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Abstract

Background The zinc-finger CCHC-type (ZCCHC) superfamily proteins are characterized by the shared sequence
CX2-CX4-HX4-C and thought to own high affinity to single-stranded nucleic acids, particularly RNAs. In humans, a
total of 24 ZCCHC proteins have been annotated in the HUGO Gene Nomenclature Committee (HGNC, https://www.
genenames.org/) database with most of these members involved in multiple steps of RNA metabolism. Many studies
have indicated that the ZCCHC genes play a regulatory role in the development and progression of solid tumors. To
date, the expression pattern and prognostic value of ZCCHC factors in thyroid carcinomas have not been reported.

Methods Bioinformatics analyses on the functions of ZCCHC factors in thyroid carcinoma (THCA) patients were
performed based on various databases, i.e, TCGA, GEPIA, Kaplan-Meier Plotter, and TIMER.

Results Compared with normal tissues, the expression of ZCCHC12 mRNA was significantly increased in THCA
tissues. And it was associated with the overall survival of THCA patients, based on the Kaplan-Meier Plotter database.
Furthermore, the expression levels of all ZCCHCs were correlated with tumor stages, implying its high relevance to
THCA, specifically its immunity.

Conclusion The ZCCHC genes, represented by ZCCHC12, are differentially expressed in THCA staging. These genes are
associated with immune infiltration of THCA and identified as the potential therapeutic targets forimmunotherapy in
THCA patients, which are possible novel biomarkers for the treatment of THCA.
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Introduction
The thyroid, the largest endocrine gland in the body, is
located in the neck, in an H-shape on both sides of the
trachea, resembling a recluse’s armor and more like a
pink butterfly with two wings opened. The thyroid gland
controls the energy consumption rate and regulates the
body’s sensitivity to hormones [1]. Thyroid carcinoma
(THCA)is the most common endocrine malignancy,
accounting for 1% of all malignancies around, among
which papillary carcinoma is the most common type of
THCA with a low degree of malignancy and a favorable
prognosis [2]. THCA is known to have a higher incidence
in women, with a ratio ranging from 1:2 to 1:4 compared
to men. Additionally, THCA can develop at any age,
although it is more commonly observed in young adults
[3]. The known factors causing THCA include high
iodine diet [4], radiation [5], and family factors [6, 7].
Although THCA is not very lethal, it still has the poten-
tial to recur and metastasize, especially when it is highly
malignant, more active management should be given
[8]. To treat THCA, oncologists have a variety of strate-
gies, e.g., surgical treatment [9], TSH suppression ther-
apy [10], iodine 131 therapy [11], radiotherapy [12], and
molecular targeted therapy [13]. While treatment modal-
ities such as surgery and iodine 131 therapy are now rela-
tively mature, molecular-targeted therapy still requires
intensive improvement. Numerous genes that are closely
linked to THCA have been identified, including the high
expression of vascular endothelial growth factor and its
receptor in differentiated THCA [14]. These discover-
ies have led to the exploration of molecular targets for
potential THCA treatments. Additionally, genetic altera-
tions such as the BRAFV600E mutation [15], RET rear-
rangement [16], and RAS point mutation [17]have been
observed in THCA cases. Despite these advancements,
immunotherapy for THCA is still considered to be in the
clinical research phase [18, 19].

The ZCCHC superfamily proteins are characterized by
a common sequence CX2-CX4-HX4-C and are thought
to own high affinity with single-stranded nucleic acids,
especially the single-stranded RNAs [20]. To date, a total
of 24 ZCCHC proteins have been annotated in humans
in the HGNC database [21]. It is worth noting that most
of the members of this gene family are involved in RNA
metabolism and immune function [22]. The ZCCHC
genes are aberrantly expressed in a variety of solid tumors
that take part in the malignant progression of tumors [23,
24]. However, the expression of ZCCHC genes in THCA
and their roles in disease prognosis and staging have not
been studied.
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Materials and methods

