9%

PRAD: Co-expression 60%, Physical 18%, Co-localization
10%, Shared domains 7%, Other 5%

UCEC: Co-expression 75%, Predicted/Domain 25%

LUAD: Co-expression 80%, Physical 10%, Other 10%

In LUAD specifically, CCL26 demonstrated strong functional
linkage (95.92% co-expression) with immune-related genes
including IL15RA, CCL4, PRF1, GZMB, CD8A, and IFNG,
suggesting involvement in T-cell and natural killer cell-mediated
immunity (Figure 15).

Genetic Alterations: cBioPortal analysis revealed minimal
CCL26 mutations across cancer types (1% overall mutation
frequency), suggesting transcriptional and epigenetic
mechanisms, rather than genomic instability, primarily drive
CCL26 dysregulation.

Enrichment analysis of CCL26-associated genes:

Functional enrichment analysis of CCL26-associated genes,
using KEGG 2021 pathways via Enrichr, revealed significant
involvement in multiple immune-regulatory and inflammatory
signaling cascades. The top enriched pathways included:
CHOL (Cholangiocarcinoma):

Gene networks show strong co-expression and shared pathway
enrichment, particularly in immune response and cytokine signaling.
COAD (Colon Adenocarcinoma):

The CCL26 network is enriched for chemokine and cytokine
receptor interactions, indicating its role in immune -cell
recruitment and tumor-associated inflammation.
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ESCA (Esophageal Carcinoma):

Displays extensive predicted functional and physical
associations, supporting that CCL26 participates in cell
signaling pathways that regulate tumor immunity.

LUSC (Lung Squamous Cell Carcinoma):

Demonstrates the most complex network, with 52% co-
expression links connecting CCL26 to genes involved in:

T-cell activation (CD8SA, IFNG)

NK-cell cytotoxicity (GZMB, PRF1)

Chemotaxis and cytokine signaling (CCL4, IL family genes)

This pattern implies a coordinated transcriptional regulation of
immune effector genes in LUSC.

LUAD (Lung Adenocarcinoma):

Though less dense than LUSC, its network still includes co-
expression and physical interactions pointing toward roles in
immune regulation and tumor microenvironment modulation
(Figure 16).

Relative enrichment strength of immune-regulatory and
inflammatory pathway categories, ranked from highest to
lowest within each cancer type. Lung squamous cell carcinoma
(LUSC) demonstrates the most complex and dense network, with
prominent involvement in T-cell activation, cytokine signaling,
and chemotaxis pathways, whereas cholangiocarcinoma
(CHOL), colon adenocarcinoma (COAD), esophageal
carcinoma (ESCA), and lung adenocarcinoma (LUAD) show
moderate but consistent enrichment in immune response and
cytokine-mediated signaling pathways. Bar length reflects
comparative pathway intensity derived from KEGG 2021 and
co-expression analyses.

External validation using Clinical GEO Datasets:

External GEO-based analysis showed that CCL26 exhibited
tumor-type-specific but partly reproducible expression patterns
across cohorts. In GSE53757, which included 72 clear cell renal
cell carcinoma samples and 72 matched normal kidney tissues,
CCL26 was significantly downregulated in tumors (log2FC =
-13.831, p=10.019, FDR = 0.035). This finding provides strong
external support for the renal downregulation pattern observed
in the discovery phase. In GSE30219, which included 293 lung
tumor samples and 14 non-tumoral lung tissues, CCL26 was
significantly upregulated in tumors (log2FC = 0.674, p = 3.38
x 107-8, FDR = 3.98 x 10"-7). In GSE39582, which included
566 colon tumors and 19 non-tumoral colorectal mucosa
samples, CCL26 was also significantly upregulated in tumors
(1og2FC = 0.352, p = 3.04 x 10"-4, FDR = 8.14 x 10"-4),
providing additional cross-cancer support for tumor-associated
overexpression (Figure 17).

Discussion.

This comprehensive pan-cancer analysis establishes CCL26 as
a cancer-type-dependent biomarker with potential utility as a
prognostic biomarker and immunomodulatory mediator [5,17].

