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ZC3H12C is an important member of the CCCH-zinc finger protein family and is mainly involved in host immune and
inflammatory diseases. However, its abnormal expression and prognostic value in cancer have not yet been established.
Through comparative analysis of the Cancer Genome Atlas (TCGA) database, we found that ZC3H12C is the most relevant to
the prognosis, grade, and stage of renal clear cell carcinoma (ccRCC) across 33 cancers. With the help of patient transcription
and clinical data from the TCGA and GEO (GSE53757, GSE36895) databases, we determined that in the immune environment
of patients with ccRCC, ZC3H12C was clearly negatively correlated with Tregs and was significantly positively correlated with
monocytes. In addition, protein phosphorylation and DNA methylation analysis also showed that ZC3H12C negatively
regulates the role of cancer in ccRCC. Our research may provide new insights into ccRCC immunotherapy and bring forth

novel biomarkers and therapeutic targets.

1. Introduction

There are about 400,000 annual cases of renal cell carcinoma
(RCC) worldwide, making it one of the common malignan-
cies of the urinary system [1]. As a subtype of kidney cancer,
clear cell renal cell carcinoma (ccRCC, KIRC) has the highest
mortality. There is a lack of satisfactory treatment options for
ccRCC. Immunotherapies have revolutionized cancer treat-
ment in recent years, with immune checkpoint blockade
(ICB) being particularly important. As an outstandingly het-
erogeneous disease, especially in immunotherapy, valuable
biomarkers which help to individualize treatment options
are still lacking for RCC [2]. Several studies have identified
CD8+ T cells, Tregs, and macrophages as risk factors for
RCC [3]. In addition, some studies have shown that the
proportion of CD8+ T cells, Tregs, and M0 macrophages
increases with the increase of Fuhrman grade, while the pro-
portion of dendritic cells, mast cells, monocytes, and resting

CD4+ T memory decreases [4-6]. These data suggest that
tumor-infiltrating immune cells (TIICs) are important deter-
minants of prognosis in ccRCC. In addition, the development
and improvement of public databases provide an opportu-
nity to discover new immunotherapeutic targets via big data
analysis [7].

ZC3H12C, located on chromosome 11q22.3, is an RNA
binding protein (RBP). It is also a CCCH-zinc finger protein
family member mainly involved in host immune and inflam-
matory diseases, such as psoriasis [8]. Among this family of
proteins, the expression of ZC3H12C is highly specific in
macrophages [9]. A previous study showed that ZC3H12C
enhances the negative regulation of Gfil through nuclear
factor kB (NF-xB) activation during inflammation in macro-
phages. NF-«B is a transcriptional factor that regulates a bat-
tery of genes that are critical to innate and adaptive
immunity, as well as tumor progression. Other studies have
demonstrated that microRNA 21 (miR-21) is a positive
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regulator of the NF-«B pathway [10]. Moreover, ZC3H12C
is regulated by the transcription of interferon (IFN) signals,
and it inhibits tumor necrosis factor a-(TNFa-) induced
chemokines to regulate vascular endothelial inflammation
[11]. Some studies have also shown that ZC3H12C is nega-
tively correlated with lung adenocarcinoma and colorectal
cancer [12-14]. However, no one has yet studied whether
ZC3H12C affects ccRCC prognosis.

In this study, ZC3H12C has been studied using bioinfor-
matic tools such as TIMER2.0, GEPIA, and LinkedOmics
among others. We found that the ZC3H12C gene is under-
expressed across several cancer types and associated with
survival. We focused on the correlation between differences
in ZC3H12C transcription and protein expression in ccRCC
patients. Our data show that ZC3H12C is precisely regulated
by phosphorylation and methylation in c¢cRCC, thereby
affecting other proteins or RNA. Through its role in tumor
immunity, ZC3H12C plays a prognostic role in ccRCC. This
study helps us to understand the role of ZC3H12C in ccRCC
immunotherapy.

2. Materials and Methods

2.1. Patients and Data Files. Patients with 33 different
tumors in the TCGA cohort and patients with KIRC (kidney
renal clear cell carcinoma), in the GEO dataset (GSE53757
and GSE36895), were studied. Tumor mRNA expression
data were obtained from http://xena.ucsc.edu/ and https://
www.ncbi.nlm.nih.gov/. Four pairs of precious ccRCC tis-
sues were provided by Nantong Cancer Hospital.

2.2. Differential Gene Expression Analysis. Using TIMER2.0
(http://timer.cistrome.org/) and data from the TCGA project
to analyze the expression of ZC3H12C in different tumors
and adjacent normal tissues, some tumors with abnormal
or low ZC3H12C expression in normal tissue were obtained
by the GEPIA 2 (http://gepia2.cancer-pku.cn) using the
“Expression DIY” command. The UALCAN portal (http://
ualcan.path.uab.edu/) was used to analyze oncology data,
enabling us to assess the mRNA expression of the TCGA
datasets and protein expression analysis on the CPTAC
(Consortium for Clinical Proteome Analysis of Tumor)
dataset. The starBase (http://www.sysu.edu.cn/), a compre-
hensive online tool, allowed us to use largescale mRNA data
from the TCGA datasets to analyze gene expression in 32
different cancers. In this way, we analyzed various functions
of ZC3H12C with multiomics data in LinkedOmics (http://
www.linkedomics.org/).

