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A B S T R A C T

Background: Hepatocellular carcinoma (HCC) is an aggressive cancer with limited therapies. Although trans
posable element–derived genes are increasingly linked to tumorigenesis, the role of the TIGD family in HCC 
remains unclear. This study examined the expression, clinical significance, and stemness-related features of 
TIGDs in HCC, emphasizing their prognostic and therapeutic potential.
Method: TIGD expression was analyzed using TCGA data via GEPIA2, cBioPortal, and Kaplan–Meier Plotter, with 
protein validation from the Human Protein Atlas. Single-cell RNA-seq data (GSE242889) were used to examine 
TIGD expression across hepatic cell types. Survival and Cox regression analyses assessed prognostic value, while 
functional enrichment and immune infiltration analyses explored biological roles. TIGD5-high and TIGD5-low 
epithelial subsets were compared for functional features and cell–cell communication.
Results: TIGD1, 3, 4, 5, 6, and 7 were significantly upregulated in HCC. High TIGD4, TIGD5, and TIGD6 
expression correlated with poorer overall survival and served as independent prognostic markers. TIGD5 
exhibited the broadest and highest expression across immune and stromal compartments. Stratification of 
epithelial cells into TIGD5-high and TIGD5-low subsets revealed distinct functional phenotypes: TIGD5-high cells 
showed enrichment in extracellular matrix organization, growth factor signaling, and immune regulatory 
pathways, with enhanced communication probability within the tumor microenvironment. Notably, TIGD5+
epithelial cells demonstrated increased interaction strength and MIF signaling pathway engagement compared to 
TIGD5- counterparts. Functional analyses indicated roles in RNA splicing, DNA replication, and cell-cycle 
regulation. TIGDs also showed associations with immune infiltration, particularly Th2 cells.
Conclusion: TIGD4, TIGD5, and TIGD6 exhibit oncogenic potential and may serve as prognostic biomarkers and 
therapeutic targets in HCC. Their stem-cell–associated expression highlights a novel connection between 
transposable element-derived genes and liver cancer stemness.

Introduction

Liver cancer, a primary malignancy of the liver, ranks among the 
most common causes of cancer-associated mortality on a global scale [1,
2]. Hepatocellular carcinoma (HCC), which accounts for approximately 
75 %− 85 % of liver cancer cases globally, is the predominant type of 
primary liver cancers [3–7]. Hepatocellular carcinoma has numerous 
risk factors, including hepatitis B and C infections, chronic alcohol use, 
aflatoxin exposure, autoimmune hepatitis, obesity, and diabetes [8–11]. 
Despite recent progress in understanding the molecular mechanisms 
underlying hepatocarcinogenesis, the translation of this knowledge into 

effective targeted therapies and improved clinical outcomes remains 
limited. Consequently, it is crucial to identify new specific molecular 
markers for diagnosing and predicting HCC, which could aid in creating 
targeted diagnostic and treatment approaches.

TIGD1–7, or Tigger transposable element derived 1–7, is part of the 
Tigger subfamily within the Pogo superfamily of human DNA-mediated 
transposons [12]. POGO transposons have an evolutionary background 
in eukaryotes and have been repeatedly domesticated in vertebrates. 
TIGD3, TIGD4, and TIGD5 are likely indicative of early domestication 
occurrences in vertebrates, while TIGD2, TIGD6, and TIGD7 seem to 
signify the latest domestication events in mammals [13]. Accumulating 
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evidence indicates that transposable element-derived genes are 
frequently reactivated in cancer and contribute to oncogenesis through 
diverse mechanisms, including genome instability, epigenetic dysregu
lation, and activation of oncogenic signaling pathways. TIGD1, a unique 
gene of human species, is a differential expression gene -related differ
ential expression gene during the formation of liver cancer. TIGD1 is 
highly expressed in eight types of tumor tissues, including brain and 
central nervous system cancer, breast cancer, colorectal cancer, gastric 
cancer, head and neck cancer, liver cancer, lung cancer, and pancreatic 
cancer, compared to normal tissue [14]. Xiaoqin [15] discovered that 
TIGD1 is highly expressed in Adrenocortical carcinoma and correlates 
with a poor prognosis for patients, as revealed by bioinformatics. While 
TIGD2 itself remains functionally uncharacterized, transposable 
element-derived genes (including other TIGD family members) have 
been implicated in regulating cell identity and lineage specification. For 
example, the domestication of transposable elements has given rise to 
genes essential for placental development (e.g., syncytin genes derived 
from endogenous retroviruses) and neuronal diversification. Analysis of 
GTEx data reveals that TIGD2 exhibits predominant expression in the 
cerebellum with minimal expression in the substantia nigra [16]. TIGD3 
is a gene encoding DNA conversion element. There is a significant cor
relation between TIGD3 expression and the levels of polychlorinated 
biphenyls in blood or urine, as well as 1-hydroxypyrene in urine [17]. 
TIGD4 exhibits differential expression patterns between lymph node and 
brain metastases in breast cancer, with significantly higher levels 
observed in brain metastases compared to lymph node metastases. In 
vitro functional studies demonstrate that TIGD4 overexpression en
hances breast cancer cell migration and invasion, while TIGD4 knock
down suppresses these metastatic behaviors [18,19]. Specifically, 
elevated TIGD4 promotes epithelial-mesenchymal transition (EMT) and 
increases matrix metalloproteinase (MMP) activity, facilitating tumor 
cell dissemination to distant organs. TIGD5 is a risk gene closely related 
to autism spectrum disorder (ASD). Xinyan Xie [20] employed the 
convergent functional genomics (CFG) approach to identify TIGD5 as 
linked to a higher risk of ASD. The expression of TIGD6 is detected in 
many tissues, which may differ in expression between obese and 
non-obese individuals [21]. TIGD7, expressing in a wide variety of tis
sues, has been implicated in cardiovascular disease, fat metabolism or 
related health traits [22,23]. Thus far, there are only a limited number of 
studies on the diagnostic and prognostic importance of TIGDs in HCC. 
The exact function of TIGDs are unknown, and the molecular mecha
nisms remain poorly understood [24]. This research utilizes bioinfor
matics to examine the expression patterns of TIGDs and investigates 
their connections with clinical features, prognostic significance, im
mune cell infiltration, mutation status, and roles in HCC. We hoped that 
our work would aid in the development of early diagnosis and thera
peutic options for HCC patients.

