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Background: Vitamins, and their metabolic processes play essential regulatory roles in controlling
proliferation, differentiation, and growth in carcinogenesis. However, the role of vitamin metabolism in lung
adenocarcinoma (LUAD) has rarely been reported. Here, we established a novel prognostic model based on
vitamin metabolism-related genes in LUAD.

Methods: In this research, we aimed to identify vitamin metabolism associated with differentially expressed
genes (DEGs) in LUAD utilizing The Cancer Genome Atlas (TCGA)-LUAD, GSE68465 and GSE72094
data. Unsupervised clustering classified patients into distinct subgroups. By utilizing least absolute shrinkage
and selection operator (LASSO)-Cox regression analysis, vitamin metabolism-related genes could be used
to construct prognostic model. Then the vitamin metabolism gene-related risk score (VRS) was calculated
based on best cut-off splitting. Kaplan-Meier analysis, time-dependent receiver operating characteristic
(ROC) analysis, univariate and multivariate Cox analyses, chemotherapeutic drugs sensitivity analysis,
immune infiltration analysis and nomogram were conducted to verify our models’ accuracy. Finally, CPS1
was identified as a relevant diagnostic marker using Random Forests algorithms, single-cell RNA sequencing
data was used to confirm its expression.

Results: We investigated the relationship between vitamin metabolism patterns, overall survival (OS),
and immune infiltration levels of patients with LUAD. A prognostic signature consisting of 11 genes was
developed, which was able to classify patients into high and low VRS groups. Through gene enrichment
analysis, cell cycle was mainly enriched. Compared to the low VRS group, the high VRS group exhibited
poorer OS, as demonstrated by the Kaplan-Meier survival analysis. Furthermore, VRS was identified as
an independent predictor of poor prognosis and poor OS, as indicated by both univariate and multivariate
Cox regression analyses. Additionally, a nomogram was constructed to improve the accuracy of survival
predictions in LUAD patients. We also found that the two groups of patients might respond differently
to immune targets and anti-tumor drugs. CPS1 was identified as a relevant diagnostic marker and the
expression was also as confirmed by single-cell RINA sequencing data.

Conclusions: Overall, our findings suggest that vitamin metabolism can influence the prognosis of

LUAD patients, and our prognostic signature represents a potentially helpful resource for predicting patient
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Introduction

Globally, lung cancer is one of the most common types
of carcinoma and causes the highest number of cancer-
related mortality, accounting for approximately 12.17%
of newly diagnosed cancers and 19.27% of cancer related
deaths (1). Lung adenocarcinoma (LUAD) has emerged as
the primary type of non-small cell lung cancer (NSCLC)
in the pathological classification (2). Despite there are
significant advancements in cancer treatment technologies,
including surgery, radiotherapy, targeted therapy, and
immunotherapy, the prognosis for patients with LUAD
remains poor, especially for those diagnosed at an advanced
stage, resulting in a less than 20% 5-year survival rate (3).
Furthermore, despite patients being classified in the same

stage, variation has been observed in their prognoses (4).

Highlight box

Key findings
* Novel prognostic signature: vitamin metabolism’s impact on lung
adenocarcinoma (LUAD) survival and clinical decision-making.

What is known and what is new?

® Previous studies have linked lung cancer progression to vitamin
metabolism, including the roles of vitamin D, vitamin C, vitamin E,
folate, and vitamin B12.

* We introduce a novel prognostic model based on vitamin
metabolism-related genes in LUAD, revealing specific genes
associated with prognosis, immunotherapeutic responses, and drug
sensitivity, providing a foundation for personalized therapy and
emphasizing the importance of considering vitamin metabolism in
LUAD treatment.

What is the implication, and what should change now?

® This study urges a transformative shift in LUAD treatment,
emphasizing the integration of vitamin metabolism considerations
for personalized prognosis assessments and tailored therapeutic
strategies.

e Further research is essential to validate the multi-parameter
prognostic model through large-scale real-world validation and
experimental verification.
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An ability to distinguish the risk of LUAD patients and
personalized therapy may help to improve the prognosis of
LUAD (5). Therefore, there is a pressing need to identify a
more precise and personalized prognostic model to predict
patient outcomes and guide treatment decisions.

