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Article Info Abstract

Colorectal cancer (CRC) poses a significant global health challenge with high morbidity and mortality rates.
This study investigates the role of LY6G6D, a member of the LY6/uPAR superfamily, in CRC. Employing
a bioinformatic approach, we analyzed LY6G6D expression across different cancer types, compared it with

Article history: known oncogenes in CRC, explored the involved genomic alterations, and assessed associated clinicopatho-

logical characteristics. LY6G6D exhibited aberrant expression, particularly elevated in CRC adenocarcinoma
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Published: June 30, 2024 ciations, primarily indicating a negative correlation, suggesting immune down-regulation. Survival analysis

in context of LY6G6D was conducted with Kaplan-Meier (KM) curves, indicating a 10% risk of disease
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recurrence in the case of elevated expression. Additionally, we constructed a 3D protein model of LY6G6D
through ab-inito approach. The protein model was validated, followed by conservation analysis and active
site identification. Active site identification of LY6G6D’s final predicted model revealed some similar sites
that were estimated to be conserved. Target-guided drug molecules were collected and molecular docking was
executed, proposing Cardigin (Digitoxin) and Manzamine A as potential therapeutic candidates. In conclusion,
LY6G6D emerges as a significant biomarker for diagnostic and therapeutic applications in CRC, highlighting
its multifaceted role in tumorigenesis. The proposed drugs present avenues for further investigations.

Keywords: Bioinformatics analysis, Biomarker, Colorectal cancer, LY6G6D, Molecular docking, Oncogene

1. Introduction protein, particularly found on the cell surface [5]. Gene-
Colorectal cancer (CRC) is a highly malignant neo- rally, abnormal mitotic division in CRC suggests structu-
plasm, ranking third in global incidence and holding the ral changes in the epithelial lining that complement the
second position in mortality among all cancers [1]. Des- elevation of mucin levels, subsequently leading to tumor
pite the upward trajectory in death rates, CRC incidence progression [6].
and mortality are avoidable through measures like scree- While prior studies have delved into certain aspects of
ning, surveillance, and preventive treatment options. the LY6G6D in CRC, a significant gap persists, notably
This underscores the need for less or non-invasive marked by the absence of a comprehensive bioinforma-
procedures, through the exploration of potential biomar- tic analysis and exploration of broad in silico therapeu-
kers that can detect the disease at early stages and moni- tic implications [7, 8]. Emphasizing not just the in-silico
tor tissue changes before advanced progression [2]. These molecular landscape but also the potential therapeutics,
biomarkers not only serve as diagnostic tools but may our research seeks to surpass the limitations of previous
also facilitate the development of targeted therapeutic ap-  studies. Therefore, our aim is to discover and validate the
proaches [3, 4]. In the context of CRC, various biomarkers role of LY6G6D as a potential biomarker meanwhile iden-
have been investigated, such as some non-coding RNA, tifying its potential therapeutics as well.
serum tumor markers, inflammatory indicators, exosomes,
and DNA methylation, all of which have shown potential 2. Material and Methods
in the detection and monitoring of CRC. 2.1. Analysis of LY6G6D expression variation
Among these biomarkers, LY6G6D, a fusion of lym- The Tumor Immune Estimation Resource (TIMER)
phocytic antigen 6 proteins from the G6D family, emerges  (https://cistrome.shinyapps.io/timer/; accessed on 12
as a potential candidate. LY6G6D is a membrane-anchored  July 2023) database incorporates the cancer genome atlas
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(TCGA) data, providing valuable insights for investigating
expression patterns in various tumor and normal tissues.
To visually represent the distribution of LY6G6D expres-
sion levels, we employed box plots. These plots provided
an overview of how LY6G6D expression levels are dis-
tributed within the tissues. The significance of LY6G6D
expression was assessed using the Wilcoxon test between
tumor and normal tissues. Furthermore, we analysed the
association of the mRNA expression level of LY6G6D
with clinicopathological characteristics in CRC using
the University of Alabama at Birmingham CANcer data
analysis Portal (UALCAN) (https://ualcan.path.uab.edu/;
accessed on 12 July 2023). LY6G6D expression based on
various patient characteristics, such as age, cancer sub-
types, and stages was analysed, respectively.

