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Abstract: Objective: To analyze SNRPD1 expression in hepatocellular carcinoma (HCC) and investigate its impact on 
post-liver transplantation recurrence and prognosis. Methods: Differentially expressed genes were identified from 
the TCGA-LIHC cohort using R-based bioinformatics tools. Kaplan-Meier survival analysis, ROC curves, nomograms, 
and Cox regression models assessed the diagnostic and prognostic value of SNRPD1 in HCC. Immunohistochem-
istry was performed to detect SNRPD1 protein expression in 102 paired HCC and adjacent non-tumor tissues, with 
correlation analysis of clinicopathological parameters and follow-up data. Results: SNRPD1 expression was signifi-
cantly higher in HCC than in adjacent tissues (89.2% vs. 15.7%, P < 0.001) and positively correlated with microvas-
cular invasion (MVI) and microvascular density (MVD) (P < 0.05; r = 0.26). Multivariate Cox regression confirmed 
high SNRPD1 expression as an independent risk factor for poor overall survival (hazard ratio (HR) = 0.679, P < 
0.001) and progression-free survival (HR = 2.08, P = 0.025) in transplant recipients. The diagnostic AUC was 0.86. 
High SNRPD1 expression was associated with significantly shorter median overall survival (OS, 45 vs. 88 months) 
and progression-free survival (PFS, 46 vs. 75 months) (both P < 0.01). Conclusion: SNRPD1 is highly expressed in 
HCC and correlates with MVI and MVD. High SNRPD1 expression independently predicts poorer post-transplant OS 
and PFS, suggesting it as a promising prognostic biomarker and therapeutic target.
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Introduction

Hepatocellular carcinoma (HCC) represents a 
major global health challenge, with approxi-
mately 866,000 new cases and a third-highest 
mortality rate reported in 2022. China bears a 
substantial burden of HCC, with an incidence  
of 15.2 per 100,000 and a mortality rate of 
12.6 per 100,000, accounting for nearly 50% 
of global cases [1, 2].

HCC is highly aggressive and prone to early 
metastasis. Approximately 70% of HCC patients 
exhibit no typical clinical symptoms in the early 
stages, resulting in most diagnoses occurring 
at intermediate to advanced stages, where the 
objective response rate to conventional thera-
pies is less than 25% [3]. Although treatment 
strategies for HCC have increasingly adopted a 
multidisciplinary and multimodal approach, the 
overall 5-year survival rate remains poor at only 
13.8% [4]. Even among the most effective cura-

tive options, such as liver transplantation, pa- 
tients face a substantial risk of postoperative 
recurrence. Data indicate that the 5-year recur-
rence rate after HCC liver transplantation rang-
es from 20.0% to 57.8%, with a median survival 
of only 10.6-12.2 months after recurrence [5]. 
Therefore, further elucidation of the pathogen-
esis of HCC and the identification of novel tumor 
biomarkers and therapeutic targets are critical 
for improving overall prognosis and selecting 
suitable transplant candidates to reduce recur-
rence risk.

Studies have demonstrated that significant  
pre-mRNA splicing dysregulation occurs in the 
early stages of HCC, and this abnormality plays 
a critical role in tumorigenesis [6]. Pre-mRNA 
splicing is carried out by the spliceosome,  
a dynamic macromolecular ribonucleoprotein 
complex composed of five small nuclear ribonu-
cleoproteins (snRNPs, each containing snRNA 
and associated proteins) along with multiple 
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auxiliary proteins [7]. Among these, the SNRPD1 
gene, located at 18q11.2 and containing a Sm 
core domain, plays a key role in snRNP complex 
assembly and exhibits oncogenic characteris-
tics in cell cycle regulation [8]. Previous studies 
have shown that SNRPD1 is highly expressed in 
various cancers, including breast cancer and 
neuroblastoma, and is closely associated with 
tumor invasiveness [9, 10]. However, the role of 
SNRPD1 in HCC remains poorly understood, 
and its impact on post-liver transplantation 
recurrence and metastasis has not yet been 
reported.

To investigate the potential role of SNRPD1 in 
post-transplant HCC recurrence, we systemati-
cally analyzed its expression and correlations 
with clinicopathological parameters, and its 
impact on survival. Thereby establishing a theo-
retical basis for SNRPD1 as a prognostic pre-
dictor and therapeutic target.