Vitamins act as indispensable organic substances that
contribute to normal physiological metabolic function of
the body, such as maintaining immune function, promoting
cell growth, mediating cell signaling, and repairing DNA
(6,7). Recently, numerous studies have identified an
association between the progression of lung cancer and
vitamin metabolism. For instance, vitamin D, is a widely
recognized fat-soluble vitamin that plays a critical function
in promoting tumor cell apoptosis and inhibiting their
angiogenesis via its ability to modulate gene expression
and cellular signaling pathways related to the vitamin D
receptor (VDR) (8-11). Deficiencies in vitamin C and
vitamin E can hinder the immune function and increase
the risk of cancer (12-15). Moreover, it is well known that
folate and vitamin B12 are essential vitamins in synthesis of
purine and pyrimidine nucleotides, and pre-treatment with
these vitamins can optimize the availability of pemetrexed,
reducing adverse effects and enhancing the therapeutic
efficacy of LUAD patients (16). However, few studies have
concentrated on constructing diagnostic and prognostic
models based on vitamin utilization related genes; additional
investigations are needed.

In this study, in order to explore the influence of vitamin
metabolism on the survival and its implications for clinical
decision-making, we established a vitamin metabolism
model and made statistical analysis of the differentially
expressed genes (DEGs). External validation was exhibited
using two independent Gene Expression Omnibus (GEO)
datasets (GSE68465 and GSE72904). Our findings offer
valuable insights into the vitamin-metabolic crosstalk and its
potential for predicting prognosis and facilitating treatment
strategies in LUAD. We present this article in accordance
with the TRIPOD reporting checklist (available at https://
tler.amegroups.com/article/view/10.21037/tlcr-24-245/rc).
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Methods
Data acquisition and differential analysis

RNA sequencing data and relevant clinical outcomes
pertaining to LUAD patients were acquired from The
Cancer Genome Atlas (TCGA) database, including normal
tissues and LUAD tissues. The validation cohorts consisted
of the GSE72094 and GSE68465 which were obtained
from the GEO database, along with their corresponding
clinical information (17,18). The raw data were performed
in transcripts per million (TPM) format and log-
transformed. The study was conducted in accordance with
the Declaration of Helsinki (as revised in 2013).

Selection of vitamin metabolism-related genes

Altogether, 111 vitamin metabolism-related genes (GOBP_
VITAMIN_METABOLIC_PROCESS.v2022.1) were
identified from the Molecular Signature Database (MsigDB;
https://www.gsea-msigdb.org/) to perform DEGs analysis
between LUAD and normal tissues. A total of 19 vitamin
metabolism-related genes were selected with absolute fold
change [llog, fold change (FC)I] >1.0 and adjusted P value
<0.05 using the “limma” R package.

Unsupervised consensus clustering

The “ConsensusClusterPlus” R package was utilized
to investigate the potential impact of different vitamin
metabolism patterns on prognosis according to gene
expression profiles of LUAD. Furthermore, the optimal
cluster number was decided based on the consensus matrix
and the cumulative distribution function (CDF) curves.

Development and validation of a prognostic signature

To construct a clinical prognostic signature of vitamin
metabolism in LUAD, univariate Cox analysis was
conducted to screen out genes based on vitamin metabolism
related DEGs in TCGA. Next, the training set consisted
of the TCGA-LUAD cohort, and the GSE68465 and
GSE72904 cohorts were utilized as external validation
sets (19,20). The least absolute shrinkage and selection
operator (LASSO)-Cox regression analysis was employed
to select genes and minimize redundant genes (21,22).
The vitamin metabolism gene-related risk score (VRS) was
calculated based on the expression of gene expression values
and its corresponding coefficients based on the following
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equation: risk score = ). genes Cox coefficient x gene
expression. Subsequently, patients were divided into low or
high VRS groups using the most suitable cutoff value. To
further identify the major constituent of VRS formula, the
“randomForest” R package in R was used to perform the
random forest technique in this study. In order to examine
the predictive performance of our risk model, Kaplan-Meier
survival curves and time-dependent receiver operating
characteristic (ROC) curves were drawn.

Evaluation of clinical features and subgroup analysis

To better understand the interrelation between prognostic
model and clinical outcomes of LUAD, risk scores of several
clinical features were analyzed, comprising age, gender,
tumor (T) stage, node (N) stage, metastasis (M) stage,
pathological TNM stage, and primary outcome. To better
assess the prognostic relevance of the signature model,
subgroup analysis based on pathological TNM stages, ages,
and genders was conducted. The R package “survival”
was utilized to perform univariate and multivariate Cox
regression analyses based on both clinical information and
the risk score.