Acquisition of sequencing data and screening of
differentially expressed genes (DEGs)

The experimental group contained a total of 512 RNA-
seq datasets of thyroid tumors obtained from the Cancer
Genome Atlas database (https://portal.gdc.com/). The
control group included the RNA-seq data of a total of 59
normal thyroid tissues retrieved from the TCGA data-
bases with the clinical information of these specimens
downloaded as well. Screening of DEGs in sequencing
data was performed using the Limma package for R soft-
ware (version: 3.40.2) based on the screening thresholds
of adjusted P<0.05 and log, (fold change)>1 or < —1.

Functional enrichment analysis of DEGs

To further investigate the role played by DEGs in tumors,
we used the ClusterProfiler package in R to annotate
the Gene ontology (GO, http://geneontology.org/) func-
tions of DEGs and to perform the Kyoto Encyclopedia of
Genes and Genomes (KEGG, https://www.genome.jp/
kegg/) pathway enrichment analysis. GO is a tool com-
monly used for annotating gene functions, which are
categorized into three groups, i.e., molecular functions
(MF), biological pathways (BP), and cellular components
(CC). KEGG is a database commonly used to annotate
metabolic pathways with genes involved.

Kaplan-Meier plotting of survival curves and the
construction of Sankey diagrams

Based on the Kaplan-Meier webserver (http://kmplot.
com/analysis/), a total of 512 THCA patients in TCGA
were analyzed for overall survival (OS) according to the
expression of ZCCHC genes with the survival curves
plotted based on the statistically significant differences
determined by P<0.05. We used the R package maxstat
(Maximally selected rank statistics with several P-value
approximations version: 0.7-25) to calculate the opti-
mal cutoff value for ENSG00000174460 (ZCCHC12). We
set the minimum number of samples in one group to be
greater than 25% and the maximum number of samples
in the other group to be less than 75%. The final optimal
cutoff value obtained was 5.3484. Based on this value, we
divided the patients into high and low groups.Sankey dia-
grams were drawn by gg alluvial of the R package, with
each column representing a clinical factor (e.g., stag-
ing and age) and the connecting lines representing the
association of gene expressions with each pair of clinical
factors.

Analysis of immune function by TIMER and correlation with
ZCCHCs

The TIMER database (http://cistrome.org/TIMER/) [25]
was used to perform the analysis of tumor-infiltrating
immune cells (TIICs) in TCGA, and the correlation of
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the immune score in THCA obtained with the abun-
dance of immune infiltration was analyzed based on the
expression of ZCCHC genes.

Analysis of Tumor stemness and Tumor mutational burden
correlation (TMB)

It has been shown that both the differentiation pheno-
type of cancer and the characteristics of progenitor/stem
cells are associated with cancer progression, and this
association score could be calculated by a logistic regres-
sion machine learning algorithm (OCLR) [26] used to
assess the degree of stemness of a sample by calculating
a stemness index based on the transcriptome of the sam-
ple. The OCLR algorithm was used to calculate mRNAs,
which was an mRNA expression-based feature contain-
ing a gene expression profile of 11,774 genes, and we
applied Spearman to calculate the correlation and subse-
quently mapped the stemness index to a range from 0 to
1 using a linear transformation of subtracting the mini-
mum and dividing by the maximum as expressed in the
formula (z* = 75’(;2’;’;1’2177), where z* represented the calcu-
lated stemness index, ; represented the stemness index
before calculation for each specimen, min represented
the minimum stemness index, and max represented the
maximum stemness index. All these analytical methods
were performed using the R software. The distribution
of stemness scores and clinical information was plot-
ted, with the top panel representing the distribution of
stemness scores from low to high and the bottom panel
showing the distribution of ranked clinical features. The
correlation analysis between stemness scores and expres-
sion of ZCCHC genes was performed using Spearman
statistics. TMB is often used as an important biomarker
for assessing immunotherapy [26], and correlation anal-
ysis of TMB and expression of ZCCHC genes was per-
formed using Spearman statistics.

