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Abstract
Background: Liver hepatocellular carcinoma (LIHC) is one of the most severe malignant tumors
worldwide.

Method: RNA sequencing data is obtained from TCGA database to analyze the expression of TTC21A
and differentially expressed genes (DEG). Protein-protein interaction (PPI) network is used to screen out
the related genes of TTC21A. A single-sample GSEA is used to analyze the relationship between TTC21A
and immune cell in�ltration. Receiver operating characteristic (ROC) curve and area under the curve (AUC)
values are applied to evaluate the value of TTC21A as a binary classi�er. Finally, Cox regression, Kaplan-
Meier analysis, and nomogram plot are used to determine the prognosis value of TTC21A for LIHC.

Results:Compared to normal tissues, the expression of TTC21A in liver cell carcinoma is signi�cantly
higher (P<0.05). The expression of TTC21AmRNA is different from T, M clinical stage, pathological grade,
and histological grade (P<0.001). High expression of TTC21A in liver cancer is correlated to T staging.
PPI detected its potential co-expressed gene network. IHC staining suggested that TTC21A is expressed
higher in tumor tissues than in normal tissues, signi�cantly correlating with the immune cell in�ltration,
including macrophages and T cells. ROC curve displayed that TTC21A has a robust diagnostic ability for
hepatocellular carcinoma (AUC=0.778). Kaplan-Meier analysis displayed that the prognosis of patients
with high TTC21A expression is poor (HR=1.81, P=0.001).

Conclusion: Our results suggest that over-expression of TTC21A is closely related to the poor prognosis
of patients with liver cancer, indicating that TTA21A could possess an excellent diagnostic value in
patients with LIHC.

1. Introduction
Due to the uncontrollable vascular invasion and acquired drug resistance, liver cancer has become one of
the most common causes of cancerous deaths (around 600,000 deaths every year) globally, ranking third
in mortality and seventh in incidence rate according to the data of the World Health Organization (WHO)
[1]. Notably, the incidence rate of liver disease is higher in men than women in developing countries [2–4].
In this regard, several risk factors include fatty liver, hepatitis B virus, alcohol-related smoking, hepatitis C
virus, obesity, diabetes, and liver cirrhosis [5–6]. Among these risk factors, 75–85% of liver cancer
patients are related to the incidence of chronic hepatitis B virus (HBV) and hepatitis C virus (HCV)
infection [7, 8]. The expressions of various genes would be correlated to the risk factors of different
cancers at the molecular level. One of the protein-coding genes is TTC21A, with many tetrapeptide repeat
(TPR) domains, often found in IFT protein. The intra�agellar transport (IFT) is a kind of rapid movement
of multi-subunit protein particles along the �agellar microtubules, an assembly of eukaryotic �agella
requiring maintenance [9]. In addition, one of the homologous genes is TTC21B, which is expressed in a
variety of tissues and organs. Previous studies have indicated that this pathogenic gene, TTC21A causes
human asthenozoospermia [10]. Notably, seven additional genes, including TTC21A, were found near
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brain-derived neurotrophic factor (BDNF), which plays a vital role in brain development and function [11].
Moreover, several reports also demonstrated that this pathogenic gene, TTC21A, is related to cilia
biogenesis [12]. Correlating to these aspects, numerous human tumor tissue specimens presented an up-
regulation of primary cilia functions and structural defects, indicating an association between the primary
cilia function and cancer development [13]. To the best of our knowledge, no studies have reported that
TTC21A is stringently related to the occurrence of liver cancer.

