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PANoptosis is a novel mode of programmed cell death and
plays an important role in tumor development and metas-
tasis.”"Z Numerous studies have shown that PANoptosis plays
a crucial role in cancer,> > however, there is limited
research to reveal the association between PANoptosis and
colorectal cancer (CRC). Based on our results, a PANoptosis-
related signature (PRS) was developed by a combination of
101 machine learning algorithms that could accurately
predict survival outcomes in TCGA and four external vali-
dation cohorts exhibited high performance when compared
with other public signatures. The PRS was highly correlated
with tumor microenvironment, immunotherapy, drug
sensitivity, and genomic mutation. Moreover, six and nine
candidate drugs from CTRP and PRISM databases respec-
tively were identified for the high PRS score patients. A
candidate therapeutic target, elastin (ELN), was screened
in CRC cell lines, and its expression and clinical value were
further evaluated in the GSE132257 dataset. Furthermore,
the clinical significance of ELN was evaluated through CRC
tissue samples. In summary, the present study uncovered a
promising application of the signature in the prognosis of
CRC. The potential therapeutic target of ELN might provide
direction and tailor more effective treatment for CRC.
Firstly, based on the transcriptome profile of PANoptosis
regulators, patients were classified into two molecular sub-
types through consensus clustering analysis, named C1 and
C2 (Fig. 1A; Fig. S1A—D). To further elucidate the potential
molecular mechanism of subtypes, we conducted a differ-
ential expression analysis between two molecular subtypes
(Fig. S1E). Before PRS construction, we extracted the com-
mon differentially expressed genes from five datasets and
performed univariate Cox regression analysis in each data-
set. The common risky or protective genes in at least three
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cohorts were retained and a total of 124 genes were sub-
jected to the machine learning analysis. Based on the
average C-index value, the Enet algorithm with « = 0.1 was
determined to be the optimal prognostic signature, with an
average C-index value of 0.78 (Fig. 1B). The CRC patients
were then classified into high- and low-risk groups based on
the median PRS score across all cohorts. The CRC patients in
the high PRS score group showed a significantly poor overall
survival in TCGA (Fig. 1C), GSE38832, GSE29612, GSE17537,
and GSE29612 cohorts (Fig. S2A—D). The receiver operating
characteristic curve analysis result demonstrated that the
PRS showed a good performance at the 1-, 3-, and 5-year
overall survival across TCGA (Fig. 1D) and other CRC cohorts
(Fig. S2A—D). Moreover, we systematically collected 32
recently published signatures for CRC and compared them
with our machine-learning signature. Notably, the PRS
demonstrated superior C-index performance in TCGA,
GSE17536, GSE17537, GSE29612, and GSE38832 cohorts than
almost all public signatures (Fig. S3).

To further demonstrate the potential of PRS as an in-
dependent prognostic factor, we conducted univariate and
multivariate Cox regression analysis on the clinical factors
and PRS score in the five cohorts. As the result showed, PRS
was identified as an independent factor across the five
datasets (Fig. S4A—E). In addition, the occurrence of tu-
mors is caused by a series of mutations or abnormalities
accumulating at the genomic level. Therefore, we
compared the gene variations between the high- and low-
PRS groups in the TCGA cohort. We selected the top 30 most
mutated genes and visualized them in the waterfall plot.
The mutation rates of most genes, including TP53, MAGEC1,
ROS1, BAI3, DCAF4L2, and MYO16, were observed to be
significantly higher in the high PRS group compared with the
low PRS group (Fig. S5A). Moreover, to comprehensively
investigate the impact of PRS on the level of immune cell
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Figure 1
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Molecular characterization analysis of PANoptosis subtyping and identification of elastin (ELN) as a novel therapeutic

target in colorectal cancer (CRC). (A) Identification of molecular subtypes based on PANoptosis regulator expression. Principal
component analysis was performed to classify patients into C1 and C2 subtypes. (B) Construction and evaluation of PANoptosis-



Rapid Communication

3

infiltration in the CRC microenvironment, we utilized
distinct seven immune infiltration algorithms to assess the
infiltration levels of different types of immune cells in CRC
and then compared the differences between the high and
the low PRS group. The result indicated that most of the
immune cells calculated by the seven algorithms were
negatively correlated with PRS scores, such as CD4" T cell,
CD8" T cell, B cell, and natural killer cell, while the infil-
tration level of endothelial cell, M1 macrophage, MO
macrophage, and cancer fibroblast was positively corre-
lated with PRS score (Fig. S5B, C).

