
O R I G I N A L  R E S E A R C H

Identification of a Novel Prognostic Signature 
Based on N-Linked Glycosylation and Its 
Correlation with Immunotherapy Response in 
Hepatocellular Carcinoma
Shusheng Lin1,2,*, Yi Cao3,*, Ke Zhu1,2,4,*, Caini Yang1,2, Xiangping Zhu2, Honghua Zhang1,2, Rui Zhang1,2

1Department of Biliary-Pancreatic Surgery, Sun Yat-sen Memorial Hospital, Sun Yat-sen University, Guangzhou, People’s Republic of China; 
2Guangdong Provincial Key Laboratory of Malignant Tumor Epigenetics and Gene Regulation, Guangdong-Hong Kong Joint Laboratory for RNA 
Medicine, Sun Yat-sen Memorial Hospital, Sun Yat-sen University, Guangzhou, People’s Republic of China; 3Emergency Department, Sun Yat-sen 
Memorial Hospital, Sun Yat-sen University, Guangzhou, People’s Republic of China; 4Guangdong TCRCure Biopharma Technology Co., Ltd, 
Guangzhou, People’s Republic of China

*These authors contributed equally to this work 

Correspondence: Rui Zhang; Honghua Zhang, Email zhangr95@mail.sysu.edu.cn; zhanghh68@mail.sysu.edu.cn 

Background: The complex tumor microenvironment of hepatocellular carcinoma (HCC) has led to a low response to immune 
checkpoints inhibitors (ICIs) and a poor prognosis. PD-L1, as one of the indications for ICIs, is rich in glycosylation modifications, 
which result in untimely ICIs. Our study constructed a prognostic model based on N-linked glycosylation related genes for predicting 
the prognosis and the response to ICIs.
Methods: The list of N-linked glycosylation related genes is from the AmiGO2 database. The patients in The Cancer Genome Atlas 
(TCGA) and Gene Expression Omnibus (GEO) cohorts were enrolled. The Cox regression was performed to develop a prognostic 
model and patients were divided into a low- and high-risk subgroups. The role of signature in HCC was well investigated by 
prognostic analysis, gene set enrichment analysis, and immune infiltration analysis. 21 recurrent HCC patients who received 
postoperative adjuvant ICIs were recruited to evaluate the relationship between immunotherapy response and the signature. In vitro 
studies were conducted to investigate the oncogenic effects of DDOST, STT3A and TMEM165 in HCC.
Results: 59 N-linked glycosylation related differentially expressed genes were screened from HCC and normal tissues in the TCGA 
cohort. The prognostic model was developed with DDOST, STT3A and TMEM165. The risk score could be an independent prognostic 
factor. Patients in the high-risk subgroup showed a worse prognosis than patients in the low-risk one. ssGSEA showed that patients in 
the low-risk subgroup tended to be in the immune-activated state, with higher levels of B cell and macrophage cell infiltrations and 
lower levels of regulatory T cell (Treg) infiltrations in both TCGC and GEO cohorts. Immunohistochemistry studies showed that 
DDOST, STT3A and TMEM165 are highly expressed in tumor tissues and patients with a high-risk score correlated with poor 
progression free survival and worse immunotherapeutic response. Furthermore, the proliferation of HCC cells was reduced after the 
knockdown of DDOST, as well as upon the knockdown of STT3A and TMEM165.
Conclusion: In this study, we establish that the risk model based on N-linked glycosylation related genes could efficiently predict the 
prognosis and tumor microenvironment immune state of HCC patients, and the risk score could serve as a novel indicator of 
immunotherapy.
Keywords: N-linked glycosylation, prognostic signature, HCC, immune infiltration, immunotherapy

Introduction
Based on the GLOBOCAN 2020 estimates produced by IARC, primary liver cancer was ranked as the sixth most 
common cancer and the third leading cause of cancer-related deaths worldwide in 2020. Among primary liver 
cancers, Hepatocellular carcinoma (HCC) is the most frequent pathologic subtype.1 Despite significant progress 
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in HCC treatment through surgical resection, liver transplantation, and immune checkpoint inhibitor (ICI)-based therapy, 
the prognosis for patients with HCC remains poor. The emergence of ICIs has provided a new avenue for HCC treatment. 
However, due to the lack of effective indicators to predict the therapeutic response of immunotherapy in HCC, there is 
a current lack of individualized guidance for drug selection.2 Hence, there is an urgent need to identify novel and 
potential therapeutic targets and prognostic indicators related to tumor formation and progression in patients with HCC.