In this study, we are intended to demonstrate the correlation between TTC21A and LIHC. To explore this
aspect, we compared the expression of TTC21A between liver cell carcinoma tissues and normal tissues.
Using high-throughput RNA-seq data obtained from TCGA for bioinformatics analysis, we assessed the
correlation between the clinical characteristics of LIHC patients and the expression of TTC21A. Further,
we determined the predictive value of TTC21A for LIHC patients' overall survival, progression-free interval,
and disease-speci�c survival. Then, we employed enrichment analysis, molecular interaction network
analysis, and immune penetration correlation analysis to determine its biological signi�cance. After
searching on PubMed (https://pubmed.ncbi.nlm.nih.gov/), we observed that no researchers revealed the
role of TTC21A in LIHC. Our results indicated that TTC21A is a promising diagnostic and prognostic
biomarker.

2. Experimental Section

2.1. Data collection
Liver hepatocellular carcinoma (LIHC) patient data sets, including gene expression pro�les and clinical
information, were collected. Since the relevant data provided by TCGA [14] is publicly available, the
approval of the local ethics committee is not obligatory. In this context, 424 specimens from the publicly
available "Cancer Genome Atlas" (TCGA) were downloaded, including 50 normal tissues and 374 tumor
tissues. Notably, cases with insu�cient or missing age and overall survival data were excluded in the
follow-up treatment.

2.2. Identi�cation of differentially expressed genes (DEG)
According to the median of TTC21A, 424 specimens of liver cancer patients were divided into high-
expression and low-expression groups. The "DESeq2" package was employed to identify the DEG
between the two groups, where the logarithmic change greater than 1.5 and the adjusted P value less
than 0.05 were considered the threshold. The R packages "pheatmap" (Kolde, 2019) and "Enhanced
Volcano" (Blighe, 2019) were used to display the results in the form of heat maps and volcano maps.

2.3. Functional annotation of related DEGs
The functional annotation processing on the recognized DEG was performed on Metascape database 2
and online tools [15]. Notably, the analysis threshold was set as the minimum count greater than 3, the
enrichment factor greater than 1.5, and the AP value of less than 0.01.
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2.4. Relationship between the TTC21A expression and
clinical characteristics
The expression of TTC21A in different clinical subgroups was analyzed by the Wilcoxon rank-sum test to
analyze the difference of TTC21A expression in liver cancer tumor tissue and normal tissue. Further,
TTC21A expression and pathological grade, clinical T staging, clinical M staging, clinical M staging, and
histological grade were analyzed, and the relationship between the TTC21A expression and clinical
characteristics was established.

2.5. Immunohistochemical (IHC) Analysis
Immunohistochemical staining of TTC21A in liver cancer and the paracancerous tissues was obtained
from HPA database (http://www.proteinatlas.org/)(Figure 4).

2.6. The Human Protein Atlas analysis
HPA contains normal tissues and tuomr tissues information regarding the expreesion pro�les of human
genes on protein level. In this study,we conducted HPA to compare the protein expression of TTC21A
between liver cancer and the paracancerous tissues.

2.7. Protein-protein interaction (PPI) network construction
The PPI network of TTC21A was constructed using the Interaction Gene/Protein Search (STRING)
database search tool for research [16]. In this study,we conducted STRING to search co-expreesion genes
and construct PPI networks .An interaction with a combined score > 0.4 was considered statistically
signi�cant.

2.7. Immune cell in�ltration analysis
Initially, a single-sample gene set enrichment analysis (SsGSEA) was applied to in�ltrate and enrich 24
typical immune cells, including dendritic cells, neutrophils, macrophages, type 2 T helper cells (Th2) cells,
Th cells, and Tcm memory cells, among others. Further, the spearman correlation analysis was used to
study the correlation between TTC21A and immune cell in�ltration. The Wilcoxon rank-sum test was used
to compare the degree of immune cell in�ltration in the TTC21A high-expression group and the low-
expression group. Finally, the logistic analysis was employed to evaluate the relationship between
TTC21A expression and clinicopathological characteristics (Table 2).

