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INTRODUCTION 
 

With the rapid growth and aging of the world’s 

population, cancer has become increasingly prominent. 

Cancer will become the main cause of death in the 

world within the 21st century and the single most 

important obstacle to increasing life expectancy [1]. 

The occurrence and development of tumors are 

complex processes with multiple stages, multiple 

genes and multiple components [2]. Increasing 

evidence shows that microsatellite instability (MSI), 

tumor mutational burden (TMB), and the tumor 

microenvironment (TME) (especially the tumor 

immune microenvironment) play important roles in the 

occurrence and development of tumors [3, 4]. 

Immunotherapy and targeted therapy are the fourth 

most common therapies for cancer therapy after 

surgery and radiotherapy. They play an important role 

in improving the therapeutic effect of malignant 

tumors, prolonging the survival time and reducing the 

side effects of radiotherapy and chemotherapy. As a 

new therapeutic mode, tumor immunity and its 

targeted therapy have received great attention. 

 

POK/ZBTB family proteins are part of a key 

transcription factor family and involved in a variety of 

biological processes, including but not limited to 

regulation of immunity and tumor development [5–8]. 

Zinc-finger and BTB domain-containing 7B (ZBTB7C), 

a member of the ZBTB transcription factor family, has 

reduced or absent expression in most cervical cancer 

cell lines and has been proven to inhibit the 

proliferation of cervical cancer cells [9]. The ZBTB7C 

gene has recently been confirmed to be an independent 
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prognostic factor for colorectal cancer (CRC) and a 

tumor suppressor gene involved in the occurrence and 

development of colorectal cancer [10]. However, 

ZBTB7C in clear cell renal cancer cells can function as 

a proto-oncogene to stimulate the rapid proliferation of 

tumor cells [11]. Although the important role of 

ZBTB7C in tumors has been hinted at, we have not yet 

systematically and comprehensively determined it. The 

expression patterns and mechanisms of action of 

ZBTB7C in different tumor cells are significantly 

different. Therefore, it is not clear whether ZBTB7C is 

a friend or an enemy across cancers. 

 

In this study, first, based on transcriptome, mutation and 

clinical data from The Cancer Genome Atlas (TCGA) 

database, we carried out pancancer analysis of 

ZBTB7C, including analysis of its differential 

expression between cancer and adjacent tissues, 

survival analysis, and correlation analysis of TMB and 

MSI. Then, we studied the relationship between the 

infiltration of 24 kinds of immune cells and ZBTB7C in 

CRC and used the single-sample gene set enrichment 

analysis (ssGSEA) algorithm to determine the immune 

profile. Finally, RT-qPCR and immunohistochemistry 

(IHC) were used to verify our conclusion. The findings 

suggest that ZBTB7C may be a new potential 

therapeutic target and is related to immune cell 

infiltration. 

 

RESULTS 

ZBTB7C expression across cancers 

 

The different expression patterns of ZBTB7C in tumors 

and adjacent normal tissues are shown in Figure 1C. 

Compared with that in normal samples from TCGA, the 

expression of ZBTB7C mRNA in lung squamous cell 

carcinoma (LUSC), breast invasive carcinoma (BRCA), 

colon adenocarcinoma (COAD), head and neck 

squamous cell carcinoma (HNSC), kidney chromo-

phobe (KICH), kidney renal clear cell carcinoma 

(KIRC), and kidney renal papillary cell carcinoma 

(KIRP) was increased. In contrast, ZBTB7C mRNA 

expression was significantly reduced in lung 

 

 
 

Figure 1. The expression level of ZBTB7C in human cancers. (A) Oncomine database. (B) TIMER database. (C) TCGA database (*P < 

0.05, **P < 0.01, ***P < 0.001). 
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adenocarcinoma (LUAD), pheochromocytoma and 

paraganglioma (PCPG), prostate adenocarcinoma 

(PRAD), rectal adenocarcinoma (READ), stomach 

adenocarcinoma (STAD) and thyroid carcinoma 

(THCA) samples compared with that in normal 

samples. To further evaluate the expression of ZBTB7C 

across cancers, we used the Oncomine database and the 

TIMER database to verify and supplement our results 

(Figure 1A, 1B). We obtained similar analysis results. 

