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Objective: Studies have indicated that cyclin dependent protein kinase inhibitor 2B (CDKN2B) deletion is one of the most common
changes in esophageal cancer (EC) which affects its progression and prognosis. This study explored the association between CDKN2B
deletion, immunophenotype, and the prognosis of EC.

Methods: We investigated CDKN2B status and RNA expression, identified differentially expressed immune-associated genes
between wild-type CDKN2B (CDKN2B™T") and deleted CDKN2B (CDKN2B®'*") in Cancer Genome Atlas (TCGA) EC samples.
We also a constructed an immune prognostic model (IPM) based on these genes. Thereafter, the effects of IPM on the immune
microenvironment of EC were analyzed. Finally, we established a nomogram by integrating the IPM and other clinical factors.
Results: CDKN2B deletion leads to downregulation of the immune response in EC. A total of 136 immune-associated genes were
identified based on the CDKN2B deletion status, and three genes with remarkable potential as individual targets were selected for
model construction. An IPM was developed and validated, it showed good performance in differentiating patients with a low or high
risk of poor prognosis, and its predictive ability was independent of traditional clinical features. High-risk patients with EC had
increased T follicular helper cells (Tth) and MO macrophages, and lower infiltration levels of resting CD4 memory T cells resting, and
naive B cells. The nomogram developed for clinical application showed good predictive performance.

Conclusions: Our results suggested that CDKN2B deletion was associated with the survival and immune microenvironment in EC.
IPM is not only an effective indicator of the immune response and prognosis, but also suggest potential targets for immunotherapy in
patients with EC.

Keywords: esophageal carcinoma, cyclin dependent protein kinase inhibitor 2B, immune prognostic model, tumor immunity,
prognosis

Introduction

Esophageal cancer (EC) ranks seventh in terms of incidence and sixth in overall mortality, accounting for 509,000 deaths
annually.' Esophageal cancer is an aggressive malignancy owing to the variable area distribution between cases and deaths,
and approximately half of all new cases worldwide occur in China each year.” Incidence rates are significantly higher in
men than in women, with men accounting for 70% of all esophageal cancers worldwide.” Most patients have advanced
disease at diagnosis because of the insidious nature of the early stages.>** Despite remarkable advances in management and
treatment, the prognosis for EC remains poor due to recurrence and metastasis, with 5-year survival rates below 30%.*> In
addition, patients with the same pathological type and clinical stage may have different outcomes due to genetic
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heterogeneity.® Studies have revealed that immune-inflammatory cell populations in the tumor microenvironment (TME)
are associated with the development, therapeutic response, and prognosis of EC.”* Over the past decades, immunotherapy
has emerged as an effective treatment modality for various cancers including melanoma, lung, and bladder cancer.” Several
immune-related studies have been conducted to predict the prognosis of patients with EC.'%'? However, few studies have
comprehensive explored the immune phenotype within the EC microenvironment and its relationship with prognosis, and
developed IPM model according to gene mutation status in EC. Therefore, there is an urgent need to identify more
predictive and efficient prognostic biomarkers for patients with EC receiving immunotherapy.

The cyclin-dependent protein kinase inhibitor 2 B (CDKN2B) gene lies close to CDKN2A on human chromosome
9p21.3 and it is frequently mutated and deleted in a multitude of tumor types, including EC."*™'> This gene encodes
pl5INK4B, which can inhibit the Rbl regulators cyclin-dependent kinase 4(CDK4) and cyclin-dependent kinase 6
(CDKO®), thereby inhibiting the cell cycle and causing G1 retardation in cells. It thereby inhibits tumor cell proliferation
and facilitates tumor cell apoptosis.'® CDKN2B has been regarded as functionally equivalent to CDKN2A and
a bystander during 9p21.3 deletion because it is co-deleted with CDKN2A in many cancers.'’ Although studies have
linked CDKN2B to cancer development, it was only recently that the definitive role of p15ink4b rather than p16Ink4a, in
the development and proliferation of tumors was demonstrated.'® Previous studies have suggested that CDKN2B
(p15ink4b) deletion is necessary for pancreatic carcinogenesis and is associated with a poor prognosis.'**° Xia et al
demonstrated that CDKN2B is a markedly stronger tumor suppressor than CDKN2A via dual inhibition of the cell cycle
and aerobic glycolysis in bladder cancer. In addition, that CDKN2B deficiency plays a dominant role in driving the
formation of low-grade non-invasive bladder cancer.?! Therefore, exploring the effects of CDKN2B deletion on the
pathogenesis of EC and other cancers is critical. Recent studies have demonstrated that CDKN2B deletions are associated
with immune infiltrates and changes in the tumor-immune microenvironment of solid tumors.”*>* Considerable data
have shown that CDK4/6 inhibitors can overcome primary resistance to checkpoint immunotherapy.”® Although studies
have found that CDKN2B deletions are associated with poor prognosis in EC, its underlying function in the immune
profile of EC remains unclear.”® Growth hormone-releasing hormone (GHRH), Histone Cluster 1 h2B Family Member
E (HIST1H2BE), Mucin 6 (MUC6), each of them plays a distinct role in cancer biology including EC. Therefore, we
conducted a comprehensive analysis of the CDKN2B deletion status combined with RNA expression and constructed
a there genes (GHRH, HIST1H2BE, MUC6) immune prognostic model (IPM), to explore the effects of CDKN2B