2.3. Significant Survival Prognosis Analysis. The Kaplan-
Meier plotter (http://kmplot.com/analysis/), LinkedOmics,
and starBase were used to obtain an overall survival (OS)
significance map data of ZC3H12C across all TCGA tumors.
The “Clinical” module provided by the TISIDB tool (http://
cis.hkuhk/TISIDB/) was used to measure the relationship
between ZC3H12C mRNA levels and the OS of human can-
cers, cancer stages, and tumor grades. We also selected the
corresponding database in LinkedOmics to assess the rela-
tionship between ZC3HI12C, pathological staging, and
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TNM staging in KIRC. We performed univariate and multi-
variate Cox regression to build the nomogram model. The
forest map generated a P value, HR, and 95% CI of each var-
iable with the help of different tools (http://sangerbox.com/
and https://www.aclbi.com/static/index.html#/).

2.4. Comprehensive Protein Phosphorylation and DNA
Methylation Analysis. In UALCAN, we separately explored
the expression levels of total protein or phosphoprotein
(phosphorylated at S123) of ZC3H12C (NP_203748.1)
between the primary tumor and normal tissues in KIRC.
We evaluated the methylation level of ZC3H12C by search-
ing the “Methylation” under “TCGA analysis” at the same
time. Next, SurvivalMeth (http://bio-igdata.hrbmu.edu.cn/
survivalmeth/) illustrated the role of ZC3H12C promoter
methylation in KIRC prognoses. Next, we used MEXPRESS
to observe changes in the methylation of CpG sites in KIRC
under different ZC3H12C expression levels. LinkedOmics
enabled us to visualize genes associated with ZC3H12C
methylation in KIRC.

2.5. Systematical Immune Infiltration Analysis. BioGPS
(http://biogps.org/), a free, extensible, and customizable gene
annotation portal, was used as a complete resource for
understanding gene and protein function. We used this
dataset to visualize the expression levels of ZC3H12C
mRNA in human tissues. Following that, we compared these
results to the ZC3HI12C expression in immune cells (i.e.,
CD8+ T cells, Tregs, and monocytes) using the TIMER2.0
web server and GEO merged data across KIRC. The CIBER-
SORT algorithm was applied to estimate immune infiltra-
tion. To calculate P values and partial correlation (cor)
values, we used Pearson’s rank correlation, and the data were
visualized as a scatter plot. Subsequently, the ZC3H12C
expression was also compared to immune subtypes within
the TISIDB across a wide variety of human cancers. More-
over, KIRC immune subtypes were studied in detail.

2.6. Related Gene Enrichment Analysis. We searched cBioPortal
(http://www.cbioportal.org/) using “Kidney” and “Kidney
Renal Clear Cell Carcinoma” (TCGA, PanCancer Atlas) search
terms. Subsequently, we identified a series of genes for KEGG
(Kyoto Encyclopedia of Genes and Genomes) pathway analysis.
Next, a functional annotation chart was generated using
DAVID (Database for Annotation, Visualization, and Inte-
grated Discovery) with the combination of the selected identi-
fiers (“OFFICIAL_GENE_SYMBOL”) and species (“Homo
sapiens”) (https://david.ncifcrf.gov/). The enriched pathways
were finally visualized with the data visualization package
“ggplot2”in R. In the following step, we used RNAct (https://
rnact.crgeu/) in a similar fashion using “ZC3H12C”as the
query. Using the intersection of the genes in these two data-
bases, we obtained 50 genes displayed in a Venn gram. Based
on immunology research, we decided to screen three of these
genes. The correlation was then calculated using TIMER2.0.

2.7. Western Blot. Next, protein was loaded onto a 10%
sodium dodecyl-sulfate polyacrylamide gel electrophoresis
(SDS-PAGE) gel for electrophoresis. Protein bands were then
transferred to polyvinylidene difluoride (PVDF) membranes.
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FIGURE 1: The roadmap of the research.

After blocking nonspecific binding using 5% (w/v) skimmed
milk, the membranes were incubated overnight at 4°C with
primary antibody against ZC3H12C (1:1000, rabbit, Gene-
Tex, Texas, USA) and GAPDH (1:5000, mouse, Abcam,
Cambridge, UK).

2.8. Statistical Analysis. All statistical analyses were per-
formed in R version 3.6.2. The Wilcoxon signed-rank test
was used to study the function of ZC3H12C in clinical path-
ologic features. In addition, the Kaplan-Meier method and
Cox regression were used to evaluate the role of the
ZC3H12C expression in KIRC prognosis. For Cox regres-
sion analysis, we incorporated the variables with P < 0.1 in
univariate Cox regression into multivariate Cox regression.
A bilateral P value <0.05 was considered statistically signifi-
cant. This method flow is shown in Figure 1.