Compared with adjacent tissues, most tumor tissues had 

significantly lower expression of ZBTB7C. 

 

The prognostic value of ZBTB7C in tumors 

 

Based on the TCGA raw data, Kaplan-Meier survival 

curves were constructed and used to evaluate the 

prognostic value of ZBTB7C across cancers. As 

shown in Figure 2A–2D, the expression of ZBTB7C 

was significantly correlated with the overall survival 

(OS) of 4 cancers: COAD (P = 0.006), DLBC (P = 

0.001), ESCA (P = 0.031) and MESO (P = 0.001). 

Interestingly, low expression of ZBTB7C indicated a 

poor prognosis. Next, we conducted Cox proportional 

hazard regression analysis to study the potential of 

ZBTB7C expression as a prognostic biomarker for 

the above four tumors. Univariate analysis showed 

that the higher the expression of ZBTB7C was, the 

longer the OS of patients with COAD and MESO. In 

the multivariate analysis, ZBTB7C, as a tumor 

suppressor gene, was an independent prognostic 

factor in COAD (hazard ratio = 0.60; 95% confidence 

interval (CI), 0.39–0.94; P = 0.025; Figure 2E) and 

MESO (hazard ratio = 0.44); 95% CI, 0.24–0.78; P = 

0.006; Figure 2H). Conversely, the multivariate 

analysis of DLBC (Figure 2F) and ESCA (Figure 2G) 

was negative. 

 

Correlation of ZBTB7C with TMB and MSI 

 

R software was used to calculate the correlation 

between ZBTB7C expression and TMB, and the Fmsb 

R package was used for visualization. The results 

showed that, on the one hand, the expression of 

ZBTB7C was negatively correlated with TMB in 

BRCA (r = -0.138, p < 0.001), ESCA (r = -0.157, p = 

0.048), LUAD (r = -0.397, p < 0.001), LUSC (r = -  

0.099, p = 0.029), PRAD (r = -0.362, p < 0.001), 

sarcoma (SARC) (r = -0.221, p < 0.001) and skin 

cutaneous melanoma (SKCM) (r = -0.264, p < 0.001). 

On the other hand, in COAD (r = 0.209, p < 0.001), 

HNSC (r = 0.091, p = 0.044), PAAD (r = 0.246, p = 

0.002) and THYM (r = 0.376, p < 0.001), ZBTB7C 

was positively correlated with TMB (Figure 3A and 

Supplementary Table 1). Similarly, correlation 

analysis between ZBTB7C expression and MSI was 

performed according to the above method. In BLCA 

(r = -0.104, p = 0.036), BRCA (r = -0.093, p = 0.003), 

PRAD (r = -0.134, p = 0.003), SARC (r = -0.145, p = 

0.021) and SKCM (r = -0.132, p = 0.004), ZBTB7C 

expression was negatively correlated with MSI; in 

COAD (r = 0.200, p < 0.001) and GBM (r = 0.161, p 

= 0.048), ZBTB7C expression was positively 

correlated with MSI (Figure 3B and Supplementary 

Table 2). 

 

 
 

Figure 2. Survival analysis of ZBTB7C in different tumors. OS and Cox regression analyses of (A, E) colon adenocarcinoma (COAD), (B, 

F) lymphoid neoplasm diffuse large B-cell lymphoma (DLBC), (C, G) esophageal carcinoma (ESCA) and (D, H) mesothelioma (MESO). OS, 
overall survival. 
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Correlation between ZBTB7C expression and the 

CRC immune profile 

 

To explore the potential relationship between ZBTB7C 

and infiltrating immune cells in CRC, we used ssGSEA 

[12] to determine the CRC immune profile (Figure 4). This 

analysis included 698 CRC patients. We calculated the 

correlation between ZBTB7C and 24 immune cells, stage, 

sex, tumor location, and mutation. According to the 

clustering analysis of the degree of immune cell 

infiltration, we divided the cohort into two subgroups: a 

group with high (n = 297) and a group with low (n = 401) 

infiltration. ZBTB7C had a higher expression level in the 

high infiltration group than in the low infiltration group 

(Figure 5F). The expression of ZBTB7C showed 

significant differences according to tumor location. 