Materials and methods

Data acquisition

A cohort of 15,776 samples, comprising RNA-seq data and associated 
clinical information spanning 33 tumor types [25], was acquired from 
The Cancer Genome Atlas (TCGA) and the Genotype-Tissue Expression 
(GTEx) database via UCSC XENA. For the present analysis, RNA-Seq data 
from 374 HCC patients and 50 normal tissues—including gene expres
sion profiles, immune infiltrate data, and relevant clinical record
s—were obtained from the TCGA hepatocellular carcinoma (HCC) 
cohort. Subsequently, Level 3 HTSeq-FPKM formatted data were con
verted to transcripts per million (TPM) to facilitate downstream 
analytical procedures [26].

Gene expression profiling interactive analysis 2 (GEPIA2)

GEPIA2 constitutes a comprehensive cancer genomic resource that 

amalgamates extensive datasets derived from The Cancer Genome Atlas 
(TCGA) and the Genotype-Tissue Expression Project (http://gepia2. 
cancer-pku.cn/#index) [27]. Associations of TIGDs with tumor stage 
were assessed using GEPIA2, with Pearson's correlation coefficient 
applied as the statistical measure. The “Similar Gene Detection” module 
(http://gepia2.cancer-pku.cn/#similar) was employed to pinpoint the 
100 most analogous genes to members of the TIGD family.

Human protein atlas (HPA)

Data for the HCC and normal tissues plot were retrieved from the 
Human Protein Atlas (https://www.proteinatlas.org/) [28]. HPA ap
plies transcriptome and proteomics to provide different protein maps, 
including tissue atlas, brain atlas, single cell atlas, tissue cell atlas and 
pathology atlas.

cBioPortal

Gene variant profiling of hepatocellular carcinoma (HCC), encom
passing amplification, mutation, and copy number variation, was con
ducted employing cBioPortal (https://www.cbioportal.org/) [29,30]. 
This platform furnishes a synopsis of genetic modifications for individ
ual TIGD family members, facilitating comprehensive visualization of all 
mutation categories within each sample.

Correlation analyses of TIGDs

To evaluate the relationships between pairs of TIGDs, Pearson's 
correlation coefficient was employed. All statistical computations and 
graphical representations were generated using R software (×64 4.2.1). 
A significance threshold of p < 0.05 was applied for statistical 
inferences.

Immune infiltration analysis

To investigate associations of TIGDs with 24 immune cell categories, 
single-sample gene set enrichment analysis (ssGSEA) was implemented 
through the GSVA package in R [31,32]. Furthermore, Spearman's cor
relation approach was utilized to examine relationships between TIGDs 
expression and immune checkpoint gene expression levels.

Survival analysis

HCC patients were stratified into two distinct cohorts according to 
TIGDs expression levels. To assess whether TIGDs expression influences 
clinical outcomes, a prognostic model was developed utilizing Kaplan- 
Meier (KM) survival analysis.

Analyses of univariate and multivariate Cox regression

The OS of two cohorts of patients with HCC and the expression level 
of TIGD4, 5, 6 were compared using univariate Cox regression analysis. 
Furthermore, we employed multivariate analysis to assess if TIGD4, 5, 6 
serve as independent prognostic indicators for overall survival in pa
tients with HCC. The survival package was utilized for statistical 
analysis.

Single-cell RNA sequencing data processing and analysis workflow

scRNA-seq data for human hepatocellular carcinoma (dataset 
GSE242889) were retrieved from the Gene Expression Omnibus (GEO) 
database. Quality control screening was applied to the raw count matrix 
employing the Seurat package (v5.2.1). Sequential removal was con
ducted for cells exhibiting fewer than 200 detected genes, over 5000 
detected genes (indicative of doublets), or mitochondrial gene content 
exceeding 10 % of total counts. After quality control, normalization, 
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dimensionality reduction, and clustering were carried out using Seurat’s 
standard pipeline. To reduce batch effects, Harmony (v1.2.3) was 
implemented on the top 2000 highly variable genes with default set
tings. Through systematic assessment, a clustering resolution of 0.1 was 
identified as optimal for subsequent visualization and analysis [33]. 
Initial cell type annotation involved manual consultation of 
liver-specific marker genes documented in the ACT database (http:// 
xteam.xbio.top/ACT/index.jsp) [34,35]. Thereafter, the UCell algo
rithm was utilized for automated scoring of cells according to curated 
gene signatures for specific cell types, thereby ensuring consistency and 
cross-validation of annotations.

