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Abstract

Early detection of hepatocellular carcinoma (HCC) remains challenging due to limitations
including the lack of reliable biomarkers. While molecular diagnostics hold promise, their
use is limited because tissue biopsies are not routinely performed in HCC. Long non-cod-
ing RNAs (IncRNA), such as HOXA transcript at the distal tip (HOTTIP), have been im-
plicated in HCC, with single-nucleotide polymorphisms forming haplotypes that may in-
fluence disease progression. This study investigated the clinical relevance of HOTTIP
SNPs rs17501292 and rs2067087 in 198 Egyptian HCC patients (129 non-metastatic, 69
metastatic). Moreover, molecular docking was used to design small interfering RNAs
(siRNAs) targeting HOTTIP. Genotypes TT and TG (rs17501292) and GG and GC
(rs2067087) were associated with reduced metastatic risk compared to GG and CC geno-
types, respectively. Survival analysis revealed that TT (rs17501292) and GC (rs2067087)
genotypes correlated with improved outcomes. ROC curve analysis confirmed the diag-
nostic and prognostic value of specific genetic models, affirming their value as biomarkers
for metastasis and survival. Molecular docking identified two promising therapeutic can-
didates. Overall, we can conclude that HOTTIP SNPs may serve as promising potential
non-invasive biomarkers for HCC metastasis and prognosis, while the identified siRNAs
offer a novel targeted therapeutic approach.
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infections, drug abuse, insulin resistance, or exposure to carcinogens [2,3]. Unfortunately,
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. treatment options for HCC remain limited and are largely effective only during the early
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A notable hallmark of cancer is epigenetic alteration [6], particularly the involvement
of long noncoding RNAs (IncRNAs), which are implicated in various diseases, including
cancer, namely, liver, breast, colon, and lung cancers [7-9]. LncRNAs, which are over 200
nucleotides in length, play significant roles in cell proliferation, differentiation, and me-
tabolism [8]. LncRNAs are often dysregulated in cancers and are key regulators of post-
transcriptional processes [10,11]. Given their critical involvement in regulating multiple
stages of gene expression, IncRNAs represent a novel area of molecular, bioinformatics,
and clinical research [12].

Several IncRNAs, such as the HOXA transcript at the distal tip (HOTTIP), are associ-
ated with HCC progression and metastasis [13]. HOTTIP is a 3764-nucleotide-long
spliced, polyadenylated noncoding RNA located at the 5' terminal region of the HOXA
locus, where it activates numerous 5 HOXA genes [14]. HOTTIP has been associated with
the pathophysiology of both communicable and noncommunicable diseases, including
diabetes mellitus [15], Hirschsprung disease [16], and preeclampsia [17]. Studies have also
linked HOTTIP expression to tumor stage, distant metastasis, lymph node metastasis
(LNM), and overall survival (OS) in various malignancies [18]. Dysregulation of HOTTIP
has been observed in multiple cancers, including HCC, where it impacts patient prognosis
and survival [14,19]. HOTTIP has been reported to promote HCC cell proliferation and
metastasis, suggesting its role as an oncogenic IncRNA in HCC [20]; if this role is related
to genetic variations in this IncRNA, a hypothesis to be examined.

One of the interesting downstream pathways of HOTTIP is its interaction with WD
Repeat-Containing Protein 5 (WDR5 protein) [21]. HOTTIP interacts directly with the
WDRS5 protein, facilitating the recruitment of WDR5/Mixed Lineage Leukemia (MLL)
complexes to the HOXA locus, which in turn promotes Histone H3 lysine 4 (H3K4) meth-
ylation and activates HOXA gene transcription [21].

Genetic variations such as single-nucleotide polymorphisms (SNPs) are related to
disease pathogenesis [22,23]. Moreover, SNPs often occur in clusters due to high linkage
disequilibrium (LD) [24,25]. This leads to the shared inheritance of specific SNP groups
known as haplotypes [26]. Haplotypes can influence the expression of coding and non-
coding genes, including IncRNAs [27]. However, only a limited number of studies have
explored SNPs within the oncogenic IncRNA HOTTIP gene (Gene ID: 100316868) [28-30].
Wang et al. identified specific HOTTIP SNPs as potential biomarkers for HCC risk and
prognosis. Specifically, the haplotype “rs17501292-rs2067087-rs17427960” was signifi-
cantly associated with a 1.91-fold increased risk of HCC in Chinese patient samples [30].
However, these SNPs and this haplotype have not yet been investigated in metastatic vs.
non-metastatic HCC patients and have not been examined in Egyptian HCC patients.

Therefore, this study aimed to investigate the association of HOTTIP gene polymor-
phisms (rs17501292 and rs2067087) with metastasis, prognosis, and survival in Egyptian
patients with hepatocellular carcinoma. We evaluated minor allele frequencies and geno-
type distributions in metastatic and non-metastatic HCC, assessed the association of these
variants with metastatic risk, and examined their prognostic significance using survival
analysis. In addition, the diagnostic and prognostic value of HOTTIP SNPs was explored
using ROC and haplotype analyses, while molecular docking was employed to investigate
potential siRNA strategies targeting HOTTIP-WDRS5 interactions, providing mechanistic
insights into HCC metastasis and future therapeutic directions.

2. Results

A flowchart summarizing the methodology and patients’ selection criteria can be
found in (Figure 1a).
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2.1. Bioinformatics Results

The data analysis flow chart is shown in (Figure 1b).

2.1.1. Differential Gene Expression (DGE) Results in Liver Cancer

Gene expression signatures of changes in gene expression patterns that arise from
cellular disturbances, such as drug treatments, gene knockdowns, or diseases, measured
via DGE methods as volcano plots are shown in (Figure 1c), where upregulated genes in
Liver Hepatocellular Carcinoma (LIHC), including all HOXA genes, are presented in red
and downregulated genes in LIHC are presented in blue. Moreover, the expressed genes
in LIHC, along with their Log2FC, average expression, and p-value are attached as a sup-
plementary Excel file (Supplementary Table S1).

2.1.2. Principal Component Analysis (PCA) Results

Converting gene expression values into Principal Components (PCs), a set of linearly
uncorrelated variables that capture the most significant variance in the dataset is visual-
ized via a scatter plot to illustrate sample relationships. The 3D plot for PCA is shown in
(Figure 1d).

2.1.3. Enrichment Analysis Results

The results of the pathway enrichment analysis are shown in (Figure le), where the
contributing pathways in LIHC pathogenesis are arranged in descending order, with up-
regulated pathways shown in red and downregulated pathways shown in blue. The re-
sults of the Gene Ontology (GO) enrichment analysis are shown in (Figure 1f), where the
contributing biological processes in LIHC pathogenesis are arranged in descending order,
while upregulated biological processes are shown in red, and downregulated biological
processes are shown in blue.

2.1.4. Protein—Protein Interaction (PPI) and Gene-Protein Interaction

WD Repeat Domain 5 protein, the major downstream target of HOTTIP, was re-
trieved from the UniProt database via the accession number P61964 as well as the Bi-
oGRID**  database (https://downloads.thebiogrid.org/BioGRID/Release-Archive/BI-
OGRID-4.4.202/, accessed on 21 April 2025) (Figure 1g) presents the HOTTIP-WDRS5 in-
teraction network.

2.1.5. Selected Polymorphism Sites in the IncRNA HOTTIP

To select polymorphic sites, the resulting HapMap (Figure 2) shows Pairwise LD be-
tween SNPs in the analyzed genomic region. Each square corresponds to a comparison
between two SNPs, with the color indicating the degree of LD as measured by r2 The r2
metric ranges from 0 (no LD) to 1 (complete LD), with higher values indicating stronger
correlations between alleles at two loci. The color gradient reflects the LD strength: red
denotes high LD (12 > 0.8), orange/yellow denotes moderate LD (12 = 0.4-0.8), and
green/blue denotes low LD (12 < 0.4).

After block identification, many SNPs were detected, among which 2 SNPs with high
LD (>0.8) were selected: rs17501292-rs2067087 [30,31].

2.2. Clinical, Demographic, and Laboratory Characteristics of the Studied Groups

The demographic, laboratory, and pathological features of the patients in the studied
groups are shown in (Table 1). There was no statistically significant difference, with p >
0.05, between the metastatic and non-metastatic groups in terms of age, which indicates
proper matching between the studied groups.
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As shown, there was a significant difference in some anthropometric and biochemical
measurements between the study groups. CRP, creatinine, the platelet count, the ALT-to-
platelet ratio index (APRI) score, CEA, CA19.9, TC, EO, and RBCs were significantly
greater, whereas the MCV, MCH, and MCHC were lower in the metastatic group than in
the non-metastatic group. Box plots showing the differences between the two groups with
respect to some biochemical measurements are shown in (Figure 3a—f).

(@)
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Figure 1. (a) Schematic flow chart of patient recruitment, selection criteria, and methodological steps
of the study, including group allocation, sample size calculation, clinical and molecular analyses,
and statistical evaluation (created by PowerPoint). (b) Data processing methodology (created by
PowerPoint). (¢) Volcano plot for LIHC primary_tumor vs. solid_tissue_normal upregulated and
downregulated genes. The figure contains an interactive scatter plot that displays the log2-fold
changes and statistical significance of each gene calculated via DGE analysis. Upregulated genes
with log2FC > 1.5 and p value < 0.05 are shown in red, and downregulated genes with log2FC <-1.5
and p value < 0.05 are shown in blue. (d) 3D PCA plot for LIHC samples retrieved from online
datasets using 2500 genes with the largest variance. The figure displays an interactive, three-dimen-
sional scatter plot of the data. Each point represents a gene expression sample. Samples with similar
gene expression profiles are closer in three-dimensional space. (e) Enrichment analysis results for
the primary_tumor and solid_tissue_normal pathways of LIHC. The figures contain interactive bar
charts displaying the results of the Gene Ontology enrichment analysis generated via Enrichr. The
x-axis indicates the —-log10(p-value) for each term. Significant terms are highlighted in bold. (f) GO
Enrichment Analysis results for primary_tumor vs. solid_tissue_normal. The figures contain inter-
active bar charts displaying the results of the Gene Ontology enrichment analysis generated via
Enrichr. The x-axis indicates the —log10(p value) for each term. Significant terms are highlighted in
bold. (g) HOTTIP-WDR5 interaction network generated via BioGRID** (https://down-
loads.thebiogrid.org/BioGRID/Release-Archive/BIOGRID-4.4.202/, accessed on 21 April 2025).
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Figure 2. Linkage disequilibrium (LD) heatmap of single-nucleotide polymorphisms (SNPs) across

Chromosome 7: (a). The zoomed-out map. (b). After zooming in for more clarification. (c). After
zooming in from another area for more clarification, and for the choice of SNPs. Bright Red repre-
sents the strongest association, meaning the markers are almost always inherited together; Shades
of Pink or Light Red indicate a strong statistical significance but with a lower LD value, suggesting
that while the linkage is real, some historical recombination has occurred; Blue is used for “coinci-
dent” linkage often due to a small sample size or a very low allele frequency; White indicates a
complete lack of evidence for linkage, signifying that the markers are likely far apart or in a region

of high recombination.