Materials and methods

Bioinformatics analysis

Data acquisition and processing: RNA sequenc-
ing data and corresponding clinicopathologi- 
cal information for hepatocellular carcinoma 
were obtained from the TCGA public database 
(TCGA-LIHC cohort; [https://portal.gdc.cancer.
gov/] (https://portal.gdc.cancer.gov/)), includ-
ing a total of 373 samples. Raw expression 
data were normalized from fragments per kilo-
base per million reads (FPKM) to transcripts 
per million (TPM). All sample collection and 
data usage complied with the ethical guidelines 
of the National Institutes of Health (NIH).

Differential expression analysis: Samples were 
divided into high- and low-expression groups 
based on the median SNRPD1 expression level. 
Differentially expressed genes (DEGs) were 
identified using the LIMMA package (v1.26.0), 
with the criteria set as |log2 fold change (FC)| 
> 1 and adjusted p-value < 0.05. Volcano plots 
and heatmaps were generated using the 
ggplot2 package (v3.3.3).

Functional enrichment analysis: Gene Ontology 
(GO) term and Kyoto Encyclopedia of Genes 
and Genomes (KEGG) pathway enrichment 
analyses were performed for the DEGs using 
the ClusterProfiler package (v3.18.0). The top 
15 significantly enriched terms and pathways 
were visualized (P < 0.05).

Immune cell infiltration analysis: The xCell  
algorithm implemented in the GSVA package 
(v1.34.0) was used to estimate the infiltration 
levels of 64 immune cell types. Spearman cor-
relation analysis was conducted to evaluate the 
associations between SNRPD1 expression and 
immune cell infiltration as well as immune-
related marker expression.

Evaluation of prognostic and diagnostic value: 
The TCGA-LIHC cohort was integrated with pub-
licly available HCC survival datasets. Kaplan-
Meier survival analysis and univariate and mul-
tivariate Cox proportional hazards regression 
analyses were performed using the “survival” 
(v3.2-10) and “survminer” (v0.4.9) packages. 
Diagnostic performance was assessed using 
the pROC package (v1.17.0.1) and time-depen-
dent ROC analyses. ROC curves, nomograms, 
and calibration curves were constructed using 
ggplot2.

Experimental methods and clinical validation

Patient characteristics: We retrospectively col-
lected clinical data from HCC patients who 
underwent liver transplantation at our hospital 
between January 2015 and December 2019. 
Inclusion criteria were: (1) meeting the Hang- 
zhou criteria (maximum tumor diameter < 8 cm, 
or > 8 cm with preoperative alpha fetoprotein 
(AFP) < 400 ng/mL, moderate/high histological 
differentiation, no major vascular invasion or 
distant metastasis) [11]; (2) postoperative path- 
ological confirmation of HCC; (3) no history of 
other primary malignancies; (4) complete base-
line, pathological, and follow-up data. Exclusion 
criteria were: (1) extensive tumor necrosis or 
markedly reduced cellular density on postoper-
ative pathology; (2) perioperative death within 
30 days; (3) history of two or more liver trans-
plantations. A total of 102 patients were in- 
cluded, followed up until February 28, 2025, or 
death, with a median follow-up of 64.5 months 
(range, 13-116 months). During follow-up, tu- 
mor recurrence occurred in 54 patients (52.9%) 
and 65 patients (63.7%) died. The study was 
approved by 900 Hospital of The Joint Logistics 
Team ethics committee.

Primary observational indicators: Baseline cha- 
racteristics, including sex, age, tumor size and 
number, preoperative treatment history, and 
postoperative pathological indicators such as 
Edmondson grade, liver capsule invasion, mi- 
crovascular invasion (MVI), satellite lesions, 
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and vascular tumor thrombi, were extracted 
from the hospital electronic medical record sys-
tem. Postoperative HCC tissues and paired 
adjacent non-tumor paraffin-embedded speci-
mens were collected for subsequent analyses.

Main reagents: Rabbit anti-human CD31 
(#ab28364) and SNRPD1 (#ab272632) mono-
clonal antibodies, and HRP-labeled goat anti-
rabbit IgG secondary antibodies (#ab205718), 
were purchased from Abcam, Cambridge, UK. 
Immunohistochemistry SP kits and DAB chro-
mogenic kits were obtained from Chengdu 
Zhengneng Biotechnology Co., Ltd. Other rou-
tine reagents were provided by the hospital’s 
basic medical laboratory.