deletion on immune responses in EC.

Materials and Methods

Cancer Genome Atlas (TCGA) Data Acquisition
The SNP6 Copy Number segment data for 173 EC samples were obtained from TCGA (http://firecbrowse.org/). The
mRNA sequencing data, somatic mutation status of 161 EC samples, and their matching clinical datasets were acquired

from The Cancer Genome Atlas (TCGA) website (https://portal.gdc.cancer.gov/repository). Among these EC patients,
151 with both SNP6 Copy Number segment data and mRNA sequencing data, including 129 male, 22 female, and 122

male EC samples, were subjected to subsequent analyses.

Somatic Copy Number Variation Analysis

To distinguish copy number changes in CDKN2B, we applied the Genomic Identification of Significant Targets in Cancer
(GISTIC) to detect common copy number changes in all samples, including Copy Number Variation of the chromosome
arm and minimum Common area between samples. The parameters of GISTIC were as follows: Q<0.05 was appointed as
being statistically significant. A confidence level of 0.95 was used to determine the peak interval, and a region longer
than the 0.98*chromosome arm was used to analyze the variation of the chromosome arm. The corresponding MutSigCV

module in the Broad Institute’s online analysis tool GenePattern (https://cloud.genepattern.org/gp/pages/index.jsf) was

used for the analysis.?’
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Gene Set Enrichment Analysis (GSEA)

To determine the biological pathways associated with CDKN2B mutation and immunity between patients with CDKN2B
mutated (CDKN2B'*"") and CDKN2B wild-type (CDKN2BY") EC in the TCGA EC cohort, GSEA (http://software.
broadinstitute.org/gsea/index.jsp) was performed.28 The annotated gene set file (¢5.bp.v7.0. symbols.gmt) was used as

a reference file. Statistical significance was set at P < 0.05.

Differentially Expressed Gene (DEG) Analysis
The edgeR package was used to analyze the differentially expressed genes (DEGs) between patients with CDKN2Bd!tion (n =
135) and CDKN2BWY" (n = 197) EC; absolute |log2-fold change (FC)[>1.0 and FDR<0.05, were considered thresholds.?’

Development and Validation Immune Prognostic Model (IPM)

We constructed an immune prognostic model (IPM) to predict the prognosis of patients with EC. The expression matrix
of the DEGs from CDKN2BY T and CDKN2B!®"°" patients were analyzed using univariate Cox regression analysis. The
prognostic value of the DEGs was defined via univariate Cox regression analysis, and p<0.05 was regarded as
statistically significant. The highly correlated genes were subjected to least absolute shrinkage and selection operator
(LASSO) analysis with L1 penalty to determine the critical genes for survival prediction in patients with EC. The key
immune-associated genes that were significant in the univariate Cox regression analysis were screened using the LASSO
method.*® Finally, a relatively small proportion of genes with non-zero weights remained. Most of the potential indicators
decreased to zero. Thus, the number of immune genes was reduced using LASSO-penalized Cox regression. We
constructed a prognostic model using the regression coefficients of multivariate Cox Regression analysis of these key
prognostic genes. The maxstat R package was used to determine the best cutoff for classifying patients with low-risk or
high-risk EC. The log-rank test and Kaplan-Meier survival analysis were conducted to evaluate the predictive ability of
the prognostic model.