Table 1. Clinical and laboratory characteristics of the studied groups.

Factor Non-metastatic Metastatic p-Value p-Value 1
N (M/F) 129 (84/45) 69 (54/15) - -

Age (Year) 63.28 + 0.703 62.29 +0.915 NS! -
Treatment status (D/T) 129 (73/56) 69 (30/39) NS! 0.015

https://doi.org/10.3390/ijms27052108
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CPS (A5 + A6/B7 + B8 +

B9 + C10) 129 (92/37) 69 (51/18) NS! NS
HTN (Y/N) 129 (53/75) 69 (29/40) NS NS
DM (Y/N) 129 (44/85) 69 (25/44) NS'! NS
Smoking (Y/N) 129 (15/114) 69 (9/60) NS'! NS
Vascularization (Y/N) 129 (46/83) 69 (30/39) NS! NS
Cause (HBV/HCV) 129 (7/122) 69 (9/60) NS'! NS
Ascites (Y/N) 129 (48/81) 69 (31/38) NS'! NS
T.Bil (mg/dL) = 1.14 £ 0.05 1.09 + 0.09 NS'! NS
D.Bil (mg/dL) @ 0.45 +0.04 0.45 +0.06 NS NS
ALT (IU/L) 2 43.77 +3.14 44 +3.58 NS'! NS
AST (IU/L) a 62.95+3.24 65.33 +7.49 NS! NS
CRP (mg/L) 2 11.88 £ 1.58 17.9 +3.58 0.0471 NS
Albumin (g/dL) 2 3.55 +0.052 3.59 +0.063 NS'! NS
Creatinine (mg/dL)» 0.95+0.024 1.1 +0.089 0.041 NS
INR= 1.19 +0.015 1.15+0.019 NS NS
PLT (x103/uL) 2 162.09 + 8.38 199.81 +12.54 0.014 1 0.024
APRI Score 2 1.09 £ 0.14 1.299 + 0.088 <0.001 1 0.008
Logl0 (AFP) @ 2.33+0.13 228 +0.16 NS'! NS
CEA (ng/mL) = 5.5 +0.39 9.18+1.3 0.001 * 0.003
CA19.9 (U/mL) = 23.29 +2.39 58.82 +10.53 <0.001 ! 0.001
RBG (mg/dL) = 148.42 + 8.28 157.62 +13.39 NS'!? NS
TC (mg/dL) 2 168.19 +5.72 192.28 +9.85 0.0371 NS
TG (mg/dL) 2 134.21 +5.93 141.12 +9.29 NS'! NS
WBCs (x103/ulL) 2 5.98 +0.27 6.23 +0.29 NS'! NS
Neut (x103/uL) 2 3.88 +£0.21 3.81+0.21 NS'! NS
Lym (x103/uL) 2 1.47 +0.07 1.69 +0.11 NS'! NS
MO (x103/uL) a 0.5 +0.027 0.56 + 0.039 NS'! NS
EO (x103/uL) = 0.11 +0.008 0.16 +0.017 0.0131 0.027
BA (x103/uL) 2 0.021 + 0.003 0.022 + 0.004 NS NS
RBCs (x106/uL) ® 4.13 (3.63-4.72) 4.34 (3.78-4.96) 0.048 2 -3
HGB (g/dL)® 11.9 (10.5-13.4) 11.8 (10.6-13.5) NS 2 -3
HCT%"® 35.7 (32.55-39.95) 35 (31.5-40.6) NS 2 -3
MCV (fl)» 86.8 (81-92.44) 80.8 (77.15-87.85) <0.001 2 -3
MCH (pg)® 28.7 (26.15-30.6) 27.6 (26.25-29.14) 0.032 -3
MCHC (g/dL)® 33.6 (32.3-34.75) 32.9(32.1-34.1) 0.029 2 -3
RDW%2 15.83 + 0.338 15.64 +0.217 NS'! NS

2 Results are expressed as the mean + Standard error of mean (S.E.M). » Results are expressed as
Median (25th quartile-75th quartile). [Status (D/T), (De Novo/Therapy); CPS, Child-Pugh Score;
HTN: Hypertension; DM, diabetes mellitus; T.Bil, Total Bilirubin; D.Bil, Direct Bilirubin; PLT, Plate-
lets; RBG, Random Blood Glucose; TC, Total Cholesterol; TG, Triglycerides; WBCs: White Blood
Cells; Neut, Neutrophils; Lym, Lymphocytes; MO, Monocytes; EO, Eosinophils; BA, Basophils;
RBCs, Red Blood Cells; HGB, Hemoglobin; HCT %, Hematocrit%; MCV, Mean Corpuscular Volume;
MCH, Mean Corpuscular Hemoglobin; MCHC, Mean Corpuscular Hemoglobin Concentration;
RDW, Red cell Distribution Width%; NS, non-significant]. AFP was originally measured in ng/mL,
while AFP values were log10-transformed before analysis. ! Independent-sample T-test, two-tailed,
p-value > 0.05 non-significant. 2 Mann-Whitney U test, two-tailed, p-value > 0.05 non-significant. 3
Log- transformed for performing GLM but found to be nonlinear. T p-value after adjustment for age
and gender by GLM.

Moreover, the clinical characteristics of the U.S. patients are shown in (Table 2).
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With respect to ultrasonography, 51.9% of non-metastatic patients had lesions in the
right focal lobe, 13.2% had lesions in the left focal lobe, 33.3% had lesions in the caudate
lobe, and 1.6% had focal lesions in both lobes. On the other hand, in the metastatic group,
60.9% of the patients had lesions in the right focal lobe, 8.7% had lesions in the left focal
lobe, and 1.4% had lesions in the caudate lobe, whereas 29% had focal lesions in both lobes.
Approximately 59% of non-metastatic HCC patients had thrombosis in the portal vein,
whereas 50.7% of metastatic HCC patients had thrombosis in the portal vein. Abdominal
lymph nodes were observed in only 38.8% of non-metastatic HCC patients, whereas they
were observed in 55.1% of patients in the metastatic group. In the metastatic group, the
metastatic site distributions were as follows: kidney (26.1%), far/distant LN (8.7%), lung
(27.6%), bone (20.3%), colon (10.1%), and prostate (7.2%) (Table 2). The adjusted p values
for the effects of the covariates of both age and gender, performed by General Linear
Model (GLM), are presented in (Table 2).

Table 2. Clinical characteristics of patients evaluated via ultrasonography.

Non-Metastatic (n = 129) Metastatic (n = 69)

Liver U.S. (%) (%) p-Value * p-Value 1
RT Lobe 67 (51.9%) 42 (60.9%)
. Lt Lobe 17 (13.2%) 6 (8.7%)
T t NS NS 1
ot stte Caudate Lobe 43 (33.3%) 1 (1.4%)
Bilobar 2 (1.6%) 20 (29%)
o, o)
PV Patent 53 (41.1%) 34 (49.3%) NS NS 1
Thrombosed 76 (58.9%) 35 (50.7%)
None 129 (100%) -
Kidney - 18 (26.1%)
Far LN - 6 (8.7%)
Metastasis site  Lung - 19 (27.6%) <0.001 <0.001 1
Bone - 14 (20.3%)
Colon - 7 (10.1%)
Prostate - 5 (7.2%)
. Absent 79 (61.2%) 31 (44.9%)
Abd 1LN 0.029 NS 1
OME =" Present 50 (38.8%) 38 (55.1%)
[U.S., Ultrasonography; RT lobe, Right lobe; Lt lobe, Left lobe; PV, Portal Vein; LN, Lymph Node;
NS, non-significant.] * Independent-sample T-test, two-tailed, p-value > 0.05, non-significant. 1 p-
value after adjustment for age and gender by GLM.
(a) (b)
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Figure 3. Patient groups comparison with respect to (a) APRI score. (b) CEA. (c) CA19.9. (d) CRP.
(e) Creatinine. (f) TC. The concentrations of different variables are presented in box plots (red for
metastatic group and blue for the non-metastatic). The maximum and minimum values are repre-
sented by bars; the non-metastatic group (n = 129), the metastatic group (n = 69); the dots represent
outlier samples (red for metastatic group and blue for the non-metastatic). [APRI score, AST-to-
Platelet Ratio Index; CEA, Carcinoembryonic Antigen; CA19.9, Cancer Antigen 19.9; CRP, C-Reac-
tive Protein; TC, Total Cholesterol].

2.3. Biomarkers Panel Performance

Binary logistic regression analysis demonstrated that the panel of biomarkers signif-
icantly discriminated between metastatic and non-metastatic cases (p < 0.001, Omnibus
test). The model showed a good fit (Hosmer—Lemeshow test, p = 0.84). The regression
model yielded an overall classification accuracy of 72.3%, with a sensitivity of 97.1% and
a specificity of 96.7% in identifying metastatic cases at a cut-off point of 0.176. The ROC
curve analysis revealed an Area under the curve (AUC) of 0.723 (95% CI: 0.646-0.8), indi-
cating good discriminative ability of the panel (Figure 4a).

Multinomial logistic regression analysis demonstrated that the panel significantly
discriminated between the genotypes of rs2067087 (p = 0.042), indicating its potential util-
ity in genotype differentiation for this variant. In contrast, no significant discrimination
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was observed among the genotypes of rs17501292 (p = 0.562), suggesting that the panel
lacks predictive value for this particular SNP.