A major strength of this study is the strong concordance
observed across multiple TCGA-based analytical platforms
(GEPIA, TIMER2.0, and UALCAN), demonstrating robustness
of the observed expression patterns despite differences in
analytical pipelines and visualization frameworks.

Importantly, external biological validation was ly performed
using GEO cohorts derived from separate patient populations.



Additionally, consistency of findings across clinicopathological
stratifications (stage, age, ethnicity) within UALCAN provides
internal validation through demonstration of coherent expression
patterns across diverse patient subgroups [9]. This multi-
platform, multi-stratification validation approach provides
confidence in identified CCL26 dysregulation patterns.

Prognostic Independence: Current survival analyses are
univariate, examining CCL26 expression in isolation.
To establish prognostic significance beyond established
clinicopathological factors, multivariate Cox proportional
hazards regression adjusting for cancer stage, patient age, and
performance status would be necessary [10]. This represents an
important limitation. Preliminary univariate findings support
potential prognostic value, but significance requires multivariate
adjustment.

CCL26 demonstrates selective upregulation in epithelial-origin
malignancies—specifically lung squamous cell carcinoma, colon
adenocarcinoma, esophageal carcinoma, cholangiocarcinoma,
head and neck squamous cell carcinoma, thyroid carcinoma, and
gastric adenocarcinoma [18]—while showing downregulation
in genitourinary malignancies (kidney renal papillary cell
carcinoma, prostate adenocarcinoma) and some reproductive
tract cancers (UCEC). This dichotomy suggests fundamentally
different roles: potential tumor-promoting functions in epithelial
cancers versus tumor-suppressive functions in genitourinary
malignancies.

Stage-dependent elevation in high-expressing tumors
suggests CCL26 involvement in tumor progression. Age-
related expression increases, particularly in the 61-80-year
age group, may reflect age-associated immunosenescence
affecting CCL26-mediated immune recruitment. Racial/ethnic
differences require cautious interpretation; observed variation
may reflect genetic ancestry effects on promoter architecture,
healthcare-seeking behavior differences, or ancestry-specific
comorbidities affecting inflammatory status [19].

A striking finding of this analysis is the cancer-type-
dependent prognostic significance of CCL26. While high
expression predicted poor survival in kidney and liver cancers
(KIRC HR=1.69, KIRP HR=3.79, LIHC HR=1.45), identical
expression levels predicted favorable outcomes in gastric and
esophageal cancers (STAD HR=0.71, ESCA HR=0.35). This
paradox suggests that CCL26's biological role is context-
dependent, determined by tumor-type-specific factors [5,17].

In the present study, survival analyses were performed using
median-based stratification of CCL26 expression, a commonly
applied approach in exploratory biomarker investigations
because it provides balanced subgroup sizes and facilitates
reproducibility across cohorts. Nevertheless, median-based
thresholds may not necessarily represent biologically or
clinically optimal cutoffs for all tumor types. The prognostic
significance of CCL26 may vary depending on the selected
expression threshold, particularly in heterogeneous cancers
with variable expression distributions. Therefore, future studies
should evaluate the robustness of these prognostic associations
using alternative stratification strategies, including quartile-
based subgrouping and outcome-optimized cutoff selection
methods, in larger independent clinical cohorts.

The significant correlations between CCL26 and key immune
cell populations (dendritic cells, macrophages, CD4+ T cells)
suggest potential implications for cancer immunotherapy
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response (14,15,16,20). CCL26-mediated immune recruitment
could influence responsiveness to checkpoint inhibitors
(anti-PD-1/PD-L1, anti-CTLA4). Tumors with high CCL26
expression and elevated immune infiltration may represent
"inflamed tumors" with greater immunotherapy responsiveness,
while those with high CCL26 but immunosuppressive infiltrate
composition may benefit from CCL26-directed therapy
combined with checkpoint inhibitors [3,20]. Future studies
should examine correlation between CCL26 expression and
PD-L1, PD-1, CTLA4, LAG3, and TIM3 expression, prognostic
significance of CCL26 status in checkpoint inhibitor-treated
cohorts, whether CCL26 + immune infiltration signature
predicts immunotherapy response, and therapeutic potential
of CCL26 augmentation or blockade in combination with
checkpoint inhibitors. This represents a critical future direction
for translating CCL26 findings into clinical immunotherapy
applications [20].