Quantitative real-time PCR (qRT-PCR) analysis

TRIZOL reagent (Thermo Fisher, USA) was used to extract total RNA. 
cDNA synthesis was carried out with the Hifair™ II 1st Strand cDNA 
Synthesis SuperMix Kit (YEASEN, Shanghai, China) following the 
manufacturer's instructions. Quantitative real-time PCR assays were 
conducted using ChamQ SYBR qPCR Master Mix (Vazyme, Nanjing, 
China) according to the provided protocol. For normalization of mRNA 
expression, S(Human) served as an endogenous control [30]. Sequences 
used in this study were listed as follows: TIGD4 forward (F): 
5′-TGTACCAGTAGACCCTTCGAC-3′, TIGD4 reverse (R): 5′-AACATTCG 
ATAAAGCAGCCCA-3′; TIGD5 (F): 5′-CGCAAGGCCTACTCCATCAA-3′, 
TIGD5 (R): 5′-GCATCTTCTTGCGCTGAGTG-3′; TIGD6 (F): 5′-AGA 
AGCGTCGGCAGTTCTC-3′, TIGD6 (R): 5′- ACCAAGCAAAAACAGC 
CTTATCA-3′.

Statistical analysis

Statistical analyses of TCGA data were conducted with R software 
version 4.2.1. Expression levels of TIGDs in hepatocellular carcinoma 
(HCC) versus normal tissues were assessed using Wilcoxon rank-sum and 
signed-rank tests, with corresponding 95 % confidence intervals (CIs) 
provided [36]. Evaluation of receiver operating characteristic (ROC) 
curves for TIGDs was carried out via the pROC package. The resulting 
area under the curve (AUC) measurements varied between 0.5 and 1.0, 
demonstrating discriminatory power of 50 % to 100 %.

Results

Analysis of TIGDs mRNA expression levels in human cancer

Expression profiles of TIGD family members between malignant and 
matched normal tissues were evaluated using the TCGA and GTEx pan- 
cancer datasets (Fig. 1A). TIGDs expression was markedly increased 
across most cancer types within the TCGA repository relative to normal 
controls. TIGD1 mRNA exhibited differential expression in carcinomas 
versus adjacent tissues, with 22 malignancies showing up-regulation 
and 7 displaying down-regulation. For TIGD2, significant over
expression was observed in 21 tumor types, while under-expression 
occurred in 4 others. TIGD3 demonstrated pronounced up-regulation 
in 24 cancers and was down-regulated in 4 malignancies. TIGD4 was 
significantly elevated in 17 tumor types and reduced in 7 others. TIGD5 
showed substantial up-regulation across 26 cancers. TIGD6 was over
expressed in 17 malignancies and under-expressed in 4, whereas TIGD7 
was up-regulated in 11 tumor types and down-regulated in an equal 

Fig. 1. illustrates the mRNA expression profiles of TIGDs across human malignancies. (A) Comparative expression of TIGDs in cancerous versus non-cancerous 
tissues based on pan-cancer data from The Cancer Genome Atlas (TCGA) and the Genotype-Tissue Expression (GTEx) project. (B) Expression levels of TIGDs in 
hepatocellular carcinoma (HCC) and matched normal liver tissues from the TCGA database. (C) Paired analysis of TIGDs expression in HCC and adjacent non-tumoral 
tissues from TCGA. (D, E) Evaluation of TIGDs expression in independent HCC cohorts from the international cancer genome consortium (ICGC, D) and gene 
expression omnibus (GEO, E) repositories. (F) Diagnostic performance of TIGDs in HCC assessed by receiver operating characteristic (ROC) curve analysis.
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number.
Notably, analysis of the TCGA database revealed elevated expression 

of TIGD1, 3, 4, 5, 6, and 7 in hepatocellular carcinoma (HCC) tumor 
samples compared to normal tissues (p < 0.001; Fig. 1B). TIGD2 
expression exhibited no statistically significant variation between HCC 
and normal groups. In matched specimens, levels of TIGD1, 3, 4, 5, 6, 
and 7 were increased in HCC relative to adjacent normal tissues, 
whereas TIGD2 expression was decreased in tumors (p < 0.05; Fig. 1C). 
Bioinformatics validation in the ICGC and GEO repositories further 
supported these findings. ICGC and GEO datasets displayed TIGDs 
expression profiles consistent with those from TCGA (Fig. 1D, E). In the 
GSE69715 cohort, differential mRNA expression between low and high 
TIGD4 groups did not achieve statistical significance, possibly due to the 
restricted sample size. Additionally, ROC analysis demonstrated strong 
diagnostic performance of TIGD1, 3, 5, 6, and 7 for HCC (Fig. 1F). The 
determined cut-off values for TIGD1 to TIGD7 were 1.025, 2.805, 0.412, 
0.143, 1.645, 1.577, and 0.538, respectively.

Protein expression levels of TIGDs in HCC

Following the analysis of transcriptional expression of various TIGDs 
in HCC, we investigated the immunohistochemistry data on TIGDs 
protein expression patterns in HCC using the Human Protein Atlas (HPA) 
(Fig. 2). In Hepatocellular carcinoma tissues, the protein levels of 
TIGD1, TIGD4, TIGD6, and TIGD7 were elevated compared to the sur
rounding tissues, except for TIGD3 and TIGD5.