As one of the most abundant post-translational modifications of membrane-bound proteins in eukaryotes, N-linked 
glycosylation is initiated in the endoplasmic reticulum (ER) by the oligosaccharyltransferase (OST) complex assembled 
with STT3A or STT3B catalytic subunits. The core glycan is then trimmed and further processed in the ER and Golgi 
apparatus before the glycosylated protein is translocated to the cell membrane.3 This form of protein glycosylation is 
regulated by the programmed remodeling of glycosyltransferases and glycosidases and affects a number of biological 
activities,4 including protein biosynthesis, protein stability, intracellular trafficking, subcellular localization, and ligand- 
receptor interaction. Recent studies on protein glycosylation5–10 revealed that glycosylation plays a crucial role in tumor 
progression at various pathophysiological steps, including tumor proliferation and immune modulation. Li et al11 first 
demonstrated that glycosylation of PD-L1 inhibited 26S proteasome mediated protein degradation. Their study showed 
that glycosylation of N192, N200, and N219 may antagonize the interaction between PD-L1 and GSK3β, thereby 
inhibiting GSK3β-mediated phosphorylation and degradation of PD-L1, leading to tumor-associated immune escape. 
However, little is known about the regulatory mechanism of N-linked glycosylation in tumor progression and immu-
notherapy of HCC.

In this study, we conducted a comprehensive investigation of the expression levels of N-linked glycosylation-related 
genes in HCC, as well as their clinical significance, using multiple bioinformatics analysis tools. Furthermore, we 
determined the oncological role of N-linked glycosylation-related genes in HCC through functional enrichment analy-
sis and in vitro studies.

Methods
Human Specimens
The paraffin-embedded tissues derived from 21 postoperative recurrent HCC patients were collected (Table S1), who 
received at least 4 cyclical adjuvant anti-PD1/PD-L1 monoclonal antibody treatments after recurrence at Sun Yat-sen 
Memorial Hospital, Sun Yat-sen University between 2017 and 2022. The response to ICIs were evaluated by using CT/ 
MRI imaging and measuring serum AFP level according to the guideline of mRECIST. All the human specimens 
enrolled into this study were anonymously coded in accordance with local ethical guidelines with written informed 
consent and a protocol approved by the committee review board of Sun Yat-sen Memorial Hospital.

Data Collection
The RNA-sequence data and clinical characteristics of 374 HCC patients were obtained from the TCGA database 
(https://www.ncbi.nlm.nih.gov/geo) on February 12, 2022. A cohort of HCC patients with RNA-sequence and clinical 
features were downloaded from the GEO database on January 22, 2009, and the last follow-up update was on October 6, 
2021. (https://www.ncbi.nlm.nih.gov/geo, ID: GSE14520)

Identification of Differentially Expressed Genes (DEGs)
Seventy N-linked glycosylation related genes were retrieved from the AmiGO2 database (http://amigo.geneontology.org/amigo) 
by searching the keyword “N-linked glycosylation” and verified in several reviews.12–15 DEGs were identified by using 
R package “limma”, and the filtration condition was P<0.05. The correlation of DEGs was analyzed by using the R package 
“igraph” and “reshape2”. A protein-protein interaction (PPI) network for the DEGs was constructed from the Search Tool for the 
Retrieval of Interacting Genes (https://cn.string-db.org), the minimum required interaction score between these genes was 
above 0.9.
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Consensus Clustering Analysis of N-Linked Glycosylation Related Genes
To classify the clinical features of HCC patients, consensus cluster analysis was performed by the 
“ConsensusClusterPlus” package. The number of clusters was determined by the consensus clustering algorithm, and 
performed at least 1000 times to guarantee the stability of the result. “Survival” and “SurvMiner” packages were 
performed to compare the overall survival between clusters.

Construction and Validation of Prognostic Models
To establish the prognostic model, N-linked glycosylation genes related to survival were screened through the Cox 
regression model, and LASSO Cox regression analysis was performed to construct the prognostic model based on these 
genes according to the lambda value. Three N-linked glycosylation related genes were enrolled with p values less than 
0.05 and HR value more than 1.5. The risk score was calculated with the following formula: 
RiskScore ¼ C1 � Y1þ C2 � Y2þ . . .þCi � Yi (C: coefficients, Y: gene expression level). According to the median of 
risk score, the patients were divided into high- and low-risk subgroups. To evaluate whether our model could exactly 
distinguish the features between high and low-risks subgroups, “Survival” “SurvMiner” “timeROC” packages were used. 
For the study of the validation model, a cohort of patients in GEO database was enrolled to verify the feasibility of 
prognostic model.

Independent Prognostic Analysis of the Risk Score
The clinical characteristics and the risk score were enrolled into the univariate and multivariable Cox regression analysis 
to evaluate the predictable value of the risk score we got using our model.