Development and examination of a prognostic nomogram
model

A predictive nomogram was built using VRS and clinical
characteristics by “rms” R package. For evaluating the
nomogram precision, calibration curves were generated.

Differential analysis of immune cell infiltration and
immune checkpoint function

Immune cell infiltration was identified using CIBERSORT
algorithms. We utilized the “gsva” R package for single-
sample gene set enrichment analysis (ssGSEA) to evaluate
the activities of 13 immune pathways. Additionally, immune
checkpoint-related genes were obtained following prior

methods (23).

scRNA-seq and immunobistochemical (IHC) data
extraction

Tumor Immune Single-cell Hub 2 (TISCH?2) is an scRNA-
seq database accessible at http://tisch.comp-genomics.
org/, dedicated to providing a detailed characterization
of the tumor microenvironment (TME) at the single-cell
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level (24), in this study we used TISCH2 to further analysis
GSE148071.

To explore variances between normal and tumor tissues,
we obtained IHC data from 10 LUAD cases using the
Human Protein Atlas public database available at https://
www.proteinatlas.org/.

Drug sensitivity analysis

The “pRRophetic” R package was employed to identify
frequently prescribed chemotherapeutic drugs and to
calculate its half-maximal inhibitory concentration (ICj).
Then, according to the NSCLC National Comprehensive
Cancer Network (NCCNj https://www.nccn.org)
guidelines, first-line drugs (cisplatin, paclitaxel, docetaxel,
gemcitabine, vinblastine, and etoposide) that were used to
treat LUAD patients were submitted to drug sensitivity
analysis (25). Wilcoxon rank test was employed to compare
the variation in ICj, values between the two VRS subgroups.

Statistical analysis

Statistical analysis was conducted utilizing the R
software package (4.1.0; The R Foundation for Statistical
Computing, Vienna, Austria). Wilcoxon symbolic rank
test was employed to investigate discrepancies in the
composition of immunoinfiltrated cells between the two
groups. Kaplan-Meier survival analysis between subgroups
was executed using the log-rank test. Statistical significance
was set at P<0.05.

Results

Investigation, functional analysis, and clustering of
vitamin metabolism DEGs

We included 493 LUAD patients in the training sets and
825 LUAD patients in the validation sets for analysis.
The expression data of LUAD tissues and normal lung
tissues were downloaded and analyzed. To explore the
relationship between the potential prognosis of LUAD and
vitamin metabolism, a set of 111 DEGs related to vitamin
metabolism in LUAD was identified. Among them, 21
DEGs were found to be significantly differentially expressed
(llog,FCI >1 and P<0.05) between tumor site and normal
tissues in TCGA dataset. As shown in Figure 14, 10 DEGs
(dark red dots) were upregulated in tumor site, and 11
DEGs (dark blue dots) were downregulated.
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Gene Ontology (GO) and Kyoto Encyclopedia of Genes
and Genomes (KEGG) functional analysis were utilized
to further explore the molecular mechanisms. GO analysis
demonstrated that mitotic nuclear division and chromosome
segregation were significantly enriched in biological
processes. According to the KEGG pathway analysis, the
DEGs were closely associated with the cell cycle, asthma,
P53 signaling pathway, and human T-cell leukemia virusl
infection (Figure 1B,1C).

Unsupervised consensus clustering analysis was
conducted to distinguish the vitamin metabolism patterns
in LUAD (Figure 1D). According to the overall survival
(OS) of LUAD, a total of 21 DEGs were categorized into
distinct clusters, and a considerable difference in OS was
identified between the two different clusters (Figure 1E).
The two GEO datasets were also analyzed by the similar
methods (Figure 1E1G). Among the 21 DEGs, a total of 19
genes were identified from the training and validation sets
(Figure 1H). In addition, unsupervised clustering analysis
also revealed the weighted value of clinical characteristics
between the two cluster groups (Figure S1A). Immune
infiltration levels and the expression of checkpoint
inhibitors are also displayed in Figure S1B,S1C.