2.8. Clinical signi�cance of TTC21A expression
Several analyses were performed to explore the clinical signi�cance of TTC21A expression. Initially, a
receiver operating characteristic (ROC) analysis was used to compare the expression of TTC21A in LIHC
tumor and paracancerous tissues and test the predictive value. Including overall survival, progression-free
interval, and disease-speci�c survival, the prognosis analysis was demonstrated using Kaplan-Meier (K-
M) analysis and univariate and multivariate Cox regression analysis. In this vein, the Random forest
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regression uses the R software package "random forest" (Svetnik et al., 2003). The R package "RMS"
(Harrell, 2020) was used to construct the nomogram and calibration maps. The R program package
"ForestPlot" (Max Gordon, 2020) was employed as its often preferred in clinical pathological subtype
research. Notably, the above statistical analysis was performed with R (v4.0.0), in which P < 0.05 was
considered signi�cant.

2.9. Statistical analysis
All the data were subjected to R software (v.3.6.3) at a de�ned level of statistical signi�cance of P < 0.05.
Chi-square and Fisher's exact test were used for clinical bioinformatics analysis. In addition, the Wilcoxon
rank-sum test was also performed.

3. Results
3.1. Expression pro�les of TTC21AmRNA and related DEGs 

Based on the TCGA database, the expression of TTC21A mRNA was measured in different tumors. As
depicted in Figure 1A, among 33 specimens of cancerous, TTC21A mRNA was signi�cantly
overexpressed in most of the cancers. Notably, it was observed that the expression of TTC21A in liver cell
carcinoma tissues was signi�cantly higher (P<0.001) than that of the adjacent tissues (Figure 1B).
Further, 424 LIHC patients were randomly divided into two groups, a high-expression group and a low-
expression group, and the expressions of mRNA and lncRNA between the two groups were compared.
Finally, 561 mRNAs (537 up-regulated, 24 down-regulated, Figure 1C), 388 lncRNAs (281 up-regulated,
107 down-regulated, Figure S1A) were identi�ed as DEGs (absolute value of fold change > 1.5, P <0.05),
illustrated by a heat map (Figure 1D and Figure S1B).

3.2. Functional annotation of TTC21A-related DEGs

Further, Metascape software was used to evaluate the functions of TTC21A-related DEGs in LIHC
patients. As presented in Figure 2A-C, it was observed that several pathways related to cancers were
enriched, including epidermal development (GO: 00085444, P<0.001), negative regulation of
endopeptidase activity (GO: 0010951, P<0.001), and endocrine hormones (GO: 0046879, P<0.001).

3.3. Expression of TTC21A in different clinical subgroups

Notably, the expression of TTC21A in patients with LIHC is often related to clinicopathological
characteristics. To demonstrate this aspect, the Wilcoxon rank-sum test was employed to analyze the
differences in the expression of TTC21A in liver cancer tumor tissues and normal tissues. The results
showcased that there exist signi�cant differences in TTC21A expression and pathological grade (P<0.05),
clinical T stage (P<0.001), clinical M stage (P<0.001), histological grade (Figure 3A-F).The baseline
characteristics of hepatocellular carcinoma patients from TCGA were listed(Table1).Further, the
Univariate analysis showed that the increased expression of TTC21A (based on the median value) was
associated with clinicopathological features of poor prognosis (Table 2).
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3.4. Immunohistochemistry and PPI network construction

From the immunohistochemical staining of TTC21A in the HPA database, it was observed that the
expression of TTC21A in tumor tissues was signi�cantly higher than that of normal tissues Figure 4 .
Further, we employed string tools to construct a protein-protein interaction network of TTC21A and its
related potential co-expressed gene network (Figure 5). Among them, TTC21A was considered the central
gene related to other 10 genes, including ARMC2, CFAP43, IFT122, IFT140, IFT120, ITF52, IFT74, IFT81,
WDR19, and WDR35, with their scores of above 0.7 (Table 4).

