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Abstract  Renal clear cell carcinoma (ccRCC) is one of the most prevalent and aggressive histological subtypes of 
all renal cell carcinomas (RCCS) and is a metabolically abnormal cancer. Advanced ccRCC usually has a poor 
prognosis. Therefore, appropriate tumor markers need to be developed to predict the treatment, prognosis, and 
progression of ccRCC. Recombinant Frizzled Homolog 1 (FZD1) is a receptor for the Wnt signaling pathway, and 
overexpression of FZD1 has been detected in many cancer tissues and cells, leading to tumor development and drug 
resistance. However, its expression status and prognostic value in renal carcinoma remain unclear. Therefore, the 
purpose of this study was to explore the relationship between clinical features, overall survival, immune infiltration, 
and prognostic risk in patients with FZD1 and ccRCC through bioinformatics. ccRCC RNA-seq FPKM format data 
and clinical data were downloaded from TCGA database, and the correlation between FZD1 and ccRCC was 
evaluated by Cox and Logistic analysis. The results showed that the expression of FZD1 in renal carcinoma tissues 
was higher than that in normal tissues (P＜0.001); The ROC curve showed that FZD1 had high diagnostic value 
(AUC = 0.877). High expression of FZD1 is associated with immune status of renal clear cell carcinoma. These data 
indicate that the expression status of FZD1 has diagnostic and prognostic value in patients with ccRCC, and is a 
feasible potential novel prognostic marker for ccRCC, and may also be used as a potential therapeutic target for 
alleviating ccRCC patients. 
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1. Introduction 

Approximately 400,000 people worldwide are 
diagnosed with renal cell carcinoma (RCC) each year. At 
diagnosis, 75% of these renal cancers are diagnosed with 
ccRCC, and the 5-year survival rate is 50%-69% [1,2], 
however, if the ccRCC tumor measurement is larger than 
7 cm at diagnosis or has metastasized, the 5-year survival 
rate drops to 10% [3]. ccRCC is also one of the most 
common malignant tumors of urinary system [4]. 
Genetically, persistent deletion of multiple tumor 
suppressor genes leads to ccRCC [5]. Surgical resection is 
the primary treatment for early ccRCC, but up to 40% of 
patients with ccRCC develop metastasis after surgical 
intervention [6], while the high mortality of patients with 
advanced ccRCC may be due to the lack of effective 
treatment and reliable risk stratification to evaluate 
prognosis, and ccRCC is not sensitive to radiotherapy and 
chemotherapy [7]. Clinical outcomes for ccRCC are 
variable, and attempts have been made to predict survival 

based on available clinical parameters. Variability occurs 
in similar clinical categories, likely due to a combination 
of limited biomarkers and tumor heterogeneity, which 
prevents a more precise prognosis. The low survival rate 
and the challenge of clinical variation have led to a large 
number of detailed cell analysis studies on ccRCC, 
providing mechanistic insights for targeted therapies. 
However, there are still gaps in our understanding of the 
complex and varied cell types and states in ccRCC. With 
the advent of modern diagnosis and treatment methods, 
more and more literatures have reported differences in 
clinical outcomes of RCC patients with the same TNM 
staging and similar treatment regimen [8], indicating that 
the TNM staging system alone cannot provide complete 
information on the prognosis of RCC. Therefore, the 
identification of early diagnostic biomarkers is crucial to 
determine the treatment mode and improve the clinical 
outcome of patients with ccRCC. The development of 
useful clinical prognostic markers to accurately predict the 
outcome is conducive to risk stratification and guide the 
clinical diagnosis and treatment of ccRCC. 