Functional Enrichment Analysis with the DEGs
Gene ontology (GO) functional enrichment analysis and Kyoto Encyclopedia of Genes and Genomes (KEGG) functional 
enrichment analysis were employed. DEGs between the high-risk group and the low-risk group were selected to be 
analyzed.

To understand the relationship between the N-linked glycosylation related genes and immune cells infiltration, 
ssGSEA was performed by R packages “GSVA” “Limma” “GSEABASE” “Reshape2” “GGpubr”, and the relationship 
between the DEGs and immune checkpoint genes was analyzed by R packages “Corrplot” and “ggExtra”.

Immunohistochemical (IHC) Staining
The IHC staining and analysis were performed as previously described. Briefly, the paraffin-tissue sections first were 
dewaxed with xylene twice for 30 minutes, re-hydrated with a concentration gradient of ethanol, followed as 100%, 90%, 
80%, 70% and water, and subsequently subjected to boiling antigen retrieval buffer (EDTA 9.0) for 10 minutes. The 
slides were first blocked with 1% normal goat serum (NGS) for 30 minutes at room temperature, which were then 
incubated with primary antibodies against DDOST (Proteintech, Cat. no.14916-1-AP), STT3A (Proteintech, Cat. 
no. 12034-1-AP), TMEM165 (Proteintech, Cat. no. 20485-1-AP) and CD20 (Abcam, Cat. no. ab78237) in 
a humidified chamber overnight at 4 °C. After the incubation, the slides were first washed in PBS 3 times and then 
incubated with HRP conjugated secondary antibody (Dako, Cat. no. K5007) at 37 °C for 30 minutes. Next, the slides 
were then washed with PBS 3 times and incubated with DAB (Dako, Cat no. K5007). Finally, the slides were 
counterstained with hematoxylin for 5 minutes.

The images were captured by using a phase contrast microscope (Nikon, Japan) and were double-blindly assessed by 
two independent pathologists. The expression level of DDOST, STT3A and TMEM165 was scored by measuring the 
(IOD) by image J. The score of CD8 and CD20 intensity was defined as the proportion of positive cells in the total 
number of hematoxylin-positive cells.
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Cell Culture
HuH7 cell lines were purchased from the American Type Culture Collection and MHCC-97H cell lines were purchased 
from Shanghai Zhongqiao Xinzhou Company. The cell lines were cultured in DMEM (GIBCO, Cat. no. C11995500BT) 
with 10% fetal bovine serum (GIBCO, Cat. no. 10270-106) and incubated with 5% CO2 at 37 °C.

RNA Extraction, RT-qPCR and siRNA Interference
Total RNA was extracted from cells or tissues using RNAiso Plus, according to the instructions. Reverse transcription 
was performed using HiScript® III All-in-one RT SuperMix Perfect for qPCR (Takara, Japan). qPCR was conducted 
using SYBR Premix Ex Taq II (Vazyme, Cat. no. R333-01) and performed on the LightCycler® 480 Real-Time PCR 
System (Roche Applied Science, Mannheim, Germany). β-Actin was used as a reference control, and the relative 
expression level of mRNA was calculated with 2−ΔΔCt methods.

Genes were silenced by siRNA in accordance with the manufacturer’s instructions. The sequences of siRNA used 
were as follows:

Negative control (Sense: 5′- GTCTTCATTTGTCGAGGAAAGGA-3′, Antisense: 5′- CTGGGTGAACT 
CCAAGGTG-3′);

siSTT3A (Sense: 5′- CUGUAAUGGUGCGUCUAAUTT-3′, Antisense: 5′- AUUAGACGCACCAUUACAGTT-3′);
siDDOST (Sense: 5′- GGGAAUUCCUCUAUGACAATT-3′, Antisense: 5′- UUGUCAUAGAGGAAUUCCCTT-3′).
siTMEM165 (Sense: 5′- GGUGAUCGCUCUCAACUAATT-3′, Antisense: 5′- UUAGUUGAGAGCG 

AUCACCTT-3′).

CCK8 Proliferation Assay
Cells transfected with siRNA for 2 days were seeded into a 96-well plate at a density of 1500 (Huh7) or 1000 (MHCC- 
97H) cells per well. CCK8 proliferation assay kits (YEASEN, Cat. no. 40203ES88) were used to detect the cell 
proliferation at different time points (day 0,1,2,3,4,5). The absorbance was measured on a TS Microplate Reader 
(TECAN, Switzerland) at a wavelength of 450 nm.