3.5. Relationship between TTC21A and immune cell penetration

GSV A package was used to determine the correlation between HSPB1 and other immune cells,
displaying that the expression levels of TTC21A in the LIHC microenvironment were positively correlated
with the quantitative immune cell in�ltration levels of ssGSEA. Speci�cally, TTC21A expression was
positively correlated with macrophages, TFH, and NK CD56 bright cells (Figure 6A). As depicted in Figure
6B-G, macrophages (R = 0.290, P<0.001), Tem (R = 0.210, P<0.001), Th1 (R = 0.220, P<0.001) and Th2 (R
= 0.200, P <0.001) were all signi�cantly correlated to the expression of TICRR. Contrarily, B cells (R =
+0.061, P>0.001), NK cells (R = 0.074, P>0.001), showed a negative correlation with TTC21A.

In addition, the expression of TTC21A showed a good discrimination ability. The ROC curve of TTC21A
expression in normal tissues and tumor tissues had shown an AUC value of 0.778; while the AUC values
of stage I, II, and III subgroup analysis were 0.752, 0.810, and 0.814, respectively, which could distinguish
tumors and normal tissues (Figure 7). Moreover, the Kaplan-Meier survival analysis showed that the high
TTC21A expression group was more correlated with poor prognosis than the low TTC21A expression
group (Figure 8). In the univariate COX model, high expression TTC21A levels were associated with high T
staging (P<0.001)(Table 3).

3.6. Independent risk and diagnostic value of TTC21A expression 

The univariate survival analysis showed that TTC21A expression age (HR=1.205, P=0.295), gender
(HR=0.793, P=0.2), T stage (HR=2.598, P<0.001), M stage (HR=2.029, P =0.324), and N stage (HR=4.077,
P=0.017) were important factors to be considered in predicting the survival chances in correlation to the
TTC21A expression (Figure 9).

3.7. Nomogram chart of survival rate of liver cancer patients

Based on the TCGA training cohort, age, tumor stage, tumor status, and risk score model were also added
to construct a prognostic prediction nomogram and predict the probability of OS in 1, 3, and 5 years
(Figure 10A). As depicted in Figure 10B, the calibration curve showed that, in all cohorts, the OS predicted
by the nomogram was in good agreement with the actual observations in 1, 3, and 5 years.

4. Discussion
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Liver cancer, i.e., hepatocellular carcinoma (HCC), is a major health problem globally, accounting for 75–
85% of the total deaths. Among them, the main risk factors for HCC include cirrhosis, obesity, and
diabetes, in developing countries. Due to the lack of early speci�c symptoms, The median survival time of
patients with advanced HCC is less than 6 months, as most patients are diagnosed late. Several
conventional treatment options have been under practice to eradicate HCC, such as surgical resection,
ablation, chemical embolization, systemic chemotherapy, administration of molecularly targeted drugs,
and liver transplantation. The treatment results indicated that in the cases of radical resection of the liver,
60–70% of patients still face recurrence within 5 years. To this end, chemotherapy based on drugs solely
or in combination has been employed, which, however, remained far from satisfactory in terms of HCC
eradication. In this context, early detection and appropriate treatment options at the right time are
inevitable. According to the guidelines issued by the American Association for the Study of Liver Diseases
(AASLD) and the European Association for the Study of the Liver (EASL), liver cancer can be early
diagnosed by imaging [17]. Therefore, developing highly innovative sensitive biomarkers is of great
signi�cance for the early diagnosis of liver cancer.

This study aims to clarify the expression of TTC21A in liver cell carcinoma and its potential therapeutic
and prognostic values and establish the theranostic products. In the current research, high-throughput
RNA-seq data obtained from TCGA for bioinformatics analysis was employed, focusing on the expression
pro�le, clinicopathological association, and clinical signi�cance of factor TTC21A. It was observed that
the expression of TTC21A in tumor tissues was higher than that in normal tissues. In addition, in TTC21A
patients, the expression of TTC21A was correlated with clinical T staging. Finally, the predictive value of
TTC21A for LIHC patients' overall survival, progression-free interval, and disease-speci�c survival were
systematically determined. Given the limited data on the function of TTC21A, we have carried out
functional annotations, functional annotations of TTC21A-related DEGs, epidermal development,
negative regulation of endopeptidase activity, and endocrine hormones that are closely related to the
expression of TTC21A.