As early as the 1960s, it was recognized that there is a 
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relationship between immune infiltration and the 
prognosis of different diseases [9]. The cells involved in 
immune infiltration are immune cells present in tumors, 
which can be divided into 22 types, such as T, B, NK and 
plasma cells. For example, NK cells play a role in tumor 
immunity. Receptor or co-receptor recognition of ligands 
on tumor cells can activate NK cells, resulting in the 
killing of targets with underexpression of HLAI [10]. NK 
cell metabolism is impaired in the tumor 
microenvironment [11]. ccRCC is a highly immunogenic 
tumor type in which tumor cells generate an 
immunosuppressive environment through a variety of 
immunosuppressive mechanisms, such as disrupting 
active antigen presentation, reducing the influence of T 
cells, through immunosuppressive sensitivity and T cell 
"incompetence" pathways. It is worth noting that the 
occurrence and development of ccRCC is closely related 
to its immune microenvironment [12]. ccRCC has been 
shown to be surrounded by a large number of 
inflammatory cells, such as T cells, NK cells, 
macrophages, which can disrupt the patient's immune 
system through abnormal transformation of dendritic cells. 

FZD1, belonging to the "curl" gene family, encodes 
seven transmembrane domain proteins that are receptors 
for Wnt signaling proteins [13]. It has been reported that 
after overexpression of FZD1, it participates in the 
activation of Wnt signaling pathway, leading to cell 
growth, invasion, metastasis and chemotherapy resistance 
[14]. FZD1 can also participate in cell microenvironment 
regulation of cell proliferation [15]. It has been reported 
that the expression of FZD1 in the tumor 
microenvironment has a gradient effect, which can 
regulate the progression and spread of colon cancer, 
providing a new therapeutic target for colon cancer 
patients [16]. In addition, it can mediate drug resistance in 
neuroblastoma, acute myeloid leukemia, and breast cancer 
[17]. Despite the important role of FZD1 in tumor 
development and drug resistance, its expression status and 
prognostic value in renal cancer remain unclear. Therefore, 
in this study, we used the clinical data in TCGA, including 
clinical features, prognosis and survival data, to study the 
correlation between FZD1 and ccRCC. 

2. Materials and Methods 

2.1. Data Source and Preprocessing 
From TCGA database (https://portal.gdc.cancer.gov) to 

download TCGA-RNAseq KIRC project STAR process 
data, and extract the sorting FPKM format of the data and 
clinical data (adjacent n = 72; Clinical data n=537). 
Clinical data included gender, age, weight, height, etc. 
Since this is a bioinformatics study, it does not require 
ethics committee or institutional review board approval. 
This study was conducted in accordance with the 
publication guidelines provided by TCGA. 

2.2. Clinicopathological Analysis 
Clinicopathological analysis was performed using 

TCGA data. Select the Kruskal-Wallis validation data 
format and visualize the data using the ggplot2 package. 

Clinical prognostic information included overall survival 
(OS) and disease-specific survival (DSS). Kaplan-Meier 
(K-M) method was used for univariate and multivariate 
Cox regression analysis. 

2.3. Construction and Prediction of 
Nomogram 

survival package was used to test the proportional risk 
hypothesis and perform Cox regression analysis. 
nomogram related models were constructed and visualized 
using rms package. Calibration and differentiation are the 
most commonly used methods to evaluate model 
performance. Calibration plots were constructed to 
evaluate the prediction accuracy of a nomogram based on 
a prognostic model. 

2.4. Gene Set Enrichment Analysis 
Gene set enrichment analysis (GSEA) established a 

series of genes associated with FZD1 expression. The 
samples were divided into a high FZD1 expression group 
and a low FZD1 expression group, which served as a 
training set to distinguish potential functions and elucidate 
significant survival differences. The gene sets were 
arranged multiple times for each examination. We used 
standardized enrichment scores and corrected P-values to 
rank each phenotypic enrichment pathway. 

2.5. Immunoinfiltration 
Spearman correlation method was used to analyze the 

correlation between FZD1 and immune cells, and 
Wilcoxon rank sum test was used to compare the 
infiltration of these cells between samples with high and 
low expression of FZD1. 