Protein-Protein Interaction Network (PPI) construction

PPI network was constructed based on two databases,
ie, String (https://string-db.org/) and PINA (https://
omics.bjcancer.org/pina/). The String database contained
data on direct and indirect interactions between proteins.
Colored ‘blobs’ (or nodes) indicated proteins with direct
interactions, and different colored patterns of connect-
ing lines (or edges) between the ‘blobs’ indicated different
types of interactions. The PINA platform was similar to
the String database, but with improved analysis of pro-
tein interactions according to disease type, especially
tumor type, providing greater insight into the function
of the proteins in the network, i.e., PINA analysis focuses
more on the role that proteins play in tumors.
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Gene location and structure visualization and
identification of genes associated with THCA

Both gene location and structure were annotated by
TBTOOLS (https://www.tbtools.com/) [26], with the
protein files and human reference genome files down-
loaded from the NCBI (https://www.ncbi.nlm.nih.gov/)
database. The word “motif” described a recurring pat-
tern, and sequence motifs often showed a recurring
pattern in DNA and were assumed to have a biological
function. Furthermore, it was often the binding site of a
protein that shows sequence specificity (e.g., transcrip-
tion factors) or is involved in an important biologi-
cal process, and MOTIF analysis was performed based
on the TBTOOLS database to provide comprehensive,
user-friendly information on all annotated and predicted
human genes. The GENECARDS database (https://www.
genecards.org/) was used to search for genes associated
with THCA, and the top 25 genes with the highest cor-
relation coefficients were defined as genes closely related
to THCA, and were eventually used in the correlation
analysis with the ZCCHC gene family.

Forest plot of survival factors and expression and staging
analysis

Univariate cox regression analyses were performed with
forest plots used to display each variable (i.e., p-value,
HR, and 95% CI) via the “forest plot” package in R soft-
ware. The distribution of expression of 12 genes in tumor
and normal tissues was determined by Kruskal-Wallis
test for significance in multiple sample groups.

Cell culture

The human normal thyroid epithelial cell line NTHYORI
3-1, and human papillary thyroid cancer cell line TPC1
were provided by the American Type Culture Collec-
tion (ATCC; Manassas, VA, USA). NTHY-ORI 3-1 and
TPC-1 cells were cultured in RPMI-1640 containing 10%
fetal bovine serum (FBS, Gibco, Carlsbad, CA); SW579
cells were cultured in Leibovitz’s L-15 medium contain-
ing 10% FBS; 8505 C cells were cultured in DMEM con-
taining 10% FBS. All cells were cultured in a 5% CO2
incubator at 37 °C.

Validation of ZCCHCs genes

The quantitative real-time PCR (qRT-PCR) analysis was
performed to verify the expression patterns of ZCCHC
genes revealed in the microarray analysis. The primer
sequences were synthesized by Tsingke Biotechnology
Co., Ltd., Qingdao, China (Table S1). Trizol (Thermo
Fisher Scientific Inc., MA, USA) method was employed to
extract the total RNA from cells in each group according
to the manufacturer’s protocol. The total RNA (1 ug) was
reverse-transcribed to cDNA by use of PrimeScript RT
Reagent Kit with gDNA Eraser (Accurate Biotechnology
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Fig. 1 Screening for differentially expressed genes (DEGs) in THCA and functional enrichment analysis of these DEGs. A Volcano map for DEG screen-
ing with volcanoes plotted using fold change and corrected p-values. Red dots in the schematic indicate genes that are significantly differentially up-
regulated, blue dots indicate genes that are significantly differentially down-regulated, and grey dots indicate genes that are not significantly regulated.
B Heat map for clustering analysis of DEGs with different colors representing the expression trends in different tissues. Due to the large number of DEGs,
only 50 up-regulated and 50 down-regulated genes with the greatest differential change are shown here. C KEGG analysis of highly expressed DEGs. D GO
analysis of highly expressed DEGs. E KEGG analysis of DEGs with low expression. F GO analysis of DEGs with low expression. The different colors represent
the significance of the differential enrichment results with the larger values representing smaller FDR values. The size of the circles represents the number
of enriched genes with the larger circles representing the larger number of genes