Estimation of Immune Cell Type Fractions

CIBERSORT is a method for characterizing cell composition based on gene expression profiling of complex tissues.”’
The LM22 signature matrix file consisted of 547 genes and was used to distinguish 22 types of human immune cells,
including natural killer (NK) cells, seven T cell subtypes, plasma cells, naive and memory B cells, and myeloid subtypes.
A combination of CIBERSORT and the LM22 signature matrix was used to estimate the distribution of 22 human
hematopoietic cell phenotypes in CDKN2BYT and CDKN2B®'*°" EC samples. For each sample, the sum of all
estimates of the immune cell subtype fraction was equal to 1.

Functional Enrichment Analysis
The clusterprofiler R package (https://bioconductor.org/packages/release/bioc/html/clusterProfiler.html) was used to per-

form Gene Ontology (GO) functional annotation and Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway
analysis.*” Significant biological immune processes were visualized using the GOplot R package (https://cran.r-project.

org/web/packages/GOplot/index.html).>

Validation Independence of the IPM

In total, 103 of 129 EC samples with complete clinical information (sex, age, and pathological staging) were included in
the subsequent analyses. We performed univariate and multivariate Cox regression analyses to verify whether the
predictions of IPM were independent of traditional clinical features.

Construction and Assessment of the Nomogram

A nomogram was used to predict the survival probability at 0.5, 1, and 3 years, based on the results of the multivariate
analysis. To generate a nomogram containing significant clinical features and calibration plots, we used the rms R package
(https://CRAN.R-project.org/package=rms).>* Concordance index (C-index) and receiver operating characteristic (ROC)
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analyses were performed to compare the predictive accuracy of the nomogram and the independent prognostic factors. All
statistical tests used in this study were two-tailed, p < 0.05 was used as statistical significance.

Immunohistochemistry

Human tissue arrays (ZL-EsoS961) containing 37 EC and matched adjacent normal esophageal tissues were obtained
from Shanghai Outdo Biotech Co., Ltd. These arrays included sex, age, pathology, and tumor-node-metastasis (TNM)
stage. This study was approved by the Institutional Review Board (IRB) of The Second Affiliated Hospital of Jianghan
University. Immunohistochemistry was performed as previously described.*> The anti-HISTIH2BE protein antibody
(1:1000 dilution, ab52599, abcom) was obtained from Abcam. Immunohistochemistry (IHC) staining was assessed
separately by two experienced researchers using a semi-quantitative scoring system based on the staining intensity, as
previously described.*® SPSS version 20.0 (IBM Inc., Chicago, IL, USA) and GraphPad Prism 5 (GraphPad Software,
CA, USA) were used for data analyses. Statistical significance was set at P < 0.05.

Results
Association Between Immunotype and CDKN2B Deletions in EC

CDKN2B deletion is one of the most common mutations in ECs (Figure 1A). Previous studies have demonstrated that
CDKN2B mutations are associated with lymph node metastasis and poor prognosis.'>*® However, their influence on the
immune profile of EC has not been thoroughly explored. In the present study, we investigated the association between
immune-related biological processes and CDKN2B status in EC using gene expression data and matching clinical data of
patients with EC from TCGA (Supplementary Tables 1 and 2). GSEA was performed in patients with EC without (n =
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Figure | Copy number states and survival analysis of CDKN2B in esophageal carcinoma. (A) The landscape of somatic mutations in TCGA EC dataset; (B and C) DFS was
significantly higher in the low-risk score group than in the high-risk score group (P = 0.00017).
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197) or with (n = 134) CDKN2B deletions. The results indicated that CDKN2BW" patients were highly enriched in 99
biological processes, of which nine were immune-related biological processes. These included adaptive immune
responses based on somatic recombination of immune receptors, built from immunoglobulin superfamily domains,
B cell-mediated immunity, and humoral immune responses mediated by circulating immunoglobulins (p < 0.05).
CDKN2BYton patients were significantly enriched in 53 biological processes, but no immune-related biological
processes were found. Considering that CDKN2B is merely a bystander in the 9p21.3 deletion (often co-deleted with
CDKN2A), it may suggests that CDKN2B may have a more direct role in immune regulation than previously thought.*”

Identification of Differentially Expressed IRGs Between CDKN2B"" and

CDKN2B?"%" EC Samples

We used the edgeR package to perform differential expression analysis with CDKN2BWYT and CDKN2B<ton gC
sample,s to identify differentially expressed immune-related genes associated with CDKN2B status, and 1247 genes were
differentially expressed between CDKN2BYT and CDKN2B%"*!" EC samples(|log2-fold change (FC)[>1.0, FDR<0.05)
(Figure 2 and Supplementary Table 3). Among the 1247 genes investigated, 136 were present in the biological pathways

that were enriched by GSEA analysis (Figure 2 and Supplementary Table 4).