2.6. Statistical Analysis 
Wilcoxon signed rank test was used to analyze the 

expression level of FZD1 gene in unmatched samples of 
renal carcinoma patients. The expression of FZD1 gene 
in patients with renal carcinoma was analyzed by paired 
sample t test. Mann-Whitney U test (Wilcoxon rank sum 
test) and Wilcoxon signed rank test were used to analyze 
the differences of FZD1 between multiple groups and 
between paired samples. Cox regression was used to 
compare the prognosis of FZD1 between high and low 
groups and among subgroups. ROC analysis of the data 
was performed using pROC package, and the results 
were visualized using ggplot2; spearman analysis 
showed the correlation between FZD1 and immune 
infiltration and lollipop chart. GSEA analysis with the 
clusterProfiler package. 

3. Result 

3.1. Patient Baseline Characteristics 
In this study, 541 samples of ccCRCC patients were 

retrieved from the TCGA database, including 270 samples 
with low FZD1 expression and 271 samples with high 

 



 Journal of Food and Nutrition Research 153 

FZD1 expression. Table 1 lists the detailed clinical and 
genetic characteristics of patients with CCRCC. There were 
significant differences in Pathologic T stage, Pathologic M 

stage, Pathologic stage, Gender and Histologic grade 
between patients with low expression of FZD1 and patients 
with high expression of FZD1 (P < 0.001). 

Table 1 Clinicopathological characteristics of ccRCC patients in TCGA database 

Characteristics Low expression of FZD1 High expression of FZD1 P value 
n 270 271  

Pathologic T stage, n (%)   < 0.001 
T1 109 (20.1%) 170 (31.4%)  
T2 39 (7.2%) 32 (5.9%)  
T3 112 (20.7%) 68 (12.6%)  
T4 10 (1.8%) 1 (0.2%)  

Pathologic N stage, n (%)   0.138 
N0 120 (46.5%) 122 (47.3%)  
N1 11 (4.3%) 5 (1.9%)  

Pathologic M stage, n (%)   < 0.001 
M0 195 (38.4%) 234 (46.1%)  
M1 57 (11.2%) 22 (4.3%)  

Pathologic stage, n (%)   < 0.001 
Stage I 105 (19.5%) 168 (31.2%)  
Stage II 30 (5.6%) 29 (5.4%)  
Stage III 73 (13.6%) 50 (9.3%)  
Stage IV 60 (11.2%) 23 (4.3%)  

Primary therapy outcome, n (%)   0.112 
PD 8 (5.4%) 3 (2%)  
SD 2 (1.4%) 4 (2.7%)  
PR 0 (0%) 2 (1.4%)  
CR 52 (35.4%) 76 (51.7%)  

Gender, n (%)   < 0.001 
Female 71 (13.1%) 116 (21.4%)  
Male 199 (36.8%) 155 (28.7%)  

Race, n (%)   0.483 
Asian 5 (0.9%) 3 (0.6%)  

Black or African American 32 (6%) 25 (4.7%)  
White 231 (43.3%) 238 (44.6%)  

Age, n (%)   0.576 
<= 60 131 (24.2%) 138 (25.5%)  
> 60 139 (25.7%) 133 (24.6%)  

Histologic grade, n (%)   < 0.001 
G1 3 (0.6%) 11 (2.1%)  
G2 94 (17.6%) 142 (26.6%)  
G3 110 (20.6%) 97 (18.2%)  
G4 58 (10.9%) 18 (3.4%)  

Serum calcium, n (%)   0.088 
Low 100 (27.2%) 104 (28.3%)  

Normal 86 (23.4%) 67 (18.3%)  
Elevated 8 (2.2%) 2 (0.5%)  

Hemoglobin, n (%)   0.233 
Low 146 (31.7%) 118 (25.6%)  

Normal 91 (19.7%) 101 (21.9%)  
Elevated 3 (0.7%) 2 (0.4%)  

 