ZBTB7C expression was higher in right-sided CRC than 

in left-sided CRC (Figure 5I). Consistent with the results 

of the previous MSI study, ZBTB7C expression was 

higher in the high MSI (MSI-H) group than in the 

microsatellite stable (MSS) group, and there was no 

difference between the low MSI (MSI-L) and MSS groups 

(Figure 5J). Finally, we found that the expression of 

ZBTB7C in the TP53 mutant group was decreased (Figure 

5K). It is worth mentioning that ZBTB7C was positively 

correlated with 12 kinds of immune cells and negatively 

correlated with 2 kinds of immune cells (Table 1). Sorted 

by the absolute value of the correlation coefficient, the top 

seven immune cells were mast cells, B cells, natural killer 

(NK) CD56dim cells, T follicular helper (Tfh) cells, 

immature dendritic cells (iDCs), T helper 17 (Th17) cells 

and eosinophils (Figure 5A). We considered the top two 

cell types (mast cells and B cells) in further analyses. The 

correlation between B cell infiltration and ZBTB7C (r = 

0.57, p < 0.001) was stronger in the high infiltration group 

than in the low infiltration group (r = 0.20, p < 0.001; 

Figure 5B). Mast cell infiltration showed a similar trend: 

the high infiltration group showed a stronger correlation 

between mast cell infiltration and ZBTB7C expression (r = 

0.60, p < 0.001) than the low infiltration group (r = 0.29, p 

< 0.001; Figure 5C). At the same time, we found that mast 

cells (Figure 5D) and B cells (Figure 5E) showed low 

expression in colorectal cancer. The TIMER database 

verified this correlation in COAD (Figure 5L) and READ 

(Figure 5M). 

 

The relationship between ZBTB7C expression and 

immune markers 

 

Next, we used traditional immune cell databases to 

supplement to the ssGSEA method to further verify the 

correlations of mast cells and B cells with ZBTB7C. 

Both Gene Expression Omnibus (GEO) (Figure 5G) and 

TCGA (Figure 5H) data showed that ZBTB7C had a 

strong correlation with mast cell markers (TPSB2, CPA3 

and MS4A2) and B cell markers (CD19 and MS4A1). 

RT-qPCR (n = 17) and IHC (n = 20) were used to detect 

the mRNA and protein expression levels in CRC and 

adjacent tissues. At both the mRNA level (Figure 6C) 

and the protein level (Figure 7; Supplementary Table 3), 

the levels of ZBTB7C, TPSB2, MS4A2, CD19, and 

MS4A1 in CRC tissues were lower than those in normal 

tissues adjacent to the cancer. This finding was consistent 

with the TCGA (Figure 6A) and GEO (Figure 6B) data 

results. Finally, the GEPIA database was also used to 

confirm our conclusion that TPSB2 (Figure 6D), MS4A2 

(Figure 6E), CD19 (Figure 6G) and MS4A1 (Figure 6H) 

showed low expression in COAD and READ. 

 

 
 

Figure 3. Radar chart of the correlation between ZBTB7C and (A) tumor mutational burden (TMB) and (B) microsatellite instability (MSI) in 

pancancer. 
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The relationship between mast cells and B cells and 

the prognosis of CRC patients 

 

Kaplan-Meier survival curves based on TCGA clinical 

information and mast cell and B cell ssGSEA scores 

were constructed to evaluate prognostic value. We 

found that groups with higher mast cells had better 

long-term prognosis than those with lower mast cells (P 

= 0.048 Figure 6F). Similarly, groups with higher B 

cells also had better long-term prognosis than those with 

lower B cells (P = 0.040 Figure 6I). In summary, mast 

cells and B cells may be potential protective factors for 

CRC, and their absence implies poor prognosis. 

 

DISCUSSION 
 

With the rapid aging of the world's population, major 

medical, social, and economic problems caused by 

malignant tumors have emerged. Studies have shown 

that a main characteristic of aging is mutation 

accumulation [13]. Aging can increase the incidence of 

cancer by inducing a series of functional and structural 

changes in the immune system [14]. In addition, age-

related changes in the balance of proinflammatory/anti-

inflammatory signals may lead to changes in the TME 

that make it easier to promote tumor development and 

growth [15, 16]. As a key transcription factor, ZBTB7C 

has been reported in many different cancers, but current 

research shows that its expression and function have 

strong tissue specificity. To resolve the conflicting data 

regarding ZBTB7C, we evaluated the general and 

individual characteristics of ZBTB7C in tumors through 

a comprehensive pancancer analysis, providing new 

insights for individualized and precise treatment of 

tumors. 