Experimental methods: Continuous sections 
were prepared from paraffin-embedded HCC 
and adjacent non-tumor tissues. After deparaf-
finization and graded hydration, antigen retriev-
al was performed using citrate buffer (pH 6.0) 
with heat treatment. Endogenous peroxidase 
activity was blocked by incubation with 3% 
hydrogen peroxide at room temperature, and 
nonspecific binding sites were blocked with 
normal goat serum. Sections were incubated 
overnight at 4°C with primary antibodies aga- 
inst CD31 or SNRPD1. After thorough washing 
with PBS, secondary antibodies were applied 
and incubated at room temperature for 30- 
60 minutes, followed by DAB chromogenic 
development. Cell nuclei were counterstained 
with hematoxylin, and slides were dehydrated, 
cleared, and mounted with neutral resin. All 
experimental procedures were strictly con-
trolled to ensure reliability and reproducibility.

Interpretation of results: All slides were inde-
pendently evaluated in a double-blind man- 
ner by two experienced pathologists; disagree-
ments were resolved by a third senior patholo-
gist. Since this study is a retrospective study, 
only the final consensus value of the early 
cases was recorded in the database. SNRPD1 
expression was scored by multiplying staining 
intensity (0-3) by the percentage of positive 
cells (0-4); a total score > 4 was defined as  
high expression, and ≤ 4 as low expression. 
Microvascular density (MVD) was assessed 
using CD31 as a marker following the Weidner 
counting method: the most vascularized area 
was identified under low magnification, and five 
random high-power fields were counted to cal-
culate the mean MVD for each specimen. Pa- 

tients were categorized into high or low MVD 
groups based on the mean value.

Statistical analysis: Data analysis was per-
formed using IBM SPSS Statistics 27.0. Cate- 
gorical variables were compared using the chi-
square (χ2) test, and Fisher’s exact test was 
applied when expected frequencies were < 5. 
Spearman rank correlation analysis was used 
to assess the relationship between SNRPD1 
expression and MVD. Survival curves for over- 
all survival (OS) and progression-free survival 
(PFS) were generated using the Kaplan-Meier 
method, and differences between groups were 
compared with the Log-Rank test. Univariate 
and multivariate Cox proportional hazards re- 
gression models were employed to identify 
prognostic risk factors and determine indepen-
dent predictors of outcome. For multivariate 
Cox regression, variable selection followed a 
two-step strategy: (1) variables with P < 0.05 in 
univariate analysis were included; (2) MVI, a 
clinically established prognostic factor (P = 
0.084 in univariate analysis), was force-entered 
into the PFS model based on clinical impor-
tance. Collinearity was assessed using vari-
ance inflation factor (VIF) and tolerance; all VIF 
values were < 3 and tolerance > 0.1, indicating 
no significant collinearity. A P value < 0.05 was 
considered statistically significant.

Results

Differential expression of SNRPD1 in HCC

Analysis of the TCGA-LIHC dataset demonstrat-
ed that SNRPD1 expression was significantly 
higher in HCC tissues compared with adjacent 
non-tumorous tissues (P < 0.05; Figure 1A). 
Based on the median SNRPD1 expression, sam- 
ples were divided into high- and low-expression 
groups, yielding 510 DEGs, of which 256 we- 
re upregulated and 254 were downregulated 
(Figure 1B). Hierarchical clustering heatmaps 
illustrated the co-expression patterns of the 
top 100 core DEGs (Figure 1C).