3.2. FZD1 is Highly Expressed in Renal Clear 
Cell Carcinoma 

After processing TCGA-KIRC RNA-seq data, it was 
found that FZD1 was highly expressed in ccRCC (Figure 
1A). Wilcoxon rank sum test was used to analyze paired 
samples and found that the results were consistent with 
those of unpaired samples (P < 0.001) (Figure 1B). It is 
suggested that FZD1 may play a role in the progression of 
ccRCC disease. qRT-PCR analysis of FZD1 expression in 
human renal cortex/proximal tubule cell line HK-2, human 

renal carcinoma cell line (A-498), and human renal 
adenocarcinoma cell line (ACHN) suggested that the 
expression of FZD1 was significantly up-regulated in A-
498 (P) and ACHN (P) cells. 

In addition, we also analyzed the expression of FZD1 in 
pancarcinoma. The Mann-Whitney U test found that the 
expression of FZD1 in 19 tumors was higher than that in 
corresponding normal tissues, and the Wilcoxon signed 
rank test found that the expression of FZD1 in 8 tumors 
was higher than that in corresponding normal tissues. See 
Figure 1C, D for details. Based on this, we hypothesized 
that high expression of FZD1 in ccRCC may be associated 
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with prognosis. Therefore, single gene Logistic analysis 
was performed in this study (Table 2). The results were 
found to agree with our prediction. The high expression of 
FZD1 was related to Pathologic T stage, Pathologic M 
stage, Pathologic stage, Gender and Histologic grade stage, 
and the difference was statistically significant (P < 0.001). 

3.3. Genetic Changes of FZD1 in ccRCC 
The genetic altered status of the FZD1 gene in different 

types of cancer in the TCGA cohort was analyzed via the 
cBioPortal website. As shown in Figure 2, in patients with 
Esophageal adenocarcinoma whose primary change was 
amplification, FZD1 had the highest frequency of change 
(9.89%). In 2.3% of all ccRCC cases, the "amplification" 
frequency found changes in the FZD1 gene, which is the 
FZD1 mutation mismatch site at G502C/D/S (Figure B) 
and the network diagram of FZD1 in the Wnt signaling 

pathway (Figure 2 D). 

3.4. Multifaceted Prognostic Value of FZD1 
Expression in Cancer 

Through the basic evaluation of FZD1 expression in 
different tumors, the relationship between FZD1 
expression and OS in tumor patients was studied. Kaplan-
Meier survival analysis (P < 0.001) and multiple clinical 
subgroups (Figure 3 B-O). Univariate Cox analysis 
(logrank test) confirmed that high expression of FZD1 
was associated with a better prognosis for ccRCC [hazard 
ratio (HR) =0.362, 95%CI, 0.262-0.500, P < 0.001]. 
Multivariate Cox analysis confirmed that high expression 
of FZD1 was associated with better prognosis in ccRCC 
patients [hazard ratio (HR) =0.543, 95%CI, 0.257-1.146, P 
= 0.0109] (Table 3). 

 

Figure 1. Expression of FZD1 in normal renal tissue and renal carcinoma tissue. (A) Expression of FZD1 in unmatched samples. (B) Expression of 
FZD1 in paired samples. (C-D) FZD1 expression in A498 and ACHN cells was higher than that in HK2 cells. (E) Expression of FZD1 in unmatched 
samples from different tumor samples. (F) Expression of FZD1 in samples of different tumor pairs. (*, P < 0.05; **, P < 0.01; ***, P < 0.001). 