Moreover, binary logistic regression analysis demonstrated that the panel of bi-
omarkers significantly discriminated between the combined genotypes of rs2067087 (CC
vs. GG + GC) (p = 0.019, Omnibus test), confirming its potential utility in genotype differ-
entiation for this SNP. This regression model yielded an overall classification accuracy of
62.3%, with a sensitivity of 98.1% and a specificity of 96.4% in identifying metastatic cases
at a cut-off point of 0.314. The ROC curve analysis revealed an AUC of 0.6 (95% CI: 0.508—
0.673), indicating acceptable discriminative ability of the panel (Figure 4b). The model
failed to predict genotype group membership of rs17501292 and also failed to predict hap-
lotype membership of both SNPs.

@ (b)
ROC Curve ROC Curve
1.0 o
0.8 05
> 067 2 07
2 s
8 5
* n
0.4 0.4
0.2 0.2
p < 0.0001 p=0.032
0.0
oo 02 04 A 0g AR 0.0 02 04 06 08 1.0
1 - Specificity 1 - Specificity

Figure 4. ROC curve analysis of the selected panel performance in discriminating (a) metastatic from
non-metastatic patients and (b) between the combined genotypes of rs2067087 (CC vs. GG + GC).
Blue stepwise curve: actual diagnostic performance of the panel; Green diagonal line: performance

expected by random chance (no discrimination, AUC =0.5).

2.4. Association of HOTTIP Gene SNPs with the Risk of Metastasis

As represented in (Table 3), the TT genotype of the codominant genetic model of
rs17501292 was associated with a significantly decreased risk of HCC (OR = 0.443, 95% CI
= 0.167-1.178; p = 0.027), and the TG genotype of the codominant genetic model of
rs17501292 was associated with a significantly decreased risk of HCC (OR =0.997, 95% CI
=0.367-0.712; p = 0.027) compared with individuals carrying the GG genotype. The dom-
inant genetic model of 1517501292 showed a significant 2.25-fold increase in the odds of
metastasis (95% CI=1.241-4.086, p = 0.007). Under the recessive genetic model of the same
SNP, we failed to find a significant difference in the odds of metastasis. Additionally, a
significantly decreased risk was observed for the T allele of rs17501292 (OR = 0.592, 95%
CI=0.373-0.942; p = 0.013) compared with the G allele.

In terms of rs2067087, the GG genotype of the codominant genetic model was associ-
ated with a significantly decreased risk of HCC (OR = 0.751, 95% CI = 0.265-2.122; p =
0.008), and the GC genotype of the codominant genetic model was associated with a
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significantly decreased risk of HCC (OR = 0.377, 95% CI = 0.2-0.711; p = 0.008) compared
with individuals carrying the CC genotype. The dominant genetic model of rs2067087
showed a significant decrease in the odds of metastasis (OR = 0.426, 95% CI = 0.235-0.774,
p = 0.005). Under the recessive genetic model of the same SNP, we failed to find a signifi-
cant difference in the odds of metastasis, with a p-value of 0.708. Additionally, a signifi-
cantly decreased borderline risk was observed in the G allele of rs2067087 (OR = 0.712, 95%
CI=0.447-1.135; p = 0.057) compared with the C allele. This finding was in agreement with
the Hardy—Weinberg equilibrium (Puawe value > 0.05) in the whole population and in the
individual study groups. The adjusted p values for the effects of the covariates of both age
and gender, performed by GLM, are presented in (Table 3).

Table 3. Association of HOTTIP gene SNPs with the risk of metastasis.

. Genotypes Non-Metastatic . o o q Puwe
SNP Genetic Model or Alleles n %) Metastatic n (%) p-Value OR (95%CI) p-Value Value
TT 80 (62.02%) 29 (42.03%) 0.443 (0.167-1.178)
Codominant TG 38 (29.45%) 31 (44.93%) 0.027  0.997 (0.367-0.712)  0.015 1
o GG 11 (8.53%) 9 (13.04%) 1 (Ref.)
N
& . 49 (37.98%) vs. 8040 (57.97%) vs. 29 2.252 (1.241-4.086) q
E Dominant GG+TGvs. TT (62.02%) (42.03%) 0.007 vs. 1 (Ref) 0.006 NS
- . 118 (91.47%) vs. 60 (86.96%) vs. 9 0.621 (0.244-1.582) .
~ Recessive TT + TG vs. GG 11 (8.53%) (13.04%) NS vs. 1 (Ref) NS
] T allele vs. 198 (76.74%) vs. 89 (64.49%) vs. 49 o1z 0592(0373-0942)
G allele 60 (23.26%) (35.51%) ' vs. 1 (Ref.) )
GG 11 (8.53%) 7 (10.14%) 0.751 (0.265-2.122)
Codominant ~GC 72 (55.81%) 23 (33.34%) 0.008 0.377(02-0.711)  0.0041
- CC 46 (35.66%) 39 (56.52%) 1 (Ref.)
s . CC+GC 118 (91.47%) vs. 62 (89.86%) vs. 7 1.211 (0.447-3.28) vs.
N 1
S Recessive vs. GG 11 (8.53%) (10.14%) NS (Ret) NS NS
9 GG +GC 83 (64.34%) vs. 4630 (43.48%) vs. 39 0.426 (0.235-0.774)
= Domi t .005 .005 1
omman vs. CC (35.66%) (56.52%) 0005 06,1 (Ret) 0.00
) Gallele vs. C 94 (36.43%) vs. 37 (26.81%) vs. 101 NS 0.712 (0.447-1.135) NS 1
allele 164 (63.57%) (73.19%) vs. 1 (Ref.)

A X2 test was performed for various genotypes, the T allele, the G allele, and C allele. The odds ratio
(OR) was calculated via binary logistic regression with metastasis status as the dependent variable and
genotype as the covariate, in addition to adjustments for age and gender as additional covariates.
T Adjusted for the effect of covariates: age and gender. Pawe: p value for Hardy—-Weinberg Equilibrium.

[OR, Odds ratio; NS, Non-significant; CI, Confidence interval; SNP, Single nucleotide polymorphism].

Additionally, we analyzed the relationship between each IncRNA-HOTTIP SNP and
HCC metastasis via a Cox regression model by using groups as covariates. We found that
rs17501292 was associated with a significantly lower risk of metastasis in the TG and TT
subgroups (hazard ratio (HR) = 0.105, CI = 0.054-0.205, p < 0.0001) and (HR = 0.07, CI =
0.036-0.134, p < 0.0001), respectively, than in the GG subgroup. However, only the GC
subgroup of rs2067087 had a significantly lower risk of metastasis (HR = 0.388, CI=0.227-
0.665, p <0.0001) (Table 4).

Table 4. Output of the Cox regression model for rs17501292 and rs2067087 genotypes using groups

as covariates.

Estimates
SNP Genotypes Beta  Standard Error p-Value HR (Beta) 95% C.I
GG Ref. Ref. Ref. 1 Ref.
17501292
rs1750129 TG 225 0.338 <0.0001 0105  0.054-0.205
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TT -2.664 0.334 <0.0001 0.07 0.036-0.134

cC Ref. Ref. Ref. 1 Ref.
rs2067087 GC -0.947 0.275 0.001 0.388 0.227-0.665

GG -0.786 0473 NS 0.456 0.18-1.152

[C.I, confidence interval; HR, hazard ratio; NS, non-significant.].

2.5. Association of HOTTIP Gene SNPs with Disease Prognosis

We analyzed the associations of the studied SNPs with prognosis by classifying the
patients into two groups on the basis of their APRI scores. Those with an APRI score lower
than 0.5 had a favorable prognosis, whereas those with an APRI score of 0.5 or greater had
an unfavorable prognosis. As shown in (Table 5), the TT genotype of the codominant ge-
netic model of 1517501292 was associated with a significantly better prognosis (OR = 0.343,
95% C.I=0.115-1.018; p = 0.041). Moreover, the TG genotype of the codominant genetic
model of 1517501292 was associated with a significantly better prognosis (OR = 0.635, 95%
CI = 0.203-0.991; p = 0.041) than the GG genotype. The dominant genetic model of
rs17501292 was associated with a significantly better prognosis (OR = 0.491, 95% C.I =
0.274-0.878, p = 0.02). Under the recessive genetic model of the same SNP, we failed to
find a significant difference in the odds of unfavorable prognosis (p = 0.151). Additionally,
a significantly better prognosis was observed for the T allele of rs17501292 (OR = 0.559, 95%
C.I=0.347-0.901; p = 0.009) than for the G allele.

With respect to rs2067087, the GG genotype of the codominant genetic model was
associated with a significantly better prognosis (OR =0.947, 95% C.I=0.319-2.81; p =0.013).
Additionally, compared with individuals with the CC genotype, those with the GC geno-
type in the codominant genetic model also had a significantly better prognosis (OR =0.41,
95% C.I1=0.222-0.757; p = 0.013). The dominant genetic model of rs2067087 showed a sig-
nificant decrease in the odds of an unfavorable prognosis (OR =0.468, 95% C.I1=0.26-0.844,
p = 0.014). Under the recessive genetic model of the same SNP, we failed to find a signifi-
cant difference in the odds of unfavorable prognosis, with a p-value of 0.617. Moreover,
no significant difference in the odds of prognosis was observed for the G allele of
152067087 (p =0.131) compared with the C allele. The adjusted p-values for the effect of the
covariates of both age and gender, as determined by GLM, are presented in (Table 5).
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Table 5. Association of HOTTIP gene SNPs with prognosis.