 

The pancancer analysis showed that ZBTB7C 

expression was significantly low in many tumors, 

 

 
 

Figure 4. Immune panorama of colorectal cancer. Using single-sample gene set enrichment analysis scores from 24 immune cell types, 
698 patients from The Cancer Genome Atlas cohort were clustered. The following icon shows the tumor site, the mutation statuses of BRAF, 
TP53, KRAS and ZBTB7C, metastasis, sex, MSI, polyps, survival rate, anatomical location and stage. Two different immune infiltration clusters 
are defined: high infiltration and low infiltration. 
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Table 1. Correlations between ZBTB7C and immune cells in CRC. 

Cell type Cor P 

aDC –0.047 0.211 

B.cells 0.453 *** 

CD8.T.cells 0.209 *** 

Cytotoxic.cells 0.193 *** 

DC 0.226 *** 

Eosinophils 0.328 *** 

iDC 0.339 *** 

Macrophages 0.037 0.323 

Mast.cells 0.491 *** 

Neutrophils –0.048 0.203 

NK.CD56bright.cells 0.166 *** 

NK.CD56dim.cells –0.392 *** 

NK.cells 0 0.995 

pDC 0.075 * 

T.cells 0.227 *** 

T.helper.cells –0.015 0.697 

Tcm –0.051 0.179 

Tem –0.017 0.649 

TFH 0.381 *** 

Tgd 0.239 *** 

Th1.cells –0.094 * 

Th17.cells 0.334 *** 

Th2.cells –0.026 0.489 

TReg –0.244 *** 

Abbreviations: CRC: colorectal cancer; aDC: activated dendritic cell; DC: dendritic cell; iDC: immature dendritic cell; pDC: 
plasmacytoid dendritic cell; Tcm: T central memory; Tem: T ffector memory; TFH: T follicular helper cell; Tgd: T gamma delta 
cell; TReg: regulatory T cells; Cor: R value of Spearman’s correlation. *P < 0.05; **P < 0.01; ***P < 0.001. 

 

suggesting a tumor suppressor effect. ZBTB7C was 

highly expressed in only LUSC. The mechanism for 

ZBTB7C expression is not yet clear, and further 

research is needed. ZBTB7C was also shown to be a 

protective factor in COAD, DLBC, ESCA and MESO, 

in which its overexpression was related to superior 

prognosis. In particular, ZBTB7C expression could be 

used as an independent prognostic factor in COAD and 

MESO and could have a major role in prognostic 

classification. 

 

TMB is an emerging independent biomarker [17, 18] 

that detects the total number of mutations in the coding 

region of tumor genes and can be used to stratify the 

response of patients to immune checkpoint inhibitors 

(ICPIs). TMB is positively correlated with the efficacy 

of immunotherapy. Similarly, as an indicator of 

increased ICPI sensitivity, MSI-H influences in a series 

of molecular and biological features, including high 

TMB and altered immune cell infiltration [19]. Most 

patients with MSI-H tumors tend to show better 

therapy outcomes and prognosis than MSI-L or MSS 

patients [2, 20]. In our study, five types of tumors 

(COAD, SARC, SKCM, PRAD, and BRCA) were 

related to TMB and MSI and had the same trend. 

Considering the correlation coefficients® and P values 

comprehensively, ZBTB7C had the strongest 

correlation with TMB and MSI in COAD. The strong 

positive correlation in COAD shows that ZBTB7C can 

be used as a potential biomarker for the efficacy of 

immunotherapy, supplementing and validating the 

conclusion of the abovementioned multivariate Cox 

regression analysis. 

 

To further clarify the relationship between ZBTB7C 

and immune cell infiltration, the ssGSEA method was 

used to determine the immune profile in CRC. 