Minimal CCL26 mutations (1% frequency) indicate that
epigenetic and transcriptional mechanisms predominantly
govern dysregulation [11,12]. Differential promoter methylation
across cancer types—hypermethylation in BRCA, CESC,
LUAD, LUSC, KIRP, and THCA versus hypomethylation
in LIHC, PCPG, GBM, and TGCT—reveals cancer-specific
epigenetic programming driven by DNA methylation of
chemokine regulatory elements [12,13]. Paradoxically,
some hypermethylated tumors (CESC, KIRP) show CCL26
upregulation, suggesting transcriptional factors overcome
epigenetic repression through inflammatory signals or other
regulatory mechanisms [21,22].

Gene interaction analysis reveals biological complexity
paralleling expression status. Diverse interaction networks
in high-expressing tumors suggest widespread functional
engagement in cancer-associated processes. Simplified
networks in low-expressing tumors may indicate limited
functional involvement or selective engagement with specific
pathways. Strong LUAD-specific linkage to cytotoxic immune
genes (GZMB, PRF1, CD8A, IFNQG) suggests CCL26's role
in cytotoxic lymphocyte recruitment despite paradoxical poor
prognostic association, potentially indicating infiltration of
dysfunctional or exhausted T cells [3,16].

External GEO-based analyses provided additional support for
the discovery-phase expression findings, although validation
strength differed across tumor types. The strongest confirmation
was observed in GSE53757, where CCL26 was significantly
downregulated in clear cell renal cell carcinoma relative
to matched normal kidney tissue, consistent with the renal
downregulation identified in the pan-cancer analysis. Lung-
associated upregulation was also supported by GSE30219,
although this cohort included mixed lung tumors and should
therefore be interpreted as supportive rather than subtype-
specific confirmation. Additional evidence for epithelial tumor-
associated overexpression was observed in GSE39582, where
CCL26 was significantly increased in colon adenocarcinoma
relative to non-tumoral colorectal mucosa. Together, these
findings support cancer-type-specific deregulation of CCL26
while highlighting that validation strength depends on cohort
composition and tissue context.



Prognostic Stratification: Cancer-type-specific prognostic
associations warrant inclusion of CCL26 in multi-marker
prognostic panels rather than standalone application [17]. In
poor-prognosis contexts (LIHC, KIRC, KIRP), CCL26 may
identify high-risk patients warranting intensive surveillance.
Conversely, in favorable-prognosis contexts (STAD, ESCA),
elevated CCL26 may identify lower-risk populations suitable
for de-escalation strategies.

Therapeutic Targeting: CCL26's chemokine properties and
immune-modulatory functions suggest therapeutic potential
through two complementary strategies: (1) CCL26-directed
therapies in high-expressing epithelial cancers to disrupt
pro-tumoral immune recruitment [1,18], and (2) CCL26
augmentation or restoration in low-expressing genitourinary
cancers to restore anti-tumoral immune responses. Combination
with checkpoint inhibitors merits investigation, particularly in
tumors showing CCL26-immune cell correlations [16,20].

Immunotherapy Predictors: Correlations between CCL26
and dendritic cells, macrophages, and CD4+ T cells suggest
CCL26 expression may predict immune infiltration patterns
affecting immunotherapy responsiveness [14,15]. Tumors
with high CCL26 and T-cell inflamed phenotypes may be
immunotherapy-responsive, while those with high CCL26
but immunosuppressive macrophage infiltration may require
combination approaches [3].

Conclusion.

This pan-cancer analysis establishes CCL26 as a cancer-
type-dependent biomarker with distinct expression patterns,
clinicopathological correlations, and prognostic associations
across cancer types. High concordance across three
bioinformatics databases validates the robustness of identified
expression patterns. Epithelial malignancies predominantly
show CCL26 upregulation associated with advanced stage,
older age, and variable survival;, genitourinary malignancies
show downregulation. Differential promoter methylation and
preserved genomic integrity indicate epigenetic mechanisms
drive dysregulation. Strong correlations with immune cell
populations (dendritic cells, macrophages, CD4+ T cells)
suggest immunomodulatory functions. Across all tumor types,
CCL26 functions within a multi-layered immune signaling
hub that links chemokine-mediated cell recruitment, cytokine
regulation, and immune activation pathways.