3. Results

3.1. ZC3HI12C Is Universally Downregulated in Different
Human Cancers. The differential expression of ZC3H12C
in different cancers is likely due to its corresponding bio-
logical functions. First, we analyzed the expression of
ZC3H12C in different cancer types in the TCGA database
by searching for TIMER2.0. We found that the ZC3H12C
expression was significantly higher in adjacent tissues com-
pared to diseased tissues in BLCA (bladder urothelial carci-
noma), BRCA (breast invasive carcinoma), COAD (colon
adenocarcinoma), KIRC, KIRP (kidney renal papillary cell
carcinoma), LUAD (lung adenocarcinoma), LUSC (lung
squamous cell carcinoma), PRAD (prostate adenocarci-
noma), READ (rectum adenocarcinoma), THCA (thyroid
carcinoma), and UCEC (uterine corpus endometrial carci-
noma) (Figure 2(a)). In addition, using normal tissues from
the GTEx data as controls, we further confirmed with GEPTA
that ZC3H12C was significantly lower in OV (ovarian serous

cystadenocarcinoma) and UCS (uterine carcinosarcoma)
(Figure 2(b)). In addition, the ZC3H12C expression was sig-
nificantly lower in ACC (adrenocortical carcinoma), PRAD,
SARC (sarcoma), and SKCM (skin cutaneous melanoma).
Moreover, UALCAN analysis showed that ZC3H12C was
significantly downregulated in 10 tumors, namely, BLCA,
BRCA, COAD, KIRP, LUSC, LUAD, PRAD, READ, THCA,
and UCEC (Figure 2(c)). In addition, using the starBase data-
base, we found that the expression of ZC3H12C in BLCA,
BRCA, COAD, KIRP, LIHC, LUAD, LUSC, PRAD, THCA,
and UCEC was lower compared to paracancerous tissues
(Figure 2(d)). Thus, ZC3H12C is downregulated in almost
all cancers.

3.2. ZC3H12C Expression Is Closely Associated with Patient
Survival in Different Human Cancers. Based on the TCGA
data set, we analyzed the ZC3H12C expression in different
types of cancer and found a correlation between its expres-
sion and the prognoses for different patients. First, the high
ZC3H12C expression is associated with favorable outcomes
in ESCA (esophageal carcinoma), KIRC, and PAAD (pan-
creatic adenocarcinoma), while the opposite is true in
LUAD, STAD (stomach adenocarcinoma), THYM (thy-
moma), and UCEC (Figure 3(a)). Based on analysis of the
LinkedOmics database, we found that the high ZC3H12C
expression is significantly associated with good outcomes
in ACC, COADREAD (colon adenocarcinoma/rectum ade-
nocarcinoma esophageal carcinoma), GBMLGG (glioma),
KIRC, KIPAN (pan-kidney cohort (KIRC + KICH + KIRP)),
MESO (mesothelioma), and UCS (Figure 3(b)). The same
was true for STAD and STES (stomach and esophageal
carcinoma) but not for THYM in which the high ZC3H12C
expression is significantly associated with poor prognosis.
According to the starBase database, the upregulated
ZC3HI12C expression is linked to favorable prognoses for
KIRC, while the opposite is true in STAD and THYM
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FiGure 2: Continued.
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Ficure 2: Differential expression of the ZC3H12C gene in different tumor types. (a) The ZC3H12C gene expression was analyzed using
TIMER2.0 in various cancer types. *P < 0.05, **P < 0.01, ***P < 0.001. (b) DLBC, GBM, LGG, SKCM, TGCT, and THYM were included
in the TCGA project, and the GTEx database was used as a control. Data are presented as box plots. *P <0.05. (¢, d) The ZC3H12C
total mRNA expression level in human cancers and normal tissues was also analyzed using data from the TCGA dataset in different
platforms, such as the UALCAN and the starBase. *P < 0.05.