EdU Proliferation Assay
A total of 1.5×104 huh7 cells or 1×104 MHCC-97H cells transfected with siRNA for 72 hours were seeded into a 96-well 
plate. After 24 hours, as the normal cell growth cycle was restored, an appropriate EdU solution was added to the 96-well 
plate with the cells. After incubation for 2 hours, cells were fixed with 4% paraformaldehyde for 15 minutes, and the EdU 
incorporated into the DNA of cells was detected by fluorescent antibodies.

Colony Formation Assay
A total of 1.5×103 huh7 cells or 1.5×103 MHCC-97H cells transfected with siRNA for 48 hours were seeded into a 6-well 
plate culturing with complete growth medium. The culture medium was changed every 4 days. After 14 days, the cells 
were stained with 0.2% crystal violet after being fixed with 4% paraformaldehyde. The colony number was counted using 
AID GmbH.

Western Blotting
Total protein was extracted by using RIPA lysis buffer containing protease and phosphatase inhibitors. Protein concen-
tration was determined using a BCA assay (Invitrogen, Cat. no. 23227). Total protein (40 µg/lane) was separated on 
a 10% gel and transferred onto a PVDF membrane (Merck Millipore, Cat.no. ISEQ00010). The membranes were blocked 
with 5% bovine serum albumin (BSA) at room temperature for 1 hour and incubated overnight at 4 °C with diluted 
primary antibodies. Then, the membranes were washed using TBS containing 0.1% Tween-20 three times and incubated 
with HRP-conjugated secondary antibodies for 1 h at room temperature. Finally, signals of proteins on the membrane 
were detected by ECL.β-Actin (CST, Cat.no 4970S 1:1000) which were used as a reference control.
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Statistical Analyses
The Wilcoxon test was applied to compare the gene expression levels between the normal liver and HCC tissues and the 
immune infiltration levels between subgroups. The two-sided Log rank test was used to compare the OS between 
subgroups. Other statistical methods are specifically described above. All statistical analyses were accomplished with 
R (v4.0.5).

Results
DEGs Were Identified in Normal and Tumor Tissues to Classify HCC Patients
70 N-linked glycosylation related genes were enrolled from the AmiGO2 database (Table S2) and these genes have been 
reported to be involved in the N-linked glycosylation modification of proteins.12,16,17 Then the expression of these genes 
was obtained from the TCGA data and compared with 374 HCC tissues to the 50 normal tissues, and finally a total of 59 
differentially expressed genes (DEGs) were ultimately identified. The threshold at fold change of 1.5 was used to define 
the up-regulated or down-regulated genes, with a p-value <0.05 of the fold-change being statistically significant. As 
shown in Figure 1A, the expression of DEGs was presented as a heatmap (red represented a high expression level; blue 
represented a low expression level). Among these DEGs, 4 genes were down-regulated, while 55 genes were up- 
regulated. Protein-Protein interaction analysis (PP1) was performed to explore the relationship between these N-linked 
glycosylation related DEGs (Figure S1A). In addition, we constructed a co-expression network of these differentially 
expressed genes (Figure S1B).

In order to further understand the relationship between N-linked glycosylation related genes and clinical character-
istics, the consensus clustering analysis was performed. By increasing the cluster variable (k) from 2 to 10, we chose 
a classification coefficient of 2 (k = 2), which achieved the highest intra-group correlation and the lowest inter-group 
correlation (Figure 1B). Therefore, HCC patients were divided into 2 clusters and patients in cluster 2 showed shorter 
overall survival (OS) (Figure 1C). As shown on the heatmap, 15 N-linked glycosylation related genes were found to be 
differentially expressed in the 2 clusters. In addition, significant differences were found between the two clusters in 
clinical features including the degree of tumor differentiation and T stage, but no differences were found in age and 
gender (Figure 1D).

Construction of Risk Model Based on N-Linked Glycosylation Related DEGs in the 
TCGA Dataset
Univariate Cox regression was performed to screen the N-linked glycosylated genes related to survival, and 8 genes were 
enrolled for further analysis (DDOST GFPT1 MGAT4a MGAT5 PGM3 STT3A TMEM165 TUSC3). These 8 genes were 
highly associated with increased risk and HR >1 (Figure 2A). LASSO (Least absolute shrinkage and selection operator) 
Cox regression analysis was performed to construct the prognostic risk model (Figure 2B). The DDOST, STT3A and 
TMEM165 genes were recruited, and the risk score was calculated as follows: risk score = (0.191183173963103 * 
DDOST exp.) + (0.174577573840935* STT3A exp.) + (0.191131082938155* TMEM165 exp.). According to the risk 
model, the risk score of HCC patients in the TCGA database was calculated, and the cut-off value was set as the median 
of risk score. HCC patients were divided into high- and low-risk subgroups (Figure 2C). HCC patients of TCGA cohort 
found that the number of dead patients was more distributed as the risk score increased (Figure 2D). Principal component 
analysis (PCA) (Figure 2E) and T-SNE analysis (Figure 2F) were performed to test whether N-linked glycosylation 
related genes could effectively distinguish between high- and low-risk groups.