2.2.Validation of LY6G6D gene expression

LY6G6D expression in different cancer types was vali-
dated using two different databases, Gene Expression Pro-
filing Interactive Analysis (GEPIA) (http://gepia.cancer-
pku.cn/; accessed on 12 July 2023) and UALCAN (https:/
ualcan.path.uab.edu/; accessed on 12 July 2023). The
GEPIA database is a publicly accessible repository that
allows the analysis of RNA expression data derived from
9736 tumor and 8587 normal samples. Furthermore, UAL-
CAN facilitates expression analysis using TCGA datasets
across 24 different cancer types.

2.3. Comparison of LY6G6D with oncogenes

The GEPIA database was utilized (http://gepia.can-
cer-pku.cn/; accessed on 13 July 2023) to compare the
expression levels of LY6G6D with established oncogenes
in normal and tumor tissues among various significantly
expressed cancer types. Beside that, we depicted the ex-
pression of LY6G6D in comparison to other oncogenes in
CRC through box plots using UALCAN (https://ualcan.
path.uab.edu/; accessed on 14 July 2023). Additionally, to
explore the likely impact of the LY 6G6D mutation in CRC,
we conducted an analysis along with other oncogenes
using the cBioPortal database (https://www.cbioportal.
org/) utilising colorectal adenocarcinoma TCGA PanCan-
cer Atlas dataset comprising of 526 samples/patients. This
tool helped us in the exploration of various mutation types.

2.4. LY6G6D expression and tumor immune infiltration
correlation

The TIMER tool (https://cistrome.shinyapps.io/timer/;
accessed on 15 July 2023) was used to systematically ana-
lyze immune infiltration levels among various types of
cancer samples using the TCGA data. Correlation between
LY6G6D expression and the infiltration levels of different
types of immune cells (B cells, CD4+T cells, CD8+ T
cells, neutrophils, macrophages, and dendritic cells) were
explored.

2.5. Survival analysis of LY6G6D

To assess the impact of LY6G6D expression on the sur-
vival of CRC patients, we conducted KM (Kaplan-Meier)
analysis. Patient survival data were obtained from the GE-
PIA database (http://gepia.cancer-pku.cn/; accessed on 15
July 2023) to plot the survival curves for both overall sur-
vival (OS) and disease-free survival (DFS). Kaplan-Meier
curves were utilized to compare two groups of patients,
and hazard ratios (HR), along with their corresponding

95% confidence intervals and log-rank p-values, were
computed.

2.6. Sequence data and template search

The amino acid (aa) sequence of LY6GO6D (133 aa)
having accession number AOA1L6Z9X4 was downloaded
from the Universal Protein Resource (UniProt) (http://
www.uniprot.org/; accessed on 15 August 2023) database.
To find a suitable template for the LY6G6D protein, we
conducted searches using Basic Local Alignment Search
Tool (BLAST; BLASTP) (https://blast.ncbi.nlm.nih.gov/
Blast.cgi; accessed on 15 August, 2023) and SWISS-MO-
DEL (https://swissmodel.expasy.org/ accessed on 15 Au-
gust 2023). We employed the SWISS-MODEL template
library (SMTL) to apply both BLAST and HHBIits for
the LY6G6D amino acid sequence. The distant homologs
were identified as likely template structures [9].

2.7. Protein modeling and validation

The LY6G6D  protein  reference  sequence
(NP_067069.2) was used for template-free (de novo or
ab initio) prediction of 3-Dimensional (3D) structures of
the LY6G6D protein utilising the Robetta server (https://
robetta.bakerlab.org/; accessed on August 16, 2023). Five
distinct model structures were produced on the Robetta
server. We first compared these five models among them-
selves and then with the LY6G6D Alphafold 3D model
to determine the best model. The predicted model quality
was assessed using various validation tools. The stereo-
chemical properties of the model were assessed with a
Ramachandran plot using PROCHECK (https://saves.mbi.
ucla.edu/; accessed on 01 September 2023). Additionally,
we verified the X-ray crystallography, Nuclear Magnetic
Resonance (NMR) spectroscopy, and other theoretical cal-
culations using protein structure analysis (ProSA) (https://
prosa.services.came.sbg.ac.at/prosa.php/; accessed on 01
September 2023), and the overall quality factor was chec-
ked using ERRAT (https://saves.mbi.ucla.edu/; accessed
on 01 September 2023).

2.8. Energy minimization

We conducted energy minimization and refinement of
the selected model using the Galaxy Web Server (https://
galaxy.seoklab.org/; accessed on 03 September 2023).
The quality of the energy-minimised model was then reas-
sessed using PROCHECK, ProSA, and ERRAT.

