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Background: EIF3D, a key component of the eukaryotic translation initiation factor 3 (EIF3) complex, is critical in selectively
translating mRNAs with atypical cap structures. Its relationship with colon adenocarcinoma (COAD) development and immune
infiltration, however, remains under-explored. This study delves into EIF3D’s role in COAD using bioinformatics and in vitro
experimentation.

Materials and Methods: We analyzed EIF3D expression levels utilizing TCGA, GTEx, CPTAC, and TISIDB databases. The TISCH
database and ssGSEA method helped in assessing EIF3D’s link with the tumor immune microenvironment. EIF3D expression in CRC
cells was gauged via real-time PCR. Cell proliferation was assessed using CCK8 and colony formation assays, while migration
capabilities were tested through Transwell assays. Flow cytometry facilitated cell cycle distribution and apoptosis analysis. ChIP-
gPCR identified transcription factors regulating EIF3D, and bulk sequencing explored EIF3D’s pathways in promoting COAD.
Results: EIF3D upregulation is a common feature in various tumors, especially in COAD, correlating with poor prognosis in many
cancer types. It showed significant associations with immune cell and cancer-associated fibroblast (CAF) infiltration across multiple
tumors. Additionally, it is closely associated with molecular and immune subtypes of multiple tumors, including COAD. Single-cell
analyses depicted EIF3D’s distribution and proportion in CRC immune cells. In vitro findings indicated EIF3D knockdown curtailed
proliferation and migration, inducing G0/G1 arrest in COAD cells. Moreover, bulk sequencing revealed EIF3D knockdown interferes
with multiple cancer-related pathways, likely by curtailing cell cycle and DNA replication activities to regulate cell proliferation.
Conclusion: EIF3D emerges as a potential prognostic biomarker for tumor progression and immune infiltration, particularly in
COAD, potentially predicting immunotherapy efficacy. Additionally, EIF3D represents a multifaceted target implicated in COAD’s
malignant progression.
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Introduction

Cancer, recognized as a formidable global health threat, not only contributes to significant incidence and mortality rates
but also stands as a major barrier to life extension.' In the evolving landscape of cancer treatment, we are currently
witnessing the emergence of a pan-cancer era. A plethora of cancer treatment modalities have surfaced in recent years,
with immunotherapy notably thriving and attracting extensive attention in both academic and clinical realms.*’
Immunotherapy functions by intricately orchestrating the human immune system to actively engage in the battle against
tumors.®” The tumor immune microenvironment (TIM) is instrumental in the efficacy of immunotherapy. Research
underscores that the activity status and distribution of immune and stromal cells within the TIM are critical determinants
of patients’ prognosis and treatment outcomes.®™ Specifically, T cells, especially the CD8+ subset, are frequently
associated with a positive prognosis in cancer.'®'" Conversely, M2-type macrophages and T regulatory cells are widely
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acknowledged as adverse prognostic factors in cancer.'>'* Hence, gaining a deeper understanding of and intervening in
the TIM is vital for enhancing the effectiveness of treatments. The integration of immunotherapy with conventional
modalities such as radiotherapy and chemotherapy, as well as its combination with targeted therapy, has demonstrated
synergistic and complementary anti-tumor effects, offering promising prospects for clinical applications.'>'¢
Immunotherapeutic strategies, such as immune checkpoint inhibitors (ICIs), have shown significant clinical benefits
for a diverse range of cancer patients.'” However, only a minority of patients experience extended benefits, which
necessitates ongoing research and development efforts to identify biomarkers that can predict treatment outcomes and
facilitate more precise selection of immunotherapeutic interventions.

EIF3D plays a crucial role in the selective translation of mRNAs with non-standard cap structures.'® 2 It exerts
a significant influence on various cellular processes, including stress response and disease progression.?' Research has
underscored the implication of EIF3D in cancer predominantly through its regulatory impact on translation.* 2
Additionally, the eIF3 subunits are associated with autophagy, cellular migration, and apoptosis, a type of programmed
cell death.**?” The interplay between apoptosis and immunotherapy is garnering increasing attention, placing EIF3D
as a potential pivotal element in the TIM. Furthermore, EIF3D is instrumental in the differentiation and immune-
suppressive functions of human regulatory T cells (Treg cells) through an alternative mRNA translation mechanism
involving DAP5.%® Investigating EIF3D within the TIM may unveil novel perspectives for cancer research and
therapy.

In this investigation, we performed an exhaustive analysis of the influence of EIF3D on prognosis and its predictive
significance for immunotherapy across diverse cancers. Our findings indicated that EIF3D holds potential as a promising

and novel prognostic biomarker, as well as a therapeutic target for individuals with pan-cancer.