BioMed Research International

ZC3H12C ZC3H12C ZC3HI12C ZC3H12C
10 4 TIR —0.28 (111 -0.7) 10 4 TR — 034 (1.23 - 049 10 o TIR — 148 (1.09 - 195 R E IR - (.59 {038 - 093
Lagrank P = 10034 Logrank 5= Lic-19 Logrank » = 02111 Logrank F= 0,021
08 4 y, 08 o 08 o
&
2 6 Z 064 5 064
2 3 2
Y 2 04 £ 04
& : & &
.2 4 02 4
02 4 Expressiop 02
i ow
0.0 4 High ESCA 0.0 4 KIRC 0.0 4 LUAD 0.0 4 PAAD
0 10 20 30 40 50 60 70 0 50 100 150 0 50 100 150 200 250 0 20 40 60 80
Time (Months) ‘Time (Months) Time (Months) ‘Time (Months)
Nemher a1k Numbasatuic Nambe stk Numise stasie
S T Lo o a T [T e w o ' “
L O O T, B { it O S h
ZC3H12G ZC3H12C 2ZC3HIC
10 o 10 {7 pree " 10 -
Cret(ial 2t S e R RE (1 74 - 5.1.17) 1R - 195 (119 -3.21)
HRYAV‘;V ﬁy{:‘ﬁ‘—o'ﬂﬁig . Lagranic# = 0.0015 TLogrank P = 0.0072
08 08 4 et 08 4 S
£ o064 £ o064 06
< <
g 044 2 044 04
& £
02 02 4 02
00 4 STAD 00 4 THYM 0.0 4 UCEC
0 20 40 60 80 100 120 0 50 100 150 0 50 100 150 200
! ‘Time (Month: ‘Time (Months
Namber e (Months) Numberactt € (Months) —
e s o o e I 0 n 2 e W w6 0 0
Expression
Low
—— High
(@
2ZC3HI2C v overslsarvival. ACaHI2C vs overall_survival 2ZC3HIC v oversl_sarvtval. ZC3HI2C v overdsurival
0= mecdian) (1 > mediam) median - 85024 (0= median) (1 > median) median =9.3499 (0<m aan) (1 » ooy medlon w8511
“ampl ie: (N = 79) sample sie: (N = 625) Fighireioy
10 R 10 4 10 4
. R P05 . P<005 P<005
£ o084 | S £ 0.8 4 0.8 4
E 3 z z
£ 06 £ 2 o0 d \\\u, EREEYR e
& - & ;3 & ™ & o
F 044 E 0.4 - % E 0.4 Wy, el 0.4
I3 2 3 T H
5 o024 5 o024 5 02 - 5 o024
00 4 ACC 0.0 4 COADREAD 00 4 GBMILGG * 00 4 KIPAN
0 1000 2000 3000 4000 0 1000 2000 3000 4000 01000 2000 3000 4000 5000 6000 01000 2000 3000 4000 5000 6000
Time (Days) Time (Days) Time (Days) ‘Time (Days)
2C3H12C v overall_survival C3H12C vs overal_survival SHIZC v overal_survival
(0.<= median) (1 > median) median - 875625 (<= median) (1 > median) media 0= median) (1 > median) median - 83442
“ample size: (N = 518) sample sine: Sample sze (N - 375) Sampl sie: (N = 553)
10 4 10 10
. P<0.05
) ERTR P<005 08 4% P<0.05 £ o8
E | z
Z 2 064 064 N £ 06 \
£ £ N, & .
E 3 044 Y 04 4 YL 3 04 e,
I3 2 g
5 5 02 02 4 5 o024
KIRC . MESO STAD STES
0.0 4 . . . . 0.0 4 0.0 0.0 4
0 1000 2000 3000 4000 0500 1000 1500 2000 2500 0500 1000 2000 3000 05001000 2000 3000
Time (Days) Time (Days) Time (Days) Time (Days)
ZC3HI2C v overal_survval ZC3HIC v overslsurvival
(0= median) (1> median] median = 6348 (0= median) (1 > media) median =7.275
sample size: (N~ 118) “ampl sie: (N = 55)
10 10 7
4y o = \d
N - P<005 P<0.05
£ 08 POl B 0s
2 2 \
£ 06 - Z 06
& £ A
s 04 s o0ad
B £ 2
ERER 2 024
THYM ucs
00 — . . 00
0 1000 2000 3000 4000 0 1000 2000 3000 4000
‘Time (Days) Time (Days)
ZC3H12C
e
CR!

—~
=
=

Percent survival

vl sl o ZCOF13€ i KIRC cancey 1.00 4 TOveral o o ZHFC m STAB cancer [ e e Linkedomics
N N gy D
. - Tovmm =259 | _ = igh o -3
NN i [ B 07 o b
X ha marres—s | B 2 X
AT 2 050 4 2 0
I E s
§ g
. 2 025 4 2 54
) )
& a
B B B 0.00 - - -
T T T t T T T T T T T t
0 50 100 150 0 40 80 120 0 50 100 150
Time (Months) Time (Months) Time (Months)
Group
— High ¢ (High, 1)
— L
ow + (Low, 1) Kaplan-meier plotter Starbase

FiGure 3: Continued.



BioMed Research International

Groups

Associations O between ZC3H12C expression and
overall survival across human cancers (x axis O)

Log rank test (~log 10pv)

v

Spearman test (-log 10pv)
10 . .