Furthermore, survival analysis showed significant difference in OS between the high- and low-risk groups (P<0.001), 
and patients in the high-risk subgroup presented shorter OS those that in the low-risk subgroup (Figure 2G). Univariate 
and multivariate Cox regression analysis were performed based on the survival status and survival time of HCC patients 
to determine whether the risk score could be an independent indicator to predict the prognosis of patients. In the TCGA 
cohort, it showed that tumor size (P < 0.001, HR = 1.664) and the risk score (P = 0.007, HR = 3.184) could be 
independent prognostic factors (Figure 2H and I). Finally, time-dependent receiver operating characteristic (ROC) was 
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Figure 1 DEGs were identified in normal and tumor tissues to classify HCC patients. 
Notes: (A) The heatmap of the N-linked glycosylation related DEGs (blue: low expression level; red: high expression level). *P<0.05; **P<0.01; ***P<0.001. (B) 374 HCC 
patients were classified into two clusters according to the consensus clustering analysis (k = 2). (C) Kaplan–Meier curves of the survival analysis based on the two clusters. 
(D) Heatmap based on DEGs associated with clinical features (TNM staging, the degree of tumor differentiation, gender, age). ***P<0.001.
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Figure 2 Construction of risk model based on N-linked glycosylation related DEGs in TCGA dataset. 
Notes: (A) Univariate cox regression analysis of N-linked glycosylated gene significantly associated with prognosis. (B) Cross-validation for tuning the parameter selection 
in the LASSO regression. (C) Distribution of HCC patients in TCGA cohort by risk score. (D) Survival status of HCC patients with different risk scores (low-risk 
population: the left of the dotted line; high-risk population: the right of the dotted line). (E) Principal component analysis plot for HCCs of TCGA based on the risk score. 
(F) t-Distributed Stochastic Neighbor Embedding (t-SNE) for HCCs of TCGA based on the risk score. (G) Survival curves for the 2 clusters. (H) Univariate analysis in 
TCGA cohort. (I) Multivariate analysis in TCGA cohort. (J) The AUC curve proves the feasibility of the prediction model.
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used to evaluate the specificity and sensitivity of the model, and the area under the ROC curve (AUC) was 0.725 for 
one year, 0.650 for three years, and 0.620 for five years, all of which had good feasibility (Figure 2J).

Validation of the Prognostic Model
To verify the feasibility of the prognostic model, the clinical characteristics and RNA sequence data of 220 HCC patients 
were obtained from the GEO database (GSE14520). According to the risk score, 220 HCC patients were divided into 
high- and low-risk subgroups (Figure 3A). PCA (Figure S2A) and T-SNE analysis (Figure S2B) were also performed, 
which was satisfied with the effect of distinguishing the two groups based on our model. HCC patients of the GEO cohort 
also found that the number of dead patients was more distributed as the risk score increased (Figure S2C). As shown on 
the heatmap, grade, stage and survival status were diversely distributed in the high- and low-risk subgroups (Figure 3B).

Furthermore, survival analysis indicated that patients in the high-risk group presented shorter overall survivability 
than those in the low-risk group (P<0.001, Figure 3C). In the same way, univariate and multivariate Cox regression 
analysis were performed to determine whether the risk score could be an independent indicator to predict the prognosis of 
patients. In the GEO cohort, cirrhosis (P = 0.037, HR = 4.471), TNM stage (P < 0.001, HR = 1.966) and risk score (P < 
0.001, HR = 3.487) could serve as independent indicators (Figure 3D and E). The AUC was 0.765, 0.717 and 0.686 
corresponding to one, three and five years (Figure 3F), which verified the predictive ability of our model.

Correlation of the HCC Subgroups with Immune Infiltration
The underlying mechanism that the N-linked glycosylation related genes affected the prognosis of HCC patients was 
further detected. 173 DEGs were identified between the high- and low-risk groups in the TCGA cohort. Among these 
DEGs, 95 genes were down-regulated in the high-risk group and the other 78 genes were up-regulated (Table S3). Next, 
gene ontology (GO) enrichment analysis and Kyoto Encyclopaedia of Genes and Genomes (KEGG) pathway analysis 
were performed based on DEGs (Figure S3A and B). It showed that these DEGs were related to metabolic processes, 
such as steroid metabolic process, fatty acid metabolic process, glycolysis and some immune-associated signaling 
pathways like PPAR.