Materials and Methods
EIF3D Expression and Pan-Cancer Analysis

We extracted RNA-sequencing data and clinical information (T stage, N stage, and pathological stage) of pan-cancer
patients from PANCAN (TCGA, TARGET, GTEx) via the UCSC Xena browser (https://xenabrowser.net/) and analyzed
using Sangerbox 3.0 (http://vip.sangerbox.com). EIF3D protein level expression was confirmed using the CPTAC
database through the UALCAN portal (http://ualcan.path.uab.edu/analysis-prot.html).

Survival and Diagnostic Analysis
The survival and survminer in R estimated EIF3D’s correlation with overall survival (OS) rates. We generated forest
maps with Sangerbox 3.0%° and established diagnostic ROC curves using the PROC and timeROC packages.

Immunological Correlation

Drawing on prior research, tumor immune cell abundance was inferred from gene expression profiles using the Xcell
method®® and ssGSEA, and immune/stromal scores were computed with ESTIMATE.>' * The correlations between
EIF3D, immune subtypes, and molecular subtypes were examined using TISIDB (http://cis.hku.hk/TISIDB/). The
immune subtype groups are Cl (wound healing), C2 (IFN-gamma dominant), C3 (inflammatory), C4 (lymphocyte

depleted), C5 (immunologically quiet), and C6 (TGF-b dominant). For single-cell immune cell data, we utilized TISCH
(http://tisch.comp-genomics.org/home/). Additionally, we included immune phenotype scores (IPS) from the TCIA

database to assess immunotherapy responses.

Prediction and Analysis of Proteins Interacting with EIF3D

The prediction of proteins potentially interacting with EIF3D is derived from the STRING database (https://string-db.org). We
identified the top 20 interacting genes’ function pathways using the Metascape database (https://metascape.org/gp/index.html)
and conducted GSEA analysis on EIF3D using Sangerbox 3.0, focusing on HALLMARK pathways.
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Cell Culture and RNA Interference Techniques

HCT116 cells were purchased from Chinese Academy of Sciences (Shanghai, China) and cultured in DMEM medium
containing 10% FBS and maintained at 37°C. EIF3D knockdown was achieved by transfecting EIF3D shRNA (hippobio,
Zhejiang, China; sequence: 5-GCCGUUCAGCAAAGGAGAUATAT-3") using Lipofectamine 3000 (Invitrogen,
Massachusetts, USA). Knockdown efficiency was assessed via RT-qPCR 48 hours post-transfection.

Assessing Cell Viability and Colony Formation

Cell viability was measured using the CCK-8 assay (Beyotime, C0043), with readings taken every 24 hours. For colony
formation assays, transfected cells were plated in six-well dishes and incubated in DMEM with 10% FBS for about two
weeks. The developed colonies were treated with formaldehyde for fixation and subjected to crystal violet staining
(Solarbio, China) to facilitate observation.

Flow Cytometry for Apoptosis and Cell Cycle Analysis

48 hours post-transfection, cell apoptosis and cycle were analyzed using an Annexin V-FITC kit (Invitrogen, 88—8007)
and a cell cycle staining kit (YEASEN, 40301ES60), respectively. Flow cytometry analysis was conducted utilizing
CytoFLEX equipment from the USA, and the acquired data were analyzed through CytExpert software (Beckman
Coulter, Fullerton, CA, USA) and FlowJo software (BD).

Cell Invasion Assessment
The CHEMICON Cell Invasion Assay Kit (Sigma-Aldrich, ECM550) was employed for invasion assays. Post shRNA
transduction, cells were placed in the upper chamber for 48—72 hours. Invading cells were visualized post-staining.

Chromatin Immunoprecipitation (ChlP)-qPCR

We sourced the EIF3D promoter sequence from UCSC (http://www.genome.ucsc.edu/) and identified potential
transcription factor binding sites using JASPAR. The SimpleChIP Enzymatic Chromatin IP Kit (CST, 9002, USA)
was employed to perform a ChIP assay, with MAZ antibody employed for DNA fragment precipitation. The qRT-
PCR amplified DNA was detected wusing specific EIF3D promoter primers (EIF3D-Chip-325-F1
GCAGGTCACTTGGCACTTCT, EIF3D-Chip-325-R1 GAGACGCGAGAGGTGTGATT; EIF3D-Chip-239-F2
GTGGCGCATGCCTGTATT, EIF3D-Chip-239-R2 GGTTTCCTTAGCCGCCTAGT; EIF3D-Chip-200-F3
AATCACCTGAACCTGGGATG, EIF3D-Chip-200-R3 CCCGGGCTGGTCTTTAACT).