Associations O between ZC3H12C expression and
stage across human cancers (x axis O)

v

Associations O between ZC3H12C expression and
grade across human cancers (x axis O)

Spearman test (~log 10pv)

o LN} Il- T | I I'l 0
})<<8-—:ch28:0 2988922855232 2 2 9 2 o a a o
B Longer B Lower W Lower
W Shorter m Higher W Higher
- NS m NS = NS
(e)
1.00 4
0.75 4
1.00 - Log-rank P = 4.99¢-08 g
4.~ _HR (High groups) = 0.407 B
10.95% CI (0.294,0.562) £
s iy 5
> m 2
= 0751 7 030
= B e T T 3
= 2,
<
2 3
2 &
o
= i
E  050{----------- 0.25
2 e
5 1
7 1
— 1
= [ sy
5 . ,
> 0.254 I . 0.00 1
) ! (1. T T T T T
: 0.00 0.25 0.50 0.75 1.00
1
i False positive fraction
0.00 4 Median time: 5.2 1
Type
Groups = High groups |- 265 171 81 31 7. - o —— 1-years, AUC = 0.684, 95% CI (0.624 -0.743)
—— 3-years, AUC = 0.652, 95% CI (0.605 -0.699)
G =L - 265 153 71 24 6 - (]
roups = Low groups 7' = ‘ ‘ ‘ ‘ —— 5-years, AUC = 0.63, 95% CI (0.576 ~0.683)
T T T T T T
0 2.5 5 7.5 10 12.5
Time (Years)
Groups
—+—  Groups = High groups
—+—  Groups = Low groups
) (®
Uni_cox P value Hazard ratio (95% CI) Mult_cox Pvalue Hazard ratio (95% CI)
ZC3H12C <0.0001 0.59153 (0.48648, 0.71928) & ZC3H12C 0.00675  0.65118 (0.47742, 0.88818) g
Age le-05 1.02888 (1.01607, 1.04186) <> Age 0.00342  1.02739 (1.00897, 1.04614) L 4
pT_stage <0.0001 1.92266 (1.63193, 2.26519) Ll pT_stage 0.11636  1.25919 (0.9444, 1.67891) !
PN_stage 0.00014 3.42582 (1.81783, 6.45621) _ pN_stage 0.51959  1.27728 (0.60646, 2.69008) ——
pM_stage <0.0001 4.44193 (3.2603, 6.05182) —s— PpM_stage 0.00003  2.9425 (1.76806, 4.89706) e
Grade <0.0001 2.29073 (1.86981, 2.80639) e Grade 0.16193  1.2749 (0.90713, 1.79177) =
L T T T rrrrrrrrrrTTm
048648 2 3 4 5 6 051152253354455

Hazard ratio

(h)

Ficure 3: Continued.

Hazard ratio



BioMed Research International

0 10 20 30 40 50 60 70 80 90 100 T L deald | 84 T T T
Points I S et 1.0 [l
e . XX
ZC3H12C — - B e W
SO P 3 25 |2 ey N ozestobris 5] - 0.8 —
- . - i . Ps
. . . pa /
Age . g R
35 M0 45|50 55 60 6p 70 f5 80 | 85 90| n
M1 < /
S -
PM_stage & 06
Mo o x /
o /7
g X
Total points r T T T T T T T T T 1 2
0 20 40 60 80 100 120 10 160 180 200§ 0.4 —
Linear predictor f T T T T T T T T 1
15 -1 -0.5 0 05 1 L5 2 25
. 0.2 ¥
1-year survival pro x
0.95 0.9 0.8 07 06 05 04
: x
2-year survival pro
095 09 08 07 06 05 04 03 02 0.0 4
T T T T T T
3-year survival pro 0.0 0.2 0.4 0.6 0.8 1.0
0.9 0.8 07 06 05 04 03 02 01
5-year survival pro Nomogram-predicted (%)
0.9 08 07 06 0504 03 02 01 =250 d = 94 p = 3.25 subjects per group x-resampling optimism added, B = 200
Gray: ideal based on observed-predicted

ZC3H12C vs pathologic_stage
sample size: (N = 531)

I-year

2-year
@

ZC3H12C vs pathology_T_stage
sample size: (N = 533)

3-year

S-year

ZC3H12C vs pathology_M_stage
sample size: (N = 501)

wl F T = w{ T T — 10 4
. : R % K i — —
|EBESEaea|, 1838388 ) ==
= T E 4 7 ¢ e 2 | sm——
HL T ST N S - N A T s :
= 4 o i - i | —t.
= 74 g = 71 g & 74
< N ° S
R ° N S
6 ° 6 ° = 6 4 °
£
5 4 5 5 4
4 ] P=3.448e - 08 ° 4 P:fvl.887ef()lé ? I 4 ] P=1.637e-07
T T T T T T
& & & & NS N Nl N mo0 ml
%&’f’% %&"’% %@Q" %@Q"
ZC3H12C vs pathology_N_stage
sample size: (N = 256)
10
& 9
£
“ 8
Gl
B 7
2
£ 6
<
=%
5
P=3.035¢ - 02
4 o
T T
m0 ml
ZC3H12C - F 9 4

(k)

F1GURE 3: ZC3H12C gene expression is correlated with survival rates in the TCGA cancer cohort. (a)-(c) A survival map and Kaplan-Meier
curves with positive results presented for the different tumors in the TCGA based on the ZC3H12C gene expression. The Kaplan-Meier plot
and LinkedOmics data are also shown. (d) Comparative analysis of data in (a)-(c) was shown as Venn diagrams. (e) ZC3H12C is closely
related to longer overall survival, lower stage, and lower grade across human cancers. (f, g) The survival curve and AUC analysis of the
model are displayed. (h) Forest map illustrates the effect of multivariate and univariate Cox proportional hazard models on the
ZC3HI12C expression in KIRC. (i) A nomogram was used to predict the 1-, 2-, and 3-year overall survival of KIRC cancer patients.
Calibration curve for the overall survival nomogram model. The blue line, red line, and orange line represent the observed 1-, 2-, and 3-
year deaths, respectively. (j) Pathological stage, TNM stage, and ZC3H12C are closely related in KIRC. (k) The results of western blot of
four paired tissues are shown.