Relationship between TIGDs and clinical features

We employed the GEPIA2 database to examine the relationship of 
tumor staging with TIGDs (Fig. 3A). Significant variations were detected 
in TIGD1, TIGD4, TIGD5, TIGD6, and TIGD7 (p < 0.05), while TIGD3 
demonstrated no statistically significant alterations. Grade 3 malig
nancies showed the most elevated mRNA expression for TIGD1, TIGD3, 
TIGD5, TIGD6, and TIGD7.

To evaluate the prognostic value of TIGDs, we performed 
Kaplan–Meier analyses of overall survival (OS), disease-specific survival 
(DSS), and progression-free interval (PFI). Using median expression as 

Fig. 2. Protein expression levels of TIGDs in HCC.
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the cutoff, hepatocellular carcinoma (HCC) patients were stratified into 
high- and low-expression cohorts. As shown in Fig. 3B–D, elevated 
expression of TIGD4, TIGD5, and TIGD6 was significantly associated 
with shorter OS (p < 0.05). TIGD4 showed a trend toward significance in 
relation to DSS (p = 0.057) and PFI (p = 0.056). Furthermore, high levels 
of TIGD1 and TIGD7 were significantly correlated with reduced PFI (p <
0.01). These findings suggest that TIGD4, TIGD5, and TIGD6 may serve 
as predictive biomarkers for survival in HCC patients.

Mutation and correlation analysis of TIGDs

Using data acquired from cBioPortal, the mutational profile of TIGDs 
was analyzed, indicating genetic alterations in 21.9 % of patients (80 out 
of 366 cases), with gene amplification representing the most frequent 
alteration across TIGD isoforms (Fig. 4A). In addition, TIGD5 mutations 
were the most commonly identified (17 %), which included amplifica
tion and missense mutations (Fig. 4C). TIGD1 harbored only amplifi
cation events, with no other mutation types detected. Genetic 
alternations of TIGD3 and TIGD4 included amplification, deep deletion 
and missense mutations. TIGD6 included amplification and truncating 
mutations. TIGD7 included amplification and truncating mutations.

Next, we examined the correlation among the TIGD members using 
the Pearson correlation analysis. As shown in Fig. 4B, significantly 
positive correlations were observed between TIGD1 and 3, 4, 5, 6, 7; 
TIGD3 and 4, 5, 6, 7; TIGD4 and 6, 7; TIGD5 and 6; TIGD6 and 7.

The relationship between TIGDs expression and immune cell infiltration

To explore potential associations between TIGD expression and the 
tumor immune microenvironment, we examined the correlation be
tween TIGD levels and infiltration of 24 immune cell types in HCC using 
ssGSEA. While TIGDs have not been previously implicated in immune 
regulation, their established roles in cell cycle control and RNA splicing 

(Section 3.8) may indirectly influence immune cell recruitment and 
function. We therefore conducted an exploratory analysis to identify 
potential immunological correlates of TIGD expression. As illustrated in 
Fig. 5, TIGD1 mRNA levels demonstrated positive correlations with the 
infiltration of Th2 cells, NK CD56bright cells, TFH, and T helper cells (p 
< 0.001), while showing negative associations with Neutrophils, DC, 
Cytotoxic cells, Tgd, Mast cells, Treg, pDC, NK cells, Th17 cells, NK 
CD56dim cells, and CD8⁺ T cells (p < 0.05). TIGD3 expression exhibited 
a positive association with Th2 cell infiltration (p < 0.001) and was 
inversely correlated with Neutrophils, Eosinophils, NK cells, iDC, Th17 
cells, CD8⁺ T cells, Tgd, NK CD56dim cells, DC, B cells, and Cytotoxic 
cells (p < 0.05). For TIGD4, positive correlations were observed with T 
helper cells, Th2 cells, Tcm, Macrophages, and aDC (p < 0.05), whereas 
negative relationships were found with pDC, Cytotoxic cells, Th17 cells, 
DC, and NK cells (p < 0.05). TIGD5 expression correlated positively with 
NK CD56bright cells, Th2 cells, and TFH (p < 0.05), and negatively with 
Neutrophils, DC, Th17 cells, Eosinophils, CD8⁺ T cells, Treg, Cytotoxic 
cells, Tgd, pDC, and Mast cells (p < 0.05). TIGD6 showed a positive 
correlation with Tcm (p < 0.05) and negative correlations with Cyto
toxic cells, pDC, DC, T cells, B cells, CD8⁺ T cells, Neutrophils, NK 
CD56dim cells, Tem, Mast cells, and Treg (p < 0.05). Finally, TIGD7 
expression was positively associated with Th2 cells, T helper cells, and 
TFH (p < 0.05), and negatively correlated with DC, Neutrophils, Cyto
toxic cells, Tgd, pDC, iDC, B cells, Th17 cells, NK CD56dim cells, Mast 
cells, and T cells (p < 0.05). Collectively, these analyses reveal a 
consistent pattern of Th2-skewed immune infiltration associated with 
elevated TIGD expression across the TIGD family. TIGD1, TIGD3, TIGD4, 
TIGD5, and TIGD7 all demonstrated significant positive correlations 
with Th2 cell infiltration (p < 0.001 to p < 0.05), representing the most 
robust and reproducible immune association identified. Conversely, 
cytotoxic immune populations—including CD8+ T cells, NK cells, and 
cytotoxic cells—showed predominantly negative correlations with TIGD 
expression. This Th2-biased, cytotoxic-deficient immune profile 