Transcriptome Sequencing and Functional Enrichment Analysis

Total RNA from HCT116 was isolated using TRIzol and quantified via NanoDrop (Thermo Fisher Scientific Inc, USA).
A UID-mRNA-seq library was prepared and sequenced on a DNBSEQ-T7 (MGI Tech Co., Ltd., China). Gene expression
was aligned to the GRCh38 reference genome using STAR (version 2.5.3a) and quantified by RPKM. Differential gene
expression between EIF3D knockdown and control groups was calculated using the DESeq package. GO and KEGG
analyses were performed using ClusterProfiler.

Statistical Analysis

Data analyses were carried out utilizing R software (version 4.1.0). Group differences were assessed using either the
Wilcoxon Test or the Kruskal-Wallis Test. Survival analyses involved Kaplan-Meier curves and Log rank tests.
A p-value <0.05 was considered statistically significant.
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Results

EIF3D Expression and Its Prognostic and Diagnostic Significance Across Various
Cancers

We examined the mRNA expression levels of EIF3D in human cancers using data from the TCGA and GTEx databases.
As illustrated in Figure 1A and B, EIF3D was overexpressed in 19 cancers, primarily including CHOL, COAD and
ESCA. However, lower expression was observed in ACC, BRCA, OV, and UCEC. Protein expression levels from
CPTAC corroborated these findings (Figure 1C).

We investigated the correlation between EIF3D expression and pathological features. Elevated EIF3D expression was
linked to advanced stages in cancers like HNSC, LIHC, and LUAD, while in BLCA and ESCA, lower expression levels
were noted in advanced stages (Figure 2A—C). Additionally, the expression of EIF3D exhibited notable variation among
distinct molecular subtypes in several tumor types, including BRCA, ESCA, and STAD (Figure 2D).

Subsequently, we evaluated the prognostic relevance of EIF3D across various cancers using Cox analysis for overall
survival (OS), as illustrated in Figure 3A. Figure 3B highlighted that elevated EIF3D expression was linked to inferior
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Figure 3 The prognostic and diagnostic value of EIF3D in pan-cancer. (A) Cox regression analysis of the OS in pan-cancer. (B) The OS Kaplan-Meier survival curves. (C)
The ROC curve of diagnosis to distinguish tumor from normal tissue.
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OS in ACC, LIHC, KICH, and LUAD, while it was linked to a more favorable prognosis in PCPG and LGG. The
diagnostic value was evaluated using ROC curves (Figure 3C), suggesting EIF3D’s potential as a diagnostic marker in
several cancers, including STAD (AUC =0.760), BRCA (AUC = 0.705), COAD (AUC = 0.880), ESCA (AUC = 0.767),
GBM (AUC = 0.954), HNSC (AUC = 0.790), KIRC (AUC = 0.748), LGG (AUC = 0.941), LIHC (AUC = 0.929), LUSC
(AUC = 0.890), PRAD (AUC = 0.707), and READ (AUC = 0.875).

Immune-Related Characteristics of EIF3D in Pan-Cancer
The analysis also encompassed examining the relationship between EIF3D expression and immune cell infiltration in the TIM

(Figure 4A). In most tumors, we noticed a pronounced positive correlation between the expression of EIF3D and the extent of

infiltration by B cells, T cells, macrophages, and cancer-associated fibroblasts (CAFs). Additionally, EIF3D expression was
associated with immune scores in several cancers, including CESC, COAD, and ESCA (Figure 4B; |cor| > 0.2 and P <0.05 for all).
In various other cancer types, including COAD, PRAD, LUSC, THYM, SKCM, TGCT, PCPG, and DLBC (Figure 4C; |cor| > 0.2
and P < 0.05 for all), EIF3D consistently exhibited a significant correlation with stromal scores.

Pan-cancer analysis to ascertain EIF3D’s immunological role indicated positive correlations with most immunomo-

dulators in READ (Figure 5A). EIF3D expression was also linked to immune checkpoint-related genes across various
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Figure 4 Correlation analysis of EIF3D expression with immune infiltration in pan-cancer. (A) The heat map shows the correlation between the expression level of EIF3D and the
presence of immune infiltrates in pan-cancer. (B and C) Radar charts show the relationship between EIF3D expression and immune score (B) and stromal score (C) in pan-cancer.
Notes: ***P < 0.0001, ***P < 0.001, **P < 0.01, *P < 0.05.
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cancers (Figure 5B). Additionally, its association with different immune subtypes in multiple cancers was established,
showing significant variation between subtypes (Figure 5C).