The predominance of co-expression interactions (45-72%)
across tumors suggests transcriptional co-regulation with other
immune genes rather than random expression overlap.

The prognostic associations are univariate; prognostic
significance requires multivariate analysis adjusting for
established clinicopathological factors. Current evidence is
insufficient to recommend CCL26 as standalone prognostic
biomarker for clinical decision-making. Expression correlation
with immune infiltration does not establish functional causation
and may reflect indirect effects mediated by other pathway
components. Functional studies establishing mechanistic roles
are necessary before therapeutic targeting.

The external validation findings particularly strengthen the
case for therapeutic relevance in renal cancer, where CCL26
downregulation was consistently reproduced in a cohort,
suggesting that loss of CCL26 may be linked to kidney tumor
biology and could have value in biomarker-guided stratification.
In lung and colon cancer, the observed upregulation supports
further investigation of CCL26 as a tumor-associated marker,
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although its therapeutic significance in these cancers still
requires functional validation.
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Cancer Type GEPIA TIMER UALCAN Consensus Concordance
LUSC UP* UPpP* UP* UP* 3/3 (100%)
CHOL UP UPp* UPpP* UP* 3/3 (100%)
COAD UP UPpP* UP* UP* 3/3 (100%)
ESCA UP Up* UPpP* UPpP* 3/3 (100%)
HNSC UP Up* Up* UPpP* 3/3 (100%)
LIHC UP UP* UP* UP* 3/3 (100%)
LUAD UP Up* UPpP* UPpP* 3/3 (100%)
STAD UP UPpP* UP* UPpP* 3/3 (100%)
THCA UP Up* Up* UP* 3/3 (100%)
PAAD UP* UP Missing UP 2/2 (100%)
TGCT up* UP UP* UP 3/3 (100%)
UCEC DOWN#* DOWN* DOWN* DOWN* 3/3 (100%)
KIRP DOWN DOWN* DOWN* DOWN* 3/3 (100%)
PRAD DOWN DOWN* DOWN* DOWN* 3/3 (100%)
KIRC DOWN DOWN* Missing DOWN* 2/2 (100%)
BLCA DOWN DOWN* Missing DOWN#* 2/2 (100%)
KICH DOWN DOWN* Missing DOWN* 2/2 (100%)
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Expression of CCL26 in LUAD based on individual cancer stages Expression of CCL26 in STAD based on individual cancer stages
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Figure 2.1. CCL26 gene expression in different cancer stage in cancers have significant gene expression.

Expression of CCL26 in KIRP based on individual cancer stages Expression of CCL26 in UCEC based on individual cancer stages
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Figure 2.2. CCL26 gene expression analysis in cancer stage in cancers have significant gene down regulation.
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Expression of CCL26 in LUSC based on patient's age Expression of CCL26 in THCA based on patient’s age
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Figure 2.3. CCL26 gene expression analysis with age in cancers have significant gene up regulation.
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Figure 2.4. CCL26 gene expression analysis with race in cancers have significant gene down regulation.
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Expression of CCL26 in LUAD based on patient's race Expression of CCL26 in STAD based on patient’s race
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Figure 2.5. CCL26 gene expression analysis with race in cancers have significant gene expression.
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Figure 2.6. cc/26 gene expression analysis with race in cancers have significant gene down regulation.
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Figure 2.7. Methylation patterns across cancer types.
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Figure 3.2. The correlation between CCL26 expression and survival outcomes in various cancers using GEPIA database ACC, BLCA, KICH,
MESO, SKCM, UCS, UVM.
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Figure 3.3. The correlation between CCL26 expression and survival outcomes in various cancers using Kaplan-Meier plotter database.
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Figure 4.1. HERE: Gene networks for high-expressing cancers.

https://genemania.org/search/homo-sapiens/ccl26
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