Favorable Prognosis

Unfavorable Prognosis

SNP Genetic Model Genotype (APRI Score < 0.5) (n=83) (APRI Score >0.5) (n =115) X2 p-Value OR (95%C.I) p-Value 1
N (%) N (%)
TT 54 (65.06%) 55 (47.83%) 0.343 (0.115-1.018)
Codominant TG 24 (28.92%) 45 (39.13%) 6.396 0.041 0.635 (0.203-0.991) 0.044 1
o GG 5 (6.02%) 15 (13.04%) 1 (Ref.)
491 (0.274-0.87
= Dominant GG+TGvs. TT 29 (34.94%) vs. 54 (65.06%) 60 (52.17%) vs. 55 (47.83%) 5.786 0.02 0 @ 0.878) 0.0161
E vs. 1 (Ref.)
% 428 (0.147-1.242
£ Recessive TT + TG vs. GG 78 (93.98%) vs. 5 (6.02%) 100 (86.96%) vs. 15 (13.04%) 2.616 NS 35 18(§(z)ef) ) NS 1
132 (79.52%) vs. 34 0.559 (0.347-0.901)
- T allele vs. 1lel 1 7.39%) vs. 75 (32.61%) 7.107 . .0181
allele vs. G allele (20.48%) 55 (67.39%) vs. 75 (32.61%) 7.10 0.009 vs. 1 (Ref.) 0.018
GG 6 (7.23%) 12 (10.43%) 0.947 (0.319-2.81)
Codominant ~ GC 50 (60.24%) 45 (39.13%) 8.623 0.013 0.41 (0.222-0.757) 0.0121
- CC 27 (32.53%) 58 (50.43%) 1 (Ref.)
) _
& Recessive cCreC 77 (92.77%) vs. 6 (7.23%) 103 (89.56%) vs. 12 (10.43%) 0.599 NS 1.518 (0.541-4.257) NSt
N vs. GG vs. 1 (Ref.)
> GG +GC 0.468 (0.26-0.844)
= i 00 . . 00 . OO . . OO . . . 1
Dominant vs. CC 56 (67.47%) vs. 27 (32.53%) 57 (49.56%) vs. 58 (50.43%) 6.308 0.014 vs. 1 (Ref.) 0.012
62 (37.35%) vs. 104 69 (30%) vs. 0.805 (0.522-1.242)
- llele vs. C allel 2.352 1
Gallelevs. Callele ) ¢5%) 161 (70%) 35 NS vs. 1 (Ref.) NS

A X2 test was performed for various genotypes, T allele, G allele, and C allele. OR was calculated via binary logistic regression with prognosis as the dependent

variable and genotype as the covariate, in addition to adjusting for age and gender as additional covariates. TAdjusted for the effect of covariates: age and gender.

[NS, non-significant.].
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Receiver operating characteristic (ROC) curves for evaluating the prognostic value of
rs17501292 codominant model (GG vs. TG vs. TT) and the rs2067087 dominant model (GG
+ GC vs. CC) are shown in Supplementary Figure Sla,b, respectively. These curves re-
vealed a significant (p value < 0.05) association between the 1517501292 codominant model
(GG vs. TG vs. TT) or the rs2067087 dominant model (GG + GC vs. CC) and prognosis,
with modest to poor sensitivity and specificity (sensitivity: 52.2% and 49.6% and specific-
ity: 65.1% and 68.2%, respectively).

2.6. The Diagnostic Value of HOTTIP Gene SNPs in the Studied Groups

In terms of diagnosis, the ROC curve was used to discriminate between the HCC
metastatic and non-metastatic groups. The ROC curve for the rs17501292 codominant
model (GG vs. TG vs. TT) revealed a non-significant diagnostic value (AUC of 0.555, sen-
sitivity of 44.9%, specificity of 70.5% and p-value of 0.177) (Supplementary Figure Slc).

The ROC curve also revealed a significantly moderate diagnostic value for
rs17501292 dominant model (GG + TG vs. TT) with an AUC, diagnostic sensitivity, speci-
ficity and p-value of 0.6, 58%, 62% and 0.007, respectively (Supplementary Figure S1d).
For rs2067087 codominant model (GG vs. GC vs. CC), the ROC curve also revealed a sig-
nificantly moderate to weak diagnostic value, with an AUC of 0.618, a sensitivity of 66.7%,
and a specificity of 55.8%. with a p-value of 0.002 (Supplementary Figure Sle).

Finally, the ROC curve for rs2067087 dominant model (GG + GC vs. CC) had a signif-
icant modest to poor diagnostic value, with an AUC of 0.604, a sensitivity of 56.5%, and a
specificity of 64.3%, with a p-value of 0.005 (Supplementary Figure S1f).

2.7. Association of Single Nucleotide Polymorphisms in the HOTTIP Gene with Patient Survival

In terms of patient survival, the metastatic group had significantly shorter OS than
did the non-metastatic group (p = 0.00011, Figure 5a). Kaplan—Meier survival analysis re-
vealed that the survival time of the metastatic group was significantly lower than that of
the non-metastatic group (p < 0.0001, Figure 5b). Moreover, the cumulative survival func-
tion for both patient groups determined via the hazard function confirmed that the meta-
static group had significantly lower survival, with a p-value of 0.001 (Figure 5c).

In addition, the GG genotype and TG genotype of rs17501292 had significantly lower
survival time estimates than did the TT genotype (p < 0.001, Figure 5d), whereas the CC
and GG genotypes of rs2067087 had significantly lower survival time estimates than did
the GC genotype (p = 0.0011, Figure 5e). In terms of allele effects, the G allele had signifi-
cantly lower survival time estimates than did the T allele (p < 0.0001, Figure 5f), whereas
the C allele of rs2067087 had significantly lower survival time estimates than did the G
allele (p = 0.001, Figure 5g).

Stratified Cox regression analyses were performed to evaluate the impact of HOTTIP
polymorphisms on survival after adjustment for age, gender, treatment status (de novo vs.
received therapy), and underlying liver disease etiology (HBV/HCV). For rs2067087, no sig-
nificant association with overall survival was observed in the non-metastatic group (global
Wald test, p = 0.295). Neither the GG genotype (HR =1.83, 95% C.I: 0.85-3.93, p = 0.122) nor
the CC genotype (HR =1.54, 95% C.I: 0.44-5.43, p = 0.503) differed significantly from the GC
reference genotype. Among the clinical covariates, age was the only independent predictor
of survival in non-metastatic patients (HR = 0.95, 95% C.I: 0.90-0.99, p = 0.011).

In contrast, rs17501292 showed a strong independent association with overall sur-
vival in both metastatic and non-metastatic patients (global Wald test, p < 0.001 for both).
In the metastatic group, compared with the TT genotype, carriers of the TG genotype ex-
hibited a markedly increased risk of death (HR = 20.09, 95% C.I: 6.31-63.92, p < 0.001),
whereas the GG genotype was associated with a significantly reduced hazard of death
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Overall Survival (Weeks)

(HR =0.41, 95% C.I: 0.18-0.94, p = 0.034). Age remained independently associated with
survival in this group (HR = 0.95, 95% C.I: 0.90-0.99, p = 0.020).

Similarly, in non-metastatic patients, the TG genotype of rs17501292 was associated
with significantly worse survival compared with the TT genotype (HR =9.57, 95% C.I: 3.28—
27.88, p < 0.001), while the GG genotype showed no significant effect (HR = 1.00, p = 0.997).
No clinical covariates were independently associated with survival in this subgroup.

Interaction analysis using multivariate Cox regression revealed significant interac-
tions between metastatic status and both HOTTIP polymorphisms. A significant interac-
tion was observed between metastatic status and rs17501292 (HR = 0.40, 95% C.I: 0.22—
0.75, p = 0.004), as well as between metastatic status and rs2067087 (HR = 0.36, 95% C.I:
0.22-0.59, p < 0.001), indicating that the associations between these variants and overall
survival differed according to metastatic status. As expected, metastatic status itself was
strongly associated with poor survival (HR =19.42, 95% C.I: 7.07-53.36, p < 0.001). These
effects remained significant after adjustment for age, gender, treatment status, and under-
lying liver disease etiology.

2.8. Results of Stratification Analysis

Age- and gender-based subgroup stratification analyses were used to determine the
stratified effects of SNPs in IncRNAs on HCC risk. Logistic regression analysis revealed that
there was no significant correlation between HCC metastasis risk and the age of genotype
or allele frequency for rs17501292 (T/G), while gender showed a borderline significant effect
on HCC metastasis risk, with a p-value of 0.045 (Table 6A). This applies only to rs2067087,
where there is no significant correlation between HCC metastasis risk and the age of geno-
type and allele frequencies for rs2067087 (G/C), while gender showed a borderline signifi-
cant effect on HCC metastasis risk, with a p-value of 0.047, as shown in (Table 6B).
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Figure 5. Box plots and Kaplan—-Meier curves for patient groups with respect to OS: (a) Patient
groups with respect to OS. Different groups are presented in box plots. The maximum and mini-

mum values are represented by bars. (b) Kaplan-Meier estimates of OS according to group. Each
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censored case is represented by a (+) symbol. p-values were obtained from the log-rank (Mantel—-
Cox) test. (c¢) Cumulative survival function for both patient groups via the hazard function. Non-
metastatic HCC, n = 129; metastatic HCC, n=69. (d) rs17501292 genotypes. (e) rs2067087 genotypes.
(f) rs17501292 alleles. (g) rs2067087 alleles. Each censored case is represented by a (+) symbol. p-

values were obtained from the log-rank (Mantel-Cox) test.

Table 6. (A) Stratified analysis of the effect of rs17501292 (T/G) SNP on HCC metastasis risk by age
and gender. (B). Stratified analysis of the effect of rs2067087 (G/C) SNP on HCC metastasis risk by

age and gender.

(A)
;’Si::rolitgjr NTo:-metastZSC/Metaiact;ic p-Value OR (95% C1)
Age 228 igﬁg iﬁﬁz L;f; NS 15 (i).(saliifi?807)
Gender derzie 5246//263 21535/265 ZS 0.045 0.49 (i).(ziif—.z)%?,)
(B)
rIS’i(I)‘i:iZers N?)Icl;-metastfticclMetas(t:a(t:ic p-Value OR (395% CD
Age,n 228 zg ;%% igﬁz NS 1.7961((5.1325)3.395)
Gender Fl.fiele Zi 4284//230 2197/781 0.043 0.487 go(.ifzf.—)o.wza)

The values are expressed as numbers (non-metastatic/metastatic HCC patients). [CI, confidence in-
terval; OR, odds ratio; NS, non-significant].

2.9. Joint Effects and Results of Haplotype Analysis

Compared with those in the metastatic group, the combined impact of the investi-
gated gene polymorphisms in patients with non-metastatic HCC was investigated (Table
7). The findings revealed that the GC haplotype (rs17501292 and rs2067087) was the only
haplotype that protected against HCC metastasis (GC vs. TG, OR =0.421; 95% CI = 0.233-
0.76, p = 0.004). Furthermore, the combined heterozygosity of rs17501292 and rs2067087
(TT+ CCvs. IT + GG, OR = 0.762; 95% CI = 0.198-2.938, p = 0.027) was a lower risk factor
for HCC metastasis. This was also applied for combined heterozygosity (TG + CC vs. TT
+ GG, OR =0.402; 95% CI =0.106-1.522, p = 0.002), which was associated with a lower risk
for HCC metastasis.