Table 2 Analyze the correlation between FZD1 expression and clinicopathological features using logistic regression 

Characteristics Total (N) OR (95% CI) P value 
Pathologic T stage (T1&T2 vs. T3&T4) 541 2.413 (1.678 - 3.471) < 0.001 

Pathologic N stage (N0 vs. N1) 258 2.237 (0.754 - 6.631) 0.147 
Pathologic M stage (M0 vs. M1) 508 3.109 (1.835 - 5.268) < 0.001 

Pathologic stage (Stage I&Stage II vs. Stage IV&Stage III) 538 2.659 (1.855 - 3.810) < 0.001 
Primary therapy outcome (PD&SD vs. PR&CR) 147 0.467 (0.167 - 1.304) 0.146 

Gender (Female vs. Male) 541 2.098 (1.460 - 3.014) < 0.001 
Race (White&Black or African American vs. Asian) 534 1.667 (0.394 - 7.045) 0.487 

Age (<= 60 vs. > 60) 541 1.101 (0.786 - 1.542) 0.576 
Histologic grade (G1&G2 vs. G3&G4) 533 2.304 (1.627 - 3.263) < 0.001 

Serum calcium (Low&Elevated vs. Normal) 367 1.260 (0.830 - 1.911) 0.278 
Hemoglobin (Elevated&Low vs. Normal) 461 0.726 (0.500 - 1.052) 0.091 

Laterality (Left vs. Right) 540 0.972 (0.693 - 1.362) 0.867 
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Figure 2. cBioPortal analyzed the genetic characteristics of FZD1 in different TCGA tumors, including mutation, amplification, and deletion 

 

Figure 3. The prognostic value of FZD1 expression on overall survival (OS) of different tumor types was analyzed using Timer 2.0 database. (A) (B) 
T1; (C) N0; (D-E) M0, M1; (F-H)StageⅠ, Ⅲ, Ⅳ; (I) Women; (G) Male; (K-L) G2, G3; (M) Right; (n) Left; (O) low blood calcium; (P) Normal blood 
calcium. (*, P < 0.05; **, P < 0.01; ***, P < 0.001). 
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Table 3. Results of univariate and multivariate Cox regression analysis 

Characteristics Total(N) 
Univariate analysis 

  
Multivariate analysis 

Hazard ratio (95% CI) P value Hazard ratio (95% CI) P value 
Pathologic T stage 541        

T1&T2 350 Reference    Reference   
T3&T4 191 3.210 (2.373 - 4.342) < 0.001  0.531 (0.060 - 4.700) 0.569 

Pathologic N stage 258        
N0 242 Reference    Reference   
N1 16 3.422 (1.817 - 6.446) < 0.001  0.217 (0.035 - 1.339) 0.100 

Pathologic M stage 508        
M0 429 Reference    Reference   
M1 79 4.401 (3.226 - 6.002) < 0.001  3.844 (1.463 - 10.100) 0.006 

Pathologic stage 538        
Stage I&Stage II 332 Reference    Reference   

Stage III&Stage IV 206 3.910 (2.852 - 5.360) < 0.001  3.932 (0.391 - 39.575) 0.245 
Gender 541        
Female 187 Reference       
Male 354 0.924 (0.679 - 1.257) 0.613     
Age 541        

<= 60 269 Reference    Reference   
> 60 272 1.791 (1.319 - 2.432) < 0.001  1.828 (0.940 - 3.557) 0.076 

Histologic grade 533        
G1&G2 250 Reference    Reference   
G3&G4 283 2.665 (1.898 - 3.743) < 0.001  1.168 (0.547 - 2.491) 0.688 

Serum calcium 214        
Low 204 Reference    Reference   

Elevated 10 5.018 (2.478 - 10.163) < 0.001  1.633 (0.407 - 6.550) 0.489 
Laterality 540        

Left 253 Reference    Reference   
Right 287 0.707 (0.525 - 0.952) 0.022  1.268 (0.666 - 2.413) 0.470 
FZD1 541        
Low 270 Reference    Reference   
High 271 0.362 (0.262 - 0.500) < 0.001  0.543 (0.257 - 1.146) 0.0109 

3.5. FZD1 Has High Diagnostic Value in 
ccRCC 

According to ROC curve analysis, FZD1 is not only 
closely related to the prognosis of renal cancer, but also 
has a high diagnostic value (AUC = 0.877) (Figure 4 A, 
G-K). In addition, taking into account FZD1 expression 
and other predictors such as age and stage, we constructed 
a nomogram to predict patient survival at 1, 3, and 5 years 
(Figure 4 B, D-F). We construct a bias correction line in 
the calibration plot to approximate the ideal curve (45 
degree line), which indicates a complete agreement 
between prediction and observation (Figure 4 C). 