Co., Ltd.,, Hunan, China). All genes involved in the exper-
iment were examined by a quantitative real-time PCR
amplifier (Applied Biosystems QuantStudio 5, ABI Com-
pany, Oyster Bay, New York, USA) with SYBR® Premix Ex
Taq (Accurate Biotechnology Co., Ltd., Hunan, China).
PCR procedure: pre-denaturation at 95 °C for 30 s, 40
cycles of denaturation at 95 °C for 5 s, annealing at 60 °C
for 30 s, extension at 72 °C for 30 s, and finally melting at
95 °C for 30 s.

Validation of ZCCHC gene family protein expression by
immunohistochemical staining

We searched The Human Protein Atlas database (https://
www.proteinatlas.org/) for immunohistochemical data
from THCA patients to confirm the differential expres-
sion of proteins encoded by the ZCCHC gene fam-
ily, not all proteins encoded by the ZCCHC gene family
were included in the database and we present the results
retrieved.

Statistical methods

The statistical tool R version:3.40.2 was used for all statis-
tical analyses. Sequencing data of TCGA were tested for
normality and homogeneity of variance before analysis.
Comparisons between two groups were made using the
t-test, and correlations between two groups were deter-
mined using the Spearman test. A P-value less than 0.05
was considered statistically significant.

Results

Identification and functional enrichment analysis of DEGs
involved in THCA

The “Limma” package was used to analyze the DEGs
between THCA and normal tissues. A total of 557 up-
regulated and 746 down-regulated DEGs were obtained,
with ZCCHCI2 identified as the most highly expressed
gene (Table S2). These results were presented in the vol-
cano and heat maps (Fig. 1A, B). And then, we conducted
function analysis based on up-and down-regulated genes
respectively. GO functions annotated by the up-regulated
genes included synapse organization, skin development,
regulation of cell morphogenesis involved in differentia-
tion, regulation of cell morphogenesis, regulation of axo-
nogenesis, etc. (Fig. 1D). While top 20 KEGG metabolic
pathways enriched by these genes included p53 signaling
pathway, Transcriptional misregulation in cancer, Small

cell lung cancer, Pyrimidine metabolism, Proteoglycans
in cancer, etc. (Fig. 1C). GO terms annotated by down-
regulated genes were urogenital system development,
striated muscle tissue development, renal system devel-
opment, regulation of ossification, regulation of epithe-
lial cell proliferation, etc. (Fig. 1F). And the top 20 KEGG
metabolic pathways enriched by down-regulated genes
included Wnt signaling pathway, Tyrosine metabolism,
Thyroid hormone synthesis, Retinol metabolism, Pyru-
vate metabolism, etc. (Fig. 1E).

Expression of ZCCHC12 and its correlation with THCA
survival and staging

As Fig. 2A shows, the expression of ZCCHCI2 was sig-
nificantly higher in THCA than in normal controls. And
then, we collected 501 THCA patients and categorized
them into the high (376) and low (125) groups based on
ZCCHCI12 expression levels. The Kaplan-Meier curves
revealed that those patients with high ZCCHCI12 expres-
sion showed a higher survival prognosis (P=1.0E-3;
Fig. 2B). And the Sankey diagram (Fig. 2C) showed that
the majority of THCA patients were younger than 60
years old, with more female patients than male patients.
Patients at tumor stage I accounted for the majority of
patients, whereas the smallest proportion of patients was
identified in stage II. Notably, most patients with high
ZCCHCI2 expression are at stage I, while low ZCCHC12
expression patients are at stages II and III. Correspond-
ingly, a higher proportion of patients with low ZCCHCI12
expression were among the patients who died (Table S3).
What needs to be clarified here is that the expression of
ZCCHC12 is higher in THCA patients compared to nor-
mal individuals. However, after being diagnosed with
THCA, the high expression of ZCCHC12 is actually ben-
eficial for the survival of patients.

