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Abstract: Background/Objectives: TIGD1 (Trigger Transposable Element Derived 1) is
a recently identified oncogene with largely unexplored biological functions. Emerging
evidence suggests its involvement in multiple cellular processes across cancer types. This
study aimed to perform a comprehensive pan-cancer analysis of TIGD1 to evaluate its
expression patterns, diagnostic utility, prognostic value, and association with immunother-
apy response and drug resistance. Methods: Transcriptomic and clinical data from TCGA
and GTEx were analyzed using various bioinformatic tools. Expression profiling, survival
analysis, immune correlation studies, gene set enrichment, single-cell sequencing, and drug
sensitivity assessments were performed. Results: TIGD1 was found to be significantly
upregulated in various tumor types, with notably high expression in colon adenocarcinoma.
Elevated TIGD1 expression was associated with poor prognosis in several cancers. TIGD1
levels correlated with key features of the tumor immune microenvironment, including
immune checkpoint gene expression, TMB, and MSI, suggesting a role in modulating anti-
tumor immunity. GSEA and single-cell analyses implicated TIGD1 in oncogenic signaling
pathways. Furthermore, high TIGD1 expression was linked to resistance to several thera-
peutic agents, including Zoledronate, Dasatinib, and BLU-667. Conclusions: TIGDI may
serve as a promising diagnostic and prognostic biomarker, particularly in colon, gastric,
liver, and lung cancers. Its strong associations with immune modulation and therapy resis-
tance highlight its potential as a novel target for precision oncology and immunotherapeutic
intervention.

Keywords: TIGD1; pan-cancer analysis; immune microenvironment; drug resistance;
cancer prognosis; immunotherapy; tumor mutational burden; microsatellite instability

1. Introduction

Cancer remains a major global health burden, necessitating the discovery of novel
biomarkers for early detection, accurate prognosis, and effective treatment strategies [1,2].
Among the emerging areas of oncological research, transposable elements (TEs)—also known
as mobile genetic elements—have garnered increasing attention due to their roles in genomic
instability, epigenetic modulation, and immune regulation [3-6]. TEs constitute nearly half
of the human genome and, although typically silenced by host epigenetic mechanisms, their
aberrant reactivation in cancer can contribute to oncogenesis through insertional mutagenesis,
dysregulated gene expression, and activation of immune evasion pathways [7].

In addition to their genomic impact, TE-derived transcripts can mimic viral sequences
and stimulate innate immune responses via pattern recognition receptors (PRRs), thereby re-
shaping the tumor immune microenvironment. These immunomodulatory properties posi-
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tion certain TEs as potential modulators of immunotherapy response, particularly immune
checkpoint blockade [8,9]. Among the genes derived from ancestral TEs, TIGD1 (Tigger
Transposable Element Derived 1) is of particular interest. Unlike other well-characterized
TE-derived genes that have established functions in host development or immunity, TIGD1
is a relatively uncharacterized member of the Tigger TE family. Its evolutionary conser-
vation, consistent overexpression in several cancer types, and emerging correlations with
immunological and clinical parameters underscore its potential functional relevance in
cancer biology [10,11].

Despite emerging evidence implicating TIGD1 in oncogenesis, its role in cancer re-
mains largely elusive. Preliminary studies have reported TIGD1 overexpression in col-
orectal, gastric, and lung cancers, where it correlates with poor prognosis and increased
immune cell infiltration [12]. Furthermore, recent findings suggest that TIGD1 may also
contribute to immune regulation and drug resistance [13]. However, these observations are
limited to a handful of cancer types, and its pan-cancer significance, underlying regulatory
mechanisms, and associations with immunological or therapeutic features have not been
systematically explored. Therefore, a comprehensive investigation is warranted to evaluate
TIGD1 expression across diverse malignancies, assess its diagnostic and prognostic value,
and elucidate its mechanistic role in tumor progression and therapeutic resistance.

To address these gaps, this study investigates TIGD1 expression across multiple
cancers to determine its oncogenic potential. Additionally, it evaluates the prognostic
and diagnostic significance of TIGD1 across different tumor types while exploring its role
in immune regulation, particularly its interactions with immune checkpoint molecules,
tumor mutational burden (TMB, the total number of mutations per megabase of tumor
DNA), and microsatellite instability (MSI, a condition of genetic hypermutability resulting
from impaired DNA mismatch repair). Furthermore, this study examines the association
between TIGD1 and drug sensitivity, identifying potential links to chemoresistance. By
integrating multi-omics datasets, we seek to establish TIGD1 as a candidate biomarker
in cancer biology and explore its potential as a therapeutic target. This study provides a
comprehensive, pan-cancer perspective on TIGD]1, offering insights into its role in tumor
progression, immune interactions, and response to treatment.

To provide a visual overview of TIGD1’s transposable element origin, genomic context,
expression patterns, and rationale for selection, we present a schematic summary in Figure 1.
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Figure 1. Overview of TIGD1 as a transposable element-derived gene of oncogenic interest. This
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schematic summarizes TIGD1’s origin from the pogo DNA transposon family, its chromosomal
location at 8q24.3 (a region frequently amplified in cancer), and proposed functional roles including
gene regulation, alternative splicing, and cell cycle regulation. Despite lacking precise functional
characterization, TIGD1 shows expression across various cancers and has not been comprehensively
studied in a pan-cancer context. These features suggest its potential involvement in tumor biology,
particularly in biomarker discovery and immune modulation.
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2. Materials and Methods
2.1. Expression Analysis of TIGD1 Pan-Cancer

TIGD1 gene expression levels across TCGA tumors were analyzed using publicly
available databases, including TIMER2.0 and GEPIA2.0, with statistical significance as-
sessed via the Wilcoxon test [14]. For cancer types lacking normal tissue controls in TCGA,
corresponding normal tissue data were retrieved from the GTEx dataset. The relationship
between TIGD1 expression and tumor staging was evaluated using the pathological stage
module of GEPIA2.0 [15], while its correlation with cancer subtypes was examined via
TISIDB [16].