Evaluating the Immunomodulatory Function of EIF3D in Colorectal Cancer (CRC)

In COAD, the expression of EIF3D exhibited a notable negative correlation with the infiltration of immune cells,
possibly linked to immune resistance in COAD. EIF3D demonstrated a negative correlation with both immune and
stromal scores (Figure 6A and B). Single-cell analysis from multiple CRC datasets indicated elevated EIF3D levels in
T cells (conventional CD4 T cells, exhausted CD8 T cells, Treg cells, and proliferating T cells), suggesting its
involvement in immune regulation and potential impact on the response to immunotherapy (Figure 6C and D).
Moreover, comparable patterns of elevated EIF3D expression in NK cells, DC cells, and mast cells were also noted in
CRC _GSE146771 Smartseq2 (Figure 6C-E).

Functional Analysis of EIF3D in COAD

EIF3D, crucial in translation initiation, may impact cell biology and cancer progression. Low EIF3D levels correlated
with worse OS and RFS in COAD patients (Figure SIA and B). PPI network analysis using STRING tool revealed
a significant correlation between EIF3D and EIF3L at mRNA (r = 0.67, P < 0.001) and protein levels (r = 0.81, P <
0.001) (Figure 7A—C). Simultaneously, we observed that decreased levels of EIF3L were associated with poorer OS and
RFS in patients with COAD (Figure SIC and D). Functional enrichment analysis indicated EIF3D’s involvement in
translational initiation and regulation (Figure 7D), and GSEA indicated a potential involvement oxidative phosphoryla-
tion, cell cycle regulation, and genome integrity maintenance (Figure 7E).

EIF3D’s Role in Cell Proliferation and Metastasis in COAD

Initially, we confirmed EIF3D knockdown in HCT116 cells (Figure 8A). Subsequent assessments using CCK-8 and
colony formation assays revealed a notable decrease in cell proliferation following the reduction of EIF3D expression
(Figure 8B and C). This suppression of EIF3D induced a significant arrest in the G0/G1 phase, leading to an increased
accumulation of cells in the G2/M phase, as illustrated in Figure 8D. Interestingly, Figure 8E suggests a trend towards
reduced apoptosis upon EIF3D inhibition. The matrigel migration assays further substantiated that EIF3D suppression
hampers the migratory capabilities of COAD cells (Figure 8F). Additionally, ChIP-qPCR experiments identified MAZ as
a key transcription factor regulating EIF3D (Figure 8G).

EIF3D’s Pathway Involvement in COAD

Advancing our investigation, post EIF3D knockdown, we undertook sequencing and conducted a differential gene
expression analysis (Figure 9A). The analysis revealed that genes upregulated upon EIF3D suppression predominantly
participate in pathways associated with environmental information processing, including the MAPK signaling pathway,
PI3K-Akt signaling pathway, and the Focal adhesion pathway (Figure 9B-D). Conversely, genes downregulated post-
suppression were significantly enriched in pathways pertinent to metabolism and the cell cycle (Figure 9C—E). These
insights are pivotal in delineating the potential pathways through which EIF3D contributes to the progression of COAD.

Discussion

In our investigation, we performed an extensive pan-cancer analysis of EIF3D expression, integrating data from various
databases. We identified notable variations in EIF3D expression across different types of cancer. Using Cox regression
analysis, we established a correlation between elevated EIF3D expression and unfavorable OS in specific cancer types,
while in others, it correlates with better prognosis. Furthermore, using ROC curve analysis, we discovered that EIF3D
could potentially be an important diagnostic marker for various cancers, demonstrating strong predictive power. We also
observed that EIF3D exhibits abnormal expression in immune cells and stromal cells and is closely associated with the
expression of immune checkpoint genes, suggesting that EIF3D may play different biological roles in different types of

cancer.
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the Hallmark dataset.