3.6. GSEA Identifies FZD1-related Signaling 
Pathways 

RNAseq gene expression analysis was used to 
compare the gene expression profiles of the high 
expression group and the low expression group of FZD1 
to clarify whether FZD1 plays a role in the occurrence 
and development of ccRCC. We verified the expression 
of FZD1 in normal and tumor samples using paired maps, 
which showed statistically significant differences. A 
total of 106 up-regulated genes were detected in the high 
FZD1 expression group (as reference group) (P>1.5 
times) and 1023 down-regulated genes (P>-1.5 times). 
The expression of DEG is shown by the volcano diagram 
(Figure 5A). The biological process of FZD1 and KEGG 

results showed that it was mainly enriched in the Wnt 
signaling pathway, which was consistent with literature 
reports (Figure 5B). 

3.7. Correlation Analysis 
Spearman correlation coefficient was used to analyze 

the expression of FZD1 related genes in the data grouped 
according to FZD1 gene expression. With FZD1 as the 
main variable, ggplot package was used to visualize the 
co-expression heat map of the analysis results (Figure 6). 
The expression of FZD1 was positively correlated with 
OAZ1, and negatively correlated with TRMT1, STX10, 
IL4I1 and other genes. 

3.8. Correlation Between Immune Cell 
Infiltration and FZD1 Expression 

We analyzed immune cell infiltration in ccRCC patients 
in the TCGA database. The expression of FZD1 was 
positively correlated with Eosinophils, Mast cells, 
Neutrophils, NK CD56dim cells, NK cells, Enrichment of 
Tcm, Tem, Tgd, Th1tcells and T cells (Figure 7 A-J). The 
results of the chord diagram were consistent with those of 
the immune infiltration scatter diagram. The expression of 
FZD1 was significantly negatively correlated with T cell 
infiltration, B cell infiltration, CD8 cell infiltration and 
Cytotoxic cell infiltration (Figure 7 P), indicating that high 
expression of FZD1 inhibited T cells, B cells, CD8 cells 
and Cytotoxic cells. It is suggested that the high 
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expression of FZD1 is related to the immune status of 
ccRCC. Spearman correlation analysis of FZD1 
expression and immune cell enrichment (ssGSEA 

generation) showed a negative correlation between FZD1 
expression and the abundance of NK CD56bright cells (P 
< 0.001) (Figure 7 Q). 

 

Figure 4. Survival curve results of different expression levels of FZD1 on prognosis of ccRCC patients. (A) Total ROC curve of FZD1 in renal 
carcinoma. (B) Nomograms were used to predict 1-year, 3-year, and 5-year OS for the entire TCGA cohort; (C) Calibration curves for predicting OS; 
(D-F) Time dependent on AUC 1, 3 and 5 year OS, DSS and PFI; Subgroup ROC curve of (G-K) FZD1 in renal carcinoma. (*, P < 0.05; **, P < 0.01; 
***, P < 0.001). 

 
Figure 5. FZD1 related signaling pathway (A) Differential expression analysis of high and low expression groups of FZD1 in volcano map; (B) FZD1 
biological process and KEEG pathway analysis. (*, P < 0.05; **, P < 0.01; ***, P < 0.001) 

 
Figure 6. FZD1 single gene co-expression heat map and correlation heat map 
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Figure 7. Correlation between renal clear cell carcinoma infiltration and FZD1. (A-L) Scatter plot of immune infiltration. (P) Chord diagram; (Q) 
Lollipop diagram. (*, P < 0.05; **, P < 0.01; ***, P < 0.001) 

4. Discussion 

ccRCC is one of the most common kidney cancers, 
accounting for about 3% of adult malignancies [18]. The 
5-year survival rate of patients with advanced ccRCC is 
less than 10%, and 20-40% of patients have developed 
distant metastasis at the time of diagnosis [19], and the 
metastasis and invasion of malignant ccRCC may lead to 
serious adverse prognosis. Identification of tumor-specific 
markers and risk stratification are important for assessing 
patient outcomes, which may help develop new diagnostic 
and treatment strategies for ccRCC. In addition, predicting 
prognosis is important for treatment selection and the 
identification of prognostic biomarkers. 