2.2. Diagnostic Analysis of TIGD1

To analyze the diagnostic significance of the TIGD1 gene across various cancers,
receiver operating characteristic (ROC) curves were generated using the TCGA and GTEx
data from the UCSC Xena database [17]. Subsequently, the ROC curves were analyzed
using MedCalc (version 22.016; RRID:SCR_015044) software to calculate the area under
the curve (AUC). AUC values between 0.5 and 0.6 were considered to have “no diagnostic
value”; 0.6-0.75, “moderate diagnostic value”; and 0.75-1.0, “high diagnostic value” [18].

2.3. Prognostic Analysis of TIGD1

Cox regression analyses were undertaken to evaluate the prognostic significance of
TIGD1 in predicting overall survival (OS) and disease-free survival (DFS) across various
cancers. Survival analyses were visually represented through Kaplan-Meier plots, gener-
ated using the KM plotter tool for both OS and DFS endpoints. Significance was established
at a threshold of p < 0.05 [19].

2.4. Immune Correlation Analysis

The association between TIGD1 expression and tumor immune characteristics was
explored using multiple bioinformatics tools. TISIDB was employed to evaluate correlations
with molecular and immune subtypes, while immune cell infiltration levels were analyzed
using CIBERSORT. ESTIMATE scores were computed to determine the association between
TIGD1 expression and the tumor microenvironment (TME), including stromal and immune
components. The relationships between TIGD1 expression, tumor mutational burden,
microsatellite instability, and immune checkpoint gene expression were investigated using
Sangerbox 3.0.

2.5. Gene Set Enrichment and Single-Cell Sequencing Data Analysis

Gene set enrichment analysis (GSEA) was conducted using the LinkedOmics database
to identify biological pathways associated with TIGD1 expression across cancers [20].
Single-cell RNA sequencing data were obtained from CancerSEA to examine TIGD1's
correlation with functional cancer states [21]. The potential role of TIGD1 in drug sensitivity
was assessed using RNA-seq and drug response data from the NCI-60 cell line panel via
CellMiner [22]. Statistical analyses were performed using IBM SPSS 20.0, with significance
set at p < 0.05.

2.6. Drug Sensitivity Analysis

The potential role of TIGD1 in drug sensitivity was assessed using RNA-seq and drug
response data from the NCI-60 cell line panel via CellMiner. Statistical analyses were
performed using IBM SPSS 20.0, with significance set at p < 0.05.
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3. Results
3.1. Pan-Cancer TIGD1 Gene Expression Analysis

To assess TIGD1 gene expression across TCGA tumors, we utilized the TIMER2.0
database, revealing significant differences between cancer and normal tissues in BLCA,
CHOL, ESCA, GBM, HNSC, KICH, KIRP, LIHC, LUAD, LUSC, PCPG, PRAD, READ,
SKCM, STAD, THCA, and UCEC. While TIGD1 expression was generally higher in tumors,
KICH and THCA exhibited higher expression in normal tissues (Figure 2a). Since normal
tissue controls were absent for some cancers, additional expression data were integrated
from the GTEx project, identifying distinct expression patterns in adrenocortical carcinoma
(ACCQ), acute myeloid leukemia (LAML), brain lower-grade glioma (LGG), thymoma
(THYM), and uterine carcinosarcoma (UCS), with significant alterations observed only in
THYM (Figure 2b).

4

0

* skokok kokok *ok koK

ook kokk kR ok kKoK Hokok

TIGDI Expression Level (log2 TPM)
2

5

)

1

TIGDI1 Expression Level (log2 (TPM+1))

ACC Tumor

g
£
=
=
<
o]
&
m

o
cs S

EEE
EEEe
EZEE
< =
ShITE
Ro&%m
m T
9
&
=3

BRCA Her2 Tumor
BRCA LumA Tumor

FNPILEN SO SIS NI I DL U D DO D DSOS U DLJLI S DS DS SIS DU SRS S SIS TR D D D
SO BCSCS 0 CTUOS0S000SC0E0T0 000 RSCTEC0O00E0S0ORBOESC oS C0R8300SO
EEEEEEEEEEEEEEQEEEEEEEEEEEEEEEEEEEEEEEEEEE&EEEEEEEEEEE
5555558555555 835385E585553355555555555555555%55558855535
EE SR SR SR E SRS SRR e E S SR e OE O SEF S E SRR SEESE SR e SEERSEE
mo?44ozu<z§zuu+$m UPeZ aouZat ot esa ,\:ZQZDZQEQ,L,:Z[_{zzzl)zw2
ek PR o e e R C R e Pt Pl S
el ks 3 A0 TUSNdSNMT 3= > = =

ERkEEE LR bR Rk s e ENEREES B sk bt S
o 22 7

& z&

[ T

4

3

0

k3
i
P
W

. ;;««m.nwv{
e
[ -

ES

BRCA LAML LGG ov SARC TGCT THYM ucs

Figure 2. Pan-cancer TIGD1 mRNA expression. (a) TIGD1 expression across tumor and normal
tissues from TCGA and GTEx via TIMER2.0 (* p < 0.05; ** p < 0.01; *** p < 0.001). (b) TIGD1 expression
in cancers lacking normal data in TIMER, analyzed via GEPIA (p < 0.001). TPM = transcripts per
million. Tumor, normal, and metastasis samples are shown in red, blue, and purple, respectively.