Therefore, we decided to focus on analyzing the importance
of ZC3H12C in KIRC. Importantly, this point was sup-
ported by TISIDB data (Figure 3(e)). Compared to other

(Figure 3(c)). Second, through the intersection of these three
databases, we found that the ZC3H12C expression is impli-
cated in prognoses of patients with KIRC (Figure 3(d)).
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FIGURE 4: Analysis of ZC3H12C phosphorylation and DNA methylation in various tumors. (a, b) All detected proteins are shown along with
the sites of protein phosphorylation. (c) We examined the expression of the ZC3H12C phosphoprotein (S123 site) using UALCAN on the
CPTAC dataset. The ZC3H12C protein diagram shows the phosphoprotein sites that had positive results. (d, e) For methylation of
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sites in KIRC. (g, i) ZC3H12C methylation-related genes and pathway enrichment bubble diagram are displayed.
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cancers, in KIRC, high level of ZC3H12C is most signifi-
cantly associated with longer OS (Figure 3(f)). Results from
area under the curve (AUC) analysis prove the high accuracy
of this model (Figure 3(g)). In addition, although the results
in the ICGC data are not ideal, this also suggests that further
research is needed (Figure S1).

Clinical data and ZC3H12C expression data were down-
loaded from the TCGA database. Univariate analysis showed
that ZC3H12C expression, age, T stage, N stage, M stage, and
tumor grade are all related to patient prognosis, while multi-
variate analysis revealed that ZC3H12C expression, age, and
M stage are linked to patient survival (Figure 3(h)). More-
over, the Cox regression algorithm was used to establish a
related prognostic model while histograms and forest plots
were used for data visualization (Figure 3(i)). KIRC progno-
sis is highly correlated to the ZC3H12C expression with C
index of 0.763 for this model. Further, using the LinkedO-
mics database, we found that the ZC3H12C expression was
significantly associated with pathological stage, T stage, M
stage, and N stage (Figure 3(j)). Finally, immunoblotting of
four pairs of RCC tissues and adjacent tissues confirm upreg-
ulation of the ZC3H12C protein expression in adjacent tis-
sues (Figure 3(k)). In conclusion, the ZC3H12C expression
is closely associated with patient survival in different human
cancers, and this is the most obvious in KIRC.

3.3. Association between ZC3HI2C Expression and Protein
Phosphorylation and DNA Methylation in KIRC. Using the
HPA database, we found the upregulated expression of
ZC3H12C renal tissues (Figure 4(a)). We used the CPTAC
dataset to compare the differences in ZC3H12C phosphory-
lation levels in paracancerous and primary tumor tissues in
KIRC. The KIRC phosphorylation site has been published
in UniProt (Figures 4(b) and 4(c)). UALCAN was used to
show the phosphorylation levels of the S123 locus in KIRC.
We found that the total protein concentration in KIRC was
almost similar in cancer and paracancer, while phosphory-
lated protein levels varied considerably. Research by Iwasaki
et al. showed that in response to external stimuli that utilize
MyD88 signaling, the ZC3H12A protein is phosphorylated
by IxB kinases (IKKs), followed by ubiquitin-dependent deg-
radation. As another member of the same family with simi-
lar structure and function, ZC3H12C may also be degraded
during phosphorylation.

Using the UALCAN database, we found that methyla-
tion of the ZC3H12C promoter increased in tumor tissues
and was significantly linked to tumor grade (Figures 3(d)
and 3(e)). In the MEXPRESS database, we also found that
ZC3H12C is associated with methylation levels at many
DNA methylation sites (Figure 3(f)). Next, we used Survival-
Meth to determine the correlation between low ZC3H12C
promoter methylation levels and good KIRC prognosis
(Figure 3(g)). Importantly, abnormal methylation in the
promoter region often leads to inactivation of certain tumor
suppressor genes [15]. For example, methylation of the
CRB3 [16], Hugl-2 [17] gene promoter region inhibits gene
transcription in ccRCC.

Using LinkedOmics to analyze related genes in the
methylation database and, subsequently, DAVID to enrich

15

TaBLE 1: Correlation of ZC3H12C with TIICs in TCGA and
combined GEO set.