Construction and validation the prognostic model

The differential expression analysis of vitamin metabolism-
related genes between normal and tumor samples in
the TCGA-LUAD cohort was performed using the
“limma” package. We utilized the TCGA-LUAD cohort
as our training set and validated our findings among
the GSE68465 and GSE72904 cohorts. To evaluate the
prognostic value of vitamin metabolism-related genes,
250 of 396 DEGs were detected between the two clusters
(Figure 2A4,2B). In order to avoid overfitting, these 250 genes
were screened out using Cox regression to identify the most
important DEGs that are associated with survival. Then, we
selected 11 novel prognostic genes, SFTPB, PLKI, LYPD3,
KRT6A, ABCC2, HVMMR, PFKP, CPS1, FOSL1, CDKN3,
and LOXL2, as variables for the prognostic signature
(Figure 2C,2D). LUAD samples were categorized into high
VRS and low VRS subgroups by using the optimistic cutoff
value to build our prediction model. The model formula
was utilized to compute risk scores of each sample: risk
score = LYPD3 x 0.018 + KRT6A x 0.047 + ABCC2 x
0.048 + HMMR x 0.050 + PFKP x 0.051+ CPS1 x 0.065
+ FOSL1 x 0.067 + CDKN3 x 0.095 + LOXL2 x 0.101 -
SFTPB x 0.042 - PLK1 x 0.003.
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Figure 3 Validation of the vitamin metabolism-related prognostic model in two external validation sets. Kaplan-Meier curves for the OS
of LUAD in the high and low VRS groups in the testing sets (A) GSE72094 and (B) GSE68465. ROC curves and their AUC values in the
testing sets (C) GSE72094 and (D) GSE68465. VRS, vitamin metabolism gene-related risk score; ROC, receiver operating characteristic;

TPR, true positive rate; FPR, false positive rate; AUC, area under the curve; OS, overall survival; LUAD, lung adenocarcinoma.

"To assess the prognostic model’s predictive performance,
we constructed time-dependent ROC curves and Kaplan-
Meier survival curves. Compared to the high VRS groups,
the Kaplan-Meier analysis showed that the low VRS groups
showed a significantly longer OS (Figure 2E) (P<0.0001).
The areas under the curve (AUCs) of the training cohort
for OS at 1, 2, and 3 years were 0.742, 0.721, and 0.71,
respectively (Figure 2F). The multivariate cox regression
analysis of DEGs was shown in Figure 2G. The findings
obtained from the external validation cohorts were
consistent with those observed in the internal validation
groups. The patients in validation cohorts (GSE68465 and
GSE72904) were stratified into two VRS groups based
on the same threshold value used in the TCGA cohort.
This analysis revealed that the subgroup of patients with
high VRS had a markedly lower OS rate compared to the
group with low VRS (Figure 34,3B). For the GSE72094
cohort, the AUCs for predicting 1-, 2-, and 3-year OS

© Translational Lung Cancer Research. All rights reserved.

were 0.669, 0.717, and 0.688, respectively (P<0.001)
(Figure 3C). Similarly, for the GSE68465 dataset, the AUCs
for predicting 1-, 2-, and 3-year OS were 0.715, 0.695, and
0.676, respectively (P<0.001) (Figure 3D).

Relationship between the prognostic model and clinical
characteristics

To further investigate the prognostic significance and
clinical correlation of LUAD patients, we conducted
subgroup analysis based on clinical features revealed
significant variations in the VRS levels regarding different
age, gender, pathological stages, T stages, N stages, M
stages, and pathological stages (Figure 4). Patients with low
VRS exhibited better outcomes on survival than those with
high VRS.

Clinical features and VRS were used to conduct
univariate and multivariate Cox analysis (Figure S2A,S2B).
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Figure 5 Correlation analysis of the prognostic model and immune cell infiltration (A) and immune checkpoint (B) among high and low

VRS groups.
killer.

Univariate analysis demonstrated a negative association
between OS of LUAD and pathological stage, T stage,
N stage, M stage, and VRS. Multivariate analysis further
validated independent influence of VRS on the prognosis of
LUAD patients.

Correlation between risk signature and immune
characteristics

To explore the impact of immune cell infileration on
survival, as shown in Figure 5A, our findings revealed
immune infiltration levels between different VRS groups,

particularly in T cells CD4 memory activated, monocytes,

© Translational Lung Cancer Research. All rights reserved.

*, P<0.05; **, P<0.01; ***, P<0.001; ns, not significant, P>0.05. VRS, vitamin metabolism gene-related risk score; NK, natural

dendritic cells activated, macrophages M0, and mast
cells activated. These results suggest a strong association
between vitamin metabolism, immune infiltration, and the
prognosis of LUAD.