Correlation of ZCCHC12 with Tumor immunity, Tumor
stemness, and TMB, and the PPI network with the ZCCHC
gene family

In THCA, the ZCCHCI2 expression was not correlated
with B-cell expression (P=0.112; Fig. 3A) but was nega-
tively correlated with CD4+T cells (P=0.039; correlation
coeflicient = —0.09; Fig. 3B) and positively correlated with
CD8+T cells (P=1.07e-11; correlation coefficient=0.30;
Fig. 3C), neutrophils (P=2.41e-04; correlation coef-
ficient=0.16; Fig. 3D), macrophages (P=1.85e-13;
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correlation coefficient=0.32; Fig. 3E), and dendritic cells
(P=0.02; correlation coeflicient=0.14; Fig. 3F).And the
ZCCHC12 expression was also negatively correlated with
both tumor stemness (P=3.82e-15; correlation coefficient
= —0.34; Fig. 3G) and tumor mutational load (P=1.5%-
04; correlation coefficient = —0.17; Fig. 3H). The PPI net-
work analysis revealed a total of 10 proteins associated
with ZCCHC12, including ASPRV1, LAMA3, LAMAA4,
PNMA1, PNMALI1, RGAG1, RGAG4, SMADI1, SMAD?7,
and SUMOL (Fig. 31, Table S4).

Chromosomal location and MOTIF structure of the ZCCHC

gene family and its expression and correlation with THCA

Except for ZCCHC genes that were either not expressed
in THCA or unstably expressed, a total of 12 genes
were retained, including ZCCHCI7 on chromosome
1, ZCCHC4 on chromosome 4, both ZCCHC9 and
ZCCHC10 on chromosome 5, ZCCHC?7 on chromosome
9, ZCCHC24 on chromosome 10, ZCCHCS8 on chromo-
some 12, ZCCHCI14 on chromosome 16, ZCCHC2 on
chromosome 18, ZCCHC3 on chromosome 20, and both
ZCCHCI12 and ZCCHC18 on chromosome X (Fig. 4A).
Motif analysis showed that these 12 genes consisted of
15 progenitors and belonged to the same gene family
(Fig. 4B). The expressions of ZCCHC genes in THCA
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of the correlation analysis

were all statistically different, with the most significant
difference detected in ZCCHCI2 (Fig. 4C). The top 25
genes associated with THCA were identified based on
the GENECARDS database with the correlation between
the ZCCHC gene family and these top 25 genes analyzed,
showing that most of these genes were related to each
other (Fig. 4D, Table S5).

Association of the ZCCHC gene family with THCA survival
and staging

Analysis of the line graphs revealed that only ZCCHC3
and ZCCHC7 showed an effect on survival based on the
univariate COX, but no effect on their association with
the other 10 genes (Fig. 5A). Analysis of the expression
of the ZCCHC gene family in different THCA stages
revealed that all ZCCHC genes differed at various stages
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(Fig. 5B). ZCCHC3 shows a gradual decline in expression
with the progression of THCA. However, it is similar to
ZCCHCI2 and exhibits higher expression levels in the
THCA group compared to the control group, showed
strong potential as a biomarker of disease progression
(Table S6).