Notably, the tumor microenvironment is an important interface that mediates the physiological response
of cancer cells [18, 19]. In this regard, immune cells play a key role in the microenvironment of liver cancer
and exhibit complex crosstalk with cancer cells. Given the key role of the tumor microenvironment in
mediating tumor progression, tumor-in�ltrating immune cells are an indispensable part of the tumor
microenvironment. The potential relationship between TTC21A expression and immune cell in�ltration
was revealed. There was a positive correlation with T cells and macrophages and a negative correlation
with DCs and CD8 T cells. As the most effective antigen-presenting cells, DCs activated CD8 + T cells
through cross primers to initiate anti-tumor immunity [20]. In contrast, T cells [21] and macrophages [22]
grafted together to act against tumors.

Consequently, the over-expression of TTC21A seemed to inhibit tumor immunity, help cancer cells escape
elimination, and ultimately accelerate the occurrence of tumors. Therefore, we speculate that TTC21A
may affect the prognosis of patients by regulating the immune in�ltration in LIHC. Further, to study the
biological functions of TTC21A in LIHC, the protein-protein interaction network (PPI) construction showed
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the participation of TTC21A and its related potential co-expressed gene network. It is noteworthy to
discuss another issue, i.e., the clinical signi�cance of TTC21A in LIHC. In this regard, the area under the
ROC curve (AUC) was calculated as 0.778, suggesting that the TTC21A could be established as a
convincing biomarker for the diagnosis of LIHC. In addition, it was observed that the high expression of
TTC21A was related to the clinicopathological characteristics of pathological grade, clinical T staging,
clinical M staging, and histological grades. Multivariate Cox regression analysis and construction of a
prognostic nomogram chart further illustrated the diagnostic value of TTA21A in patients with LIHC.
Together, we �rmly believe that the TTC21A is an independent prognostic factor, substantially affecting
the survival of liver cancer patients. Despite the advantages, this research still has some room in
exploring the biological functions of TTC21A in vitro and in vivo, needing further experimental
veri�cations.

In summary, this study has demonstrated that the overexpression of TTC21A is correlated to the poor
prognosis of LIHC, which is also closely related to immune cell in�ltration. Therefore, our results
suggested that the expression of TTC21A may have obvious prognostic value for liver cancer patients
and may become a potential target for liver cancer immunotherapy. Further validations in terms of the
biological functions of TTC21A in vitro and in vivo should be carried out to explore the in�uence of
TTC21A overexpression in LIHC.
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Table 1
Baseline characteristics data of TCGA-LIHC patients.

Characteristics Low expression of TTC21A High expression of TTC21A p-value

n 185 186  

T stage, n (%)     0.249

T1 97 (26.4%) 84 (22.8%)  

T2 40 (10.9%) 54 (14.7%)  

T3 37 (10.1%) 43 (11.7%)  

T4 8 (2.2%) 5 (1.4%)  

N stage, n (%)     1.000

N0 123 (48%) 129 (50.4%)  

N1 2 (0.8%) 2 (0.8%)  

M stage, n (%)     0.059

M0 130 (48.1%) 136 (50.4%)  

M1 4 (1.5%) 0 (0%)  

Gender, n (%)     0.530

Female 57 (15.4%) 64 (17.3%)  

Male 128 (34.5%) 122 (32.9%)  

Age, n (%)     1.000

<=60 89 (24.1%) 88 (23.8%)  

> 60 96 (25.9%) 97 (26.2%)  

Pathologic stage, n (%)     0.223

Stage I 91 (26.2%) 80 (23.1%)  

Stage II 38 (11%) 48 (13.8%)  

Stage III 38 (11%) 47 (13.5%)  

Stage IV 4 (1.2%) 1 (0.3%)  