2.9. Evolutionary conservation analysis

The conservation exploration of our final model pro-
tein (LY6G6D) was performed using the ConSurf server
(https://consurf.tau.ac.il/consurf index.php/; accessed on
05 September 2023). The analysis utilised the following
parameters: Chain identifier: A; homologous search algo-
rithm: PSI-BLAST; number of iterations: 3; E-value cut-
off: 0.0001; protein database: UniProt Reference Clus-
ters-90 (UniRef); reference sequence: closest; number of
reference sequences selected: 150; maximum sequence
identity: 95%; minimum identity for counterparts: 35%;
alignment method: MAFFT-L-INS-i; calculation method:
Bayesian; evolutionary substitution model: best model
(standard).

2.10. Identification of active sites
The binding sites of the LY6G6D model were identi-
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fied using the Computed Atlas of Surface Topography of
Protein (CASTp) (http://sts.bioe.uic.edu/castp/; accessed
on 05 September 2023) server, which utilises the pocket
algorithm based on alpha shape theory (Holm et al., 2008).

2.11. Collection of drug agents

We collected target-guided drug molecules from
two sources: the Drug SlGnatures DataBase (DSigDB)
(https://dsigdb.tanlab.org/DSigDBv1.0/; accessed on 05
September 2023) (comprising of 151 drug molecules, Set-
A) [10] and published articles (55 drug molecules, Set-B).
These collected drugs were used to explore potential can-
didate drugs that could interact with our specified target,
LY6G6D, by molecular docking. Detailed lists of the A
and B sets are given in the supplementary file.

2.12. Molecular docking

Molecular docking analysis of LY 6G6D was conducted
with sets (A+B) in order to find potential drugs for CRC
treatment. The 3D structure of our final modelled LY6G6D
was used as a target. We retrieved the 3D structures of 206
drug molecules from the PubChem database (https://pub-
chem.ncbi.nlm.nih.gov/; accessed on 8 September 2023).
The starting directory was set to the appropriate folder
prior to docking. The protein molecule was loaded into the
workspace of AutoDock 1.5.7 (accessed on 11 September
2023). Subsequently, the structure of LY6G6D was prepa-
red by adding Kollman charges and hydrogen atoms. The
target (LY6G6D) protein model and ligands were saved
in PDBQT format [11]. The grid box parameter was set
to default (0.375 A), and the centre grid box values were
25.856, —11.586, and 1.510. The grid points on the maps
were set with dimensions of 50 along the x-axis, 52 along
the y-axis, and 42 along the z-axis. The map contained a
total of 116,229 grid points. Autodock Vina was then used,
considering receptors as rigid molecules during docking,
while ligands were flexible to determine the most suitable
pose. The binding affinity scores between the ligands and
LY6GO6D (receptor) were calculated. Discovery Studio
Visualizer 2019 and ChimeraX were used to analyse the
docked complexes.

3. Results
3.1. LY6G6D expression in cancer and normal tissues

To examine the potential role of LY6G6D in cancer,
we checked its expression levels in various tumors and
normal tissues using the TIMER database. Our analysis
indicated significant upregulation of LY6G6D expression
in colon adenocarcinoma (COAD), rectum adenocarci-
noma (READ), bladder carcinoma (BLCA), breast carci-
noma (BRCA), head and neck squamous cell carcinoma
(HNSC), lung adenocarcinoma (LUAD), prostate adeno-
carcinoma (PRAD), skin cancer melanoma (SKCM), and
thyroid carcinoma (THCA).

Conversely, downregulation of LY6G6D was observed
in specific subtypes of breast carcinoma: breast cancer
basal-like (BRCA Basal), breast cancer human epidermal
growth factor receptor 2 (BRCA HER2), breast cancer
luminal A (BRCA LumA), and breast cancer luminal B
(BRCA LumB). In addition, we also noticed downregu-
lation of LY6G6D in cervical squamous cell carcinoma
(CESE), cholangiocarcinoma (CHOL), esophageal car-
cinoma (ESCA), glioblastoma multiform (GBM), head
and neck squamous cell carcinoma with different molecu-

lar tumor subtypes based on human papilloma virus sta-
tus (HNSC-HPV+, HNSC-HPV-), kidney chromophobe
(KICH), kidney renal clear cell carcinoma (KIRC), kid-
ney renal papillary cell carcinoma (KIRP), acute mye-
loid leukemia (LAML), brain lower grade glioma (LGG),
liver hepatocellular carcinoma (LIHC), lung squamous
cell carcinoma (LUSC), mesothelioma (MESO), ovarian
serous cystadenocarcinoma (OV), prostate adenocarcino-
ma (PRAD), sarcoma (SARC), stomach adenocarcinoma
(STAD), thymoma (THYM), uterine corpus endometrial
carcinoma (UCEC), uterine carcinosarcoma (UCS), and
uveal melanoma (UVM) (Fig. 1A).