Table 7. Haplotype and joint analysis of rs17501292 (T/G) and rs2067087 (G/C) polymorphisms in

non-metastatic HCC patients compared with metastatic HCC patients.

Combined Non-Metastatic, n (%) Metastatic, n (%) p-Value OR (95% C.I)
TG 84 (32.56%) 29 (21.01%) Ref. 1 (Ref)

Alleles TC 114 (44.19%) 60 (43.48%) NS  0.656 (0.388-1.109)
GG 10 (3.88%) 8 (5.8%) NS  0.432(0.155-1.198)
GC 50 (19.37%) 41 (29.71%) 0.004 0.421 (0.233-0.76)
TT+GG 9 (6.98%) 4 (5.8%) Ref. 1 (Ref)
TT+GC 47 (36.43%) 11 (15.94%) NS 1.899 (0.493-7.313)

Genotypes TT+CC 24 (18.61%) 14 (20.29%) 0.027 0.762 (0.198-2.938)
GG +GG 0 (0%) 1 (1.45%) NS  4.315x 10 (4.315 x 10-4.315 x 10
GG+GC 8 (6.21%) 4 (5.8%) 0.889 (0.165-4.777)
GG+CC 3(2.31%) 4 (5.8%) 0.333 (0.05-2.239)
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TG+GG 2 (1.55%) 2 (2.9%) NS  0.444 (0.045-4.374)
TG+GC 17 (13.18%) 8 (11.59%) NS  0.944 (0.222-4.014)
TG+CC 19 (14.73%) 21 (30.43%) 0.002  0.402 (0.106-1.522)

The values are expressed in numbers. Non-metastatic HCC, n = 129; metastatic HCC, n = 69. [C],

confidence interval; OR, odds ratio; NS, non-significant.].

2.10. Results of Logistic Regression Analysis

It was found that rs17501292 (GG + TG vs. TT) and rs2067087 (GG + GC vs. CC) were
identified as significant predictive factors for HCC metastasis risk in the univariate anal-
ysis, with adjustments for age and gender. rs17501292 (TT + TG vs. GG) and rs2067087 (CC
+ GC vs. GG) genotypes had non-significant predictive values (Table 8).

Table 8. Univariate analysis to predict the risk of HCC metastasis using the examined SNPs.

SNP Coefficient SE p-Value OR (95% CI) p-Value 1 OR (95% CI) 1
rs17501292
(GG +TGvs. TT) -0.684 0.338 0.043 0.505 (0.26-0.978) 0.035 0.482 (0.245-0.949)
(TT + TG vs. GG) -0.223 0.529 0.673 0.8 (0.283-2.258) NS 0.755 (0.259-2.2)
152067087
(CC+GCvs.GG)  0.808 0.551 0.143  2.243 (0.762-6.603) NS 2.807 (0.92-8.566)
(GG+GCvs.CC)  —0.904 0.334 0.007  0.405 (0.21-0.779) 0.004 0.374 (0.191-0.733)

Logistic regression analysis to predict the risk of HCC. p Tadjusted for age and gender by GLM. Non-
metastatic HCC, n = 129; metastatic HCC, n = 69. [CI, confidence interval; HCC, hepatocellular carci-
noma; OR, odds ratio; NS, non-significant; SNP, single-nucleotide polymorphism; SE, Standard error].

2.11. Molecular Docking Results

The probabilities and docking scores for the siRNA population against HOTTIP are
shown in (Table 9A). The targets with the best scores were chosen, where their 3D struc-
ture, energy, and hybridization energy were tabulated (Table 9B). Additionally, we veri-
fied that these siRNAs are the best siRNAs by ensuring that they can inhibit the direct
interaction between HOTTIP and WDR5, as shown in (Table 10). Finally, these interac-
tions can be seen in the bioinformatics results in (Figure 6a,b).

Table 9. (A). Probabilities and docking scores for the siRNA population against HOTTIP. (B). The
3D structure, energy, and hybridization energy of the top 2 chosen targets.

(A)
Target Probability from
Position HNADOCK SCORE HDOCK SOCRE RPISeq (Cutoff 0.5)
4612-4634 -402.72 -576.82 0.5
46114633 -353.35 —594.53 0.5
45574579 -334.19 -544.77 0.5
45554577 -369.37 —496.08 0.5
45544576 -318.24 462.63 0.55
4493-4515 —263.47 -500.94 0.5
44884510 —462.63 —675.28 0.6
4486-4508 —280.45 —486.33 0.55
43494371 -404.71 —616.83 0.55
43334355 -340.61 -596.16 0.55
43324354 -386.17 —739.56 0.55
43304352 -368.11 —-454.26 0.5
43214343 -490.99 —555.41 0.5
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42964318 —389.62 —719.76 0.5
4274-4296 -424.95 —615.75 0.5
807-829 -383.09 —490.14 0.5
1329-1351 -314.26 —439.6 0.5
1333-1355 -373.5 -577.07 0.5
3133-3155 —266.42 —420.54 0.5
3145-3167 -366.66 -570.78 0.6
3593-3615 -318.37 -514.3 0.5
3601-3623 -350.06 -529.3 0.55
3604-3626 —282.18 —420.02 0.5
3616-3638 -368.18 -565.9 0.5
3793-3815 —427.73 -476.33 0.5
3801-3823 -334.59 -553.76 0.5
3802-3824 -308.59 —484.38 0.5
40144036 -336.61 —656.42 0.5
4049-4071 —408.25 —693.16 0.5
4053-4075 —-444.49 —758.07 0.5
41604182 -392.12 -546.08 0.5
41624184 -444.79 -628.17 0.5
4168-4190 -370.1 —629.02 0.5
41694142 -470.91 -747.91 0.5
42054227 -350.03 -562.97 0.5
(B)
Interaction 3D Energy (kcal/mol) Hybridization en-
ergy
4169-4142 -29.4 —-29.8
4321-4343 -30.04 -32.1
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Figure 6. Interaction between certain positions on the target and guide siRNA: (a) Interaction be-

tween the 4169-4191 positions on the target and guide siRNAs. (b) Interaction between positions
4321-4343 on target and guide siRNAs.
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Table 10. Direct best siRNA results in inhibition of the binding site between HOTTIP and WDRS5.

Functional
-Dupl ificity Check: Off-T Hits # with Indi
Target Sequence RNA Oligo Sequences SIRNA Seed. ‘ uplex Sp.ec1 icity Check: Off-Target Hits # with Indicated
. Stability Mismatches (Strand)
Selection:
Targe.zt 2int target + 2nt overhang 21nt guide (5'—3 ? , Ui-Tei (Tm); Guide Passenger
position 21nt passenger (5'—3") (+) (-)
2 (https://sidirect2.rnai.jp/de-
43014343 ATGAGA- AUUAAAGGACGAUUCUCUCAU U 11.0 °C 191 °C tail.cgi?seq=TGAGA-
GAATCGTCCTTTAATAG GAGAGAAUCGUCCUUUAAUAG ’ ' GAATCGTCCTTTAA&strand=plus&spe=h
s_refseq220, accessed on 7 June 2024)
2 (https://sidirect2.rnai.jp/de-
41694191 TGCAATGAAACTCTA- UUUUUCUAGAGUUUCAUUGCA U 71°C 7 4°C tail.cgi?seq=GCAATGAAACTCTA-
GAAAAAGC CAAUGAAACUCUAGAAAAAGC ' ’ GAAAA&strand=plusé&spe=hs_refseq220,

accessed on 7 June 2024)

[# = number].
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3. Discussion

This is the first study to investigate the minor allele frequency (MAF) and genotype
distribution of the HOTTIP gene haplotype (rs17501292 (T/G) and rs2067087 (G/C)) and
its association with metastasis in the Egyptian population of patients with HCC. The over-
all MAF of rs17501292 in our study was 0.28, which was slightly lower than that of the
African population, which was 0.32 according to the 1000 Genomes Project. [32]. With
respect to the global population, a markedly lower MAF (0.19) was noted. This may be
due to differences in ancestry and epigenetics among the Egyptian population. Moreover,
the overall MAF of rs2067087 in our study was 0.33, which is slightly greater than that of
the African population (0.27) according to the 1000 Genomes database, but very similar to
that of the global population (0.32) [32]. Even while the MAFs reported in the present
study were close to those reported for global or African populations, the genotype distri-
butions of our study groups were distinct. Additionally, for the first time, in a population
of Egyptian HCC patients, our study revealed a positive correlation between HOTTIP
variants and metastasis.

Our study revealed that the CRP level was significantly greater in the metastatic
group than in the non-metastatic group. This finding aligns with a previous study by Ma
et al., who reported that the CRP serum level was significantly greater in HCC patients
than in controls [33]. Another study revealed that certain cancer metastases can arise from
inflammatory processes driven by adapted immune cells with elevated CRP levels [34].

The APRI score was significantly greater in the metastatic group than in the non-
metastatic group. These findings support the findings of previous studies, indicating that
the APRI score serves as a practical and independent prognostic indicator for late recur-
rence in HCC patients [35] and is a novel marker for assessing cirrhosis and survival in
HCC patients, whose survival is worse in metastatic patients [36].

For tumor markers, the CEA level was also greater in the metastatic group than in
the non-metastatic group, which is consistent with a recent study showing that patients
with elevated CEA levels tend to have more aggressive disease progression, with an in-
creased risk of metastasis to the LN and liver [37]. Finally, with respect to CA19.9 levels
reported in the literature, elevated CA19.9 levels are associated with poor prognosis,
worse outcomes, and higher mortality rates in HCC patients [38,39]. This can also be seen
in our recent study, where CA19.9 was elevated in both groups but was significantly
greater in the metastatic group. Moreover, this study is the first to evaluate a panel of both
CEA and CA19.9 in discriminating metastatic from non-metastatic HCC patients.