Functional enrichment analysis of SNRPD1-
related DEGs

GO enrichment analysis revealed that the DEGs 
associated with SNRPD1 were significantly en- 
riched in biological processes (BP) related to 
the cell cycle, including chromosome segrega-
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tion (40 genes), nuclear division (38 genes), 
and DNA replication (32 genes). In terms of 
molecular function (MF), DEGs were primarily 
enriched in ATPase activity (25 genes) and 
microtubule binding (22 genes). Regarding cel-
lular components (CC), DEGs were enriched  
in condensed chromosomes (45 genes) and 
the spindle apparatus (38 genes) (Figure 2). 
KEGG pathway analysis showed significant 
enrichment in viral carcinogenesis (20 genes, 
-log10[P] = 15), the p53 signaling pathway (18 
genes, -log10[P] = 12), and the IL-17 signaling 
pathway (15 genes, -log10[P] = 10), among oth-
ers (Figure 2).

of 0.701, 0.631, and 0.643 for 1-, 3-, and 5-year 
survival, respectively, suggesting stronger pre-
dictive power for short-term prognosis (Figure 
4C). Univariate Cox regression analysis identi-
fied SNRPD1 expression as a potential prog-
nostic factor (P = 3.23 × 10-5, HR = 0.652, 95% 
CI: 0.345-0.959) (Figure 4A). Multivariate Cox 
regression confirmed SNRPD1 as an indepen-
dent prognostic factor (P = 0.00258, HR = 
0.679, 95% CI: 0.237-1.12) (Figure 4B). A no- 
mogram incorporating SNRPD1 expression and 
pathological T stage was constructed, yield- 
ing a C-index of 0.675 (95% CI: 0.611-0.74). 
Calibration curves demonstrated good agree-

Figure 1. The expression of SNRPD1 is significantly upregulated in HCC. (A) 
In the TCGA-LIHC dataset, the expression level of SNRPD1 in HCC is signifi-
cantly higher than that in the adjacent tissues; (B) The volcano plot and (C) 
the heatmap show the difference in mRNA expression levels between the 
high/low expression groups of SNRPD1 in HCC patients in the TCGA-LIHC 
dataset.

Correlation between SNRPD1 
expression and immune cell 
infiltration

xCell analysis combined with 
Spearman correlation revealed 
that SNRPD1 expression was 
positively correlated with den-
dritic cells (r = 0.222, P < 
0.001), B cells (r = 0.345, P < 
0.001), CD4+ memory T cells (r 
= 0.189, P < 0.01), naïve CD4+ 
T cells (r = 0.114, P < 0.05), 
and CD8+ T cells (r = 0.086, P < 
0.1), while showing a negative 
correlation with CD4+ central 
memory T cells (r = -0.103, P < 
0.05) (Figure 3).

Prognostic and diagnostic 
potential of SNRPD1 in HCC

The clinical and pathological 
data of patients included in 
this study is shown in Table 1. 
Kaplan-Meier survival analysis 
demonstrated that patients 
with high SNRPD1 expression 
had a significantly shorter me- 
dian overall survival (3.3 years) 
compared to those with low 
expression (5.8 years), with a 
log-rank P = 0.000798. The 
high-expression group exhibit-
ed a 1.822-fold higher risk of 
death than the low-expression 
group (95% CI: 1.283-2.588) 
(Figure 4C). Receiver operat- 
ing characteristic (ROC) curve 
analysis indicated AUC values 
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ment between predicted and observed survival 
outcomes (Figure 4D, 4E).

Immunohistochemical analysis of SNRPD1 
expression in HCC and adjacent tissues

Immunohistochemical staining demonstrated 
that SNRPD1 protein was predominantly local-
ized in the nucleus, exhibiting dark red granular 
deposition (Figure 5A-D). In HCC tissues, the 
high-expression rate of SNRPD1 was 89.2% 
(91/102), significantly higher than that in adja-
cent non-tumorous tissues, which was 15.7% 
(16/102). The difference was statistically sig-
nificant (P < 0.001; Table 2).

Correlation between SNRPD1 expression and 
clinicopathological features

Correlation analysis revealed that SNRPD1 
expression was significantly associated with 
MVI (P < 0.05). No significant associations we- 
re observed between SNRPD1 expression and 

other clinicopathological parameters, including 
sex, age, tumor number, maximum tumor diam-
eter, AFP level, histological differentiation, liver 
capsule invasion, vascular tumor thrombus, or 
satellite lesions (all P > 0.05; Table 3).

Correlation between SNRPD1 expression and 
MVD

Among the 102 HCC tissue samples, 91 cases 
were SNRPD1-positive, including 68 cases with 
high MVD; 11 cases were SNRPD1-negative, 
including 34 cases with low MVD. A total of 65 
cases were double-positive and 8 cases were 
double-negative. Spearman correlation analy-
sis demonstrated a significant positive correla-
tion between SNRPD1 expression and MVD (r = 
0.26, P < 0.05; Table 4).