Diagnostic efficiency of the ZCCHC gene family for THCA

To evaluate the diagnostic efficiency of the ZCCHC gene
family for THCA, the receiver operating characteristic
(ROC) curves were constructed (Table S7), showing that
the AUC value of ZCCHC2 was 0.81 (Fig. 6A), 0.90 for
ZCCHC3 (Fig. 6B), 0.64 for ZCCHC4 (Fig. 6C), 0.78 for
ZCCHC?7 (Fig. 6D), 0.80 for ZCCHCS (Fig. 6E), 0.73 for
ZCCHCQ9 (Fig. 6F), 0.64 for ZCCHC10 (Fig. 6G), 0.93 for
ZCCHC12 (Fig. 6H), 0.63 for ZCCHC14 (Fig. 61), 0.64 for
ZCCHC17 (Fig. 6]), 0.89 for ZCCHC18 (Fig. 6K), and 0.90
for ZCCHC24 (Fig. 6L).

Correlation of the ZCCHC gene family with immunity and
variations of Tumor stemness in THCA

In THCA, the immune scores were assessed based on
the TIMER database (Table S8), and the correlations
between the ZCCHC gene family and immune cells were
investigated (Fig. 7A). The results revealed that ZCCHC9
showed positive correlations with B cells, macrophages,
neutrophils, and CD8+T cells; ZCCHC8 was positively
correlated with B cells, macrophages, neutrophils, and
CD8+T cells, and negatively correlated with CD4+T
cells; ZCCHC?7 was positively correlated with B cells,
macrophages, neutrophils, and CD8+T cells, and nega-
tively correlated with CD4+T cells; ZCCHC4 was posi-
tively correlated with B cells, macrophages, neutrophils,
and CD8+T cells, and negatively correlated with CD4+T
cells; ZCCHC3 was positively correlated with macro-
phages and CD8+T cells, and negatively correlated with
dendritic cells, neutrophils, and CD4+T cells; ZCCHC24
showed positive correlation with B cells, macrophages,
dendritic cells, neutrophils, and CD8+T cells; ZCCHC2
showed positive correlation with B cells, macrophages,
dendritic cells, neutrophils, CD8+T cells, and CD4+T
cells; ZCCHCI8 was positively correlated with B cells,
macrophages, dendritic cells, neutrophils, and CD4+T
cells; ZCCHCI17 was positively correlated with macro-
phages and CD8+T cells and negatively correlated with
dendritic cells, neutrophils, and CD4+T cells; ZCCHC14
was positively correlated with B cells, macrophages, den-
dritic cells, neutrophils, and CD8+T cells and negatively
correlated with CD4+T cells; ZCCHCI2 was positively
correlated with macrophages, dendritic cells, neutrophils,
and CD8+T cells and negatively correlated with CD4+T
cells; ZCCHCI0 was positively correlated with B cells,
macrophages, neutrophils, and CD8+T cells and nega-
tively correlated with CD4+T cells. The tumor stemness
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was significantly higher in THCA compared to normal
controls (P=4.1e-154; Fig. 7B). ZCCHCI2 was negatively
correlated with THCA tumor stemness (P=3.82e-15;
correlation coefficient = —0.34; Fig. 7C). A pattern plot of
tumor stemness with ZCCHCI12 expression, age, gender,
and the stage was constructed by collating THCA clini-
cal data and tumor stemness scores in TCGA. The results
revealed lower ZCCHCI12 expressions when the tumor
stemness was elevated, more people aged>60 years old,
no significant difference in gender distribution, and a
high number of patients at stages higher than I (Fig. 7D).

GO analysis and PPI network of the ZCCHC gene family

To analyze the function of the ZCCHC gene family (Table
S9), the GO annotation analysis was performed based
on the ZCCHC gene family, showing the differences in
the zinc ion binding, transition metal ion binding, metal
ion binding, cation binding, nucleic acid binding, RNA
binding, Nucleolus, TRAMP complex, rRNA (adenine)
methyltransferase activity, and rRNA methyltransfer-
ase activity pathways (Fig. 8A). The results showed that
most of the ZCCHC gene family members except for
ZCCHC18 were interlinked (Fig. 8B).