Given the significance of immunotherapy based on
checkpoint inhibitors, the immune checkpoints expression
was analyzed to investigate potential alterations between the
two VRS groups. It was observed there were noteworthy
variations in the expression of CD40, CD40LG, CD8§6,
CD160, HHL.A2, TNFSF4, CD244, CD200R1, TNFSF15,
IDO2, and PDCDILG? in the two VRS groups of patients,
which indicated different efficacy of immune checkpoint

blockade therapy (Figure 5B).
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Functional envichment analysis between the two VRS
groups

To better understand the fundamental mechanisms that
contribute to the variation of the survival, 591 DEGs
between different VRS groups were detected (llogFCl >1
and P<0.05) (Figure 6A). To gain insights into the functional
enrichment of these genes, we employed GO enrichment
analysis and KEGG pathway analysis between the two
VRS groups. GO analysis revealed that genes involved
in mitotic nuclear division were significantly enriched in
biological processes. Moreover, the cellular component and
molecular function categories were respectively involved in

chromosome, centromeric region, and microtubule binding

© Translational Lung Cancer Research. All rights reserved.

(Figure 6B). As shown in Figure 6C, KEGG pathway analysis
showed that the DEGs related to vitamin metabolism were
primarily enriched in the cell cycle pathway. These findings
suggest that the DEGs play critical roles in regulating key
cellular processes and pathways, emphasizing their potential
importance in disease development and progression.

Chemotherapeutic drug sensitivity analysis

For chemotherapy response examination, the “pRRophetic”
package was utilized to evaluate the ICy, of commonly
used chemotherapies. Then, we searched commonly
prescribed drugs for treating LUAD patients based on
the NCCN guidelines (Figure 74). Among these drugs,
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the different IC, for six common chemotherapy drugs
(cisplatin, paclitaxel, docetaxel, gemecitabine, vinblastine,
and etoposide) were found to be considerably higher in
the low VRS groups (P<0.05). This suggested that LUAD
patients categorized into the high VRS group had a greater
sensitivity to chemotherapeutic drugs (Figure 7B-7G).

Construction and validation of the VRS nomogram

To enhance the practicality of our risk assessment model,
an independent-factor-based nomogram was constructed
according to the age, gender, stage, and VRS (Figure 8§4).
The reliability and accuracy of the nomogram were well
verified through calibration curves, which confirmed its
predictive ability for 1-, 2-, and 3-year OS (Figure 8B).

Screening diagnostic genes and scRNA-seq extraction

To validate our prognostic model, we utilized Random
Forest algorithms to explore the relationship between
error rate, the number of classification trees, and the 11

© Translational Lung Cancer Research. All rights reserved.

genes ranked by relative relevance in descending order.
(Figure 94,9B). Due to its strong correlation, CPS1 was
selected as the target gene for further analysis. We analyzed
the diagnostic value of CPS1 in LUAD using the ROC
curve. As shown in Figure 9C, CPS1 may act as a perfect
diagnostic marker and increased expression of CPS1
was linked to poor OS (P<0.01). Cybersort analysis was
conducted to investigate the impact of CPS1 on immune
cell infiltration, revealing a notable inverse correlation
between CPS1 expression and the infiltration levels of
memory B cells, resting dendritic cells, and resting mast
cells (Figure 9D).

Subsequently, gene expression data for single-cell
RNA sequencing samples were acquired from the GEO
database under accession number GSE148071. CPS1 was
widely available in malignant, endothelial, and fibroblasts
(Figure 9E,9F).

Discussion

Despite that there is an increasing number of available

Transl Lung Cancer Res 2024;13(5):1084-1100 | https://dx.doi.org/10.21037/tlcr-24-245
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treatments, LUAD remains the primary reason for cancer
related death, as indicated by the latest epidemiological
data (26). Recently, a study has highlighted the significance
of vitamins, such as vitamin C, vitamin D, and vitamin A,
in the development of LUAD via affecting the
TME (27). These vitamins have been shown to not only
impact tumor cells proliferation, differentiation, and
apoptosis, but also to regulate the function of immune
cells (28-30). However, limited research has focused on
constructing prognostic models using vitamin-related
features. Hence, we propose that there exists a potent
relationship between vitamin metabolism and the prognosis
of LUAD. This study integrated 19 co-expressed DEGs
between LUAD and adjacent normal tissues in TCGA,
GSE72094, and GSE68465. Then, two clusters with a
significant difference in OS were discovered by using
unsupervised consensus clustering analysis. Between the
two clusters, 396 DEGs were detected, and finally, 11
genes were selected to establish a precise and dependable
prognostic model.