The upregulation of LY6G6D in nine different cancer
types suggests that it may be a common occurrence with
a role in cancer development. Interestingly, we observed
that LY6G6D expression in CRC (COAD and READ)
was markedly higher as compared to other cancer types
and adjacent normal tissues. To validate the expression
of LY6G6D in CRC, we further utilised the UALCAN
database. Our validation confirmed the upregulation of
LY6G6D expression in CRC (Fig. 1B). Additionally, the
heatmap expression analysis of LY6G6D between tumor
and normal tissues revealed distinct expression in COAD
and READ (Fig. 1C). Overall, these findings support the
notion that upregulation of LY 6G6D may contribute to the
development and progression of different cancer types,
with particular emphasis on CRC.

3.2. Comparison of LY6G6D with oncogenes
We conducted a comparative analysis using the GEPTIA
database of LY6G6D expression with well-established
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Fig. 1. The expression levels of the LY6G6D in cancerous and
adjacent normal tissues. (A) LY6G6D expression was analyzed in
various cancerous tissues and adjacent normal tissues through the TI-
MER database. *p < 0.05, **p < 0.01, ***p <0.001. (B) The mRNA
expression levels of LY6G6D were validated between tumor and nor-
mal samples across TCGA cancers using the UALCAN database. The
expression levels are measured in transcripts per million (TPM) and
represented on a logarithmic scale. (C) Heatmap expression analysis

between tumor and normal tissues for LY6G6D in various cancers.
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oncogenes in normal and tumor tissues, including Adeno-
matous polyposis coli (APC), Tumor protein 53 (TP53),
Kirsten rat sarcoma virus (KRAS), AXIS inhibition pro-
tein 2 (AXIN2), MutL homolog 2 (MSH2), MutL. homolog
1 (MSH6), and MutL homolog 1 (MLH1). We found that
these oncogenes exhibited differential expression patterns
across a range of cancer types (BLCA, BRCA, COAD,
HNSC, LUAD, PRAD, READ, SKCM, and THCA) and
adjacent normal tissues. Notably, LY6G6D displayed pro-
minent expression exclusively in CRC (Fig. 2A). Further-
more, following up on the highly specific expression of
LY6G6D in tumor tissue of CRC, unlike other oncogenes,
we conducted expression ratio analyses, as illustrated in
(Fig. 2B), to get a better view of the pronounced expres-
sion (READ =5.07, COAD =4.16). In addition to this, we
also validated our findings by UALCAN (Figure I, S-1).
These findings strongly suggest that LY6G6D may play a
pivotal role as a promising biomarker for CRC.

3.3. LY6G6D gene mutation in CRC tumorigenesis
Furthermore, we explored the potential contribution
of genomic alteration associated with LY6G6D and com-
pared it with other oncogenes in CRC development. The
distribution of genomic alterations in these genes revealed
LY6G6D 1%, APC 75%, TP53 60%, KRAS 42%, AXIN2
7%, MSH2 4%, MSH6 5%, and MLHI 4%, (Fig. 3). These
results suggests that LY6G6D had a low frequency of ge-
nomic alteration in comparison with other oncogenes and
that it may not be a solo major reason that drives cancer.