According to our results, ZBTB7C was positively 

correlated with the infiltration of most immune cells, 

especially mast cells and B cells. Mast cells and B cells 

are unlike other immune cells that have been 

extensively studied, as there are many knowledge gaps 
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and controversies in the study of mast cells and B cells 

in tumors. First, as far as mast cells are concerned, some 

scholars believe that they are involved in the 

inflammatory response induced by stress and promote 

tumor angiogenesis and distant metastasis [21, 22]. 

Other scholars believe that histamine secreted by mast 

cells can stimulate vascular endothelial cells to produce 

prostacyclin, which can mediate tumor cell necrosis and 

inhibit tumor cell metastasis together with TNF-a, IL-1, 

and IL-6 secreted by mast cells. [23]. Oldford et al. [24] 

observed that IL-6 secreted by mast cells could activate 

Toll-like receptor-2 (TLR-2), which can inhibit tumors 

in vivo and in vitro. Maltby et al. [25] also found that 

tryptase and IL-5 secreted by mast cells can promote the 

recruitment and activation of eosinophils, thereby 

inhibiting tumor growth. Although B cells can mediate 

immune suppression and secretion of tumor-promoting 

factors [26], they more often play a protective role. 

Studies have shown that tumor-infiltrating B cells can 

be used as predictors of outcome in metastatic 

 

 
 

Figure 5. ZBTB7C and immune infiltration in colorectal cancer. (A) The top seven immune-infiltrating cells with the strongest 

correlation with ZBTB7C. (B–C) The correlation between (B) B cells and (C) mast cells and ZBTB7C using the ssGSEA method. (D–E) Differential 
expression of (D) mast cells and (E) B cells in colorectal cancer and adjacent tissues. (F–K) The differential expression of ZBTB7C in (F) the high 
and low infiltration groups, (I) left and right colorectal cancers, and (K) mutant and wild type TP53. (G, H) The correlation between ZBTB7C 
and immune markers in the (G) GEO and (H) TCGA databases. (L, M) Based on the TIMER database, the correlation between ZBTB7C and mast 
cells and B cells in (L) colon adenocarcinoma (COAD) and (M) rectal adenocarcinoma (READ). 



 

www.aging-us.com 12856 AGING 

melanoma [27], cervical cancer [28], lung cancer [29, 

30] and ovarian cancer [31], and increased infiltration 

of B cells is associated with superior prognosis. 

 

Obviously, tumor-infiltrating immune cells are affected 

by tissue specificity and other factors in the TME. 

Accordingly, we studied the differential expression of 

mast cells and B cells and their relationship with 

survival in CRC. The results showed that compared 

with adjacent tissues, CRC tissues showed low 

expression of mast cell and B cell markers. In addition, 

the high expression of markers of these two immune 

cells suggested a superior prognosis in CRC. Both mast 

cells and B cells participate in tumor inflammation. This 

specific inflammatory response has strong tissue 

specificity, showing a tumor-promoting effect in most 

tumors and an inhibitory effect in CRC [32]. This 

phenomenon explains our results very well. 

 

Metabolism and immunity are two major components 

that cannot be ignored in the tumor microenvironment. 

Their interaction and effects together induce dynamic 

changes in the microenvironment. This complex 

network of intertwined relationships between 

metabolism and immunity has become a popular topic 

for in-depth research on the TME. According to 

 

 
 

Figure 6. (A–C) The differential expression of ZBTB7C and immune markers in colorectal cancer and adjacent tissues. (A) From the TCGA. (B) 

From the GEO. (C) Seventeen pairs of colorectal cancer tissues and adjacent tissues from the First Affiliated Hospital of Chongqing Medical 
University. (D–H) Expression of (D) TPSB2, (E) MS4A2, (G) CD19 and (H) MS4A1 in cancer and adjacent tissues. (F, I) Survival curve of immune 
cells in colorectal cancer. 
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previous research by our research group, ZBTB7C is a 

metabolism-related transcription factor, and Myc 

showed the strongest negative correlation with it [10]. 

More importantly, ZBTB7C can also regulate tumor 

glutamine metabolism by affecting the transcription of 

glutaminase (GLS1) [11]. Myc is also related to 

glutamine metabolism [33]. Interestingly, tumor cells 

and immune cells compete for nutrition in a crowded 

microenvironment and coexist competitively [34, 35]. 