Tumor status, n (%)     0.518

Tumor free 104 (29.5%) 97 (27.6%)  

With tumor 72 (20.5%) 79 (22.4%)  

Histologic grade, n (%)     0.032



Page 12/23

Characteristics Low expression of TTC21A High expression of TTC21A p-value

G1 36 (9.8%) 19 (5.2%)  

G2 85 (23.2%) 92 (25.1%)  

G3 58 (15.8%) 64 (17.5%)  

G4 3 (0.8%) 9 (2.5%)  

Vascular invasion, n (%)     0.350

No 113 (35.9%) 93 (29.5%)  

Yes 53 (16.8%) 56 (17.8%)  

Age, meidan (IQR) 61 (52, 69) 61 (51, 68) 0.839

Table 2
Logistic regression analysis of the correlation between clinicopathological characteristics of LIHC

patients and TTC21A expression.
Characteristics Total

(N)
Odds Ratio (OR) P

value

Age (> 60 vs. <=60) 373 0.969 (0.645–
1.455)

0.878

Gender (Male vs. Female) 374 0.929 (0.602–
1.434)

0.74

Pathologic stage (Stage III &Stage IV vs. Stage I &Stage
II)

350 1.434 (0.887–
2.334)

0.143

T stage (T3 &T4 vs. T1&T2) 371 1.268 (0.792–
2.037)

0.324

N stage (N1 vs. N0) 258 2.862 (0.361–
58.271)

0.365

Residual tumor (R1&R2 vs. R0) 345 1.620 (0.622-4.500) 0.331

Histologic grade (G2&G3 vs. G1) 357 2.783 (1.517–
5.325)

0.001

Adjacent hepatic tissue in�ammation (Mild&Severe vs.
None)

237 0.803 (0.481–
1.338)

0.4

Vascular invasion (Yes vs. No) 318 1.573 (0.990–
2.511)

0.056

Prothrombin time (> 4 vs. <=4) 297 0.916 (0.555–
1.507)

0.731
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Table 3
COX regression analysis (single factor/multiple factors).

Characteristics Total
(N)

Univariate analysis   Multivariate analysis

Hazard ratio (95% CI) P
value

Hazard ratio (95%
CI)

P
value

Age 373          

<=60 177 Reference        

> 60 196 1.205 (0.850–1.708) 0.295      

Gender 373          

Female 121 Reference        

Male 252 0.793 (0.557–1.130) 0.200      

T stage 370          

T1&T2 277 Reference        

T3&T4 93 2.598 (1.826–3.697) < 
0.001

  2.780 (1.798–4.296) < 0.001

N stage 258          

N0 254 Reference        

N1 4 2.029 (0.497–8.281) 0.324      

M stage 272          

M0 268 Reference        

M1 4 4.077 (1.281–
12.973)

0.017   2.056 (0.631–6.704) 0.232

Histologic
grade

368          

G1&G2 233 Reference        

G3&G4 135 1.091 (0.761–1.564) 0.636      

TTC21A 373          

Low 187 Reference        

High 186 1.324 (0.938–1.869) 0.111      
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Figures

Figure 1

(A) The expression level of TTC21A in different cancer tissues and its corresponding normal tissues; (B)
The expression levels of TTC21A in different types of human tumors in cancer tissues and its
corresponding normal tissues. Note: *P<0.001, **P<0.01, and ***P<0.05. The expression difference of
TTC21A in 374 liver cancer tumor tissues and 50 normal tissues, Note: *P<0.001, **P<0.01, ***P<0.05. (C)