3.4. Association of differential immune cell infiltration
with LY6G6D expression

To look into the potential relationship between LY 6G6D
expression and immune infiltration in CRC, we utilised the
TIMER database. Immune cell infiltration analysis revea-
led distinct associations in COAD and READ (Fig. II, S1).
In COAD, LY6G6D expression exhibited a positive corre-
lation with tumor purity (cor = 0.214, P = 1.30e—05) and
CD4+ T cells (cor =0.017, P =7.31e—01), while showing
a negative correlation with infiltrating levels of B cells
(cor =-0.272, P = 2.64¢-08), CD8+ T cells (cor = -0.366,
P =2.75e—14), macrophages (cor =-0.057, P =2.49¢—-01),
neutrophil cells (cor =-0.326, P=1.81e—12), and dendritic
cells (cor = -0.326, P = 2.00e—11). Similarly, in READ,
LY6G6D expression displayed a positive correlation with
tumor purity (cor = 0.209, P = 2.64e—08), CD4+ T cells
(cor = 0.063, P = 4.63e—01), and macrophages (cor =
0.002, P = 9.83e¢—01), while exhibiting a negative corre-
lation with infiltrating levels of B cells (cor = -0.003, P
= 7.03e—01), CD8+ T cells (cor = -0.12, P = 1.58e—01),
neutrophil cells (cor =-0.162, P=15.69¢—02), and dendritic
cells (cor =-0.125, P = 1.43¢—01).

Positive correlation of CD4+ T cells in COAD along
with macrophages in READ contrary to negative corre-
lation of B cells, CD8+ T cells, neutrophils, and dendritic
cells in READ with addition of macrophages in COAD
suggests complex interplay within the immune microenvi-
ronment, further proposing LY6G6D’s role in suppressing
immune function, ultimately leading to the development
or progression of CRC.

3.5. LY6G6D expression as a key indicator associated
with clinicopathological features
Considering the significant upregulation of LY6G6D in
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Fig. 2. Comparison of LY6G6D with oncogenes (A) Expression of
LY6G6D was compared with the established oncogenes through heat-
map in context with differential expression pattern across tumor and
normal tissues. This comparison provide insights into the unique ex-
pression dynamics of LY6G6D in relation to the established markers.
(B) The heat map shows the tumor expression ratio analyses between
LY6G6D and other oncogenes, revealing their distinct expression.
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Fig. 3. Genomic alteration of LY6G6D and other oncogenes in
CRC. The genetic alteration of LY6G6D was assessed along with and
in comparison to other oncogenes. LY6G6D showed very low altera-

tion rate of 1% in comparison to other oncogenes.

CRC compared to the adjacent normal tissues, our research
aimed to investigate the potential correlation between
LY6G6D expression and clinicopathological features, uti-
lising the UALCAN database (Fig III, S1). The clinico-
pathological characteristics encompass age, histological
subtypes, and cancer stages. Our investigation showed
that LY6G6D expression levels in colon and rectal cancers
were significant in patients age groups (21-40), (41-60)
and (61-80). Histologically, LY6G6D expression was si-
gnificant among both types, but higher in adenocarcinoma
as compared to mucinous adenocarcinoma in both COAD
and READ. Furthermore, interestingly LY6G6D expres-
sion was significantly upregulated among all 4 stages in
CRC patients, emphasizing its prominence.
3.6. Correlation of LY6G6D with survival of CRC

To assess the prognostic importance of LY6G6D in
CRC, we conducted a survival analysis using the GEPIA
tool (Fig. IV, S1). The difference in OS between the high
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and low expression groups was not statistically signifi-
cant (p-value = 0.25). Similarly, DFS showed insignifi-
cant results as well (p = 0.62), whereas HR = 1.1 of DFS
suggested a 10% increase in the risk of an event (disease
recurrence) in patients with higher LY6G6D expression.
These results suggest the need for further validation in
larger and more diverse cohorts to better understand the
significance of LY6G6D in context of survival outcomes.

3.7. LY6G6D protein structure analysis

To propose in silico (target-guided) efficient candidate
drugs for the treatment of CRC, we employed protein mo-
delling of LY6G6D, as its 3D model has not been deter-
mined yet. Hence, the amino acid sequence of LY6G6D
was used to search for suitable templates. No similarity
was found through BLASTP analysis, whereas templates
generated through SWISS MODEL had <30% sequence
identity. Moreover, the Alpha Fold (artificial intelligence-
assisted program) generated structure had a sequence
identity of 72.52%.