In order to explore the relationship between N-linked glycosylation related genes and immune states, ssGESA was 
performed to evaluate whether 16 types of immune cells and 13 types of immune-related functions were statistically 
different between the high- and low-risk subgroups. According to the immune cell score, patients in the low-risk 
subgroup in the TCGA dataset presented lower infiltration of regulatory T cells (Treg) and macrophages than those in 
the high-risk subgroup (Figure 4A). Nevertheless, the infiltration of NK cells and B cells was more enriched in the low- 
risk subgroup. Similar results were also found in the GEO cohort (Figure 4C). In addition, both TCGA and GEO 
suggested that the patients in the high-risk subgroup showed high activity of APC co-inhibition and MHC class-1 
compared with the patients in the low-risk subgroup (Figure 4B–D). However, the immune state of type-1 IFN response 
is to the contrary. Interestingly, patients in the high-risk subgroup presented higher expression of immune checkpoints 
genes (CD274, PDCD1, CTLA4, HAVCR2, HHLA2, IDO1, PDCD1LG2, TIGIT) than those in the low-risk subgroup in 
the TCGA datasets (Figure 4E). Moreover, correlation analysis was performed between risk score and the expression 
levels of these 8 immune checkpoints. It showed that a high-risk score correlated with a high expression of these immune 
checkpoints (CD274 (R = 0.26), PDCD1 (R = 0.32), CTLA4 (R = 0.34), HAVCR2 (R = 0.44), HHLA2 (R = 0.36), IDO1 
(R = 0.16), PDCD1LG2 (R = 0.18), TIGIT (R=0.32)) (Figure S4A–H).

Prognostic Models are Effective in Predicting Responses to Immunotherapy
A cohort of 21 cases of HCC patients who received postoperative adjuvant PD-1/PD-L1 antibody treatment were 
recruited to validate the efficiency of our prognostic model. Immunohistochemistry studies demonstrated higher 
expressions of DDOST, STT3A and TMEM165 in HCC specimens than in normal tissues (Figure 5A–C), and the 
level of these three marker expressions related to the clinical stage and the progression free survival (PFS) of HCC 
patients (Figure S5A–S5C) (Figure 5D–F). According to the prognostic model, 21 cases of HCC patients were divided 
into high- and low-risk subgroups based on the IOD values of these three markers in the HCC tissues. Our results showed 
that the high-risk score correlated with poor progression free survival and a poor stage in HCC patients after receiving an 
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Figure 3 Validation of prognostic model. 
Notes: (A) Distribution of HCC patients in GEO cohort by risk score. (B) Heatmap containing risk scores and clinical features. *P<0.05; **P<0.01; ***P<0.001. (C) Kaplan– 
Meier curves for comparison of patients between high- and low- risk subgroup. (D) Univariate analysis in GEO cohort. (E) Multivariate analysis in GEO cohort. (F) Time- 
dependent ROC analysis for OS prediction in GEO cohort.
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Figure 4 Correlation of the HCC subgroups with immune infiltration. 
Notes: (A and B) 16 types of immune cells and 13 types of immune function were compared between the high and low risk groups in TCGA cohort. *P<0.05; **P<0.01; 
***P<0.001. (C and D) 16 types of immune cells and 13 types of immune function were compared between the high and low risk groups in GEO cohort. *P<0.05; **P<0.01; 
***P<0.001. (E) Comparison of 8 different immune checkpoints between high and low risk groups. ***P<0.001.
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Figure 5 Prognostic models are effective in predicting responses to immunotherapy. 
Notes: (A–C) Representative images of the immunohistochemistry of STT3A, DDOST and TMEM165 in normal tissues and HCC tissues. (D–F) Progression-Free Survival 
(PFS) between HCC patients with the low and high expression of STT3A, DDOST and TMEM165 in our cohort. (G) Progression-Free Survival (PFS) between HCC patients 
with the low and high risk score in our cohort. (H) Comparison of the different stage in HCC patients with the low and high risk subgroup. (I) The time-dependent ROC 
analysis proves the feasibility of the prediction model in our cohort. (J) Comparison of the incidence of the response to immunotherapy in HCC patients with the low and 
high risk group. (K) The different expression of CD20 between the low and high risk group. **P<0.01. (L) Representative images of the immunohistochemistry of CD20 in 
HCC patients with the low and high risk score.
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adjuvant PD-1/PD-L1 antibody treatment, whereas patients with a low=risk score were associated with increased PFS 
after treatment with the PD-L1 antibody (Figure 5G and H). In addition, the AUC corresponded to one, two and three 
years, which verified the predictive ability of our model (Figure 5I). The low-risk subgroup has a higher percentage of 
immunotherapeutic response than the high-risk subgroup (Figure 5J). Furthermore, patients in the high-risk subgroup 
presented with a low infiltration of CD20+ B cell as predicted above, indicating that the high-risk score was associated 
with immunosuppression (Figure 5K and L). Overall, our results demonstrated for the first time that a high-risk score is 
associated with a poor immunotherapeutic response in HCC patients by our risk model based on N-linked glycosylation 
related genes.