Construction of an IPM and Evaluation of Its Predictive Ability in the TCGA EC

Cohort

Considering the differences in immune status between patients with CDKN2B™T and CDKN2B* EC, we performed
univariate Cox regression analysis of the 136 differentially expressed genes, to evaluate the predictive ability of the DEGs. The
results showed that 7 of the 136 differentially expressed genes were significantly associated with disease-free survival (DFS)
(p<0.05) (Supplementary Table 5). To explore the most significant prognostic genes, we employed Cox proportional hazards

analysis based on L1-penalized (LASSO) estimation and identified six genes (Supplementary Table 6). Finally, three genes

(Growth hormone-releasing hormone, Histone H2B type 1E, and mucin6) were selected for model construction after the
expression of the six genes, and the survival time and status of the samples were analyzed using multivariate Cox Regression
analysis (p<0.05, Supplementary Table 7). We also found that the cytoplasmic expression of HISTIH2BE was significantly

higher in EC tissues than in non-cancerous esophageal tissues (Figure 3A-D). As shown in Figure 3E, positive HISTIH2BE
protein staining was significantly higher in EC tissues than in the adjacent normal esophageal tissues (P <0.001). This findings
are consistent with the trend of using immune biomarkers to stratify patients and predict responses to immunotherapy. The
IPM score was established by weighting the expression of the three genes (GHRH, HIST1H2BE, and MUCS6) to the regression
coefficient of the multivariate Cox regression analysis. The IPM risk score = (1.32 x GHRH expression) + (2.56
xHIST1H2BE expression) + (0.88 xXMUC6 expression). We then calculated the risk score for each sample and classified
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Figure 2 Differentially expressed genes. (A) Differentially expressed genes between CDKN2B"Tand CDKN2B®*%" cohorts. (B) Differentially expressed genes from
intersections of GSEA and edgeR.
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Figure 3 Immunohistochemical analysis of HISTIH2BE expression in human EC tissues. (A and B) Representative IHC staining images of HISTIH2BE protein in non-
cancerous esophageal tissues and (C and D) EC tissues at X5 and X20 magnification, respectively. (E) Comparison of the HISTIH2BE expression score indicate that
HISTIH2BE protein levels are significantly higher (P < 0.001) in EC tissues than in non-cancerous esophageal tissues (N = 37).

the patients into high- or low-risk groups according to the optimal cut-off point (0.188) using the maxstat R package

(Supplementary Table 8). The results indicated that the high-risk group had a shorter DFS than the low-risk group in the

TCGA cohort (Figure 4A). Risk scores and gene expression distributions are shown in Figure 4B. The predictive ability of
IPM is shown in Figure 4C, and the area under the ROC curve (AUC) for DFS was 0.86 at 1 month, 0.78 at 0.5 years, 0.72 at
1 year, 0.73 at 3 years. This is one of the first studies to propose a model specifically linked to CDKN2B deletion in EC.

Stratification Analysis of DFS for IPM Based on CDKN2B Status in the TCGA EC

Cohort

CAKN2B status is significantly associated with the prognosis of patients with EC. Stratification analysis was performed
to verify the relationship between prognostic value and CDKN2B status. We divided patients in the TCGA EC cohort
into two groups based on CDKN2B status. Stratification analyses indicated that IPM was significantly correlated with
DFS in patients with CDKN2BYT and CDKN2B®*!" EC (Figure 5A and B). Moreover, correlation analyses showed
that the risk score of IPM was negatively associated with survival time in these patients (Figure 5C). Univariate and
multivariate Cox regression analyses suggested that the predictive ability of IPM for DFS in patients is independent of
the CDKN2B status (Figure 5D and Supplementary Table 9).