Fig. 3. (A) Relationship between TIGDs and tumor stage in HCC. Impact of TIGDs on OS (B), DSS (C), and PFI (D) in HCC.
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suggests that high TIGD expression may be associated with an immu
nosuppressive microenvironment characterized by type 2 immune po
larization. The biological basis for this selective association remains 
unclear but may reflect TIGD-mediated effects on tumor cell prolifera
tion (Section 3.8) that indirectly shape immune recruitment, or direct 
interactions between TIGD-expressing tumor cells and Th2-lineage cells 
that warrant experimental investigation.

Multiple immunotherapeutic approaches have demonstrated effi
cacy against solid tumors, notably including immune checkpoint in
hibitors [37]. In recent years, therapies targeting CTLA-4 and PD-1 have 
shown promise as therapeutic interventions across various cancers [38]. 
Accordingly, we assessed TIGDs expression alongside 46 immune 
checkpoint-associated genes. As presented in Fig. 6, TIGD1 expression in 
HCC demonstrated positive correlations with 38 immune-related genes 
and a negative correlation with one immune-related gene (p < 0.05). 
TIGD3 exhibited positive associations with 14 immune-related genes (p 
< 0.05). Similarly, TIGD4 was positively correlated with 39 such genes 
(p < 0.05). TIGD5 showed positive correlations with 27 immune-related 
genes and negative correlations with 2 genes (p < 0.05). TIGD6 
expression was positively linked to 23 immune-related genes and 
negatively linked to one immune gene (p < 0.05). For TIGD7, positive 
correlation was observed with 37 immune-related genes (p < 0.05). 
These associations may underlie the mechanism through which elevated 

TIGD4, TIGD5, and TIGD6 contribute to poor prognosis in hepatocel
lular carcinoma.

Cell‑type‑specific expression of TIGD family genes in the HCC 
microenvironment

Based on the methodology described, we analyzed the hepatocellular 
carcinoma (HCC) single-cell RNA-sequencing dataset GSE242889. After 
stringent quality control, dimensionality reduction, and graph-based 
clustering, 15 transcriptionally distinct cell clusters were identified 
(Fig. 7A). Cluster identities were assigned by referencing human liver- 
specific marker genes downloaded from the ACT database (http:// 
xteam.xbio.top/ACT/index.jsp) and by calculating UCell enrichment 
scores for each cluster. The resulting annotation resolved the following 
cell types: dendritic cells, T cells, monocytes, endothelial cells, plasma 
cells, macrophages, epithelial cells, fibroblasts, B cells, and mast cells 
(Fig. 7B).

Comparison of cell proportions across different groups revealed that, 
relative to the Normal group, the proportions of fibroblasts, epithelial 
cells, endothelial cells, and dendritic cells were increased in the disease 
condition (Fig. 7C).

Expression of the six TIGD family members was visualized on UMAP 
embeddings (Fig. 7D–I) and further displayed via a heatmap (Fig. 7J), 

Fig. 4. presents mutational and correlational profiling of TIGDs in hepatocellular carcinoma. (A) Prevalence of mutations across TIGD isoforms. (B) Pairwise cor
relation analysis among TIGD family members. (C) Detailed mutational landscape for each TIGD gene across individual patient samples.
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grouped heatmap (Fig. 7K), and violin plots (Fig. 7M–R). TIGD1, TIGD3, 
TIGD4, and TIGD6 were not expressed in mast cells but were detected in 
all other cell types, whereas TIGD5 and TIGD7 showed relatively high 
expression across all cell types.

Comparative analysis between tumor and peri-tumor normal tissues 

(multi-group differential expression volcano plot, Fig. 7L) demonstrated 
statistically significant upregulation of specific TIGDs in malignant 
microenvironment subsets: TIGD1 was elevated in tumor-derived 
endothelial cells; TIGD4 was downregulated in epithelial cells; TIGD5 
was broadly upregulated in B cells, dendritic cells, endothelial cells, 

Fig. 5. Association of immune cell infiltration levels with TIGDs expression patterns.

Fig. 6. Relationship between TIGDs expression levels and immune checkpoint gene profiles.
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Fig. 7. Single cell expression levels of TIGDs. (A) Identification of fifteen unique cell populations derived from single-cell RNA sequencing data obtained from the 
dataset GSE242889, with these clusters visually represented through the application of dimensionality reduction methods. (B) The UMAP visualization displays the 
classification of various cell types. (C) Comparison of cell type proportions across sample groups, showing increased proportions of fibroblasts, epithelial cells, 
endothelial cells, and dendritic cells in the disease condition relative to the Normal group. (D-I) UMAP projections showing the expression distribution of individual 
TIGD family genes (TIGD1, TIGD3, TIGD4, TIGD5, TIGD6, TIGD7) across all cell types. (J) Heatmap depicting the expression levels of the six TIGD genes across the 
annotated cell clusters. (K) Grouped heatmap summarizing TIGD expression patterns within each major cell type. (L) Multi-group differential expression volcano plot 
highlighting statistically significant changes in TIGD expression between tumor and peri‑tumor normal tissues across microenvironmental cell subsets. (M–R) Violin 
plots illustrating the expression distribution of each TIGD gene across different cell types.
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mast cells, and plasma cells; TIGD6 was enriched in B cells and endo
thelial cells; and TIGD7 was selectively elevated in B cells and dendritic 
cells.