Knockdown of STT3A, DDOST and TMEM165 Suppresses the Proliferation of HCC 
Cell Lines
The expression of STT3A, DDOST and TMEM165 mRNA was tested by RT-qPCR in 22 pairs of matched HCC tissues 
and adjacent normal liver tissues (Figure 6A). The results showed the expression of the STT3A, DDOST and TMEM165 
mRNA in HCC tissues was significantly up-regulated compared with paired normal liver tissues, and the difference was 
statistically significant. To precisely study the effect of these genes on liver cancer cells, Huh7 and MHCC-97H cell lines 
were chosen to establish the knockdown models through the siRNA. The knockdown efficiency of the three genes were 
verified by RT-qPCR and Western blotting (Figure 6B and C) with a demonstrated efficacy of over 70%. To explore the 
role of these genes in the proliferation of cells mentioned above, cell-counting kit-8 (CCK-8) assays were performed. The 
results showed that the silencing of each of the three genes inhibited the proliferation of HCC cells compared with the 
normal control (Figure 6D). This conclusion was also confirmed in EdU assays (Figure 6E). Clonal formation experi-
ments demonstrated that the silencing of these genes significantly reduced the ability of proliferation from individual 
cells to communities (Figure 6F). It has been reported that STT3A et al play an important role in the N-linked 
glycosylation modification of proteins like PD-L1, but the role of STT3A, DDOST and TMEM165 in the proliferation 
of HCC cells is unknown.

The flow diagram of this study is shown in Figure 7.

Discussion
In this study, we finally screened 59 DEGs (differentially expressed genes) out of 70 N-linked glycosylation related genes 
between HCC and normal tissues in TCGA datasets. There were significant differences in clinical characteristics, 
including grade and stage. Three DEGs (STT3A, DDOST and TMEM165) were recruited to construct a prognostic 
model through LASSO Cox regression analysis. The risk scores obtained through the prognostic model could serve as an 
independent prognostic factor in the TCGA dataset. In addition, it also suggests that the high-risk scores are associated 
with poor grading and late staging. In addition, our study showed that N-linked glycosylation related genes were also 
associated with immune cell infiltration and immune function activity. Furthermore, in order to verify the efficiency of 
our risk model, 21 HCC patients who received ICIs were enrolled, and IHC studies demonstrated that the expression of 
STT3A, DDOST and TMEM165 is high in tumor tissues and patients in the high-risk subgroup presented worse 
responses to ICIs.

Glycosylation is defined as an enzymatic process by which glycans, complex oligosaccharides, etc., bind to other 
molecules, especially proteins and lipids, by means of a glycosidic bond.18 It is the most diverse post-translational 
modification, with approximately 200 glycosyltransferases that determine which proteins are glycosylated, where glycans 
are located, and the structure of these glycans.19

In HCC, it has been reported that N-linked glycosylated CD44 promote the proliferation and invasion of tumor cells 
by increasing the stability of CD44.20 However, the clinical significance of N-linked glycosylation related genes in HCC 
patients remains unclear, especially in terms of prognosis and immune microenvironments. Therefore, our study 
constructed a prognostic model characterized by STT3A-DDOST-TMEM165, which can efficiently predict the overall 
survival of HCC patients and serve as an indicator on whether to receive ICIs. STT3A encodes a catalytic subunit of an 
oligosaccharide transferase (OST) complex, which is required for N-linked glycosylation of proteins. The increased 
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Figure 6 Knockdown of the N-linked glycosylation prognostic model related genes suppresses the proliferation of HCC cell lines. 
Notes: (A) RT-qPCR analysis of STT3A, DDOST and TMEM165 mRNA expression in hepatocellular carcinoma tissue and paired adjacent liver tissue. *P<0.05; ***P<0.001. (B) The 
knockdown efficiency of siRNA on STT3A, DDOST and TMEM165 in Huh7 and MHCC-97H cells was detected by RT-qPCR analysis. ***P<0.001. (C) The silencing efficiency of siRNA 
on STT3A, DDOST and TMEM165 in Huh7 and MHCC-97H cells was detected by Western Blotting analysis (the order of the first blot is Huh7-siNC, Huh7-siSTT3A, 97H-siNC, 97H- 
siSTT3A; the order of the second blot is Huh7-siNC, Huh7-siDDOST, 97H-siNC, 97H-siDDOST; the order of the third blot is Huh7-siNC, Huh7-siTMEM165, 97H-siNC, 97H- 
siTMEM165). (D) Cell viability detected by CCK8 assay at 450 nm in Huh7 and MHCC-97H cells. ***P<0.001. (E) Cell viability tested by EdU Kit in Huh7 and MHCC-97H cells. *P<0.05; 
**P<0.01; ***P<0.001. (F) The effect of silencing STT3A, DDOST and TMEM165 on HCC proliferation was tested by clone formation assay in Huh7 and MHCC-97H cells. *P<0.05; 
**P<0.01; ***P<0.001.
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STT3 family induced by epithelial-mesenchymal transition (EMT) can increase the expression and stability of PD-L1 
protein in tumor stem-like cells of BT-549 cells, thereby promoting tumor cell immune escape.21 In our study, the model 
risk score was positively correlated with the expression of the immune checkpoint, especially PD-L1 (CD274), the 