Immune Landscape of the Low and High Risk EC Patients
The CIBERSORT method combined with the LM22 characteristic matrix was used to perform immune infiltration
analysis to assess the differences in the 22 immune-infiltrated cell types between patients with low- and high-risk EC. As
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shown in Figure 5A, the proportion of immune-infiltrating cell types varied within and between the EC groups
(Figure 6A and Supplementary Table 10). The diverse proportions of tumor-infiltrating immune cells may represent

the intrinsic characteristic phenotype of individual patients with EC. The proportion of immune cells in the low- and
high-risk groups was estimated using a z-test. The results showed that there were significantly higher proportions of
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follicular helper T cells and macrophages MO, while significantly lower proportions of resting CD4 memory T cells and
naive B cells in patients with high-risk EC patients than in those with low-risk (Figure 6B and Supplementary Table 11).
This results are consistent with previous studies that have linked immune cell composition to tumor behavior and patient
outcomes in EC and other cancers. Therefore, the present results indicate that abnormal and heterogeneous immune cell

infiltration in EC may be used as prognostic indicators and targets for immunotherapy and have significant clinical

significance.

Biological Processes and Pathways Analysis in Low and High Risk Group Patients

We performed differential expression analysis between the high- and low-risk groups of patients and identified 2845
differentially expression immune-associated genes (|log2-fold change (FC)[>1.0 and FDR<0.05) (Supplementary
Table 12). We then investigated the correlation between these differentially expressed genes and risk scores using
correlation analysis and identified 726 differentially expressed genes associated with risk scores (Pearson correlation
coefficient>0.4 and p < 0.05) (Supplementary Table 13). Gene Ontology (GO) and Kyoto Encyclopedia of Genes and
Genomes (KEGG) analyses were conducted to explore the biological functions and pathways based on these genes, and
15 significantly enriched pathways were identified (Figure 7A and B). The results suggested that the immune-associated

genes related to the risk score in the TCGA EC dataset were mostly enriched in immune-related pathways, including

A The Most Enriched GO Terms B The Most Enriched KEGG Term

intermediate filament-
connexin complex- i ion-
‘tertiary granule- Salivary secretion
cornified envelope-
mosome-
secretory granule membrane-
in-based cell projection-
cluster of ac1|n based cell projections-
apical junction complex- Pancreatic secretion-
brush border-
basolateral plasma membrane-
apical part of cell-
microvillus - Type

Parathyroid hormone synthesis, secretion and action-

Mucin type O-glycan biosynthesis-

%)
>
£ apical Iasma membrane- o
g pesl? cell-cell junction- down_BP H Maturity onset diabetes of the young- ki
= regulation of body fluid levels- down_CC < young down_KEGG
(e} keratinization- up_BP g up_KEGG
(O] digestive tract morphogenesis- up_CC
digestion- - Insulin secretion-
tissue homeostasis-
dlgesnve system development-
in O-linked glycosylation- Gastric acid secretion-
mulncellular organlsmal homeostasis- .
keratinocyte differentiation-
digestive tract development- Fructose and mannose metabolism-
epidermal cell differentiation-
cornification-
skin development- L . .
O-glycan processing- T Estrogen signaling pathway-
epidermis development- ; : . 1 \ i ! |
10 20 30 40 0 3 6 9
Count
EIEEIE W m (EO NI By 1 Age Age
Gender 90
[ TR e T IO B o TAN 1IN Stage =
T R TN T T N i T 110 e
Statu
11 N BN NN W NI “m e CokNzs 0
WM RiskScore Gender
KRT1 Mal
SERPINB10 -
o B i
Fien Stage |
‘ | ALDHIB 01
| i I 1 | ENPPA Stage Il
106AP2 [ Stage IV
\ )| PTPRB Gmﬂ
FUCA1
||| PYPRNz .ea
| N1
PLAC8 Status
isved DiseaseFree
C | [A0G1 Not Available
‘ . III ﬂf s100P RecuredProgressed
i !
Deletion
G SC!
\ Evéiw Mo
| 1] crss RiskScore
$ |aocres W3
¢ & ¢ ° CTsH
v fF § & e B
- [ll II I
@ II seaemn
u l DsP
logFC 3 GoTerms [Jl]l Go:0002283 [[] Go:0042119 [l GO:0002446 III ‘N [ z:;:s

Figure 7 Enrichment analysis of the IPM. (A) The most enrichment of GO pathways for immune-associated genes. (B) The most enrichment of KEGG pathways for
immune-associated genes. (C) Enrichment of biological processes for immune associated differentially expressed immune-associated genes. (D) Heatmap of differentially
expressed immune-associated genes in high- and low-risk patients.