To identify the potential drug for the treatment of high
PRS group patients with poor survival, we retrieved a pre-
viously reported 6125 drug information and carried out a
multi-step analysis to identify candidate drug targets.
Firstly, we performed Pearson correlation analysis between
the drug target expression and PRS score, and 457 potential
targets were identified (Pearson r > 0 and P < 0.05)
(Fig. 1E, F). Next, Pearson correlation analysis was also
performed between CERES score and PRS score based on
CRC cell lines, and 182 candidate drug targets were
screened (Pearson r < 0 and P < 0.05) (Fig. 1G, H). As a
result, 13 drug targets including GJB2, AQP1, ACSS1, CAC-
NA1C, LIPE, COX6C, HSD17B10, KHK, SPIRE2, SLC52A2, SPR,
ELN, and CEL were screened. Among these targets, the
CERES score of ELN in most CRC cell lines was close to zero,
suggesting that ELN might be crucial for CRC, and blocking
its function in high PRS group patients could lead to a
favorable treatment outcome. Moreover, we also per-
formed Pearson correlation analysis between the drug’s
area under curve value and ELN gene expression based on
cell lines, and 19 drugs were identified as correlated with
ELN (|Pearson r| > 0.3 and P < 0.05) (Fig. S6A). Among
these drugs, erlotinib was most positively correlated with
ELN, and the mechanism of action of drugs revealed that
erlotinib was involved in the EGFR signaling pathway
(Fig. S6B). Additionally, we further evaluated the expres-
sion level of ELN on the single-cell level. Interestingly, CD4™
T cells were the predominant cells in the low PRS group
versus the high PRS group in tumor and normal tissue, while
plasma cells mainly focused on the high PRS group in tumor
and normal tissue (Fig. S7A—D). We then evaluated the
level of PRS score and ELN on the nine cells and discovered
that PRS score was mainly expressed in macrophages and

fibroblasts, while ELN was only expressed in fibroblasts (Fig.
S7E, F).

Finally, immunohistochemistry analysis of ELN was con-
ducted in our cohort CRC tissue samples. The results
demonstrated a significant overexpression of ELN in both
primary CRC tissues and liver metastasis tissues (Fig. 11). In
addition, a Kaplan—Meier curve was constructed to eval-
uate the prognostic significance of ELN in a cohort of 131
CRC patients. The analysis revealed that patients with high
ELN expression exhibited significantly inferior overall sur-
vival compared with those with low ELN expression
(Fig. 1J). The area under curve values for ELN expression
indicated that ELN accurately discriminated between the
high- and low-expression groups (Fig. 1K). Both univariate
and multivariate Cox regression analyses confirmed ELN as
a robust prognostic marker, with statistical significance
observed in both analyses (Fig. 1L, M). Furthermore, an
investigation into the association between ELN expression
and clinicopathological characteristics of the 131 CRC pa-
tients was undertaken (Table S1).

In conclusion, we established a robust PRS based on the
combination of 101 machine-learning algorithms. Our re-
sults suggest that PRS has a promising clinical application
value and ELN might be a novel therapeutic target in CRC.
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related signature (PRS) in TCGA cohorts. The PRS was developed based on the combination of 101 machine learning algorithms. The
C-index value was calculated in the TCGA and GEO cohorts (the top 10 C-index were shown). (C, D) Kaplan—Meier curves and
receive operator curves were used for survival prediction and prognostic value evaluation of PRS in TCGA. (E, F) Characterization of
PRS-related target. Volcano plot (left) and scatter plots (right) display Pearson’s correlation coefficient and significance between
PRS scores and expression of drug targets in the TCGA cohort. The red dot represents the samples of TCGA. (G, H) Volcano plot
(left) and scatter plots (right) display Pearson’s correlation coefficient and significance between PRS scores and CERES scores of
drug targets in the TCGA cohort. The green dot represents each CRC cell line. (I) Comparison of ELN expression in noncancerous
mucosa, paired primary CRC, and liver metastases by immunohistochemistry. (J) Kaplan—Meier plots of CRC specimens with
negative and positive ELN expression. (K) Time-dependent receiver operating characteristic analysis of ELN showed the overall
survival of patients with CRC. (L) Univariate Cox regression of ELN expression and clinical parameters in CRC. (M) Multivariate Cox
regression of ELN expression and clinical parameters in CRC. ***P < 0.001; ns, no significance.
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