Interestingly, our study is the first to explore the association between this haplotype
and the risk of HCC metastasis. We found that the TT and TG genotypes of rs17501292 are
significantly associated with a lower risk of HCC metastasis than the GG genotype. More-
over, the T allele is associated with a significantly lower risk of metastasis. On the other
hand, the dominant genetic model revealed a significant 2.25-fold increased risk of metas-
tasis, whereas under the recessive model, we failed to find a significant difference between
the two groups. For rs2067087, individuals with the GG and GC genotypes have a signifi-
cantly lower risk of HCC than individuals with the CC genotype. The dominant genetic
model of rs2067087 revealed a significant decrease in the odds of metastasis, whereas un-
der the recessive genetic model, we failed to find a significant difference in the odds of
metastasis. Moreover, a significantly decreased borderline risk is observed in the G allele
compared with the C allele of the same SNP. Furthermore, the combined effect of the in-
vestigated gene polymorphisms in patients with non-metastatic HCC, compared with the
metastatic group, reveals that the GC haplotype (rs17501292 and rs2067087) is the only
one offering protection against HCC metastasis. Additionally, the combined heterozy-
gosity of rs17501292 and rs2067087 (TT + CC vs. TT + GG) is associated with a lower risk
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of HCC metastasis. Similarly, another combined heterozygosity pattern (TG + CC vs. TT +
GG) also shows a reduced risk of HCC metastasis.

A subgroup stratification analysis based on age and gender was conducted to evalu-
ate the stratified effects of SNPs in IncRNAs on HCC risk. Logistic regression analysis
revealed no significant association between HCC metastasis risk and the genotype or al-
lele frequency of rs17501292 (T/G) with respect to age. However, gender has a borderline
significant effect on the risk of HCC metastasis. Similarly, for rs2067087 (G/C), no signifi-
cant correlation was found between HCC metastasis risk and genotype or allele frequency
in relation to age. However, gender again had a borderline significant effect on the risk of
HCC metastasis. Univariate analysis adjusted for age and gender revealed that the
rs17501292 dominant model (GG + TG vs. TT) and the rs2067087 dominant model (GG +
GC vs. CC) were significant predictive factors for HCC metastasis risk. However, the pre-
dictive values for the rs17501292 recessive model (TT + TG vs. GG) and the rs2067087 re-
cessive model (CC + GC vs. GG) genotypes were not significant. In agreement with our
study, the only study concerning HOTTIP SNPs in HCC was in Chinese patients, where
they revealed that, under allelic models, HOTTIP rs17501292, rs2067087, and rs17427960
SNPs increased the risk of HCC to 1.55-, 1.20-, and 1.18-fold that of control samples, re-
spectively [30]. Another study concerning HOTTIP SNPs revealed that the expression of
HOTTIP may be impacted by the rs2067087 and rs3807598 SNPs, which are linked to an
increased risk of developing gastric cancer [40].

We also came to the same conclusion when we examined the relationship between
the studied SNPs and patient prognosis. Compared with the GG genotype, the TT and TG
genotypes for rs17501292 are significantly associated with better prognosis. Additionally,
the dominant genetic model of the same SNP indicates a significantly better prognosis.
However, no significant difference was found under the recessive genetic model. Com-
pared with the G allele, the T allele is also associated with a significantly better prognosis.
For rs2067087, the GG and GC genotypes are associated with a significantly better prog-
nosis than the CC genotype. The dominant genetic model is associated with a reduced
likelihood of an unfavorable prognosis. However, no significant association was found
under the recessive genetic model, and the G allele did not significantly affect prognosis
compared with the C allele (p = 0.131). ROC curves of the rs17501292 codominant model
(GG vs. TG vs. TT) and the rs2067087 dominant model (GG + GC vs. CC) revealed moder-
ately to weakly significant associations between these genotypes and patient prognosis.
The observed AUC values, while statistically significant, indicate modest predictive abil-
ity and that the primary clinical relevance of the study lies in the prognostic associations
identified through survival and interaction analyses rather than in the ROC performance
of single genetic variants. This finding is consistent with a previous study that revealed
that certain HOTTIP SNPs (rs3807598, rs17501292, rs2067087, and rs17427960) might be
predictive biomarkers for the prognosis and risk of CRC [31]. This study provides insight
into novel IncRNA-based genetic indicators to predict clinical outcomes and cancer risk.

For the diagnostic utility of SNPs, a receiver operating characteristic (ROC) curve was
used to differentiate between the HCC metastatic and non-metastatic groups. The ROC
analysis for the rs17501292 codominant model (GG vs. TG vs. TT) revealed a non-signifi-
cant diagnostic value. In contrast, the ROC curve for the 1517501292 dominant model (GG
+ TG vs. TT) revealed significant diagnostic value. For the rs2067087 codominant model
(GG vs. GC vs. CC), the ROC curve has significant diagnostic value, whereas the ROC
curve for the rs2067087 dominant model (GG + GC vs. CC) has significant moderate diag-
nostic value. This may be attributed to the fact that SNP genotypes are categorical varia-
bles. This limited clinical significance is considered poor discriminatory ability; it cannot
be a stand-alone factor to rely on while underscoring the need for integrative models com-
bining genetic, clinical, and molecular variables. This finding is consistent with a study by
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Lv et al., which showed that HOTTIP SNPs might act as potential biomarkers for predict-
ing CRC risk and, in turn, for CRC diagnosis [31].

In terms of survival outcomes, patients in the metastatic group had significantly
shorter OS than did those in the non-metastatic group. Both Kaplan-Meier survival anal-
ysis and the cumulative survival function, analyzed through the hazard function, also re-
vealed significantly lower survival time estimates for the metastatic group than for the
non-metastatic group. Furthermore, patients with the GG and TG genotypes of rs17501292
have significantly shorter survival time estimates than those with the TT genotype. Simi-
larly, the CC and GG genotypes of rs2067087 are associated with significantly lower sur-
vival time estimates than the GC genotype. Compared with the T allele, the G allele of
rs17501292 is associated with significantly shorter survival time estimates, whereas the C
allele of rs2067087 is linked to shorter survival time estimates. This finding aligns with the
findings of a previous study demonstrating that rs17501292 enhances OS in CRC patients
within the ulcerative/invasive tumor subtype subgroup [31].

The observed significant interactions between metastatic status and HOTTIP poly-
morphisms further support a context-dependent prognostic role of these variants in HCC.
The differential survival effects of rs17501292 and rs2067087 according to metastatic status
suggest that genetic variation within HOTTIP may modulate tumor behavior in a manner
that becomes more pronounced or altered in the presence of metastatic disease. HOTTIP
is known to influence transcriptional regulation and tumor progression pathways in HCC,
and it is plausible that specific polymorphisms affect its regulatory function under distinct
biological contexts [14]. While the present study does not address causality or treatment-
specific effects, these interaction findings highlight the importance of considering meta-
static status when evaluating the prognostic relevance of HOTTIP variants and may help
guide future experimental and clinical investigations into their functional roles in cancer.

Regarding the potential functional mechanisms of HOTTIP rs17501292 and
rs2067087, although rs17501292 and rs2067087 are located within the non-coding region
of the IncRNA HOTTIP, accumulating evidence suggests that non-coding SNPs can exert
functional effects through multiple regulatory mechanisms [41]. These include modula-
tion of IncRNA expression levels, alteration of RNA secondary structure and stability, and
disruption of interactions with protein partners or regulatory molecules such as transcrip-
tion factors and miRNAs [41].

One plausible mechanism is that these variants influence HOTTIP transcriptional
regulation by altering transcription factor binding motifs or chromatin accessibility at the
HOTTIP locus [42]. Such effects could result in differential HOTTIP expression, which is
biologically relevant given that HOTTIP overexpression has been consistently associated
with enhanced tumor proliferation, invasion, and metastasis in HCC through epigenetic
activation of downstream oncogenic pathways.

Additionally, non-coding SNPs within IncRNAs may affect RNA secondary struc-
ture, thereby influencing RNA stability and molecular interactions [43]. Structural altera-
tions could modulate the affinity of HOTTIP for key protein partners, particularly WDR5,
a core component of the MLL complex that mediates H3K4 trimethylation and transcrip-
tional activation of metastasis-related genes [21]. In this context, protective genotypes
identified in the present study may reduce the efficiency or stability of the HOTTIP-WDR5
interaction, leading to attenuated activation of oncogenic transcriptional programs.

Moreover, emerging evidence indicates that IncRNA polymorphisms can influence
miRNA-IncRNA interactions, acting as competing endogenous RNAs and thereby indi-
rectly regulating gene expression networks [44]. Although not directly assessed in the pre-
sent study, rs17501292 and rs2067087 may alter putative miRNA binding sites within
HOTTIP, contributing to differential post-transcriptional regulation. This possibility war-
rants further investigation using dedicated functional assays.
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The pathway enrichment analysis performed in this study further supports this hy-
pothesis, as genes associated with HOTTIP were significantly enriched in pathways re-
lated to cell proliferation, apoptosis, migration, and metastasis. These pathways are highly
relevant to HCC progression and provide a functional framework linking HOTTIP genetic
variation to the observed clinical outcomes. The concordance between enrichment results
and clinical associations strengthens the biological plausibility of the identified SNPs as
modulators of HCC metastasis and prognosis.

The molecular docking analysis employed a comprehensive computational approach
to design siRNAs targeting the IncRNA HOTTIP to inhibit its interaction with the WDR5
protein. The interaction between HOTTIP and WDRS5 has been implicated in various cel-
lular processes, and disrupting this interaction may have therapeutic potential in certain
diseases [21]. By combining sequence-based interaction prediction, siRNA design and
evaluation, interaction validation, and molecular docking, we identified two promising
siRNA candidates that can potentially inhibit the HOTTIP-WDRS5 interaction. The inter-
action prediction via RPISeq provides a foundation for identifying potential siRNA target
sequences on HOTTIP that can disrupt its binding to WDRS5. This step is crucial in nar-
rowing the regions of interest on the IncRNA for further investigation. siDirect was then
used to generate possible siRNA sequences targeting these regions, and each siRNA was
evaluated via RPISeq for its potential to disrupt the HOTTIP-WDRS5 interaction. This two-
step process allows the identification of the most promising siRNA candidates.

Interaction validation via IntaRNA and molecular docking techniques provided fur-
ther support for the selected siRNA candidates. IntaRNAs were used to calculate the in-
teraction free energy (AG) between the siRNA targets and their guide sequences, confirm-
ing the stability of these interactions. Molecular docking via HNAdock and HDock al-
lowed visualization of the 3D structures of the siRNA-HOTTIP target sequences and their
guide sequences, as well as docking between the siRNA-HOTTIP complex and WDR5.
These analyses provided additional confidence in the ability of the selected siRNAs to
inhibit the HOTTIP-WDRS5 interaction. The two best siRNA candidates, which target po-
sitions 43214343 and 4169—4191 on HOTTIP, demonstrated favorable specificity and sta-
bility properties. Both siRNAs show a minimum of two mismatches against off-target ef-
fects, reducing the likelihood of unintended effects on other genes. Additionally, their
seed-duplex stability (Tm) values of 11.0 °C and 7.1 °C suggest that these siRNAs will
form stable complexes with their targets, increasing their potential efficacy.