Considering these findings and our data, ZBTB7C may 

inhibit Myc and then inhibit tumor cell glutamine 

metabolism, resulting in a relative excess of glutamine 

in the microenvironment, promoting the proliferation of 

immune cells (especially mast cells and B cells), and 

ultimately inhibiting the proliferation of CRC cells to 

achieve a tumor suppressor effect. 

 

However, even though we integrated information from 

multiple databases and validated our conclusions with 

clinical samples, this study still has limitations. First, 

we only studied the immune profile related to ZBTB7C 

in CRC, as we believed it was the most valuable. Given 

the tissue specificity of the immune microenvironment, 

we cannot directly apply our conclusions to all cancers. 

Second, we need more basic experiments to determine 

the effects of ZBTB7C on metabolism and immunity. 

Finally, tissue specificity is not the only thing that needs 

to be considered; tumor progression may also change 

the role of the immune microenvironment. Therefore, 

more evidence is required to supplement our conclusions. 

Regardless, this article provides directions and ideas for 

pancancer research on ZBTB7C, and we will improve 

our study limitations in follow-up research. 

 
 

Figure 7. The protein levels of ZBTB7C and gene markers in colorectal cancer (A) and adjacent (B) tissues. 
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CONCLUSIONS 
 

In summary, we performed a systematic analysis of the 

expression of ZBTB7C across cancers. This study found 

for the first time that ZBTB7C is widely underexpressed 

and is related to prognosis across cancers; in addition, 

ZBTB7C is related to TMB, MSI and immune infiltration, 

especially in COAD. ZBTB7C can be used as a biomarker 

of prognosis across cancers, and it plays an important role 

in the recruitment and regulation of infiltrating immune 

cells in CRC. These findings may provide a new tumor 

immunotherapy target as a bridge between the metabolic 

microenvironment and the immune microenvironment. 

 

MATERIALS AND METHODS 
 

TCGA and GEO databases 

 

The public gene expression profile GSE39582 was 

downloaded from GEO (http://www.ncbi.nlm.nih. 

gov/geo) as a verification set. GSE39582 contains data 

from 566 CRC and 19 noncancerous tissues derived 

from analyses with an Affymetrix HG-U133 Plus 2.0 

chip. The transcriptome, mutation and clinical data of 

33 TCGA tumors (10,327 tumor tissues and 730 

noncancerous tissues) were obtained from UCSC Xena 

(https://xena.ucsc.edu/) for pancancer analysis. All data 

were preprocessed with R4.0.0 software. 

 

Pancancer analysis 

 

The Ggpubr R package was used to identify and 

confirm the expression pattern of ZBTB7C across 

cancers. The survival R package was used to generate 

the Kaplan-Meier survival curves based on ZBTB7C 

expression across cancers. The tumor groups associated 

with prolonged overall survival were selected for 

univariate and multivariate Cox regression analyses. 

The Fmsb R package was used to build radar charts for 

TMB and MSI. The online databases Oncomine 

(https://www.oncomine.org/) [36], Tumor IMmune 

Estimation Resource (TIMER) (http://timer.cistrome. 

org/) [37] and Gene Expression Profiling Interactive 

Analysis (GEPIA) (http://gepia.cancer-pku.cn/) were 

used to verify our various conclusions. 

 

ssGSEA 

 

The RSEM-standardized RNA-seq and microarray 

datasets of the TCGA COAD (n = 521) cohort and 

READ (n = 177) cohort obtained by the above-

mentioned method were extracted. A total of 698 

patients with CRC participated in this study. We 
obtained a set of marker genes for immune cell types 

from Bindea et al. [38]. To perform ssGSEA, we used 

the GSEA program to derive the absolute enrichment 

score of the gene signature verified by previous 

experiments. We quantified the infiltration levels of 

immune cell types by ssGSEA in the gsva R package. 

ssGSEA applies gene signatures expressed by immune 

cell populations to individual cancer samples [12]. Our 

research involved 24 immune phenotypes, including 

innate immune cells (dendritic cells (DCs), iDCs, 

activated DCs (aDCs), eosinophils, mast cells, 

macrophages, natural killer (NK) cells, NK CD56dim 

cells, NK CD56bright cells, and neutrophils) and 

acquired immune cells (B cells, Th1 cells, Th2 cells, 

gamma-delta T (Tgd) cells, CD8+ T cells, T central 

memory (Tcm) cells, T effector memory (Tem) cells, 

and T follicular helper (Tfh) cells). 