Further analysis using TISIDB demonstrated that TIGD1 expression was significantly
associated with the molecular subtypes of 11 out of 17 tumors, including ACC, BRCA,
COAD, HNSC, KIRP, LGG, LIHC, LUSC, OV, STAD, and UCEC (Figure 3a). Additionally,
the pathological staging analysis via GEPIA2.0 indicated that TIGD1 expression varied
significantly across different cancer stages in ACC, COAD, KICH, LIHC, OV, and THCA
(Figure 3b), supporting its potential role in tumor progression.
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Figure 3. Correlation of TIGD1 expression with tumor subtypes and pathological stages. (a) Violin
plots depicting TIGD1 mRNA expression across molecular subtypes of various tumors, as obtained
from TISIDB. Expression values are shown as counts per million (CPM). (b) Violin plots illustrating
TIGD1 expression across pathological stages (stages I-IV) in adrenocortical carcinoma (ACC), colon
adenocarcinoma (COAD), kidney chromophobe carcinoma (KICH), liver hepatocellular carcinoma
(LIHC), ovarian serous cystadenocarcinoma (OV), and thyroid carcinoma (THCA). Expression values
are represented as Log2(TPM + 1), and statistical significance was assessed using the Kruskal-Wallis
test (p < 0.05).

3.2. Diagnostic Analysis—ROC

ROC analyses were conducted to assess the diagnostic significance of TIGD1 ex-
pression across pan-cancer through calculating the AUC values (Table 51). Among the
32 tumors analyzed, 22 exhibited diagnostic value (p < 0.05), with four showing high diag-
nostic value and the remainder demonstrating moderate diagnostic significance. Notably,
TIGD1 expression emerged as a promising diagnostic marker in kidney chromophobe
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(KICH; AUC = 0.770), testicular germ cell tumors (TGCTs; AUC = 0.783), thyroid carcinoma
(THCA; AUC = 0.864), and thymoma (THYM; AUC = 0.754), indicating particularly high
diagnostic performance in these malignancies (Figure 4).
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Figure 4. Diagnostic value of TIGD1 in pan-cancer. (a) Receiver operating characteristic (ROC) curves
illustrating cancer types where TIGD1 shows moderate diagnostic performance (area under the
curve [AUC] between 0.60 and 0.75; p < 0.05). (b) ROC curves for cancer types demonstrating high
diagnostic accuracy of TIGD1 (AUC between 0.75 and 1.00; p < 0.05). ROC curves are represented

by solid dark blue lines and corresponding 95% confidence intervals (Cls) are shown as light blue
dashed lines.

3.3. Prognostic Analysis

Cox regression analysis identified TIGD1 as a risk factor for poor prognosis in acute
myeloid leukemia, the pan-kidney cohort, colon adenocarcinoma, the colorectal cohort,
kidney renal clear cell carcinoma, liver hepatocellular carcinoma, and adrenocortical carci-
noma, whereas it showed a protective role in the combined glioblastoma and lower-grade
glioma cohort and lower-grade glioma (Figure 5a). Kaplan-Meier survival analysis further
supported TIGD1 as a risk factor in esophageal carcinoma, LIHC, KIRC, and sarcoma,
but indicated a protective role in bladder urothelial carcinoma, cervical squamous cell
carcinoma and endocervical adenocarcinoma, ovarian cancer, stomach adenocarcinoma,
and testicular germ cell tumors (Figure 5b). Similarly, disease-free survival analysis re-
vealed TIGDI1 as a risk factor in ACC, LIHC, COAD, COADREAD, and skin cutaneous
melanoma, while a protective association was observed in GBMLGG and LGG (Figure 5c¢).
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Kaplan-Meier plots also confirmed a negative prognostic impact in kidney renal papillary
cell carcinoma, LIHC, rectum adenocarcinoma, and STAD, whereas favorable prognosis
was seen in KIRC, pancreatic adenocarcinoma, pheochromocytoma and paraganglioma,
and thyroid carcinoma (Figure 5d).