Due to the inaccessibility of experimentally solved
homologs having more than 30% sequence identity, tem-
plate-based modeling was not feasible. Thus, the complete
structure of LY6G6D has been forecasted using a tem-
plate-free modelling approach (de novo or ab initio) using
the Robetta server. The server-generated results produced
five structures, which were compared among themselves
to determine the best model on the basis of validation
scores by PROCHECK, ERRAT, and ProSA Web (Table
1). Validation scores suggested that model 01 was com-
paratively reliable (Fig. V, S1). Furthermore, the selected
model 01 was also compared with the AlphaFold predicted
model (Table 1), Ramachandran plot analysis proved that
the AlphaFold model had a lower quality with errors in the
following structural parameters: overall Ramachandran,
residue properties, planar groups, and bond len/angles,
whereas the Robetta-generated model 01 in comparison
had residues placed in the most favoured regions with no
errors in the mentioned structural parameters. Moreover,
the Z scores predicted by the ProSa web for model 01 sug-
gested that it was more suitable for subsequent investiga-
tions, as it aligns with the space occupied by NMR pro-
tein structures in the protein data bank (PDB) (Z score =
-3.72), while the ERRAT score of 93.04 accounted for the
overall quality factor. These findings concluded that the
Robetta-generated model 01 is the best predicted structure
of LY6G6D.

3.8. Energy minimization and model quality assess-
ment

The selected model 01 was subjected to energy mini-
mization and refinement using the Galaxy server. We

Table 1 Comparison of LY6G6D protein models.

acquired five refined structures, and the best among them
was selected (Fig. VI, S1) for further analysis based on
the best scores: MolProbity score = 1.753, GDT-HA score
= 1.0000, Clash score = 9.3, RMSD score = 0.213, Rama
preferred score = 96.2, and poor rotamers core = 0.0. The
refined model was further validated using PROCHECK,
ProSA, and ERRAT. ProSA web presented a z-score of
-3.4 (NMR spectroscopy: dark blue). The PROCHECK
analysis revealed that 90.7% of the residues are located in
core region, 7.5% in allowed regions and 1.9% in general-
ly allowed regions. ERRAT calculated an overall quality
factor of 93.20.

3.9. Evolutionary conservation analysis

The final refined model of LY6G6D was introduced to
the ConSurf server to estimate the evolutionary conserva-
tion of each amino acid in the LY6G6D protein sequence
[12]. The computed ConSurf score was projected on
the surface of the protein, and colours were assigned to
LY6G6D’s amino acids accordingly, following a colou-
ring-code scheme representing average, variable, and
conserved regions (Fig.VII, S1). We identified a pro-
minent distribution of conserved regions in our modelled
LY6G6D, which shows potentially important sites for
interactions.

3.10. Identification of active sites

To predict the active binding sites of LY6G6D, we
utilised the CASTp server. The PDB file of final refined
model 01 was uploaded, and the radius probe was set to
1.2 (A). From the 32 predicted cavities, the largest cavity,
encompassing a surface area of 124.677 A2 and a volume
of 37.830 A3, was chosen (Fig.VII, S1). The residues wit-
hin the selected pocket were: Leu 13, Ala 16, Ala 17, Gly
19, Leu 98, Gly 99, Asp 100, Leu 101, Cys 102, Asn 103,
Ser 108, Val 110, Ala 111, Pro 112, Ile 115, and Leu 116.

3.11. Exploring candidate drugs by molecular docking
analysis

Molecular docking was performed between LY6G6D
and the selected 206 drugs (S-2). The resultant binding
energies were observed from the log output file of each
complex, which was then compiled. The complex out-
put (in PDBQT format) contained all the poses. After
identifying the top-scoring complexes, poses were split.
Among the 206 drugs, Cardigin and Manzamine A signi-
ficantly showed the lowest binding affinity, with scores
of -8.4 and -8.2 kcal/mol, respectively. Therefore, we
concluded that the top-ordered two drugs (Cardigin and
Manzamine A) were the candidate drugs in our study for
LY6G6D. We also examined their complete interaction
profile (Fig.4), accounting for specific interacting residues

Modelling server ~ Model # PROCHECK % (Core region) ERRAT ProSA
01 81.3% (No Error in overall Ramachandran) 93.04 -3.72
02 77.6 %(Error in overall Ramachandran) 93.91 -3.24
Robetta 03 80.4 % (Error in overall Ramachandran) 83.76 -3.17
04 79.4 %(Error in overall Ramachandran) 75.89 -3.15
05 70.1 %(Error in overall Ramachandran) 84.74 -3.28
Alpha Fold 01 86.0% (Error in overall Ramachandran) 89.10 -2.59
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having the presence of conventional hydrogen bonds, car-
bon hydrogen bonds, alkyl and pi-alkyl interactions, using
Discovery Studio Visualizer 2019. To further visualize the
high-dimensional 3D view of the docked ligand at the poc-
ket, Chimera X, a powerful molecular visualization tool
was used (Fig.5).