Validation of ZCCHC gene family genes and proteins
expression

We also verified the differential expression of ZCCHC
gene family genes in commonly used cell lines for thy-
roid cancer, and all genes were differentially expressed
except ZCCHC3 and ZCCHCI8 (Fig. 9A). The results
of immunohistochemistry confirmed that ZCCHC2,
ZCCHC4, ZCCHC7, ZCCHC8, ZCCHC9, ZCCHCIO,
ZCCHC12, ZCCHC17, ZCCHC24 were higher in THCA
patients than in normal controls; ZCCHC18 was lower
in THCA patients than in normal controls (Table S10,
Fig. 9B). Before experimental validation, we obtained the
ZCCHC:s gene expression matrix of THCA cell lines from
the CCLE database (https://portals.broadinstitute.org/
ccle/about). Through analysis, we found that differences
in gene expression between cells and gene expression in
patients are commonly observed. TPC-1 and Nthy-ori-3
cells are widely used cell lines for THCA research, and we
believe it is reasonable to use them to validate the differ-
ential expression of the ZCCHC gene family.

Discussion

Many studies have indicated that the ZCCHC genes play
a regulatory role in the development and progression of
solid tumors, but the expression pattern and prognos-
tic value of ZCCHC factors in thyroid carcinomas have
not been reported at present. In this study, we analyzed
data derived mainly from the TCGA database. Consider-
ing the number of THCAs for some specific pathological
types is very small, we examined the THCA category as
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a whole, without differentiating the data according to the
pathological type of THCA, to investigate the role played
by the ZCCHC gene family [27].

The ZCCHC gene family is now known as being
involved in the metabolic mechanisms of messenger
RNA (mRNA), microRNA (miRNA), and ribosomal RNA

(rRNA) in humans, playing an important role in tumors.
For instance, ZCCHC4 disrupts DNA damage-induced
apoptosis to promote resistance to cancer chemotherapy
[28], ZCCHCY regulates the JNK pathway to enhance
proliferation and invasion in lung cancer [24], ZCCHC12,
on the other hand, regulates the PI3K/AKT pathway to
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Fig. 8 GO analysis (A) and PPI network (B) of the ZCCHC gene family

promote osteosarcoma progression [29], ZCCHCI3
induces hepatocellular carcinoma through the regulation
of DNA methylation and AKT/ERK signaling pathways
[30], In non-small cell lung cancer, ZCCHC14 controls
proliferation and invasion via the MAPK-P38 signaling
pathway [31], Finally, ZCCHCI7 serves as a biomarker
for predicting prognosis and immunotherapy effective-
ness in hepatocellular carcinoma [32]. However, studies
on the relevance of the ZCCHC family with tumor immu-
nity are still lacking. Therefore, we investigated the func-
tions and associations of the ZCCHC gene family with
tumor immunity of THCA. The immune cell score, the
tumor cell “stem cell index, and TMB are three impor-
tant indicators used in studying and assessing the effec-
tiveness of immunotherapy in THCA. The immune cell
score generally refers to the proportion of immune cells
in the tumor tissue, which is often surrounded by a large
number of immune cells in and around the tumor, and
these immune cells are inextricably linked to each other
as well as to the tumor cells and immune cells. The tumor
cell ‘stem cell index’ concept holds promise for the future
development of novel therapies to inhibit cancer pro-
gression [33]. The up-regulation of tumor cell stemness
directs tumor cells towards tumor stem cells, while the
down-regulation of tumor cell stemness indicates that
tumor cells are forced to differentiate or even to apop-
tose. TMB can indirectly reflect the ability and extent of
tumor production of neoantigens and predict the effi-
cacy of immunotherapy for a wide range of tumors [34].
Therefore, we performed the immune correlation studies
to focus on these three indicators.
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We first screened the TCGA database for DEGs in
THCA sequencing data to identify ZCCHC12 as the most
differentially expressed gene involved in THCA. Studies
have shown that ZCCHCI12 down-regulation significantly
inhibited the colony formation, migration, and invasion,
in an in vitro assay in papillary thyroid cancer cells [35].
These results were consistent with those revealed in our
study, validating the experimental approach used in our
study to perform the differential gene analysis to uncover
clinically significant DEGs. The DEGs obtained were then
analyzed for functional annotation and enrichment anal-
ysis of metabolic pathways, showing that the cell adhe-
sion molecules were found to be linked to THCA. These
results were consistent with those previously reported,
showing that members of cell adhesion molecules
have been detected in various cancers and shown to be
involved in cancer growth and invasion [36].