a.
Cancer Code p value Hamrd Ratio 5% C1) D,
TARGET-LAML 725107 T47(122.1.77) BLCA CESC ESCA
TCGA-ACC 1.3 10" = 2.09(1413.11) HR=0.62(0.46-0.85) HR=0.57(0.35-0.94) 1. HR=046(0.17-123)
TCGA-COAD 54x10° 1.71(1.26232) logrank P=0.0026 logrank P=0.025 Ny logrank P=0.11
TCGA-LIHC 12x10° 131(111,1.53) L
TCGA-COADREAD 1.8 107 1.54(1.182.03) )
TCGA-KIRC 9.1x10° 1.31(1.07.159) -
TCGA-KIPAN 001 1.20(1.04,1.38)
TCGA-PRAD 0.06 3 el 257(0.97.6.83)
TCGA-SKCM-P 0.07 ¢ 138(0.97.197)
TCGA-THCA 0.08 [ ] 2.03(0.91.4.54) t—w 1 2 T oG
TCGA-LAML 0.11 1.13(0.97.1.32) 50 100 150 0 50 100 150 200 RO ETCETCD
TCGA-MESO 014 1300.91.185) Time (months) Time (months) Time (months)
TCGA-SARC 0.19 1.15(0.93.1.41)
TCGA-ESCA 0.20 1.24(0.89,1.71) .
TCGA-PCPG 024 1.97(0.63.6.17) = KIRC LIHC oV
TCGA-STES 031 1.08(0.93,1.25) HR=0.22(1.63-2.99) HR=1.78(1.13-2.79) g HR=0.68(0.51-0.91)
TCGA-UVM 041 1.15(0.82,1.62) 2l N logrank P=1.7x10 ... logrank P=0.011 logrank P=0.0089
TCGA-BRCA 045 1.08(0.88,1.32) < \ Mua
TCGA-KIRP 045 1.13(0.83,1.54) < Ay s I
TCGA-UCEC 073 L07074153) B3 ", e
TCGA-CHOL 075 112057222 & YN ==
TCGA-READ 0.78 1.10(0.56.2.17) S Jexpression . SfExpression
TCGA-HNSC 080 1.02(0.89.1.17) ol = =
TCGA-STAD 088 1.01(0.85.1.22) ) 30 100 150 20 40 60 80 100120 S § 50 100 150
TCGA-GBMLGG 60x10 1.66(0.55.0.79) Time (months) Time (months) *rime (months)
TCGA-LGG 003 0.75(0.57.0.98)
TCGA-THYM 0.07 (% 1.43(0.17.1.08)
TCGA-GBM 0.09 0.82(0.65,1.03) - SARC - STAD TGCT
16ROV o Som0y 2 Mmron | e e =~
= N = ,1.03 z logrank P=¢ logrank P=0.044 -
TCGA-UCS 017 1.70(0.43,1.16) ograr l-{k—uw 71m‘)
TCGA-TGCT 0.19 029(0.04.198) . logrank P=0.019
TARGET-ALL-R 0.19 0.85(0.66,1.08) S
TCGA-SKCM-M 020 091(0.78,1.05) L,
TCGA-PAAD 022 0.87(0.69.1.09) Expresion
TCGA-SKCM 037 0.94(0.82,1.08)
TCGA-BLCA 039 092(0.76,1.11) s
TCGA-LUSC 0.52 1.95(0.80.1.12) 5"T 100 : 15 0 20 40 60 80 100120 ~ 0 50 100 150 200 250
TCGA-DLBC 0.64 1.80(0.30.2.09) ime (months) Time (months) Time (months)
TARGET-NB 083 1.97(0.76,1.25)
TCGA-KICH 087 092(0.34.2.50)
TARGET-WT 098 1.00(0.64,1.55)
TCGA-LUAD 099 1.00(0.85,1.18)
TARGET-ALL 099 1.00(0.78.1.27)
4 3 2 - 0 1 2
log2(Hazard Ratio (95%CI))
: d. LIH
Cancer Code p value Hazard Ratio (95% CI) KIRC RIRE 2 C
n . HR=1.34(0.71-2.5) =T\ HR=1.78(1.13-2.79)
TCGA-ACC 1810 2.11(1.40,3.19) Jogrank P-0.36 w| . lozrank P-0011
TCGA-LIHC 1510 1.39(1.14,1.71) oy,
TCGA-COAD 32x10° 1.98(1.253.13) S -
TCGA-COADREAD 7.2 x10° 1.78(1.17.2.71) "
TCGA-SKCM-P 0.02 1.67(1.08.2.58) a
S 7 Expression Lo
TCGA-PRAD 0.05 -l 3.92(098,15.67) =
< ol —um
ILCGITHE 005 AT S 50 100 150 =0 0 100 130 200 < 0 20 40 60 80 100 120
TCGA-KIRC 0.06 1.26(0.99.1.62) Time (months) Time (months) Time (months)
TCGA-KIPAN 007 1.17(0.99,1.40)
TCGA-STES 0.10 1.16(0.97.1.40) PAAD PCPG READ
TCGA-MESO 0.17 1.36(0.87,2.13) = HR=0.65(0.42-1.01) e HR=2.56(0.3-22.1) = HR=0.56(0.22-1.4)
TCGA-BRCA 021 1.19(0.90,1.58) <] logrank P=0.054 logrank P=0.038 o | ), logrank P=0.21
s N
TCGA-PCPG 024 236054986 = _ L— L
TCGA-ESCA 0.26 1.26(0.85,1.87) o 3 1 1
TCGA-KIRP 0.36 121081180 5 3 \'_"‘1—~ S 4
& - &7
TCGA-STAD 039 1.10(0.88.1.39) a . ot despresion
TCGA-UYM 0.52 112(0.78,1.61) = b =
of — b g gt
TCGA-READ 054 1.48(0.42,5.27) S0 20 4o 60 80 <0 50 10_150 200 250 300 S 0 10 20 30 40 50 60 70
TCGA-SARC 0.68 1.05(0.83,1.32) Time (months) Time (months) Time (months)
TCGA-LUSC 0.70 1.05(0.82,1.36)
TCGA-KICH 0.74 1.20(0.413.53) .
TCGA-HNSC 097 1.000.84,1.19) STAD THCA
TCGA-LUAD 099 1.00(0.82,1.23) HR=0.71(0.51-0.99)
TCGA-GBMLGG 2310 0.64(0.53,0.77) logrank P=0.044 HR=0.540.191.57)
TCGA-LGG 0.04 0.74(0.54.0.98) logrank P=0.25
TCGA-GBM 0.05 0.79(0.62,1.00)
TCGA-PAAD 005 0.78(0.61,1.00)
TCGA-THYM 007 0.33(0.10,1.11) Expresion
TCGA-OV 0.10 0.89(0.78,1.02) = e
& 9(3.9¢-3,1.9 T 0 20 40 60 80 100 120 0 so 100 150
TCGA-TGCT 0.1 0.09(3.9¢-3,1.90) pRcoMcoN ‘L) 1 Time ot
TCGA-DLBC 0.18 0.44(0.13,1.52)
TCGA-SKCM-M 020 0.90(0.78,1.06)
TCGA-UCS 028 0.75(0.44,1.27)
TCGA-CESC 0.44 0.88(0.63,1.22)
TCGA-BLCA 047 092(0.73,1.15)
TCGA-SKCM 054 0.96(0.83,1.11)
TCGA-UCEC 075 0.93(0.61,1.42)
TCGA-CHOL 0.99 1.00(0.49.2.03)

8765432001 234
log2(Hazard Ratio (95%CI))

Figure 5. Prognostic value of TIGD1 expression across cancer types. (a) Forest plot of Cox regression
analysis for overall survival (OS) in TCGA pan-cancer. (b) Kaplan-Meier OS curves for selected tumor
types. (c) Forest plot of Cox regression analysis for disease-free survival (DFS). (d) Kaplan—-Meier
DES curves for selected tumor types (p < 0.05). CI = confidence interval. In forest plots, lines crossing
the null indicate no significance; lines to the right suggest risk, and to the left, protection.