4. Discussion

CRC remains a significant global health concern due
to its high morbidity and mortality rates, necessitating the
determination of effective biomarkers and therapeutics
[13]. Advancements in big data have provided extensive
datasets, making bioinformatic analysis crucial in onco-
logy research [14].

Using the bioinformatics approach, we analyzed
LY6G6D expression across various cancers and obser-
ved significant upregulation in CRC tissues, emphasizing
its diagnostic relevance. Our findings align well with the
recent reports, supporting the oncogenic role of LY6G6D
in CRC [7, 15]. Notably, LY6G6D also exhibited correla-
tion and broad applicability across multiple age groups, all
cancer stages and types, validating its utility as a robust
diagnostic marker.

Moreover, our survival analysis indicated a 10% in-
creased risk of recurrence in patients exhibiting higher ex-
pression, providing valuable prognostic insights. Previous-
ly, the prognostic power of LY6G6D has been reported for
uterine and pancreatic cancers [16, 17], whereas few LY6
gene family members have been reported to encompass
overall poor prognosis [18]. This study uncover insights
by reporting the survival estimates of increased LY6G6D
expression in CRC, which were unaddressed before.

The investigation into the relationship between
LY6G6D expression and immune infiltration in CRC re-
vealed distinct associations, especially the negative cor-
relation with key immune effectors, particularly CD8+ T
cells, prompt questions about LY6G6D's potential immu-
nomodulatory role, proposing it as a target for immunothe-
rapy. Furthermore, this nuanced response of immune infil-
tration suggests economical genomic instability [19, 20].
Subsequent evidence from our comparative analysis with
other oncogenes revealed a low frequency of genomic al-
teration in LY6G6D, specifically 1%, within CRC. Despite
low genomic alteration in comparison to other oncogenes,
LY6G6D showed exceptionally pronounced expression.
This discrepancy suggests a divergence between the two
parameters. While LY6G6D presents itself as a potential
tumorogenesis target in CRC, extensive in-depth investi-
gations into the molecular mechanisms is warranted.

In our pursuit of therapeutic insights, a 3D protein
model for LY6G6D was constructed through ab-inito ap-
proach and molecular docking was executed on the final
refined model. Notably, the identified active sites of the
model included some common residues that were marked
conserved through our conservation analysis, thus valida-
ting them as functionally important.

We identified the top two candidates, Cardigin which is
also referred to as Digitoxin and Manzamine A, which ex-
hibited strong binding affinities of -8.4 and -8.2 kcal/mol.
Manzamine A, reported for its anti-proliferative effects on
colorectal and pancreatic cancer cells, is said to trigger
apoptotic cell death and disrupt epithelial-mesenchymal
transition [21-23]. Meanwhile, Cardigin has demonstrated
effectiveness against cervical cancer, with FDA approval

for various diseases, suggesting it to be a promising re-
purposable agent for CRC treatment [24]. While Manza-
mine A is not yet FDA-approved, Cardigin's (Digitoxin)
established safety profile, positions it well for clinical re-
purposing. Despite computational insights, further mole-
cular level analysis is crucial before clinical interventions.

5. Conclusion

This study provides a considerable analysis of LY6G6D
as a potential biomarker and therapeutic target in CRC.
Moreover, in our investigation of candidate drugs, Cardi-
gin (Digitoxin) and Manzamine A highlighted promising
binding affinities and interactions with prospects for appli-
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Fig. 4. Molecular docking interaction analysis of LY6G6D with
Cardigin and Manzamine A (A) LY6G6D protein residues (GLN
53, TYR 97, ALA 74, CYS 96, MET 22, GLY 43, ASN 20, ARG 46,
LEU 98 and GLU 44) are involved in interaction with Cardigin. (B)
LY6G6D protein residues (CYS 71, PRO 47, ALA 73 and ASN 20)
are involved in interaction with Manzamine A. (C, D) Interaction map
of LY6G6D with Cardigin and Manzamine A depicting interacting

and surrounding residues.

Fig. 5. Molecular docking 3D Interaction of LY6G6D with Man-
zamine A and Cardigin (A) 3D depiction of Manzamine A interac-
ting within the pocket of LY6GO6D, (B) 3D depiction of Cardigin inte-
racting within the pocket of LY6G6D.
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cation in CRC treatment. Overall, in silico analyses offe-
red insights into both the structural and functional aspects
of LY6G6D, serving as a foundation for future experimen-
tal validations.
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