TCGA GEO
Cell type P val/cor P val/cor
T cell CD8+ *1-0.27 -0.11
T cell CD4+ naive -0.022 0.08
T cell CD4+ memory activated -0.031 -0.12
T cell CD4+ memory resting 0.15 0.08
Tregs ***[-0.384 ***1-0.26
B cell memory ***1-0.229 0.02
B cell naive ***10.298 */-0.16
B cell plasma 0.009 -0.13
Monocyte ***10.218 ***10.25
Macrophage M0 ***7-0.217 -0.1
Macrophage M1 **+10.146 0.09
Macrophage M2 **10.167 0.03
Myeloid dendritic cell activated 0.027 */-0.14
Myeloid dendritic cell resting 0.053 0.07
Mast cell activated 0.08 -0.04
Mast cell resting 0.093 **10.22
Eosinophil 0.092 0.07
Neutrophil ***10.161 0

" means p less than 0.05,  means p less than 0.01,  means p less than 0.001.

a series of related genes for pathways, we found that these
methylation-related genes are implicated in KEGG pathways
such as metabolism, cancer, and endocytosis (Figures 3(h)
and 3(i)).

3.4. Association between ZC3H12C Expression and Immune
Infiltration in KIRC. Tumor-infiltrating cells may exhibit
pro- or antitumor effects depending on the type of cancer.
CD8+ T cells, Tregs, and macrophages are associated with
poor prognosis in RCC. Several studies have shown that
CD8+ T cells, Tregs, and macrophages increase in abun-
dance as Fuhrman’s grade increases, whereas dendritic cells,
mast cells, and CD4+ memory T cells decrease. Therefore,
we mainly analyzed the correlation between ZC3H12C and
these immune cells.

Using TCGA data and combined GEO data (GSE53757
+ GSE36895), we analyzed the relationship between ZC3H12C
and various immune cells, respectively. Using BioGPS, we
found that ZC3H12C is expressed at very low levels in normal
immune cells, such as memory B cells, primary B cells, macro-
phages, CD8 + T cells, Tregs, and neutrophils (Figure 5(a)).
TIMER?2.0 calculations showed that ZC3H12C was negatively
correlated with CD8+ T cells, Tregs, and M0 macrophages and
positively correlated with monocytes using CIBERSORT
(Figure 5(b)).

We then combined the matched primary and adjacent
normal tissues in the GEO dataset GSE53757 (n=76) and
GSE36895 (n=144) and used the CIBERSORT algorithm
to calculate the proportion of each immune cells in the
KIRC tissue (Table 1). Our data indicates that Tregs and
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FIGURE 6: ZC3H12C-related gene enrichment analysis. (a) The available determined ZC3H12C-binding mRNAs using the RNAct tool were
obtained. Based on the ZC3H12C-binding and interacted genes, KEGG pathway analysis was performed. (b) Using the LinkedOmics
approach, we also obtained the ZC3H12C-correlated microRNAs in TCGA.

monocytes show consistent significance in the combined
GEO data set (Figure 5(c)). As a monocyte chemotactic pro-
tein, ZC3H12C holds a positive correlation with monocytes,
which proves that our results are reliable. Furthermore, the
negative correlation with macrophages shows that ZC3H12C
regulates macrophage activation [18, 19]. This shows that
ZC3H12C is negatively correlated with Tregs, which may
modulate immune homeostasis via a negative regulatory
effect in KIRC. In addition, the TISIDB database also con-
firmed that ZC3H12C is strongly correlated with an immune
subtype of KIRC, with the highest expression in the immuno-
logically quiet C5 subtype (Figures 5(d) and 5(e)).

3.5. The Pathway Enrichment Analysis of ZC3H12C in KIRC.
We then examined the mechanisms by which ZC3H12C
affects ccRCC using genes enriched in the cBioPortal data-
base to perform KEGG enrichment analysis. KEGG data

shows that in tumors, ZC3H12C is implicated in RNA trans-
port, cell cycle, RNA degradation, NF-kappa B signaling,
RCC, and mTOR signaling. Based on the function of other
members of the protein family, we speculate that ZC3H12C
may regulate stability of specific mRNAs through its RNase
domain. Next, we isolated ZC3H12C target RNA from the
RNACct database and cross the coexpressed genes in cBioPor-
tal to obtain the top 50 interacting genes. We identified
CMTM4 and CD151 as genes that had been more extensively
researched regarding immunity (Figure 6(b)), and their rele-
vance to ZC3HI12C is shown in Figure 6(c). LinkedOmics
was used to predict ZC3H12C target miRNAs, which were
negatively correlated with miR-21 (Figure 6(d)). Previous
studies have identified 59 significant immuno-miRNAs
markedly related to OS of ccRCC patients including miR-
21 [20, 21]. ZC3H12C may have a strong impact on immu-
nity through these molecules.
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4. Discussion

Studies have shown that ZC3H12C may be involved in the
occurrence and progression of human cancers. However,
its role in other types of cancers has not been determined.
In this study, we conducted comprehensive bioinformatic
analyses on the expression and prognostic value of
ZC3HI12C in 33 cancer types based on the TCGA analysis
database. This study showed the downregulation and clinical
significance of ZC3H12C in different human cancers and,
for the first time, we proved its antitumor effect in KIRC.