3.4. Immune Correlation of TIGD1 Gene Expression

TE-derived genes have been increasingly recognized for their capacity to modulate
immune responses, primarily due to their viral sequence mimicry and ability to engage pat-
tern recognition receptors, such as toll-like receptors and cytosolic nucleic acid sensors [8,9].
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These features enable certain TEs to reshape the tumor immune microenvironment and
influence responsiveness to immunotherapies. Given TIGD1’s transposable origin, its
overexpression in various cancers, and preliminary evidence linking it to immune infil-
tration, we aimed to explore its immunological relevance across cancer types. Specifically,
we analyzed its correlation with immune subtypes, tumor-infiltrating immune cells, im-
mune checkpoint genes, and microenvironmental scores to evaluate its potential role in
tumor-immune interactions.

TIGD1 expression showed significant associations with five immune subtypes across
various cancers, as assessed by TISIDB (Figure 6). Further analysis using the CIBERSORT al-
gorithm revealed that TIGD1 was correlated with immune infiltration in 37 out of 39 cancer
types, with notable positive associations with T follicular helper (TFH) cells and negative
associations with regulatory T cells (Tregs) (Figure 7a). Additionally, ESTIMATE analysis
demonstrated negative correlations between TIGD1 expression and immune microenvi-
ronment scores—stromal scores, immune scores, and estimate scores—in multiple cancers
(33 out of 39 cancers), suggesting its role in tumor immunity regulation (Figure 7b—d).
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Figure 6. TIGD1 expression across immune subtypes in pan-cancer. Expression levels (CPM) are shown
by immune subtype: C1 (wound healing), C2 (IFN-y dominant), C3 (inflammatory), C4 (lymphocyte
depleted), C5 (immunologically quiet), and C6 (TGF-3 dominant). Statistical significance was assessed
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Figure 7. Relationship between TIGD1 expression and immune-associated features. (a) Correlation of
TIGD1 expression with 22 immune cell types based on CIBERSORT analysis; red indicates positive
and blue indicates negative correlations. (b) Correlation with immune score, (c) stromal score, and
(d) estimate score. Significance: * p < 0.05; ** p < 0.01; *** p < 0.001; **** p < 0.0001.

Moreover, TIGD1 expression exhibited strong correlations with immune checkpoint-
related genes. Significant positive associations were observed in breast invasive carcinoma,
kidney renal clear cell carcinoma, liver hepatocellular carcinoma, lung adenocarcinoma,
uveal melanoma, thyroid carcinoma, pancreatic adenocarcinoma, and prostate adeno-
carcinoma. Conversely, negative correlations were noted in testicular germ cell tumors,
glioblastoma multiforme, the combined glioblastoma and lower-grade glioma cohort,
lower-grade glioma, mesothelioma, lung squamous cell carcinoma, colon adenocarcinoma,
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colorectal cohort, stomach and esophageal carcinoma, cervical squamous cell carcinoma
and endocervical adenocarcinoma, and stomach adenocarcinoma. Particularly noteworthy
is the robust positive correlation between TIGD1 and HMGB1 expression across nearly all
tumor types, along with significant associations with ICAM1, CCL5, and TNFRSF18 in the
majority of cancers (Figure 8a).

TMB

_ucs UM ACC'ELCABRC
UCEC Qesc

4

' 4 s PR T - THYM CHOL
VRV VYV ERERRRYVEY VY B THCA COAD

TGCT COADREAD

o+ It
b Ak

.
W
ol il Al A A A-M+ STES DLBC

STAD ESCA

GBM

GBMLGG

EhAia Ea

READ HNSC

PRAD KICH

e’

KIPAN**

PAAD KIRC**
ov KIRP
MESO LAML

b A
P R

111 V 3350 XY S eV Y VE

% S AT PTVr JFdd
FAyly L TVWEIV IV Iy U
A ATIVIRL s T AN Add LAV

4 ol AV Adddd - 5 - Adid

e iad Oty y vy 29Vr IV
Ad-dd - A4 - Ad -Add-d4dd 44 4ddd
4d 44" -ddid

L dddd~ - -

;Riiii b

BN

*

*

ChLhARRARRAN
3 |-

n

N

SR L B F

GBMLGG**
HNSC***
PRAD**** KICH

KIPAN
KIRC*
KIRP

LAML

PCPG

oV
MESI(_)US(“"‘“ LGG
HC(
LUAD* ’J

correlation coefficient

READ|
[ 1 ]

Inhibitory

I
. =10 <05 00 05 1.0
Stimulatory :

p Value

0.0 0.5 10

Figure 8. Correlation of TIGD1 expression with (a) immune checkpoint (ICP) genes, (b) tumor
mutational burden (TMB), and (c) microsatellite instability (MSI) across cancers. In (a), darker red
indicates stronger positive, and darker blue indicates stronger negative correlations. Blue boxes
represent stimulatory ICP genes; orange boxes represent inhibitory ones. Significance: * p < 0.05;
*p < 0.01; ** p < 0.001; *** p < 0.0001.