Figure 7 Flow diagram of this study.
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patients in the high-risk subgroup exhibited higher levels of PD-L1 than those in the low-risk group. DDOST was first 
reported to help catalyze the transfer of high mannose-oligosaccharides across the endoplasmic reticulum to asparagine 
receptor sites in Asn-X-Ser/Thr consensus motif of the nascent polypeptide chain.22 DDOST is also an integral part of 
protein N-linked glycosylation in the endoplasmic reticulum. Zhuang et al found that DDOST overexpressing mice 
increased accumulation of hepatic AGE (advanced glycation end-products), leading to central obesity, deficient insulin 
secretion, and conversion to the use of ketoacids and fat to supply energy, followed by liver glycogen accumulation and 
liver enlargement, hepatic ER and oxidative stress.23 In addition, Shapanis et al found that increased expression of 
DDOST was associated with a shortened time to metastasis in cutaneous squamous cell carcinoma and poor prognosis in 
cervical and oropharyngeal cancer.24 TMEM165 belongs to the secondary ion transporter family, transporting calcium 
and manganese ions for the cell, which are indispensable raw materials for intracellular glycosylation. The mutation of 
TMEM165 is also closely related to the occurrence of congenital disorders of glycosylation.25,26 Moreover, Lee et al 
verified in vitro that TMEM165 knockdown effectively reduced the invasive activity of MMP-2 dependent HCC.27 

Overall, three genes (STT3A, DDOST, and TMEM165) in our prognostic model were identified as contributing factors to 
poor prognosis, and the risk score performed by the univariate and multivariate Cox regression in both TCGA cohort and 
GEO cohort could serve as an independent factor of prognosis.

The risk model based on N-linked glycosylation related genes was significantly related to the immune microenviron-
ment. Patients in the high-risk subgroup showed a high infiltration of immunosuppressive cells and activation of the 
suppressive immune pathway. For example, compared to the low-risk group, we found that the high-risk group had 
a higher expression of immunosuppressive cells such as Tregs, and a higher expression in APC co-inhibition, but lower 
cytolytic activity, suggesting that N-linked glycosylation of proteins may be related to the tumor immunosuppressive 
environment. Further analysis showed patients in the high risk subgroup presented a high expression of immune 
checkpoint genes, especially PD-L1 and CTLA4. Surprisingly, combined with the double validation of TCGA and 
GEO, the infiltration of Tregs in the high-risk subgroup patients was higher than that in the low-risk subgroup. Tregs are 
generally considered to be key immune regulatory cells that inhibit immune response, promote immune escape and cause 
poor prognosis of HCC.28–30 In addition, the positive correlation between risk score and various immune checkpoint 
genes, including PD-L1 and CTLA4, suggested that the N-linked glycosylated genes may be involved in tumor immune 
escape. Therefore, our prognosis model based on N-linked glycosylated genes could not only predict the prognosis of 
HCC patients, but also reflect the immune microenvironment, providing a theoretical basis for the application of 
immunotherapy.

Overall, our study proved that N-linked glycosylation is closely related to the prognosis of HCC patients and in vitro 
functional experiments have proved that the three genes (STT3A, DDOST, and TMEM165) play an important role in 
proliferation of HCC cells. The three genes (STT3A, DDOST, and TMEM165) involved in constructing the model play 
a significant role in the immunosuppressive microenvironment of HCC patients, especially the infiltration of Tregs and 
the expression of immune checkpoints genes. Therefore, we constructed a novel prognostic model based on the N-linked 
glycosylated genes, that could efficiently predict the prognosis of HCC patients, and could serve as an indicator of the 
application of ICIs.
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