Functional characterization of TIGD5-expressing cells within the HCC 
tumor microenvironment

Given that TIGD5 exhibited the broadest and highest expression 
among tumor-infiltrating cells, we focused our functional analysis on 
this family member. We subsetted B cells and epithelial cells—the 
former representing a major TIGD5-expressing population and the latter 
being of particular biological interest—and performed re-annotation 
based on the presence or absence of TIGD5 expression (Fig. 8A). Dif
ferential expression analysis was then conducted between TIGD5+ and 
TIGD5- subsets for each cell type, visualized via volcano plots (Fig. 8B, 
C). This analysis revealed 1389 significantly upregulated and 134 
downregulated genes (|logFC| > 1, adj. p-value < 0.05) in TIGD5+
versus TIGD5- B cells. Similarly, TIGD5+ epithelial cells showed 1383 
upregulated and 81 downregulated genes compared to their TIGD5- 

counterparts.
Gene Set Enrichment Analysis (GSEA) of these differentially 

expressed genes identified distinct activated pathways. In TIGD5+ B 
cells, enriched pathways included those related to Extracellular Matrix 
(ECM) organization (e.g., ECM Glycoproteins, ECM Affiliated) and 
growth factor signaling (e.g., FGFR2 Ligand Binding and Activation, 
FGFRL1 Modulation of FGFR1 Signaling, ERBB2 Activates PTK6 
Signaling) (Fig. 8D). In TIGD5+ epithelial cells, pathways associated 
with immune regulation (Interleukin 20 Family Signaling, FceRI Medi
ated MAPK Activation) and pro-oncogenic signaling (Constitutive 
Signaling by Aberrant PI3K in Cancer, PI3K Cascade FGFR2/FGFR1) 
were prominently enriched (Fig. 8E).

Subsequent cell-cell communication analysis revealed a more active 
signaling network in tumor tissues compared to normal adjacent tissues, 
which exhibited a marked reduction in both the number and strength of 
interactions (Fig. 8F, G). Notably, within the tumor microenvironment, 
TIGD5+ epithelial and B cells demonstrated significantly higher inter
action probability and communication strength than their TIGD5- 
equivalents. We focused further investigation on the enriched pathways 

Fig. 8. Functional characterization of TIGD5-expressing cells in the HCC tumor microenvironment. (A) Re-annotation of B cells and epithelial cells based on the 
presence (TIGD5+) or absence (TIGD5− ) of TIGD5 expression. (B, C) Volcano plots displaying differentially expressed genes (DEGs) between TIGD5+ and TIGD5−
subsets in B cells (B) and epithelial cells (C). Thresholds: |logFC| > 1, p-value < 0.05. (D, E) Gene Set Enrichment Analysis (GSEA) of DEGs from TIGD5+ vs. TIGD5−
B cells (D) and epithelial cells (E), highlighting significantly enriched signaling pathways. (F, G) Cell-cell communication analysis comparing interaction number 
between tumor and normal tissues, and between TIGD5+ and TIGD5− epithelial/B-cell subsets within the tumor microenvironment. (H, I) Heatmaps depicting the 
sending interactions of TIGD5+ epithelial cells in normal (H) versus tumor (I) samples, with a focus on the MIF signaling pathway. 
(J, K) Pathway-organized heatmaps illustrating the relative importance of different cell subsets as Senders and Influencers in MIF-mediated communication in normal 
(J) and tumor (K) tissues.
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and the Macrophage Migration Inhibitory Factor (MIF) signaling 
pathway, a critical cascade in cancer progression. Heatmap visualization 
indicated that in tumor samples, TIGD5+ epithelial cells acted as 
prominent signal Senders to a wider range of target cells compared to 
the normal group (Fig. 8H, I). Pathway-specific analysis organized by 
the MIF signaling network further underscored the heightened 
communicative role of TIGD5+ epithelial cells in tumors, where they 
displayed greater importance as both Senders and Influencers (Fig. 8J, 
K).

Cox regression analyses of TIGD4, 5, 6 and establishment of the prognostic 
models for HCC

Univariate Cox regression analysis demonstrated that T stage (p <
0.001), tumor status (p < 0.001), pathologic stage (p < 0.001), TIGD4 (p 
= 0.028), TIGD5 (p = 0.009), and TIGD6 (p = 0.004) were associated 
with poor prognosis in hepatocellular carcinoma (HCC). Multivariate 
Cox regression identified tumor status (p = 0.005), TIGD5 (p = 0.019), 
and TIGD6 (p = 0.04) as independent prognostic factors for overall 
survival (OS) (Fig. 9A). Fig. 9B illustrates the distribution of TIGD4, 
TIGD5, and TIGD6 expression, survival status of HCC patients, and 
corresponding expression profiles. Blue dots indicate surviving patients, 
whereas red dots denote deceased individuals. The upper line corre
sponds to the median risk score. Areas to the left of this line designate 
the low-risk group, characterized by reduced TIGD4, TIGD5, and TIGD6 
expression, while regions to the right represent the high-risk group with 
elevated expression of these genes. Progressive increases in risk scores 

were accompanied by a rising number of red dots and corresponding 
elevation in mortality rates. Collectively, these findings indicate that 
high-risk group patients exhibit diminished survival and heightened 
mortality.