Additionally, TIGD1 expression was linked to TMB and MSI, suggesting a potential
role in immune evasion and response to immunotherapy (Figure 8b—c). In TMB analysis,
positive correlations were identified for LUAD, the pan-kidney cohort (KIPAN), KIRC, and
adrenocortical carcinoma (ACC). In MSI analysis, positive correlations were observed in
GBMLGG, CESC, LUAD, BRCA, LUSC, TGCT, and bladder urothelial carcinoma (BLCA),
whereas negative correlations were identified in COAD, COADREAD, and LUSC.

3.5. Gene Set Enrichment Analysis

To elucidate the significance of TIGD1 in tumorigenesis, we employed GSEA to reveal
the functional enrichment of TIGD1 and KEGG gene sets (Figure 9). The KEGG enrichment
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items indicated a primary association of TIGD1 expression with lysosome in 24, spliceosome
in 21, and RNA transport in 20 out of 35 TCGA cancers. Obtained pathways can be
subcategorized into three. Firstly, TIGD1 expression displayed a link to RNA processing and
translation machinery, including pathways such as RNA transport, spliceosome, ribosome,
ribosome biogenesis in eukaryotes, and protein processing in the endoplasmic reticulum.
Secondly, TIGD1 was found associated with cell signaling and communication pathways,
including chemokine signaling, cytokine-cytokine receptor interaction, NOD-like receptor
signaling, cell cycle, ECM-receptor interaction, and natural killer cell-mediated cytotoxicity.
Lastly, TIGD1 displayed connections to cellular degradation and recycling pathways,
encompassing lysosome, phagosome, and endocytosis. Representative GSEA results for
cancers providing significant prognostic and diagnostic values are depicted in Figure 8.
Comprehensive details of the results are available in the Supplementary Files (Table S2).
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Figure 9. Gene set enrichment analysis (GSEA) of TIGD1 expression in selected cancer types. GSEA
was performed to identify biological pathways associated with TIGD1 expression in liver hepato-
cellular carcinoma (LIHC), colorectal cancer (COADREAD), glioblastoma multiforme (GBM), the
combined glioblastoma and lower-grade glioma cohort (GBMLGG), testicular germ cell tumors
(TGCT), and thymoma (THYM). The top 10 terms identified by weighted set cover are listed for each
cancer. Blue boxes indicate positive correlations, while orange boxes indicate negative correlations.
Statistical significance is represented by an FDR < 0.05, highlighted with bright colors.

3.6. Single-Cell Sequencing Analysis

Single-cell sequencing analysis revealed robust positive correlations between TIGD1
expression and both DNA damage and inflammation in acute myeloid leukemia (AML). In
contrast, in retinoblastoma (RB), TIGD1 demonstrated significant positive associations with
angiogenesis and cellular differentiation. Additionally, a noteworthy positive correlation
between TIGD1 and inflammation was observed in both RB and acute lymphoblastic
leukemia (ALL). In RB and uveal melanoma (UM), TIGD1 exhibited marked negative
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correlations with DNA repair and DNA damage pathways. Notably, cell proliferation
showed a strong inverse association with TIGD1 expression in AML (Figure 10a).
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Figure 10. Expression patterns of TIGD1 in single cells and correlation with the functional condition
of the tumor from the CancerSEA database (a). A heat map illustrating the relationship between the
TIGD1 expression and functional status of various cancers (b). Statistically significant correlations
between TIGD1 expression and specific functional states—including proliferation, inflammation,
DNA damage, DNA repair, differentiation, and angiogenesis—in acute lymphoblastic leukemia
(ALL), acute myeloid leukemia (AML), lung adenocarcinoma (LUAD), retinoblastoma (RB), renal cell
carcinoma (RCC), and uveal melanoma (UM) (* p < 0.05; ** p < 0.01; ** p < 0.001).

As illustrated in Figure 10b, TIGD1 expression was linked to cell proliferation in AML
and ALL, inflammation in AML, RB, and renal cell carcinoma (RCC), and DNA repair
and damage pathways in RB and UM. Moreover, a strong association with apoptosis was
detected in lung adenocarcinoma (LUAD).

Furthermore, the t-SNE plots presented in Figure S1 depict TIGD1 expression patterns in
single-cell populations derived from a variety of cancers, including ALL, AML, astrocytoma
(AST), breast invasive carcinoma (BRCA), chronic myeloid leukemia (CML), glioblastoma
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multiforme (GBM), glioma, high-grade glioma (HGG), head and neck squamous cell carci-
noma (HNSCC), LUAD, melanoma (MEL), oligodendroglioma (ODG), RB, RCC, and UM.

3.7. Correlation Between TIGD1 and Drug Sensitivity

The drug sensitivity correlation with the expression of TIGD1 was obtained using
RNA-seq data of the gene and z-scores of more than 300 FDA-approved drugs in the NCI-60
database through the CellMiner platform. TIGD1 expression was positively correlated with
sensitivity to Pipobroman and Nelarabine, suggesting a potential role in drug response
mechanisms. Conversely, increased TIGD1 expression was negatively associated with the
sensitivity of Zoledronate, Itraconazole, Malacid, Dasatinib, and BLU-667, indicating a
possible role in chemoresistance (Figure 11). These correlations indicate the possible role of
TIGD1 gene expression level in drug resistance mechanisms.
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Figure 11. The correlation of TIGD1 expression and sensitivity of FDA-approved drugs in scatter
plots (* p < 0.05; ** p < 0.01). A positive correlation is indicated by a correlation coefficient (r) > 0, with
statistical significance defined by a threshold of p < 0.05. The x-axis displays RNA-Seq composite
gene expression levels [log, (FPKM + 1)], where FPKM denotes Fragments Per Kilobase of Exon per
Million reads, and the y-axis represents drug activity level (z-score).
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4. Discussion

This study provides a comprehensive analysis of TIGD1 across multiple cancer types,
evaluating its expression patterns, prognostic significance, immune interactions, and po-
tential implications in drug resistance. Through an integrative approach, we aimed to
elucidate the oncogenic or tumor-suppressive role of TIGD1 and its functional relevance in
tumorigenesis, cancer progression, and therapeutic resistance.