The composition and complex interactions of tumor 
immune cells have a significant influence on the 
aggressiveness of malignant cells. As a key component of 
the tumor microenvironment, checkpoint or adoptive cell 
transplantation of immune cells has made major 
breakthroughs in effectively dealing with various types of 
cancer, helping to improve clinical prognosis prediction, 
and gradually becoming an effective target for drugs. A 
large amount of evidence has proved that immune cells 
play an important role in determining the pathogenesis of 
ccRCC [20]. Experimental techniques such as flow 
cytometry and immunohistochemistry are often used to 
measure the expression level of immune cells, but 
accuracy and confidence are still low. Due to technical 
limitations, these studies are necessarily limited to a very 
narrow view of the immune response, often including only 
one or two cell types. Therefore, there is an urgent need 
for a comprehensive systematic assessment of the immune 
landscape to more accurately understand the development 

of ccRCC compared to traditional single-factor predictors. 
FZD1 has been shown to be abnormally expressed in a 

variety of malignant tumors [21], such as colon cancer, 
pancreatic cancer, etc., suggesting a potential role for 
FZD1 in processes related to tumorigenesis. The 
expression level and function of FZD1 vary greatly 
depending on tumor type. Overexpression of FZD1 in 
pancreatic cancer is associated with invasion, metastasis, 
and shorter overall survival. In this study, paired and 
unpaired analysis of FZD1 found that the expression level 
of FZD1 in ccRCC was significantly higher than that in 
normal tissues. This study subsequently analyzed the 
expression levels of FZD1 in all cancers and found that it 
is highly expressed in the vast majority of cancers. We 
found that FZD1 has significant significance in the M 
stage, pathological stage and grade of ccRCC patients, and 
plays a very important role in the prognosis of ccRCC. In 
addition, the results of ROC curve and line table showed 
that FZD1 had high diagnostic value in ccRCC. Scatter 
diagram, lollipop diagram and chord diagram of immune 
infiltration showed that FZD1 was closely related to 
immune cell infiltration. While we were unable to verify 
this phenomenon in this study, we speculate that genetic 
mutations and epigenetic alterations may play an 
important role. Genetic mutations and epigenetic changes 
are important for tumorigenesis and, as independent 
prognostic markers, also have an important impact on 
treatment strategies for cancer patients. 

5. Conclusion 

In summary, bioinformatics studies have shown that 
FZD1 is highly expressed in ccRCC and is related to 

 



 Journal of Food and Nutrition Research 159 

factors such as tumor M stage, pathological stage and 
grade. In addition, the ROC curve suggests that FZD1 has 
high diagnostic value in ccRCC and may be used as a 
diagnostic marker for ccRCC. Immune infiltration scatter 
plot, lollipop plot and chord plot also suggest the potential 
correlation between FZD1 and immune cell invasion, 
which provides the basis and suggestion for further study 
of this mechanism of action. 

6. Limitation 

There are some limitations to our study. First, this study 
is a retrospective data collection and analysis, so it is 
inevitably subject to selection and information bias. 
Second, because expression levels of the FZD1 gene have 
only been validated in public databases, it is necessary to 
demonstrate the prognostic value of this feature in an 
independent cohort to extend its applicability. Finally, 
further experimental validation in vivo and in vitro is 
necessary to illustrate the mechanisms that predict 
metabolic gene regulation. 
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