Clinical and Experimental Gastroenterology 2025:18 https: 49


https://www.dovepress.com/article/supplementary_file/510078/510078-revised-supplementary-tables.xlsx
https://www.dovepress.com/article/supplementary_file/510078/510078-revised-supplementary-tables.xlsx
https://www.dovepress.com/article/supplementary_file/510078/510078-revised-supplementary-tables.xlsx
https://www.dovepress.com/article/supplementary_file/510078/510078-revised-supplementary-tables.xlsx

Peng et al

immune response involving activated neutrophils (GO:0002283), neutrophil activation (GO:0042119), and neutrophil-
mediated immunity (G0O:0002446) (Figure 6C, D and Supplementary Table 14).

The IPM Is Better Than Conventional Clinical Characteristics

We conducted univariate and multivariate Cox regression analyses to investigate the prognostic value of IPM compared with
conventional clinical characteristics in the TCGA EC cohort. Univariate Cox regression analysis involving clinical features
(age, pathological stage, and grade) and the prognostic model risk score suggested that IPM was an independent prognostic
factor. (Figure 8A and Supplementary Table 15). Multivariate Cox regression analysis showed that IPM was significantly
associated with survival and the highest median risk score (hazard ratio [HR] = 2.95, 95% CI = 1.96—4.43) (Supplementary
Table 15). We also evaluated the C-index between IPM and conventional clinical factors to determine the predictive ability of
IPM (Supplementary Table 16). Among 7 survival-predictive factors, the c-index value of IPM (0.70) was higher than the
conventional clinical characteristics (0.48-0.60). Taken together, these findings suggest that the IPM is independent of
conventional clinical features and can improve survival predictions in patients with EC. To provide a quantitative method for
predicting the prognosis of patients with EC, we constructed a nomogram by integrating the IPM and independent clinical
risk parameters (stage) (Figure 8B and Supplementary Table 17). The calibration curve showed good performance between
prediction and observation for the 0.5-, 1, and 3 year survival (Figure 8C). The AUC was also largest for the nomogram
(Figure 8D). These results suggest that the nomogram is a better model than individual prognostic factors for predicting
survival in patients with EC than individual prognostic factors.

A Hazard Ratio B C e m w e w e o w w w
Points
Univariate analysis ~ Pviaue Hazard Ratio (95% Cl)
Age 0.247 ¢ 0.987(0.97-1.01) Supoll .
Y Stage
M 0.353 < 2582(0.35-19.1) Stage | Stage I
N 0.668 —— 1.085(0.75-1.57)
Prognostic model
Stage 0.033 —_——— 1.598(1.04-2.46) o S s 3 25 5 as
T 0.06 — 1.441(0.98-2.11)
Grade 0.078 H—— 1.53(0.95-2.46) Total Points
0 10 20 3 4 5 6 70 8 % 100 110
RiskScore 0 —————@>  2841(1.91-4.22)

0.5-year DFS probability

Multivariate analysis

Stage 0.029 —_—— 1.67(1.05-2.63) 1-year DFS probability —
09 07 o5 o5 o1
RiskScore 0 ———————@  295(1.96-4.43)
I T T T 1
05 1 15 2 25 3 S-year DFS probabity 07 o5 s o
c . . .
g [ 5 J 5 o
L R I = -
s . i i 2 - g o |
N W 1 R T g °
5~ e 5 [ = J 2 oz l
£ s _— $ = ]
& e - 5
S 3 k 3 < T = 3 9
<3 3 - R
T T T T T T T T T S i : : : :
075 0.80 085 0.90 04 05 06 07 08 01 02 03 04 05
Nomogram-Predicted Probability of 0.5-Year DFS Nomogram-Predicted Probability of 1-Year DFS Nomogram-Predicted Probability of 3-Year DFS
D 0.5-year AUC 1-year AUC 3-year AUC
o) ] ) 7 ) B
T © T @ | T @ |
= o 7 = o = o
[ o o
= — = - = -
=1 = =1
8 < | 8 <« | 8« |
o o Q o Q o
[} | [0} N [} |
2 > >
F o | F o | o |
S = T T T T T ° 5 T T T T T °© T T T T T T
00 02 04 06 08 1.0 00 02 04 06 08 1.0 00 02 04 06 08 1.0
False positive rate False positive rate False positive rate