Table 4
Details of TTC21A related genes

Gene symbolAnnotation Score
ARMC2 Required for sperm �agellumaxoneme organization and function0.753
CFAP43 Cilia and �agella associated protein 43 0.738
IFT122 Intra�agellar transport protein 122 homolog 0.776
IFT140 Intra�agellar transport protein 140 homolog 0.88
IFT20 Intra�agellar transport protein 20 homolog 0.781
IFT52 Intra�agellar transport protein 52 homolog 0.743
IFT74 Intra�agellar transport protein 74 homolog 0.826
IFT81 Intra�agellar transport protein 81 homolog 0.849
WDR19 WD repeat-containing protein 19 0.808
WDR35 WD repeat-containing protein 35 0.831
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Volcano map showing the median expression of TTC21A in LIHC tumors, 424 LIHC patients from the
Cancer Genome Atlas-Liver Hepatocellular Carcinoma Project (TCGA-LIHC) strati�ed into high and low
TTC21A expression groups. (D) The heat map of the top 10 signi�cantly differentially expressed genes in
the high expression and low expression groups. Heat maps (Figure 1D and Supplementary Figure B) The
blue and red dots represent down-regulated and up-regulated genes, respectively.

Figure 2

Functional annotation of differentially expressed genes (DEGs) in liver hepatocellular carcinoma (LIHC)
patients with different TTC21A levels. According to the Metascape database, 561 mRNAs differentially
expressed between the high and low TTC21A expression groups were used for functional annotation.
Then, based on the threshold of 0.3 kappa score, they were clustered hierarchically into trees. Pick out
those with a higher degree of enrichment, then group them into several categories based on functional
relevance and build a network based on relevance and similarity. In the �gure, different colors were used
to represent different classes. The above �gure is colored by the degree of enrichment. The darker the
color, the more genes enriched in this type of pathway or biological process.
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Figure 3

The expression of TTC21A in different clinical subgroups related to clinicopathological characteristics.
(A) The Wilcoxon rank-sum test was used to analyze the differences in the expression of TTC21A
between liver tumor tissues and normal tissues. The expression of TTC21A was related to pathologic
grade (B), clinical T staging (C), clinical M staging (D), clinical N staging (E), and the relationship between
histologic grades (F)*P<0.001, **P<0.01, and ***P<0.05.
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Figure 4

Immunohistochemical staining of TTC21A from HPA database, normal tissue (A, B) tumor tissue (C, D).
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Figure 5

Comprehensive analysis of protein-protein interaction (PPI) gene network of TTC21A using string tools to
analyze TTC21A and its potential co-expressed gene network.
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Figure 6

(A) ssGSEA method to determine the correlation between TTC21A and immune cell penetration of liver
cell carcinoma tumors among 24 immune cell types in China. Comparison of the penetration levels of
most related immune cells, including dendritic cells (B), Neutrophils (C), macrophages (D), type 2 T helper
cells (Th2) cells (E), Th cells (F), and Tcm memory cells (G) between the high and low TTC21A expression
groups. (Note: DC, dendritic cells; aDC, activated DC; iDC, immature DCs; pDC, plasma cell DCs; Th, T
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helper cells; Th1, type 1 Th cells; Th2, type 2 Th cells; Th17, Type 17 Th cells; Treg, regulatory T cells; Tgd,
T central memory T cells; Tem, effector memory T cells; Tfh, T follicular helper T cells; NK, natural killer)

Figure 7

ROC curve of TTC21A expression in the liver cancer cohort. (A-D) ROC curves of TTC21A expression in
normal and tumor tissues; subgroup analysis of stage , , and .
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Figure 8

The independent risk and diagnostic value of TTC21A expression in LIHC. (A) Overall survival analysis
(OS) of TCGA-LIHC database; (B) Kaplan-Meier survival analysis of OS; (C) Disease-speci�c survival rate
(DSS); (D) Progression-free survival rate (PFS); and (E) Recurrence-free survival rate (RFS).
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Figure 9

Univariate survival analysis of the overall survival probability of TTC21A expression in patients with
different subgroups of tumor stages.

Figure 10
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(A) Nomogram of the overall survival of patients with liver cancer in 1 year, 3 years, and 5 years. (B) The
nomogram was used to predict the likelihood of the OS diagram of the calibration diagram
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