Association between SNRPD1 expression and 
post-transplant prognosis in HCC

SNRPD1 expression and PFS: Kaplan-Meier 
analysis demonstrated that the median PFS 

Figure 2. Functional enrichment analysis of DEGs based on the expression level of SNRPD1 in HCC. A. The GO en-
richment results for up-regulated DEGs; B. The GO enrichment results for down-regulated DEGs; C. The KEGG path-
way enrichment results for up-regulated DEGs; D. The KEGG pathway enrichment results for down-regulated DEGs.
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Table 1. Clinical and pathological data of patients
Clinical data Case Clinical data Case
Gender Differential type
    Man 90     I-II 87
    Woman 12     III-IV 15
Age (years) Invasion of the liver capsule
    ≤ 55 61     No 50
    > 55 41     Yes 52
Number of tumors MVI
    Single 63     No 34
    More 39     Yes 68
Maximum tumor diameter (cm) Vascular tumor thrombus
    ≤ 5 59     No 49
    > 5 43     Yes 53
Preoperative AFP level (ng/ml) Satellite cooker
    ≤ 400 66     No 77
    > 400 36     Yes 25
*MVI: Microvascular Invasion.

Figure 3. Correlation between SNRPD1 expression and immune cell infiltration.
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was 46 months in the high SNRPD1 expression 
group and 75 months in the low expression 
group. The difference was statistically signifi-
cant (Log-rank P < 0.001; Figure 6), indicating  
a higher risk of postoperative recurrence in 
patients with high SNRPD1 expression.

SNRPD1 expression and OS: The median OS 
was 45 months in the high-expression group 

versus 88 months in the low-expression group, 
with a significant difference (Log-rank P < 
0.001; Figure 7), suggesting that high SNRPD1 
expression is associated with poorer post-
transplant survival.

Prognostic factor analysis: Univariate Cox 
regression analysis showed that high SNRPD1 
expression, liver capsule invasion, vascular 

Figure 4. Prognostic and diagnostic potential 
of SNRPD1 in HCC. A. Univariate COX analysis 
of HCC patients based on SNRPD1 expression 
level; B. Multivariate COX analysis of HCC pa-
tients based on SNRPD1 expression level; C. 
Survival analysis graph of HCC patients based 
on SNRPD1 expression level; D. Nomogram of 
HCC patients based on SNRPD1 expression lev-
el; E. Calibration curve of HCC patients based 
on SNRPD1 expression level.
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tumor thrombus, and satellite lesions were 
associated with PFS (P < 0.05). Although MVI 
showed only marginal significance in univariate 
analysis (P = 0.084), it was retained in the mul-
tivariate model due to its established clinical 
importance as a well-documented independent 
risk factor for HCC recurrence after liver trans-
plantation and its role as a core component of 
the Hangzhou criteria used for patient selec-
tion in this study. Multivariate analysis revealed 
that after adjusting for confounders, MVI dem-
onstrated independent prognostic value for 
PFS (HR = 2.10, 95% CI: 1.12-3.92, P = 0.020).

Multivariate analysis confirmed that high 
SNRPD1 expression (HR = 2.08, 95% CI: 1.09-
3.95, P = 0.025), liver capsule invasion (HR = 
3.25, 95% CI: 1.51-6.98, P = 0.003), and vas-
cular tumor thrombus (HR = 2.34, 95% CI: 
1.19-4.64, P = 0.014) were independent risk 
factors for PFS (Table 5). For OS, univariate 
analysis indicated that high SNRPD1 expres-
sion, liver capsule invasion, MVI, and vascular 
tumor thrombus were significantly associated 
(P < 0.05). Multivariate analysis confirmed that 
high SNRPD1 expression (HR = 3.16, 95% CI: 
1.79-5.59, P < 0.001), liver capsule invasion 
(HR = 2.07, 95% CI: 1.22-3.53, P = 0.007), MVI 
(HR = 2.21, 95% CI: 1.19-4.10, P = 0.012), and 

correlated with MVI, tumor MVD and immune 
cell infiltration pattern. SNRPD1 may partici-
pate in the progression of HCC recurrence and 
metastasis by simultaneously regulating tumor 
angiogenesis and immune microenvironment.