Figure 8 Relationship between the IPM and clinical factors. (A) Univariate and multivariate regression analysis of the Correlation between the IPM and clinicopathological
features. (B) Nomogram for predicting the 0.3-, |-, and 3-year survival in patients with EC. (C) Calibration curve of the nomogram for predicting the 0.3-, |-, and 3-year
survival. (E) ROC curve analyses of nomogram.

50 https: Clinical and Experimental Gastroenterology 2025:18


https://www.dovepress.com/article/supplementary_file/510078/510078-revised-supplementary-tables.xlsx
https://www.dovepress.com/article/supplementary_file/510078/510078-revised-supplementary-tables.xlsx
https://www.dovepress.com/article/supplementary_file/510078/510078-revised-supplementary-tables.xlsx
https://www.dovepress.com/article/supplementary_file/510078/510078-revised-supplementary-tables.xlsx
https://www.dovepress.com/article/supplementary_file/510078/510078-revised-supplementary-tables.xlsx
https://www.dovepress.com/article/supplementary_file/510078/510078-revised-supplementary-tables.xlsx

Peng et al

Discussion

Growing evidence has demonstrated that the immune microenvironment plays a crucial role in the development,
progression, and therapy of tumors. Studies on the relationship between CDKN2B deletion and the tumor immune
microenvironment have been conducted in recent years. In gliomas, CDKN2B deletions are associated with cytolytic
activity, poor survival, immune response, and immune checkpoint expression.”** CDKN2B deletion is correlated with
immune cytolytic activity and the expression of multiple immune checkpoint genes in pancreatic cancer.”> CDKN2B
deletion is one of the most common genomic alterations associated with tumor development and clinical outcomes in EC,
as confirmed in the present study.'>**>° Studies have demonstrated that EC patients benefit from ICIs therapy. However,
the mechanism by which CDKN2B deletion affects the immunophenotype and prognosis of EC remains unknown.
CDKN2B deletions are common in various cancers, and the insights gained from this study could be applicable to
understanding the immune microenvironment and prognosis in these cancers as well. Therefore, it is necessary to explore
the immune-associated effects of the CDKN2B deletion in EC.

In recent years, immune-related prediction models have shown great potential for identifying prognostic biomarkers
and evaluating the effectiveness of immunotherapy. Several gene signatures of the immune status have been established
and reported to be clinically significant in solid tumors.**** Although studies have sought to identify the immune
signature of EC, the role of the immune infiltration landscape in the prognosis and treatment prediction of EC has not yet
been fully investigated.'®'? In this study, we focused on the relationship between CDKN2B deletion and the modulation
of the immune phenotype in EC. GSEA analysis suggested that CDKN2B™T EC patients were enriched in immune-
related biological processes than CDKN2B®°" patients, suggesting that CDKN2B" may be correlated with
immunomodulatory effects in EC. We identified the three most significant genes (GHRH, HIST1H2BE, and MUCG6)
associated with CDKN2B deletion. We constructed an immune prognostic model (IPM) that could predict the prognosis
of patients based on CDKN2B'""_[inked genes. The survival analysis indicated that IPM was a good predictor of the
prognosis of patients with EC patients, and the predictive performance was independent of CAKN2B status.

These three most valuable prognostic genes are involved in the development, progression, and treatment of tumors,
and play a pivotal role in mediating inflammation and tumor immunity. GHRH is a peptide that regulates the secretion of
growth hormone (GH) to stimulate the growth of various cells, including cancer cells.** GHRH promotes the aggres-
siveness of lung cancer by regulated the expression of cyclin D1/D2, CDK4/6, E-cadherin, B-catenin, as well as cAMP/
CREB and PAK-STAT3 signaling pathways.** Xiong et al reported that GHRH is associated with malignant properties
and poor survival in patients with EC.** Cai et al demonstrated an association between GHRH and multiple intracellular
signaling pathways involved in cellular proliferation, metastasis, apoptosis, and inflammation in various cancers.*®
HIST1H2BE gene locus on chromosome 6p21-22 encodes histone H2B. Kohei et al identified HISTIH2BE somatic
mutations in intravascular NK/T-cell lymphoma (IVNKTCL).*” The regulation of HIST1H2BE expression has significant
effects on cell growth and estrogen response in resistant breast cancer cells, and HISTIH2BE is highly expressed in Al-
resistant breast tumors.** We also found high expression of HISTIH2BE in EC compared with non-cancerous esophageal
tissues. MUCG is a secretory mucin involved in various biological activities including malignant transformation.*’ MUC6
is aberrantly expressed in invasive mucinous adenocarcinoma (IMA), and diffuse MUCG6 expression is associated with