Expression analysis revealed a significant upregulation of the TIGD1 gene in diverse
cancers, including distinct tumor subtypes and pathological stages, implicating its potential
involvement in tumorigenesis consistent with the literature [10-12,23-25]. Interestingly,
contrasting downregulation was observed in kidney chromophobe carcinoma, thymoma,
and thyroid carcinoma, suggesting a potential dual role of TIGD1, acting as an oncogene
in certain cancers while exhibiting a tumor-suppressive function in others. This finding
underscores the complexity of TIGD1 in cancer biology and highlights the necessity for
context-specific investigations.

Prognosis analyses identified a correlation between elevated TIGD1 expression and
shorter survival in liver hepatocellular carcinoma, colon adenocarcinoma, and the colorectal
cancer cohort, reinforcing its pro-tumorigenic role in gastrointestinal cancers. The validation
of these findings in colon cancer cell lines further underscores TIGD1 as a significant
prognostic factor and potential therapeutic target in colorectal cancer [23]. In contrast,
protective associations were observed in glioma subtypes, pointing toward a role in genomic
stability and immune modulation [26]. These divergent roles suggest that TIGD1 functions
in a cancer-type-specific manner, necessitating further mechanistic studies.

ROC analysis provided additional insights into the diagnostic utility of TIGD1,
demonstrating high predictive accuracy in KICH, TGCT, THCA, and THYM. Collectively,
these findings support the potential application of TIGD1 as a diagnostic and prognostic
biomarker across diverse malignancies.

Given that the tumor microenvironment plays a crucial role in cancer progression
and response to therapy, we explored TIGD1’s immune interactions across cancers. Our
findings suggest that TIGD1 is significantly associated with immune subtypes (C1-C6)
and tumor-infiltrating immune cells. Notably, a strong positive correlation with T fol-
licular helper (TFH) cells and a negative correlation with regulatory T (Treg) cells were
observed, particularly in tumors with active immune responses. Given that TFH cells
are critical for B cell activation and humoral immunity, their correlation with TIGD1 sug-
gests an immunomodulatory role, potentially influencing tumor progression and immune
evasion [27,28]. Furthermore, strong negative correlations with stromal and immune scores
in the majority of tumors (excluding lymphoid and rare endocrine cancers) reinforce its
association with immune evasion mechanisms.

Further supporting its role in tumor immunity, TIGD1 expression was significantly
correlated with key immune checkpoint genes, including ICOS, IL10, and CTLA-4. This
interplay between TIGD1 and immune regulators suggests a role in shaping immune
surveillance and tumor escape mechanisms. Additionally, high TIGD1 expression cor-
related positively with tumor mutation burden in LUAD, KIPAN, and KIRC, as well as
microsatellite instability in CESC, LUAD, and BRCA, indicating a potential role for TIGD1
in immune checkpoint blockade therapy response. These findings suggest that tumors with
high TIGD1 expression may exhibit enhanced sensitivity to immunotherapies, positioning
TIGD1 as a promising immune-related biomarker.

To elucidate the functional role of TIGD1, we performed gene set enrichment analysis
(GSEA) and single-cell sequencing analysis. GSEA revealed strong associations between
TIGD1 expression and pathways involved in RNA processing (spliceosome, RNA transport),
cell signaling (cytokine and chemokine interactions), and cellular degradation (lysosome,
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endocytosis). Transposable elements, such as TIGD1, serve as the main regulators of
gene expression via gene editing, through silencing, enhancing, or alternative splicing in
human cancers [26,29,30]. Furthermore, the gene expression of TIGD1 was associated with
cell signaling and communication pathways. Disruptions in cellular communication and
signaling contribute to carcinogenesis, triggering tumor invasion and metastasis [31-33].
Dysregulated cytokine and chemokine signaling impact tumor progression, angiogenesis,
and immune modulation [34], suggesting potential connections between TIGD1, cancer, and
immune response. Lastly, significant associations were found between TIGD1 expression
and cellular degradation and recycling pathways. Those pathways are significant for
proteins involved in cellular processes and the expression levels of them, suggesting
alterations in cancer metabolism gene expression, which emphasizes the potential role of
TIGD1 expression in tumor progression. Overall, TIGD1 may play a multifaceted role in
promoting carcinogenesis, affecting crucial cellular processes related to gene expression,
cellular communication, and homeostasis, with potential interactions between TIGD1,
cancer, and the immune response.

Single-cell sequencing analysis further demonstrated a strong positive correlation
between TIGD1 expression and genomic instability, inflammation, and angiogenesis, while
showing a negative correlation with DNA repair and proliferation. These findings sug-
gest that TIGD1 may promote carcinogenesis through the dysregulation of cellular stress
responses, contributing to increased genomic instability and tumor progression. The ob-
served associations with transposable elements and alternative splicing mechanisms align
with previous studies suggesting that TIGD1 may function as a regulator of gene expression
and genome integrity.

Despite advances in cancer treatment, chemotherapy resistance remains a major clini-
cal barrier. Our findings indicate that TIGD1 may be involved in drug response modulation.
Specifically, high TIGD1 expression was correlated with increased sensitivity to Pipobroman
and Nelarabine—drugs that target DNA synthesis and purine metabolism—suggesting a
possible role in DNA damage-related pathways. In contrast, resistance was observed for
agents such as Dasatinib and BLU-667 (tyrosine kinase inhibitors), Zoledronate (a bisphos-
phonate), and Itraconazole (a metabolic modulator with known antiangiogenic activity),
implying TIGD1 may contribute to resistance mechanisms involving signaling or metabolic
reprogramming. These observations suggest that TIGD1 might influence drug response by
modulating pathways such as DNA repair, kinase signaling, or efflux regulation [10,11,23].
While the exact mechanisms remain to be clarified, these associations point to TIGD1 as
a potential biomarker for predicting drug response and a candidate for targeting drug
resistance in cancer therapy.