As shown in Figure 1, using TCGA data, previous studies
into prognostic-related genes in lung adenocarcinoma and
colorectal cancer have shown that ZC3H12C is significantly
downregulated in these cancers and, thus, implicated in
prognosis, suggesting a potential role for ZC3H12C as a
potential diagnostic biomarker in these cancers. In this
study, for the first time through pan-cancer analysis, we
found that ZC3HI12C was significantly downregulated in
human cancers, especially in 13 cancers. The predicted
results of lung adenocarcinoma and colorectal cancer are
similar to previous studies. Interestingly, the expression of
ZC3H12C in CHOL and HNSC is significantly higher than
that of adjacent cancers. We speculate that ZC3H12C may
have other complex mechanisms in these two cancers. Our
survival analysis using TCGA data showed that in ESCA,
KIRC, PAAD, ACC, COADREAD, GBMLGG, KIPAN,
MESO, and UCS ZC3H12C is downregulated and associated
with improved patient prognosis. The opposite is true in
LUAD, STAD, THYM, UCEC, and STES. The specific role
of ZC3H12C in each cancer may have a lot to do with the
heterogeneity of the cancer itself, and further in-depth
experimental verification is needed. However, we are confi-
dent that ZC3H12C is protective against KIRC.

We also explored the relationship between ZC3H12C
protein phosphorylation and promoter methylation and
KIRC. We found that ZC3H12C methylation can be used
as a prognostic biomarker in cancer patients. Importantly,
we found that although phosphorylated ZC3H12C is highly
expressed in cancer, there are no significant differences in
total protein between cancer and adjacent cancer. Taken
together, we speculate that ZC3H12C is also degraded by
phosphorylation.

Studies have shown that ZC3H12C negatively regulates
the immune control of psoriasis by inhibiting NF-«B signal-
ing and proinflammatory gene expression in endothelial
cells. In addition, ZC3H12C has been identified as a negative
regulator of macrophage activation and may be implicated
in host immune and inflammatory diseases. Using the
TCGA database, we found that ZC3H12C is significantly
negatively correlated with CD8+ T cells, Tregs, memory B
cells, and macrophages, while it is significantly positively
correlated with native B cells, monocytes, and neutrophils.
We also merged the GEO dataset for verification and found
that ZC3H12C is generally negatively correlated with Tregs
and positively correlated with monocytes. It is worthy think-
ing of ZC3H12C as a monocyte chemoattractant protein
inducing protein; so, the above results are not contradictory
to the positive correlation of monocytes. Multiple studies
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have shown that the high Treg expression is implicated in
poor prognosis in KIRC. In this work, we show that
ZC3H12C may influence prognosis by negatively regulating
immune infiltration of tumor cells in KIRC by affecting
Tregs. These data provide a new therapeutic target for devel-
opment of novel immunosuppressive agents.

According to pathway enrichment analysis, ZC3H12C-
related genes are significantly implicated in RNA transport,
cell cycle, RNA degradation, NF-kappa B signaling pathway,
RCC, and mTOR signaling. In addition, in terms of immu-
nity, it is significantly associated with CMTM4, CD151,
and miR21. A study has previously shown the high CMTM4
expression in type I RCC (69%) with a statistically signifi-
cant interaction between CD274 and CMTMS6, thereby
implicating CMTM4/6 as a potential therapeutic target for
type I RCC patients who are resistant to ICB. Another study
showed that six of them, including a CD151-derived peptide,
were significantly overrepresented in metastases. Experi-
mental data suggest that miR-21 suppresses antitumor T
cell-mediated immunity [22]. We speculate that ZC3H12C
is regulated by miR-21, and that its regulation affects down-
stream molecules, including CMTM4 and CD151, thus
exerting an inhibitory effect in the immune environment in
KIRC.

In conclusion, in our first pan-cancer analysis, we show
that ZC3H12C is comprehensively downregulated in tumor
tissues, and we reveal its potential functions in clinical prog-
nosis. Our findings indicate that ZC3H12C can be used as an
independent prognostic marker for many tumors, with its
expression level conferring different prognostic results.
Nonetheless, further research is required to unravel the spe-
cific role of ZC3H12C in each cancer. Among these cancers,
we selected the most relevant, KIRC, for a separate analysis
and, for the first time, revealed the relationship between its
protein phosphorylation and DNA methylation in KIRC.
In addition, the ZC3HI12C expression is implicated in
immune cell infiltration in KIRC. These findings help to
clarify the role of ZC3HI12C in tumorigenesis, and they
suggest a role as a potential therapeutic target for the devel-
opment of more precise and personalized immunotherapies
in the future.

5. Conclusions

Extensive studies have shown that the tumor suppressor
molecule ZC3HI12C is associated with prognosis, methyla-
tion, phosphorylation, and immune invasion of KIRC.
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