1.°° The expression of MUC6 was significantly lower in GC and was

clinicopathological features and favorable surviva
related to poor stage and prognosis, and the regulation of MUC6 expression could modulate the migration and invasive
abilities of gastric cancer cells.”'

Recent studies have demonstrated that immune cells and immune cell infiltrates play vital roles in the TME and are
related to the prognosis of patients with EC.”>”® In the present study, we investigated the TME and immune cell
infiltration in patients with low- and high-risk EC. The analyses indicated that high-risk patients had higher levels of
T follicular helper cells (Tth) and MO macrophages and lower levels of resting CD4 memory T cells and naive B cells.
Activation of Tfh could provide help for increasing levels of interferon IFN-y production, CD8" T cells, B cells.** Tfh
interact with CD8" T cells to improve tumor immune cell infiltration and promote CD8" effector functions, and are also
essential for the efficacy of anti-PD-1 therapy.”> M0 macrophages differentiate into M1 or M2 macrophages, which exert
immunosuppressive effects and promote angiogenesis.’® Resting CD4 memory T cells are involved in various immune
responses, including the regulation of CD8+ T and NK cells.”” A previous study confirmed that resting memory CD4
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memory T cells are associated with better survival and could be an independent prognostic factors in cancer.>® Our results
suggest that high-risk patients have an immunosuppressive microenvironment that may be responsible for poor prog-
nosis, indicating that there may be a better benefit from immunotherapy for high-risk patients. These results reveal that
IPM may serve as a predictor of prognosis, immune cell infiltration, and immunotherapy in patients with EC. By
predicting immune cell infiltration and prognosis, the IPM could guide immunotherapy strategies and improve patient
outcomes in multiple tumor types. Future studies should explore the application of this model in other cancers,
particularly those with high frequencies of CDKN2B deletions, to validate its utility and refine its predictive capabilities.

Additionally, GO and KEGG analyses demonstrated that [PM was correlated with immune-related pathways,
validating the predictive role of IPM in immune cell infiltration and the TME. Our prognostic model was constructed
and validated using three candidate genes (GHRH, HIST1H2BE, and MUCS) to investigate the local immune status and
predict the survival of patients with EC. The analysis demonstrated that [IPM acts as an independent prognostic factor
after adjusting for clinical features, and we conducted a comprehensive evaluation by integrating IPM and clinical factors
(age and pathological stage). The calibration curves indicate satisfactory agreement between the predicted and practical
values for 0.5, 1, and 3 years. Most importantly, our IPM provides a complementary perspective on individual tumors and
provides a personalized scoring method for patients with EC. Taken together, these results indicate that the IPM may be
a powerful tool for clinicians in the future.

However, this study has several limitations. First, it was retrospective, the reliance on a single dataset introduces
potential biases. Second, the IPM was moderate for predicting the DFS of patients with EC. Third, the sample size and
there has a severe gender imbalance between male and female samples, which could lead to biases. In addition, while the
IPM represents a significant advancement in understanding the relationship between CDKN2B deletion, immune cell
infiltration, and prognosis in EC, prospective studies, functional analyses, and clinical trials are needed to translate this
promising model into a practical tool that can improve patient outcomes and guide personalized treatment strategies in
esophageal carcinoma in the future.

In conclusion, we constructed and validated an IPM based on CDKN2B deletion and three immune-related genes. To
the best of our knowledge, this is the first study to propose a predictive model of CDKN2B deletion and cancer
immunity. The IPM can predict survival and reflect immune status in the EC microenvironment, which may guide
immunotherapy in patients with EC. The retrospective nature of the study limits direct observation of outcomes, and
prospective clinical trials are needed to confirm our results to guide personalized treatment strategies in EC.
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