As a core component of the spliceosome, 
SNRPD1 regulates the assembly of specific 
spliceosomal complexes in human pluripotent 
stem cells. Aberrant expression of SNRPD1 can 
easily disrupt splicing regulation, alter the cel-
lular transcriptome, and ultimately promote 
tumor initiation and progression [12, 13]. 
Multiple studies have confirmed that SNRPD1 
is overexpressed in various cancers and is 
closely associated with tumor cell proliferation, 
invasion, and metastatic potential [9, 12-14]. 
Our previous study on SNRPD1 and post-hepa-
tectomy prognosis in HCC also indicated that 
high SNRPD1 expression correlates with short-
er OS and recurrence-free survival (RFS) [9]. In 
this study, SNRPD1 was further extended to the 
liver transplantation population to clarify the 
important value of SNRPD1 in the malignant 
progression of HCC and prognosis evaluation 
after transplantation.

Bioinformatics analysis revealed that SNRPD1 
is significantly overexpressed in HCC tissues, 

Figure 5. Immunohistochemical staining of SNRPD1 in HCC and adjacent 
tissues. A. High expression of SNRPD1 in liver cancer (20×); B. Low expres-
sion of SNRPD1 in liver cancer (20×); C. High expression of SNRPD1 in the 
surrounding area of the tumor (20×); D. Low expression of SNRPD1 in the 
surrounding area of the tumor (20×); Bar = 200 μm.

vascular tumor thrombus (HR 
= 1.91, 95% CI: 1.11-3.27, P = 
0.019) were independent risk 
factors for OS (Table 6).

Discussion

Recurrence and metastasis of 
HCC after liver transplantation 
is still the core bottleneck 
restricting the long-term sur-
vival of patients, and its occur-
rence is closely related to ma- 
lignant proliferation of tumor 
cells, MVI, tumor angiogene- 
sis and immune microenviron-
ment remodeling [8, 12]. This 
study demonstrated for the 
first time that SNRPD1 was 
highly expressed in HCC pa- 
tients after liver transplanta-
tion. Snrpd1 was an indepen-
dent risk factor for progres-
sion-free survival and overall 
survival, and was significantly 
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and its differentially expressed genes are main-
ly enriched in viral carcinogenesis, the p53 sig-

microenvironment [15, 16]. These findings sug-
gest that SNRPD1 may promote HCC initiation, 

Table 2. Expression of SNRPD1 in liver cancer and adjacent tissues (n%)
Grouping Frequency High expression Low expression P
Cancer tissue 102 91 11 < 0.01
Adjacent tissue to the cancer 102 16 86 < 0.01

Table 3. Relationship between the expression level of SNRPD1 and the clinical and pathological char-
acteristics of liver cancer patients
Grouping Frequency (n) High expression Low expression χ2 P
Gender 0.009 0.923
    Man 90 76 14
    Woman 12 10 2
Age (years) 0.142 0.706
    ≤ 55 61 55 6
    > 55 41 36 5
Number of tumors 0.631 0.427
    Single 63 55 8
    Multiple 39 36 3
Maximum diameter (cm) 0.171 0.679
    ≤ 5 59 52 7
    > 5 43 39 4
Preoperative AFP (ng/ml) 1.577 0.209
    ≤ 400 66 57 9
    > 400 36 34 2
Degree of differentiation 0.312 0.577
    I-II 87 77 10
    III-IV 15 14 1
Invasion of the liver capsule 1.054 0.304
    No 50 43 7
    Yes 52 48 4
MVI 8.597 5
    No 34 26 8
    Yes 68 65 3
Vascular tumor thrombus 2.995 0.083
    No 49 41 8
    Yes 53 50 3
Satellite cooker 0.051 0.822
    No 77 69 8
    Yes 25 22 3
*AFP: alpha fetoprotein, MVI: Microvascular Invasion.