 

Patients 

 

This study randomly collected 17 pairs of fresh CRC 

specimens and paired adjacent benign tissue specimens 

from the First Affiliated Hospital of Chongqing Medical 

University (Chongqing, China) from January to June 

2020 for RT-qPCR. Twenty pairs of CRC tissue and 

normal tissue paraffin sections (collected from June 

2018 to March 2019) provided by the Pathology 

Department of the First Affiliated Hospital of 

Chongqing Medical University were used for protein 

level determination. All patients signed an informed 

consent form, and the study was supported by the Ethics 

Committee of the First Affiliated Hospital of 

Chongqing Medical University. 

 

RT-qPCR 

 

Using TRIzol reagent (Takara Biotechnology Co., Ltd., 

Dalian, China), according to the manufacturer’s 

instructions, total RNA was extracted from 17 pairs of 

fresh CRC and adjacent tissues. Total RNA was reverse 

transcribed into cDNA using a PrimeScript™ RT kit 

(Takara Biotechnology Co., Ltd.). Then, PCR was 

performed according to the instructions provided by the 

qPCR reagents. The primers were designed by Takara 

Biotechnology Co., Ltd. The sequences were as follows: 

ZBTB7C: forward, 5′-CCACGAACTACCTT 

CAACTCC-3′, and reverse, 5′-GTGATCTCCTTCTGCA 

TCCTGT-3′; TPSB2: forward, 5′-CGGCGGCG 

CACTGT-3′, and reverse, 5′-GCAGCTGCACCCT 

GATGTCTCT-3′; MS4A2: forward, 5′-

AACACTGCCAGCAGCATAGC-3′, and reverse, 5′-

AAGCCATAAAGCATTGGTCTC-3′; CD19: forward, 

5′-CTTTGGCTTATCTGATCTTCTGC-3', and reverse, 

5′ -GGGGTCAGTCATTCGCTTTC-3′; MS4A1: 

forward, 5′-CAGGAACTTGTAATAGCTGGCAT-3′, 

and reverse, 5′-GGTTGGGAAGATGTTTCAGTTAG-3′; 
and β-actin: forward, 5′-AGAAAATCTGGC 

ACCACACCT-3′, and reverse, 5′-GATAGCACA 

GCCTGGATAGCA-3′. The expression was normalized 

http://www.ncbi.nlm.nih.gov/geo
http://www.ncbi.nlm.nih.gov/geo
https://xena.ucsc.edu/
https://www.oncomine.org/
http://timer.cistrome.org/
http://timer.cistrome.org/
http://gepia.cancer-pku.cn/
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to that of β-actin, and the relative expression was 

calculated using the 2-ΔΔCt method [39]. 

 

IHC 
 

According to a previously reported method [10], 20 

pairs of CRC and paracarcinoma paraffin sections 

were immunohistochemically stained. The slices 

were incubated with primary antibodies against 

ZBTB7C (BS-13583R; 1:100), TPSB2 (AB232787; 

1:200), MS4A2 (AB203747; 1:100), CD19 (SC-

19650; 1:200) and MS4A1 (SC-393894; 1:200). The 

images were captured using a Leica microscope 

imaging system (100× and 400× magnification; Leica 

Microsystems GM-bh, Wetzlar, Germany). The data 

were evaluated by two independent pathologists who 

were blinded to the sample information. A 

semiquantitative immune response scoring system 

was used to divide patients into high expression 

groups and low expression groups according to their 

immune response scores [40, 41]. 

 

Statistical analysis 

 

R 4.0.0 and SPSS 25.0 software were used for statistical 

analysis. GraphPad Prism 8.0.2 and R 4.0.0 were used 

to plot the statistical results. All experiments were 

performed in triplicate. A chi-square test was performed 

on the IHC data to analyze the relationship between 

ZBTB7C expression and the clinicopathological 

parameters of patients with CRC. The Spearman 

method was used to calculate correlations. Student's t 
test was used to distinguish differences between groups. 