Among these 11 genes, PLKI, CDKN3, and FOSLI
are directly involved in regulating the cell cycle. Of
the remaining genes, SFTPB, LYPD3, HMMR, and

© Translational Lung Cancer Research. All rights reserved.

LOXL2, have functions of regulating cell proliferation
and differentiation; ABCC2, CPSI, KRT6A, and PFKP
participate in molecules transport and cellular metabolism.
These findings suggest that the regulation of vitamin
metabolism plays a significant impact in the construction of
the prognostic model by modulating the cell cycle.
Furthermore, out of the 11 genes examined, only
SFTPB and PLK1 exhibit a negative association with both
the VRS and the OS, whereas the other 9 genes present
as oncogenes. Among them, PLK1, CDKN3, and FOSLI
are most associated with cell cycle predicted by KEGG
analysis. PLKI, a serine/threonine kinase, participates in
multiple stages of mitotic progression, including G2-M
transition, spindle formation, chromosome segregation,
and cytokinesis (31-33). Besides, a recent study provided
evidence to suggest that the upregulation of PLKI may
contribute to the activation of STAT3, ultimately leading
to increased cell proliferation and apoptosis resistance in
esophageal cancer (33). CDKN3, also known as cyclin-
dependent kinase (CDK) inhibitor 3, which belongs to the
dual specificity protein phosphatase family, controls normal
mitosis and G1/S transition through the CDC2 signaling
axis (34,35). The varying expression degrees of CDKN3

Transl Lung Cancer Res 2024;13(5):1084-1100 | https://dx.doi.org/10.21037/tlcr-24-245
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exhibit distinct functions across various tumor types.
Overexpression of CDKN3 has been shown to enhance cell
proliferation, invasion, apoptosis resistance, and xenograft
tumor formation in renal cells (36). In both prostate cancer
and breast cancer, researchers have found that depletion
of CDKN3 could result in a reduction in the population of
S-phase cells and inhibition CDK2 kinase activity in tumor
cells (37,38). Zang et al. suggested that CDKN3 could act
as a predictor of prognosis for both LUAD and squamous
cell carcinoma, as indicated by their meta-analysis (39).
FOSL1 (FOS-like antigen 1) is a member of the Fos
family of transcription factors which can lead to cell cycle
arrest and apoptosis in cancer cells (40). Researchers have
demonstrated that the overexpression of miR-195-5p can
downregulate FOSLI, leading to the inhibition of cell cycle
entry and an increase in apoptosis (41).

Furthermore, for validation, the AUC values of the
prognostic signature were 0.742, 0.721, and 0.71 at 1, 2,
and 3 years, respectively. The high VRS groups exhibited
a shorter OS compared with the low VRS groups. In
the external validation sets (GSE68465 and GSE72904),
there were similar results, demonstrating the prognostic
model’s high practicality and accuracy. After conducting a
comprehensive analysis of gene profiles related to vitamin
metabolism in samples of LUAD, two distinct subgroups
were identified based on the degree of VRS, namely high
VRS and low VRS. The results of subgroup analysis
indicated a significant association between the VRS and
disease stage, suggesting a strong predictive ability of the
model in each group. Furthermore, the predictive ability
of the model was validated by conducting univariate and
multivariate analyses.

Enrichment analysis using GO annotation and KEGG
pathways discovered that DEGs were primarily correlated
with cell cycle regulating. The cell cycle is a highly
regulated process that governs the growth, division, and
proliferation of cells (42). Alterations in cell cycle can result
in the development and progression of cancer, especially in
lung cancer (43,44). For example, overexpression of specific
CDKs, such as CDK4/6, can lead to the phosphorylation of
retinoblastoma protein and the release of E2F transcription
factor, allowing the cell to transition from GI to S phase,
which eventually promotes cell cycle progression and
proliferation in LUAD (45-47). Similarly, the stimulation
of various signaling pathways, including the MAPK
pathways and PI3K/AKT/mTOR, ultimately promotes
the progression of cell cycle through the G1 to S phase,
allowing DNA replication and cell division by activating

© Translational Lung Cancer Research. All rights reserved.
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CDKs, including CDK1 and CDK4/6 (48,49). This
can lead to errors in chromosome alignment during cell
division, contributing to the development and progression
of lung cancer (50). Therefore, we hypothesized that the
variations in survival among LUAD may be associated with
vitamin metabolism and cell cycle. Based on the above
hypothesis, we further utilized the model to predict clinical
prognosis and guide LUAD treatments.