We then showed that ZCCHCI2 was correlated with
survival and staging of THCA and correlated with both
immune score and tumor stemness as well as mutational
load in THCA, with many genes associated with immune
responses in THCA. For example, studies showed that
high expression of SIGLEC15 mRNA was positively asso-
ciated with many immune pathways and its upregula-
tion was positively associated with enhanced immune
scores, stromal scores, and estimated scores [37]. These
results were consistent with the expression pattern of
ZCCHCI2 revealed in our study. Furthermore, studies
have shown that ZCCHC12 promotes the progression of
osteosarcoma via PI3K/AKT pathway [29]. In our study,
the PPI network revealed 10 proteins that interacted with
ZCCHCI2 with many of these proteins closely associated
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with THCA. These findings revealed in our study were
consistent with those previously reported. For example,
studies have shown that in thyroid cancer reg y binds
directly to the TGF-p signaling antagonist SMAD7 and
promotes its degradation, leading to the activation of the
TGF-p signaling pathway [38]. Furthermore, the SUMO
proteins are small protein modifiers that regulate cel-
lular localization and target protein function, playing
important regulatory roles in multiple cellular processes,
including gene transcription, DNA repair, cell cycle regu-
lation, and apoptosis [39]. Members of the ZCCHC gene
family were identified by searching the NCBI database
with their structural similarity analyzed by MOTIE. The
differential expressions of 12 ZCCHC gene family mem-
bers were verified in THCA, confirming their correla-
tion with the main pathogenic genes of THCA. The close
association of the ZCCHC gene family with THCA was
further investigated. The results showed that the ZCCHC
gene family was closely associated with survival and stag-
ing of THCA with its potential as a diagnostic marker for
THCA confirmed by the ROC curve.

The correlation analysis showed that the ZCCHC gene
family was associated with immune function in THCA,
which was consistent with the results of previous studies,
showing that ZCCHCs were associated with immunity.
For example, ZCCHC17 is identified as a novel marker
for the diagnosis and prognostic assessment of hepato-
cellular carcinoma (HCC) by regulating the immune cells
in the tumor microenvironment (TME) of HCC patients,
with specific reference value for immunotherapy of HCC,
suggesting that ZCCHCs are associated with immunity
[32, 40]. Both GO and PPI network analyses suggested
that the ZCCHC gene family probably functioned by reg-
ulating other proteins through metabolic pathways such
as zinc ion binding and transition metal ion binding.

Conclusion

In conclusion, we have investigated the relationship
between the ZCCHC gene family and THCA immune
function, and identified 12 ZCCHC factors as potential
diagnostic markers. This could provide new insights for
the diagnosis and treatment of THCA. However, there
still are some limitations in our study. The molecular data
downloaded from the TCGA database contained only a
few thyroid adenoma genes, and the ZCCHC genes do
not regulate all tumor-associated immune cells. In addi-
tion, unfortunately, our laboratory was closed due to
the COVID pandemic, preventing further experiments
which are necessary to validate the findings revealed and
the hypothesis proposed in our study.

Abbreviations
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HGNC HUGO Gene Nomenclature Committee
THCA thyroid carcinoma
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