A two-tailed test resulting in P < 0.05 was considered to 

indicate a statistically significant difference. 
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SUPPLEMENTARY MATERIALS 
 

Supplementary Tables 
 

Supplementary Table 1. Correlation between ZBTB7C and TMB in pancancer. 

CancerType Cor P 

ACC 0.074986763 0.511310077 

BLCA –0.023807658 0.631594569 

BRCA –0.137956886 *** 

CESC –0.070600864 0.233957663 

CHOL –0.167074652 0.330087276 

COAD 0.2088901 *** 

DLBC –0.210052157 0.211311022 

ESCA –0.156532988 * 

GBM –0.021331606 0.796917012 

HNSC 0.090829459 * 

KICH 0.12121683 0.336113993 

KIRC –0.047641365 0.386882701 

KIRP –0.059855833 0.320032389 

LAML 0.113883384 0.374155484 

LGG –0.070672552 0.114131961 

LIHC –0.073222316 0.166240488 

LUAD –0.39699556 *** 

LUSC –0.098686912 * 

MESO 0.005856676 0.959145448 

OV –0.074681008 0.219554492 

PAAD 0.246420436 ** 

PCPG –0.018569788 0.806204266 

PRAD –0.361925354 *** 

READ 0.002082146 0.98109627 

SARC –0.220854452 *** 

SKCM –0.263837157 *** 

STAD –0.011832685 0.821025702 

TGCT –0.108910668 0.192237047 

THCA –0.003019664 0.947279711 

THYM 0.375722423 *** 

UCEC –0.052537446 0.229462386 

UCS –0.045716441 0.737949911 

UVM –0.06837225 0.54676078 

Cor, R value of Spearman’s correlation. *P < 0.05; **P < 0.01; ***P < 0.001. 

 

Supplementary Table 2. Correlation between ZBTB7C and MSI in pancancer. 

CancerType Cor P 

ACC 0.078433282 0.492033508 

BLCA –0.104057123 * 

BRCA –0.093148164 ** 

CESC –0.078290524 0.174785725 
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CHOL –0.293436293 0.082659076 

COAD 0.198824035 *** 

DLBC –0.053630072 0.717332196 

ESCA –0.104985977 0.186427612 

GBM 0.161360935 * 

HNSC –0.013970642 0.756278789 

KICH 0.130956935 0.298428825 

KIRC –0.024393693 0.656409899 

KIRP –0.074899789 0.207428345 

LAML –0.188648273 0.12339913 

LGG –0.002708062 0.951449703 

LIHC –0.077939833 0.135079037 

LUAD –0.036561006 0.409527959 

LUSC 0.005661489 0.900216894 

MESO –0.134076389 0.229787922 

OV –0.012422068 0.838404792 

PAAD –0.098395235 0.195160086 

PCPG –0.069253623 0.358329713 

PRAD –0.13430933 ** 

READ –0.020843265 0.798816238 

SARC –0.145062633 * 

SKCM –0.132410305 ** 

STAD 0.037459798 0.470130607 

TGCT 0.00593466 0.9425406 

THCA –0.046066899 0.308339037 

THYM 0.084963167 0.360314041 

UCEC 0.000573876 0.989404411 

UCS –0.169178714 0.212591461 

UVM 0.090092308 0.426761343 

Cor, R value of Spearman’s correlation. *P < 0.05; **P < 0.01; ***P < 0.001. 

 

Supplementary Table 3. Immunohistochemical analysis of ZBTB7C and gene markers in colorectal cancer and 
adjacent tissues. 

 
tissue 

P value (2) 
Normal (n = 20) Cancer (n = 20) 

Immunohistochemical grade 

Low expression ZBTB7C  1 (5%) 13 (65%) 
<0.001 

High expression ZBTB7C  19 (95%) 7 (35%) 

Low expression TPSB2  4 (20%) 12 (60%) 
0.010 

High expression TPSB2  16 (80%) 8 (40%) 

Low expression MS4A2 2 (10%) 10 (50%) 
0.006 

High expression MS4A2 18 (90%) 10 (50%) 

Low expression CD19 8 (40%) 16 (80%) 
0.010 

High expression CD19 12 (60%) 4 (20%) 

Low expression MS4A1  6 (30%) 13 (65%) 
0.027 

High expression MS4A1  14 (70%) 7 (35%) 

 