Importantly, the molecular docking and siRNA-based computational analyses per-
formed in this study provide mechanistic insight by demonstrating that disruption of the
HOTTIP-WDRS interaction is structurally feasible. These findings support a model in
which genetic variation within HOTTIP may influence tumor behavior by modulating its
interaction with epigenetic regulators and downstream signaling pathways implicated in
HCC metastasis. Furthermore, this study highlights the potential of a rational, computa-
tional approach to design siRN As that specifically target IncRNA—protein interactions. By
identifying two promising siRNA candidates capable of inhibiting the HOTTIP-WDR5
interaction, this work lays the foundation for future experimental studies to explore their
therapeutic potential. The comprehensive methodology employed here can also be ap-
plied to other IncRNA—protein interactions, facilitating the discovery of novel therapeutic
targets and strategies.

Limitations. The current study has the following limitations: first, studies investigat-
ing the interplay between HOTTIP and adipokine-related genetic variants or expression
levels and inflammatory markers within the tumor immune microenvironment are lack-
ing [45]. Additionally, exploring the modulatory effects of vitamins such as vitamin E and
vitamin D [46] on the tumor microenvironment, as well as the involvement of insulin re-
sistance [47], insulin-like growth factors [48], and other metabolism-related hormones or
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genes across various noncommunicable diseases [1,48-53] could provide deeper insights.
Second, the study was conducted at a single center and focused exclusively on Egyptian
patients, which may affect generalizability to other populations. Moreover, the absence of
healthy control subjects precluded baseline comparisons for some biomarkers. Third, the
need for Functional Validation: Although associations between HOTTIP SNPs and HCC
metastasis/survival we observed, the study requires experimental validation (e.g.,
CRISPR/Cas9 knockdown, or siRNA transfection in cell lines) to confirm the functional
impact of the identified polymorphisms. Additionally, the lack of detailed information on
treatment modalities represents a limitation of this study and precluded assessment of
treatment-specific survival effects. Finally, in Silico siRNA Design Without Experimental
Testing: While molecular docking and computational siRNA design against HOTTIP-
WDRS5 interactions are innovative, these findings remain theoretical. No in vitro or in vivo
assays were performed to test the efficacy or specificity of the designed siRNAs, which
limits mechanistic interpretation. Despite these limitations, our study provides a valuable
framework that can guide future experimental and clinical investigations into the role of
HOTTIP in cancer in multi-center studies on higher sample sizes.

4. Materials and Methods

4.1. Bioinformatic Analysis
4.1.1. DGE of Different Genes from Online Datasets in Liver Cancer

To retrieve relevant gene expression data, we accessed the UCSC Xena browser
(https://xenabrowser.net, accessed on 15 November 2024), selected the dataset (TCGA
RNA-Seq data), and then identified the cancer type “TCGA liver cancer (LIHC)”. Samples
were selected based on clinical features (primary tumor vs. solid normal tissue) to com-
pare the expression of different genes in available online datasets via the Xena DGE Anal-
ysis Pipeline (https://github.com/ucscXena, accessed on 17 November 2024) (adapted
from the Ma’ayan laboratory’s Appyter bulk RNA-seq analysis https://appyters.maayan-
lab.cloud/#/Bulk_RNA_seq, accessed on 17 November 2024) to perform DGE analysis and
further downstream analyses.

4.1.2. Principal Component Analysis
To detect overarching patterns in high-dimensional data to assess the similarity be-

tween biological samples in gene expression studies, the Xena differential gene expression
analysis pipeline was used (accessed on 25 November 2024).

4.1.3. Pathway Enrichment Analysis

To determine whether a set of genes shows statistically significant, non-random as-
sociations with predefined biological pathways/functional categories, the Kyoto Encyclo-
pedia of Genes and Genomes (KEGG) database in LIHC was used. This was followed by
Enrichr use to determine which biological pathways were significantly enriched among
the upregulated and downregulated genes in LIHC. For GO, we selected GO Categories
for analysis and chose the Molecular Function category via the Xena Differential Gene
Expression Analysis Pipeline (accessed on 25 November 2024).

4.1.4. PPI and Gene-Protein Interaction

The HOTTIP interaction network obtained from BioGRID*# (https://thebiogrid.org/,
accessed on 21 April 2025) was used to identify its downstream targets.
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4.1.5. Selected Polymorphic Sites in the IncRNA HOTTIP

Polymorphisms were identified via data from the 1000 Genomes Project
(http://www.internationalgenome.org/home, accessed on 10 January 2022), as outlined in
previous studies [54-56]. Tagging SNPs (tagSNPs) were selected separately based on the
following criteria: (1) Haploview software (V 4.2) with the Tagger function was utilized;
(2) the Yoruba population in Ibadan, Nigeria (YRI) from the HapMap project was chosen;
(3) SNPs with a pairwise tagging r? of = 0.8 were included; and (4) those with a minor
allele frequency of >5% were prioritized. The selection region was expanded 10 kb up-
stream and downstream of the HOTTIP IncRNA gene. To predict the functional potential
of the SNPs, FastSNP, and fSNP tools were employed (http://compbio.cs.queensu.ca/F-
SNP/, accessed on 11 January 2022) [57,58].

4.2. Sample Size and Power Study

The sample size calculation was based on a prior study by Wang et al. (2018), which
employed an unmatched case—control design (1:1.5 ratio) with an OR of 2.46 [30]. The
population risk of developing HCC was estimated at 0.12 (kp = 0.12) based on literature
data, and the allele frequency was set at 0.48. Sample size estimation was conducted via
QUANTO software [59], with a two-sided confidence level of 95%. To achieve a statistical
power of 0.95 and a type I error probability of 0.05, the required sample size was deter-
mined to be 169 participants. To account for potential errors or sample loss, the final sam-
ple size increased by almost 15% to 198 participants.

4.3. Clinical and Pathological Characteristics of HCC Patients

A total of 198 HCC patients were recruited from the Oncology Treatment and Nu-
clear Medicine Department, Faculty of Medicine at Ain Shams University Hospitals from
20th of May 2022 until 22nd of August 2023. These patients were divided into two groups:
Group 1 (n = 129) included non-metastatic HCC patients, and Group 2 (n = 69) included
metastatic HCC patients. All participants had primary HCC and were receiving treat-
ment, including neoadjuvant therapy or radiotherapy. The eligibility criterion included
adult patients of either gender. The diagnosis of HCC was established based on interna-
tionally accepted diagnostic guidelines, primarily based on characteristic radiological fea-
tures observed on contrast-enhanced computed tomography (CT), including arterial
phase hyperenhancement with portal venous and/or delayed phase washout. Serum al-
pha-fetoprotein (AFP) levels were used as a supportive biomarker but were not consid-
ered a sole diagnostic criterion. In cases with atypical or inconclusive imaging findings, his-
topathological confirmation was obtained from pathology reports. The participants were
matched by socioeconomic status, age range, and residence in this case-controlled study.

Patients were classified as having metastatic HCC if radiological evidence, mainly
Positron Emission Tomography (PET) and CT (PET-CT) of distant organs, showed in-
volvement or extrahepatic metastatic lesions were detected. Patients were classified as
non-metastatic HCC when no radiological or clinical evidence of extrahepatic metastasis
was present at the time of enrollment. The exclusion criteria included a history of liver
transplantation, concurrent cancers, renal insufficiency, thyroid dysfunction, incomplete
medical records, or missing histopathology diagnoses.

Clinical and pathological data were collected from medical records and pathology
reports and compiled into an Excel sheet. These data included histological grading of HCC
according to the Edmondson-Steiner (ES) criteria [60]. Child-Pugh scoring for cirrhosis,
ultrasonography (U.S.) findings, and various laboratory results: total and direct bilirubin,
alkaline phosphatase (ALP), prothrombin time (PT), international normalized ratio (INR),
complete blood count (CBC), random blood glucose levels, and albumin. Tumor size and
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clinicopathological biomarkers, including AFP and gamma-glutamyl transferase (GGT),
were also documented for statistical analysis and correlations.

For the metastatic group, data regarding metastatic sites were collected. For both
groups, OS data, defined as the duration of survival from the initiation of treatment, were
included as a standard metric for clinical benefit [61].

4.4. Blood Samples

Following standard biosecurity and international safety protocols, eight milliliters of
peripheral venous blood were drawn from HCC patients (either metastatic or not) and
divided into 2 vacutainers (plain and ethylenediaminetetraacetic acid (EDTA)). For plain
vacutainers, centrifugation was carried out for 20 min at 4000 rpm at 4 °C after allowing
for clotting for 15 min at room temperature (RT). Once needed, the sera were stored at -80
°C after being aliquoted into four sterile, nuclease-free tubes. EDTA vacutainers were used
for genomic DNA extraction from all the subjects (kept as such and stored at -20 °C until
the DNA extraction step).

4.5. Routine Blood Measurements

The demographic and clinical parameters, such as age, gender, total and direct bili-
rubin, aspartate transaminase (AST), alanine transaminase (ALT), albumin, serum creati-
nine, INR, AFP, random blood glucose (RBG), and CBC, were gathered from patients’
files. Other missing routine measurements were analyzed using separated sera. These in-
clude C-reactive protein (CRP), traditional protein tumor markers, carcinoembryonic an-
tigen (CEA), cancer antigen 19.9 (CA19.9), Triglycerides (TG), and total cholesterol (TC).
All the experiments were performed via the corresponding kit (from Quanita, Verna, In-
dia/Monocent, Canoga Park, USA/Pishtaz, Tehran, Iran/Biodiagnostic, Giza, Egypt/Biodi-
agnostic, Giza, Egypt, respectively) and according to the manufacturer’s instructions. Fi-
nally, the APRI score was calculated via the following formula: [APRI = (AST/upper limit
of normal) x 100/platelet count].