In order to gain deeper insights into the immune-
related mechanisms underlying the signature used to
predict the prognosis of LUAD patients, the immune
infiltradon levels were conducted to assess the relationship
between different VRS levels (51). The results showed
active correlations between the VRS and several anti-
tumor immune effector cells, particularly T cells CD4
memory activated, monocytes, dendritic cells activated,
macrophages MO, and mast cells activated, suggested that
patients with LUAD exhibiting high VRS levels displayed
increased responsiveness to immune checkpoint inhibitors.
The study also evaluated the sensitivity of chemotherapy in
each subgroup patient. Using the “pRRophetic” package,
the most commonly used drugs were identified, and then
the estimated IC;, for six anti-tumor prescriptions (cisplatin,
paclitaxel, docetaxel, gemcitabine, vinblastine, and
etoposide) were determined based on the NCCN guidelines
for NSCLC. The results indicated that patients categorized
as the high VRS subgroup exhibited a higher susceptibility
to these initial treatment drugs, probably because high-
value risk tumor cells may be more susceptible to
chemotherapy. The results further highlight the importance
of individualized therapy based on VRS classification.

To further validate our hypothesis, random Forest
algorithm was used to assess the relevance of 11 genes and
CPS1 was selected as a diagnostic marker because of its
high correlation. The expression of CPS1 is correlated with
poor OS, and has a negative correlation with immune cell
infiltration levels. Additionally, single-cell RNA sequencing
data from the GEO 148071 further confirmed this
hypothesis.

Our study first established a clinical model of vitamin
metabolism and evaluated its prognostic value in LUAD.
However, there are certain limitations that must be
acknowledged. Firstly, our study was retrospective and
relied solely on data obtained from three public datasets.
Besides, it is difficult to conduct larger-scale studies in the
real-world to validate the findings. Secondly, because our
prognostic model is a multi-parameter and multi-factor
model, it is difficult to verify through specific experiments.

Transl Lung Cancer Res 2024;13(5):1084-1100 | https://dx.doi.org/10.21037/tlcr-24-245
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Thus, it is critical to undertake further research to verify
the model in clinical practice.

Conclusions

We have identified and demonstrated the significance of
VRS in LUAD for the first time, which can serve as reliable
predictors of survival and guide personalized treatment
strategies for LUAD patients.
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Figure S1 Analysis of clinical characteristics (A), immune cell infiltration (B) and immune checkpoint (C) between the 2 unsupervised
clustering groups. *, P<0.05; **, P<0.01; ***, P<0.001. NK, natural killer; ns, not significant.

A pvalue  Hazard ratio (95% ClI) : B pvalue Hazard ratio (95% Cl) :

Age 0.676 0.996(0.979-1.014) ‘ Age 0.580 1.005(0.987-1.024) ‘
1 |

Gender 0.606 1.094(0.778-1.538) l—lh—l Gender 0.620 0.915(0.645-1.298) —a—

Stage <0.001 1.596(1.362-1.871) : [ ] Stage 0.055 1.522(0.992-2.335) ;—.—|
1 |

T <0.001 1.599(1.309-1.953) : = T 0.288 1.135(0.898-1.436) |+.—|

M 0.025 1.932(1.087-3.432) Ep—-—{ M 0.547 0.715(0.240-2.127) l—I—E—l

N <0.001 1.725(1.417-2.101) : = N 0.777 1.056(0.724-1.541) |—'.—|
1 |

riskScore  <0.001 1.892(1.637-2.188) : - riskScore  <0.001 1.776(1.521-2.074) : — —

0!0 I 1!0 I 210 ] 3]0 3.15 0[0 0!5 1!0 1!5 2{0 3.(])

Hazard ratio Hazard ratio

Figure S2 Univariate Cox regression (A) and multivariate Cox regression (B) analysis of VRS and clinical factors. CI, confidence interval;

VRS, vitamin metabolism gene-related risk score.
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