Table 4. Correlation between SNRPD1 and MVD
Expression of SNRPD High MVD Low MVD χ2 r P
High expression 65 26 6.73 0.26 < 0.01
Low expression 3 8
*MVD: Microvascular Density.

naling pathway, and the IL-17 
signaling pathway. Dysregula- 
tion of the p53 pathway is a 
key factor in HCC develop- 
ment, while the IL-17 pathway 
is closely associated with the 
regulation of the tumor immune 
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progression, and immune evasion through 
modulation of these pathways. Furthermore, 
immune cell infiltration analysis combined with 
Spearman correlation indicated that SNRPD1 
expression in HCC tissues is significantly posi-
tively correlated with dendritic cells, B cells, 
CD4+ memory T cells, and CD4+ naive T cells, 
but negatively correlated with CD4+ central 
memory T cells. This suggests that SNRPD1 
may participate in immune regulation by mo- 
dulating the infiltration patterns of multiple 
immune cell types in the tumor microenviron-
ment. Dendritic cells, as key antigen-presenting 
cells, play a critical role in tumor immune sur-
veillance, and the positive correlation with 

ugh in vitro functional assays and in vivo ani-
mal studies.

Immunohistochemical analysis in this study 
demonstrated that the SNRPD1 protein is spe-
cifically localized to the nuclei of HCC cells, with 
a significantly higher positive expression rate in 
tumor tissues compared to adjacent non-tumor 
tissues, suggesting its role as a nuclear func-
tional protein in hepatocarcinogenesis. Clinico- 
pathological analysis revealed that SNRPD1 
expression was significantly associated only 
with MVI, and showed no correlation with 
patient sex, age, tumor size or number, histo-
logical differentiation, AFP levels, liver capsule 

Figure 6. The PFS curve of patients with liver cancer after liver transplanta-
tion. *PFS: Progression-free Survival.

Figure 7. The OS curve of patients with liver cancer after liver transplanta-
tion. *OS: Overall Survival.

SNRPD1 implies a potential 
regulatory role in antigen pre-
sentation, thereby affecting 
immune activation in HCC [17]. 
The positive association with B 
cells and CD4+ memory T cells, 
which are involved in initiating 
and maintaining tumor-specific 
adaptive immune responses, 
further indicates that SNRPD1 
may positively regulate adap-
tive immunity in the HCC micro-
environment [18]. Given that 
the core molecular function of 
SNRPD1 is the regulation of 
mRNA splicing, we hypothe-
sized that SNRPD1 may regu-
late the alternative splicing of 
immune-related genes, che-
mokines and immune check-
point molecules post-transcrip-
tionally, thereby changing the 
chemotaxis, activation and in- 
filtration patterns of immune 
cells in the tumor microenvi-
ronment. Therefore, the corre-
lation between SNRPD1 and 
immune infiltration is not sim-
ply statistical correlation, but 
reflects its systemic influence 
on the immune regulatory net-
work at the post-transcription-
al level, making it a key mole-
cule connecting HCC cell pro- 
liferation and immune regula-
tion. The specific regulatory 
targets and upstream/down-
stream molecular mechanisms 
require further validation thro- 
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invasion, vascular tumor thrombi, or satellite 
lesions. Given that MVI is a key risk factor for 
post-liver transplantation recurrence in HCC, 
these findings indicate that SNRPD1 may  
serve as a potential molecular marker for pre-
dicting recurrence risk after transplantation [9]. 
Spearman correlation analysis further showed 
a significant positive association between 
SNRPD1 expression and MVD in HCC tissues, 
suggesting that SNRPD1 may promote MVI for-
mation through regulation of tumor angiogene-
sis, thereby increasing the risk of post-trans-
plant recurrence.

Survival analysis revealed that patients with 
high SNRPD1 expression had significantly 
shorter median PFS and OS compared to those 
with low expression (both P < 0.001), indicating 

that elevated SNRPD1 is closely associated 
with increased post-liver transplantation recur-
rence risk and poorer prognosis. Univariate Cox 
regression confirmed the prognostic value of 
traditional indicators such as liver capsule inva-
sion, MVI, and vascular tumor thrombi for PFS 
and OS after HCC transplantation, consistent 
with previous studies, and, for the first time, 
demonstrated a significant association be- 
tween high SNRPD1 expression and postope- 
rative PFS and OS in this population [19-21]. 
Multivariate analysis further verified that high 
SNRPD1 expression is an independent risk fac-
tor for PFS (HR = 2.08, 95% CI: 1.09-3.95, P = 
0.025) and OS (HR = 3.16, 95% CI: 1.79-5.59, 
P < 0.001). Additionally, liver capsule invasion 
and vascular tumor thrombi were independent 
risk factors for PFS, while liver capsule inva-