4.6. DNA Extraction

Genomic DNA was isolated from whole blood samples collected in EDTA tubes from
all participants via the QIAamp DNA Mini Kit (Qiagen, Valencia, CA, USA) following the
manufacturer’s protocol. The DNA yield was quantified via a NanoDrop 2000 spectro-
photometer (Thermo Fisher Scientific, Waltham, MA, USA). The extracted DNA was ali-
quoted into three clean Eppendorf tubes and stored at 20 °C until further biochemical
analysis at the Faculty of Pharmacy, Ain Shams University.

4.7. SNPs Genotyping

Two SNPs, part of a haplotype—rs17501292 (NC_000007.14:27201853:T:C,
NC_000007.14:27201853:T:G; T > C, G) and rs2067087 (NC_000007.14:27202040:G:C,
NC_000007.14:27202040:G:T; G > C, T) were genotyped (Thermo Fisher Scientific Inc.,
Massachusetts, USA). This was performed via real-time polymerase chain reaction (RT-
PCR) with the TagMan allelic discrimination assay on a 7900 system, which employs pre-
designed primers and probes provided by Applied Biosystems, Inc., via a StepOne Plus
RT-PCR device (Applied Biosystems, Foster City, CA, USA).

4.8. Molecular Docking Study

Potential drugs that could be repurposed to inhibit our target oncogenic IncRNA
HOTTIP were explored.
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4.8.1. In Silico Molecular Modeling Study: Sequence Retrieval

The sequence of the IncRNA HOTTIP was retrieved from the National Center for
Biotechnology Information (NCBI) database (https://www.ncbi.nlm.nih.gov, accessed on
15 September 2024) via accession number NR_037843.3, and its major downstream target
was retrieved from the UniProt (https://www.uniprot.org, accessed on 15 September 2024)
database.

4.8.2. Interaction Prediction

RPISeq (RNA-Protein Interaction Prediction using Sequence and Structural De-
scriptors) (https://pridb.gdcb.iastate.edu/RPISeq/, accessed on 16 September 2024) [62]
was employed to assess the probability of interaction between the IncRNA HOTTIP and
its downstream target protein.

4.8.3. siRNA Design and Evaluation

The siDirect (siRNA Design and Rational Evaluation) [63] tool was utilized to gener-
ate all possible siRNA sequences targeting the IncRNA HOTTIP, aiming to inhibit its in-
teraction(s). Each resulting siRNA target sequence was evaluated for its potential to dis-
rupt the HOTTIP-protein/gene interaction via RPISeq.

4.8.4. Interaction Validation

IntaRNA (Interaction Prediction for RNA-RNA Interactions) (https://rna.in-
formatik.uni-freiburg.de/IntaRNA/, accessed on 20 September 2024) [64] was employed
to validate the interaction between the selected siRNA targets and their corresponding
guide sequences by calculating the interaction free energy (AG).

4.8.5. Molecular Docking

The 3D structures of the siRNA-HOTTIP target sequences and their respective guide
sequences were predicted via RNA Composer (https://rnacomposer.cs.put.poznan.pl/ ac-
cessed on 20 September 2024) [65], and then, molecular docking between the siRNA-HOT-
TIP target sequences and their corresponding guide sequences was performed via the
HNADock webserver (https://huanglab.phys.hust.edu.cn/hnadock/ accessed on 20 Sep-
tember 2024) [66]. The docking results were further validated via the HDock webserver
[67]. The 3D structures of the full-length IncRNA HOTTIP and its downstream protein
were predicted via AlphaFold3 (https://alphafoldserver.com/ accessed on 21 September
2024) [68] to validate the interaction positions. Molecular docking between the siRNA-
HOTTIP complex and the target protein was carried out via HDock to validate the overall
experimental design.

4.9. Statistical Analysis

Statistical analyses were performed via SPSS version 23, a software package for social
sciences (IBM, Armonk, NY, USA). The data were tested for normality via the Shapiro-
Wilk test.

Data with a normal distribution is presented as the mean + S.E.M or, where appro-
priate, as numbers and percentages (n,%). Non-parametric data are summarized as medi-
ans with interquartile ranges (25th-75th percentiles). Categorical data comparisons were
conducted via Fisher’s exact test or the 2 test, as applicable. Continuous variables were
compared via Student’s t-test or one-way analysis of variance (ANOVA), followed by
Tukey’s post hoc test when needed. Consistent with the known heterogeneity of HCC,
AFP values were highly skewed within the same group of patients. To address this and
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improve statistical robustness, AFP values were logl0-transformed before analysis, and
the transformed values were used in subsequent analyses.

To assess the ability of selected common tumor biomarkers (CEA and CA19.9) as a
panel to discriminate between metastatic and non-metastatic cases, we performed a bi-
nary logistic regression analysis. The overall significance of the regression model was
evaluated using the Omnibus Test of Model Coefficients, while model fit was assessed via
the Hosmer-Lemeshow goodness-of-fit test. The predictive performance of the panel was
further evaluated by generating ROC curves using the predicted probabilities obtained
from the logistic model. AUC was calculated to assess the discriminative power of the
biomarker panel. Classification accuracy, sensitivity, and specificity were derived from
the classification table and ROC analysis. Statistical significance was set at p < 0.05. We
also assessed the ability of this panel to discriminate between different variants of our
target SNPs via multinomial logistic regression.

Treatment status (de novo vs. previously treated HCC) was included as a covari-
ate/confounding factor in univariate and multivariate Cox proportional hazards regres-
sion analyses, together with age, gender, and HBV/HCYV status, to exclude their effects on
OS and thus survival analysis. Additionally, to assess whether the association between
HOTTIP polymorphisms and overall survival differed according to metastatic status, in-
teraction analyses were performed using multivariate Cox proportional hazards models.
Interaction terms were generated by multiplying metastatic status (metastatic vs. non-
metastatic) with each SNP genotype variable (rs17501292 and rs2067087). These interac-
tion terms were included in Cox regression models together with the corresponding main
effects and adjusted for age, gender, treatment status (de novo vs. previously treated), and
underlying liver disease etiology (HBV vs. HCV). HRs with 95% Cls were estimated, and
the statistical significance of interaction effects was assessed using Wald tests.

The relationships between genotypes and the risk of HCC metastasis were evaluated
through logistic regression analysis, and ORs with 95% Cls were calculated. Prognostic
factors were analyzed via both univariate and multivariate logistic models. Significant
predictors identified in the univariate analysis (p < 0.05) were further evaluated through
stepwise forward multivariate analysis. ROC curve analysis was performed via MedCalc
software (version 20.0).

5. Conclusions

This study is the first to explore the MAF, genotype distribution, prognosis, and sur-
vival of patients with HOTTIP gene polymorphisms (rs17501292 and rs2067087) and their
associations with metastasis in HCC patients. The findings reveal distinctive MAFs and
genotype distributions compared with those of African and global populations, likely due
to unique genetic ancestry. The results identified specific genotypes and haplotypes of
these SNPs as significant predictive factors for the risk of HCC metastasis, with the TT
and TG genotypes of rs17501292 and the GG and GC genotypes of rs2067087 showing a
reduced risk of metastasis. Additionally, combined haplotype analysis highlighted the
protective effect of specific genetic patterns. The study also underscores the clinical rele-
vance of inflammatory markers such as CRP, APRI scores, and tumor markers (CEA,
CA19.9) in distinguishing metastatic from non-metastatic groups. These markers align with
previous findings that link inflammation and advanced cancer stages. Survival analysis fur-
ther revealed significant associations between SNP genotypes and prognosis, with geno-
types such as TT (rs17501292) and GC (rs2067087) correlating with better survival outcomes.

For diagnostic and prognostic purposes, ROC curve analysis demonstrated that spe-
cific genetic models of rs17501292 and rs2067087 have significant diagnostic and prognos-
tic value(s). These findings are consistent with previous studies on HOTTIP SNPs in other
cancers, suggesting their utility as potential biomarkers for metastasis and survival
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prediction. Moreover, the study incorporated a molecular docking approach to design
siRNAs targeting HOTTIP-WDR5 interactions. This innovative computational strategy
identified two promising siRNA candidates, highlighting the therapeutic potential of dis-
rupting IncRNA-protein interactions in HCC. Moreover, whether these could be targeted
for tumor delivery via innovative treatment strategies [69,70] constitutes an opportunity
for examination.

This research provides novel insights into the epigenetic and molecular underpin-
nings of HCC metastasis in the Egyptian population. These findings highlight the prog-
nostic and therapeutic significance of HOTTIP SNPs and establish a foundation for future
experimental studies to validate these findings and explore more targeted therapies. The
integration of epigenetic analysis and computational design provides a comprehensive
approach for understanding and combating HCC metastasis.

The role of HOTTIP haplotype in HCC can be summarized in (Figure 7).
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Figure 7. Graphical representation of the workflow abstract [Created in BioRender. Galal, M. (2025)
https://BioRender.com/p73x08d].

Online Databases used:

e  UCSC Xena Browser: (https://xenabrowser.net, accessed on 15 November 2024).

e  Xena Differential Gene Expression Analysis Pipeline: (https://github.com/ucscXena,
accessed on 17 November 2024) (adapted from the Ma’ayan lab’s Appyter bulk RNA-
seq analysis https://appyters.maayanlab.cloud/#/Bulk_RNA_seq, accessed on 17 No-
vember 2024).

e BioGRID** (https://thebiogrid.org/, accessed on 21 April 2025).

e 1000 Genomes Project: (http://www.internationalgenome.org/home, accessed on 10
January 2022).

. FastSNP and fSNP tools: (http://compbio.cs.queensu.ca/F-SNP/, accessed on 11 Janu-
ary 2022).

e  NCBI database: (https://www.ncbi.nlm.nih.gov, accessed on 15 September 2024).

e UniProt: (https://www.uniprot.org, accessed on 15 September 2024).

e RPISeq: (https://pridb.gdcb.iastate.edu/RPISeq/, accessed on 16 September 2024).
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. IntaRNA: (https://rna.informatik.uni-freiburg.de/IntaRNA/, accessed on 20 Septem-
ber 2024).

e RNA Composer: (https://rnacomposer.cs.put.poznan.pl/, accessed on 20 September
2024).

e  HNAdock webserver: (https://huanglab.phys.hust.edu.cn/hnadock/, accessed on 20
September 2024).

e AlphaFold3: (https://alphafoldserver.com/, accessed on 21 September 2024).
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Supplementary Figure S1 is a Word file.
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Random Blood Glucose
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Receiver Operating Characteristic
Room Temperature
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