Earlier studies have shown that EIF3D plays a role in tumorigenesis by regulating the translation of oncogenes,

22-25,34

suggesting EIF3D emerges as a promising novel biomarker and target for cancer treatment. Previous research has

suggested an upregulation of EIF3D expression in various cancers, including breast cancer,>® ovarian cancer,*® gastric

cancer,”’ bladder cancer,*® colorectal cancer,’’ 1ung,40 and renal cell carcinoma.*! These findings implied a potential
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Figure 8 EIF3D promote cell proliferation, invasion and cell-cycle progression in COAD. (A) The efficiency of EIF3D silencing was confirmed by RT-qPCR in HCT 116 cell
lines. The CCK8 (B) and colony assay (C) revealed that the knockdown of EIF3D significantly inhibited the proliferation ability of HCTI 16 cells. Flow cytometry for cell

cycle (D) and apoptosis (E). (F) Transwell migration assays indicated that EIF3D knockdown compromised the migration ability of HCT 16 cells. (G) ChIP-qPCR for MAZ
and EIF3D.

Notes: **P < 0.001, **P < 0.01, *P < 0.05.

association between EIF3D and tumor development. Our study also indicated diverse expression patterns of EIF3D
across multiple cancer types. EIF3D may play diverse roles in the prognosis of patients with different types of
cancer.”7%%42 We observed a significant association between elevated EIF3D expression and poor prognosis in
ACC, LIHC, KICH, and LUAD. Conversely, high EIF3D expression was linked to a significantly better prognosis in
PCPG and LGG. While the reason for the variation in these studies remains unclear and may be attributed to different
cancer types, the association of EIF3D with prognosis, whether indicating improvement or deterioration, implies its
potential role in therapeutic response. Additionally, we noted that EIF3D demonstrates good diagnostic efficacy in
various cancers, suggesting its potential as a diagnostic marker.
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Figure 9 Bulk sequencing of EIF3D knockdown in HCT 116 cells. (A) The volcano plot of differentially expressed genes (DEGs) between EIF3D knockdown and control
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The growing body of evidence indicated that the infiltration of lymphocytes in tumors is associated with cancer
progression.**** Our results demonstrated a significant association between EIF3D and various immune cells in most
cancer types. Previous studies have indicated that the DAPS/EIF3D complex is important in determining T cell lineage
and function.”® Data analysis from CRC_GSE146771 revealed that EIF3D is significantly enriched in T cells.*>**® Our
research findings indicated a close correlation between the expression of EIF3D and the expression of immune
checkpoint genes, as well as immune cell infiltration in various tumors.

Crucially, our study further confirms that EIF3D knockdown suppresses malignant biological behaviors in colorectal
cancer cells. Our findings indicated that suppressing EIF3D expression inhibits the proliferation of CRC cells, consistent
with previous research.”*~>*%47 The discovery that EIF3D promotes the proliferation of CRC cells while predicting
a better prognosis is intriguing yet not entirely unexpected. Previous studies in prostate cancer have found that EIF3D,
while being a favorable prognostic factor, also promotes prostate cancer cell proliferation.*® Similarly, research indicates
that elF3a promotes tumorigenesis and cancer cell proliferation, but it contributes to a better prognosis.**>® Additionally,
ChIP-qPCR analysis has revealed a physical interaction between EIF3D and the MAZ transcription factor, suggesting
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that MAZ may mediate the function of EIF3D in tumorigenesis. Sequencing results show that following EIF3D
knockdown, downregulated differential genes are mainly enriched in processes and pathways related to DNA replication
and cell cycle, which is consistent with the results from public data analysis. Whereas upregulated differential genes
primarily cluster in pathways such as “pathway in cancer” and “focal adhesion”. Although these signaling pathways may
be regulated by EIF3D, it remains unclear whether they play a role in tumor development. Future systematic studies are
needed to explore the contribution of these pathways to the function of EIF3D in cancer development.

Despite our comprehensive analysis and thorough validation of EIF3D’s role, our study acknowledges certain
limitations. First, the reproducibility of our findings across different laboratories remains a subject of debate due to
potential systematic biases. Second, validating the impact of EIF3D on cellular proliferation and metastasis necessitates
further investigation through animal model experiments. Third, further experiments are needed to verify the signaling
pathways affected by the EIF3D gene and explore the potential carcinogenic mechanisms related to EIF3D. Finally, to
robustly establish the connection between EIF3D expression and the immune microenvironment, more advanced
techniques such as single-cell sequencing, flow cytometry, and well-designed clinical trials are imperative. These aspects
will form the cornerstone of our future research endeavors.

Conclusions

Our study underscores the notable role of EIF3D in expression, prognosis, diagnostics, and immune modulation across
various cancers, particularly in COAD. This insight paves the way for novel directions in oncology research and suggests
EIF3D as a promising target for immunotherapeutic interventions. Nonetheless, a deeper exploration into EIF3D’s
mechanistic roles across diverse cancer types and its prospective utility in immunotherapy is crucial for advancing our
understanding and therapeutic application.
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