Table 5. Univariate and multivariate COX analyses of factors affecting PFS

Clinical data
Univariate analysis Multivariate analysis

HR (95% CI) P HR (95% CI) P
The expression of SNRPD1 3.49 (1.95-6.23) 2.08 (1.09-3.95) 0.025
Gender 1.10 (0.46-2.62) 0.835 - -
Age 1.33 (0.76-2.32) 0.315 - -
Number of tumors 1.28 (0.74-2.21) 0.376 - -
Maximum diameter 1.39 (0.80-2.42) 0.246 - -
Preoperative AFP 1.10 (0.60-2.01) 0.756 - -
Tumor differentiation 0.43 (0.16-1.14) 0.088 - -
Hepatic capsule invasion 3.43 (1.85-6.38) 1 3.25 (1.51-6.98) 0.003
MVI 1.85 (0.92-3.73) 0.084 2.10 (1.12-3.92) 0.020
Vascular tumor thrombus 2.53 (1.39-4.61) 0.002 2.34 (1.19-4.64) 0.014
Satellite lesion 2.32 (1.24-4.34) 0.008 0.86 (0.40-1.85) 0.708
*PFS: Progression-free Survival, HR: Hazard Ratio, CI: Confidence Interval, AFP: Alpha Fetoprotein, MVI: Microvascular Invasion.

Table 6. Univariate and multivariate COX analyses of factors affecting OS

Clinical data
Univariate analysis Multivariate analysis

HR (95% CI) P HR (95% CI) P
The expression of SNRPD1 4.36 (2.57-7.39) < 0.001 3.16 (1.79-5.59) < 0.001
Gender 1.12 (0.51-2.45) 0.785 - -
Age 1.35 (0.82-2.22) 0.236 - -
Number of tumors 1.11 (0.67-1.85) 0.690 - -
Maximum diameter 1.25 (0.76-2.04) 0.378 - -
Preoperative AFP 1.53 (0.93-2.53) 0.094 - -
Tumor differentiation 0.96 (0.46-2.02) 0.917 - -
Hepatic capsule invasion 2.27 (1.36-3.79) 0.002 2.07 (1.22-3.53) 0.007
MVI 2.53 (1.40-4.58) 0.002 2.21 (1.19-4.10) 0.012
Vascular tumor thrombus 2.58 (1.53-4.35) 1 1.91 (1.11-3.27) 0.019
Satellite lesion 1.61 (0.91-2.86) 0.105 - -
*OS: Overall Survival, HR: Hazard Ratio, CI: Confidence Interval, AFP: Alpha Fetoprotein, MVI: Microvascular Invasion.
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sion, MVI, and vascular tumor thrombi were 
independent risk factors for OS. These findings 
suggest that SNRPD1 could serve as a novel 
and meaningful biomarker for assessing recur-
rence and survival risk in HCC patients follow-
ing liver transplantation.

Moreover, this study only included HCC patients 
who met the Hangzhou criteria for liver trans-
plantation, a rigorously selected subgroup with 
relatively favorable prognoses. Therefore, our 
findings regarding SNRPD1 as a prognostic 
marker may not be directly generalizable to all 
HCC patients, particularly those with advanced 
stage or who are beyond transplantation crite-
ria. Future studies should validate the role  
of SNRPD1 in broader HCC cohorts, including 
patients receiving resection, ablation, or sys-
temic therapies.

This study is the first to investigate the role of 
SNRPD1 in prognostic assessment within the 
context of liver transplantation for HCC. SNR- 
PD1 may be combined with traditional patho-
logical indicators to construct more precise 
postoperative prognostic models, providing a 
valuable reference for individualized clinical 
follow-up and intervention. Since this is a sin-
gle-center retrospective study with a limited 
sample size, the conclusions obtained are pre-
liminary and based only on liver transplant re- 
cipients screened according to the Hangzhou 
criteria, and therefore cannot be extrapolated 
to all patients with hepatocellular carcinoma. In 
the future, multi-center studies and basic ex- 
periments are needed to verify the results and 
the underlying mechanism.
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