Previous studies have linked TIGD1 to resistance in ovarian and colon cancers [23,35],
further supporting its role as a potential molecular target for overcoming therapeutic
resistance. The identification of TIGD1 as a determinant of drug response underscores its
significance in precision oncology, warranting further experimental validation to explore
its mechanistic involvement in chemotherapy resistance.

To further establish TIGD1 as a biomarker and therapeutic target, future studies should
focus on validating its molecular functions in specific cancer types through experimental
and clinical research. Mechanistic studies using in vitro and in vivo models are essential to
uncover the precise pathways through which TIGD1 contributes to tumor progression, im-
mune modulation, and drug resistance. Additionally, integrating multi-omics approaches,
including proteomics and metabolomics, may provide deeper insights into the role of
TIGD1 in cancer biology. Given the potential of TIGD1 as an immune-related biomarker,
future clinical investigations should explore its predictive value in immunotherapy re-
sponse across different malignancies. Further assessment of TIGD1 expression in patient
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cohorts receiving immune checkpoint blockade therapy could offer valuable insights into
its clinical applicability.

5. Conclusions

In conclusion, this study represents the first comprehensive investigation into the
intricate association between TIGD1 and pan-cancer. The observed upregulation of TIGD1
in multiple malignancies, particularly in colon cancers, suggests a plausible oncogenic
role, as evidenced by its correlation with poor patient prognosis. Additionally, TIGD1
exhibits significant associations with immune cell infiltration, specifically influencing the
TFH/Tregs ratio, which may impact tumor immunotherapy efficacy by modulating the
TME. Furthermore, TIGD1 expression is implicated in key cellular processes, including
RNA processing, translation, cell signaling, communication, and degradation pathways,
highlighting its multifaceted role in carcinogenesis. Notably, this study also establishes a
strong link between TIGD1 expression and drug sensitivity across diverse cancers, reinforc-
ing its potential as a biomarker for precision oncology. As the first study to elucidate the
extensive relationship between TIGD1 and pan-cancer, these findings suggest that TIGD1
may function as an oncogene and serve as a valuable biomarker in cancer diagnostics, ther-
apeutics, and immunotherapy strategies. Future research should also explore the roles of
non-cancer-associated TE-derived genes, which remain largely uncharacterized. Functional
experiments assessing their expression and immune relevance may reveal novel biomarker
candidates previously overlooked in cancer genomics.

Supplementary Materials: The following supporting information can be downloaded at https:
//www.mdpi.com/article/10.3390/ genes16060674/s1, Figure S1: t-SNE plot illustrating TIGD1
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Abbreviations

The following abbreviations are used in this manuscript:

ACC
AUC
BLCA
BRCA
CESC
CHOL
COAD
DFS
DLBC
ESCA

ESTIMATE

FPKM
GBM
GEPIA
GSEA
GTEx
HR
HNSC
KICH
KIRC
KIRP
LAML
LGG
LIHC
LUAD
LUSC
MESO

MSI

(O8]
()Y
PAAD
PCPG
PRAD
READ
ROC
SARC
SKCM
SPSS
STAD
TCGA
TE
TFH
TGCT
THCA
THYM
TIGD1
TISIDB
TME
TMB

Adrenocortical carcinoma

Area under the curve, reflects diagnostic performance from ROC analysis
Bladder urothelial carcinoma

Breast invasive carcinoma

Cervical squamous cell carcinoma and endocervical adenocarcinoma
Cholangiocarcinoma

Colon adenocarcinoma

Disease-free survival

Lymphoid Neoplasm Diffuse Large B-cell Lymphoma

Esophageal carcinoma

Estimation of STromal and Immune cells in MAlignant Tumor tissues using
Expression data

Fragments Per Kilobase of transcript per Million mapped reads
Glioblastoma multiforme

Gene Expression Profiling Interactive Analysis, a web tool for RNA-seq expression analysis
Gene set enrichment analysis

Genotype-Tissue Expression, a resource for studying gene expression across tissues
Hazard ratio

Head and neck squamous cell carcinoma

Kidney chromophobe

Kidney renal clear cell carcinoma

Kidney renal papillary cell carcinoma

Acute myeloid leukemia

Brain lower-grade glioma

Liver hepatocellular carcinoma

Lung adenocarcinoma

Lung squamous cell carcinoma

Mesothelioma

Microsatellite instability, a form of genetic hypermutability caused by impaired DNA
mismatch repair

Overall survival

Ovarian serous cystadenocarcinoma

Pancreatic adenocarcinoma

Pheochromocytoma and paraganglioma

Prostate adenocarcinoma

Rectum adenocarcinoma

Receiver operating characteristic, a graphical plot to assess diagnostic accuracy;
Sarcoma

Skin cutaneous melanoma

Statistical Package for the Social Sciences

Stomach adenocarcinoma

The Cancer Genome Atlas

Transposable element

T follicular helper

Testicular germ cell tumor

Thyroid carcinoma

Thymoma

Trigger Transposable Element Derived 1

The Tumor-Immune System Interactions Database

The tumor microenvironment

Tumor mutational burden, a measure of the number of mutations within a tumor genome
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Tregs T regulatory cells

UCEC Uterine Corpus Endometrial Carcinoma
ucs Uterine carcinosarcoma

UVM, UM  Uveal melanoma

WHO The World Health Organization
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