Building upon earlier findings, a prognostic model for overall sur
vival (OS) was developed by incorporating TIGD4, TIGD5, and TIGD6 
mRNA expression data together with additional clinicopathological 
variables from the TCGA repository (Fig. 9C). Increased cumulative 
scores, derived from summing assigned points for individual factors in 
the nomogram, correlated with adverse clinical outcomes [39]. Cali
bration analysis evaluated the predictive accuracy of the TIGD4, TIGD5, 
and TIGD6 nomogram, yielding a concordance index of 0.658 for OS 
(Fig. 9D). The nomogram exhibited considerable clinical usefulness in 
estimating 1-, 3-, and 5-year survival probabilities for hepatocellular 
carcinoma patients.

Functional analysis of TIGDs

Following the identification of 100 genes exhibiting comparable 
expression profiles to TIGDs using the GEPIA2 resource, the “Cluster
Profiler” (v3.14.3) R package was employed to conduct Gene Ontology 
(GO) and KEGG pathway enrichment studies on TIGD family members 
and their associated genes (Fig. 11). Three aspects of biochemical pro
cesses (BP), cellular components (CC), and molecular functions (MF) are 
considered in GO enrichment analysis to predict the functional roles of 
target host genes. GO analysis indicated that RNA splicing, mRNA 
metabolic process, DNA replication and cell cycle checkpoint were 

Fig. 9. Predictive significance of TIGDs expression in hepatocellular carcinoma (HCC). (A) Cox proportional hazards regression (univariate and multivariate) 
assessing TIGD4, TIGD5, and TIGD6 expression levels together with clinical and pathological variables. (B) Distribution of TIGD4, TIGD5, and TIGD6 expression in 
association with patient survival outcomes (0: deceased, 1: living). (C) Nomogram combining TIGD4, TIGD5, and TIGD6 with additional prognostic markers in HCC, 
derived from TCGA database. (D) Calibration plot for the nomogram's predictive accuracy.
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significantly regulated by TIGDs alterations in HCC. Nuclear speck, 
chromosomal region, Cajal body, spliceosomal complex, catalytic step 2 
spliceosome, histone acetyltransferase activity, peptide-lysine-N- 
acetyltransferase activity, single-stranded DNA binding, peptide N-ace
tyltransferase activity and N-acetyltransferase activity were also signif
icantly controlled by these TIGDs alterations. Through KEGG analysis, 
pathways related to TIGDs alterations and frequently altered neighbor 
genes can be identified. Based on the KEGG analysis, 9 pathways were 
identified as being associated with TIGDs alterations in HCC. Among 
these pathways, spliceosome, cell cycle, homologous recombination, 
RNA transport and mismatch repair were involved in the tumorigenesis 
and pathogenesis of HCC (Figs. 10).

The mRNA relative expression of TIGD4, TIGD5 and TIGD6

Due to the statistically significant difference in overall survival rates 
between the low-expression and high-expression groups of TIGD4, 
TIGD5, and TIGD6, we selected these three genes for qPCR analysis 
(Fig. 11). The findings showed that TIGD5 expression varied between 
tumor and normal tissues. There were no notable differences in the 
expression of TIGD4 and TIGD6 between tumor and normal tissues, 
which might be attributed to the small sample size.

Discussion

This investigation performed an integrative assessment of TIGDs in 
hepatocellular carcinoma (HCC) patients by leveraging multiple pub
licly available genomic databases. Expression analyses revealed that 
TIGD levels in HCC tissues significantly exceeded those observed in 
normal liver tissues. Furthermore, elevated expression of TIGDs was 
consistently detected across diverse malignancies, encompassing Liver 
hepatocellular carcinoma (LIHC), Breast invasive carcinoma (BRCA), 
Cholangiocarcinoma (CHOL), Glioblastoma multiforme (GBM), Brain 
Lower Grade Glioma (LGG), Pancreatic adenocarcinoma (PAAD), Skin 
Cutaneous Melanoma (SKCM), and Thymoma (THYM). As a result of 
these findings, TIGDs may be able to serve as diagnostic markers in 
various cancers, including HCC. Furthermore, TIGD1,4,5,6,7 mRNA 
expression are associated with clinical stage in HCC. HCC patients 
expressing high levels of TIGD4, TIGD5 and TIGD6 had shorter OS than 
those expressing low levels, suggesting that TIGD4, TIGD5 and TIGD6 
may be useful as prognostic and predictive markers. As a result, we 
developed a nomogram using the expression levels of TIGD4, 5, 6 along 
with clinical data. The nomogram provided a more precise prediction of 
1-, 3-, and 5-year overall survival for HCC patients. Patients with HCC 

who are high-risk may benefit from the nomogram, which can be used to 
screen for them and determine an aggressive treatment regimen.

Additionally, the expression levels of TIGDs demonstrate associa
tions with multiple immune checkpoint markers and diverse immune 
cell types. Immune infiltration, a rapidly expanding area of research, is 
fundamentally involved in the development and recurrence of numerous 
cancers. Evidence indicates that immune cells can display both anti- 
tumor and pro-tumor functional properties. They are recognized as 
pivotal elements affecting therapeutic responses and clinical outcomes 
post-immunotherapy [40]. Our findings indicate that TIGD family 
member expressions show correlations with various immune markers 
and the degree of immune infiltration in hepatocellular carcinoma 
(HCC), implying that specific TIGD family members may elucidate the 
immune microenvironment in HCC patients, beyond prognostic 
indicators.

Functional enrichment analysis revealed that TIGDs expression is 
linked to RNA splicing, mRNA metabolic processes, DNA replication, 
cell cycle checkpoints, and elevated infiltration of Th2 cells. Dysregu
lation of core cell-cycle components is observed in virtually all cancer 
types and acts as a fundamental driver of tumorigenesis [41]. Targeting 
the TIGD family to modulate cell cycle regulation could serve as a 
promising anticancer approach. Thus, our research elucidates the po
tential involvement of TIGDs in tumor pathogenesis and highlights their 
utility as biomarkers for hepatocellular carcinoma (HCC). In vitro assays 
further confirmed distinct TIGD5 expression patterns in tumor versus 
normal tissues.

TIGD1 has been reported to be a biological marker for human cancer 
[14].Their study found that high TIGD1 expression correlates with 
malignant survival in several types of cancer. It is possible that TIGD1 
regulates cell-cycle progression. Our results were consistent with their 
observations. TIGD1 expression was notably elevated and may serve as a 
potential alternative therapeutic target for HCC.

TIGD3 was crucial in influencing the genome and gene evolution in 
both fungi and animals [24].Yao Y found that TIGD3 can be used as new 
biomarkers to distinguish patients with paediatric sepsis from healthy 
individuals [42]. Marshall OJ found that TIGD3 is most closely related to 
centromeric protein B (CENP-B) and localizes to the nucleus, but does 
not naturally bind human or mouse centromeres [43]. In our research, 
HCC patients at stage III exhibited the highest levels of TIGD3 expression 
compared to those at stages I, II, and IV.

Consistent with TIGD3, both TIGD4 and TIGD5 contribute signifi
cantly to genomic architecture and gene evolution in fungi and animals. 
Currently, the functional relevance of TIGD4 in hepatocellular carci
noma (HCC) remains poorly understood. Our data indicate elevated 

Fig. 10. GO and KEGG enrichment analysis of TIGDs.

J. Liu et al.                                                                                                                                                                                                                                       Translational Oncology 66 (2026) 102722 

11 



TIGD4 mRNA expression in HCC, suggesting its potential as a thera
peutic target. Utilizing the Gene Expression Omnibus database, Xu et al. 
identified 50 differentially expressed genes in HCC compared to normal 
liver tissue, among which TIGD5 was included [44]. Furthermore, 
TIGD5 expression was correlated with overall survival (OS) and BCLC 
staging. Literature on TIGD6 is currently limited. Kaewsutthi et al. 
detected 709 functionally significant variants displaying differential 
expression in obese versus control individuals, including TIGD6 [21]. To 
the best of our knowledge, this study represents the first comprehensive 
analysis of TIGD6 expression in liver cancer. Both mRNA and protein 
levels of TIGD6 are upregulated in HCC. Notably, TIGD4, TIGD5, and 
TIGD6 showed significant associations with OS. Multivariate Cox 
regression analysis confirmed that TIGD5 and TIGD6 serve as indepen
dent risk factors for predicting HCC prognosis.

TIGD7 encodes a protein classified within the human “tigger sub
family of the pogo superfamily of DNA-mediated transposons [45]. 
Previous studies have documented connections between TIGD7 and 
phenotypes associated with fitness [22]. Its expression shows significant 
correlations with alterations in body weight, fasting blood glucose, and 
glycosylated hemoglobin in individuals following bariatric surgery [46]. 
Our results further indicate that TIGD7 mRNA expression is pertinent to 
tumor grading, with the highest levels detected in grade III tumors. 
Analysis of the TCGA-LIHC cohort revealed that elevated TIGD7 
expression is associated with poorer progression-free interval (PFI) 
compared to cases with lower expression.

Despite enhancing our comprehension of the associations involving 
TIGDs and hepatocellular carcinoma (HCC), several constraints inherent 
in this research warrant attention. First, corroboration of our data re
quires validation via in vitro and in vivo experimental approaches. 
Elucidating the functional contributions of TIGDs in HCC will necessi
tate the application of single-cell sequencing methodologies. In addition, 
the methodological framework employed here may have resulted in the 
oversight of other signaling mechanisms associated with TIGDs.

Conclusion

In summary, TIGD1, 3, 4, 5, 6, 7 mRNA expressions were overex
pressed in HCC. Our findings suggest that the TIGD family plays a sig
nificant role in HCC, with TIGD4, TIGD5, and TIGD6 serving as potential 
prognostic and predictive markers. Enrichment analysis demonstrated 
that TIGDs may function as oncogenic drivers via modulation of cell 
cycle control, RNA splicing mechanisms, and mRNA metabolic path
ways. Our findings identify TIGD4, TIGD5, and TIGD6 as candidate 
biomarkers for hepatocellular carcinoma (HCC) diagnosis and prog
nosis, emphasizing their relevance as possible targets for immunother
apeutic interventions.
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