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Background: ZC3H12 family members have an important role in tumorigenesis and development.
However, the relationship between ZC3H12 family members and the prognosis of lung adenocarcinoma
(LUAD) and tumor infiltrating lymphocytes is not clear.

Methods: The expression of ZC3H12 family members in LUAD was analyzed by UALCAN. UALCAN,
Kaplan-Meier Plotter, and GEPIA were used to evaluate the effect of ZC3H12 family members on the
prognosis of LUAD. The relationship between prognostic ZC3H12 family members and 14 functional states
of LUAD was studied by CancerSEA. The correlation between ZC3H12 and immune cell infiltration was
studied by TIMMER. In addition, the correlation between ZC3H12D expression and an immune infiltration
gene marker set was analyzed by TISIDB and GEPIA. Finally, the expression of ZC3H12D in LUAD was
further verified by the GEO database and immunohistochemical staining.

Results: The combined prognostic analysis of UALCAN, Kaplan-Meier Plotter, and GEPIA showed that
the up-regulated expression of ZC3H12D mRINA was closely related to an improvement in overall survival
rate (OS) in patients with LUAD. There was no significant correlation between ZC3H12D and 14 functional
states of LUAD. Further analysis showed that the expression of ZC3H12D was positively correlated with
the infiltration of B cells and CD4+T cells in LUAD. The expression of ZC3H12D was also positively
correlated with immune markers in LUAD, including B cell-derived TNF and LTA cytokines, CXCL13,
and its receptor CXCRS5. Immunohistochemical staining showed that the expression of ZC3H12D in LUAD
tissue samples was higher than normal lung tissues.

Conclusions: These findings suggest that multiple ZC3H12 family members are associated with the
prognosis of patients with LUAD tumors. The increased expression of ZC3HI12D was correlated with
improved prognosis. ZC3HI12D was shown to be associated with the level of immune cell infiltration,
including B cells and CD4+T cells. Thus, ZC3H12D can be used as a biomarker to judge the prognosis and
immune infiltration of LUAD.
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Introduction

Primary lung cancer is one of the malignancies associated
with the highest morbidity and mortality worldwide,
especially in China (1). Non-small cell lung cancer
(NSCLC) is the main pathologic type of lung cancer,
accounting for approximately 80% of all lung cancers.
Lung adenocarcinoma (LUAD) is the most common form
of NSCLC, accounting for more than 50% of cases (2).
The prognosis of LUAD is poor, with a 5-year survival
rate of 4-17% (3). Immunotherapy is a new method for
the treatment of LUAD, and has achieved unprecedented
results in patients with advanced LUAD. However, there
is a wide range of challenges in clinical application, such as
the lack of biomarkers that can effectively predict efficacy,
prognosis, and treatment-related adverse reactions (4).
In addition, a number of studies have shown that tumor-
infiltrating lymphocytes, such as tumor-associated macrophages
(TAM) and tumor-infiltrating neutrophils (TINs), affect the
prognosis and efficacy of immunotherapy (5). Therefore,
the identification of prognostic biomarkers and new
immune-related therapeutic targets has enormous potential
in the treatment for LUAD.

ZC3H]12 is a newly discovered zinc finger protein family
of the CCCH type, which consists of four ZC3H12A-D
members (6). The ZC3H12 protein family, also known
as MCPIP, is an endonuclease that degrades mRNA
transcripts by recognizing the stem-loop structure at
the end of mRNA 3'UTR (7). ZC3H12 family proteins
are abnormally expressed in a variety of tumors, and
participate in the development and progression of tumors,
thus affecting the prognosis. It has been reported that the
expression of ZC3H12A is down-regulated in breast cancer,
neuroblastomas, and renal clear cell carcinomas, and low
expression of ZC3H12A is related to tumor grade and poor
prognosis for breast cancer (8,9). Studies have shown that
the expression of ZC3H12C in colon cancer is lower than
normal colon tissues, while overexpression of ZC3H12C
inhibits the migration of colon cancer cells (10). ZC3H12D
was originally considered to be a tumor suppressor, and
has also been referred to as p34, MCPIP4, and TFL (11).
Recent studies have shown that ZC3H12D reduces the
global ubiquitin of cellular proteins, and polyubiquitin plays
a key role in promoting the tumor cell proliferation and
survival signal pathway (12,13). It has also been reported
that ZC3H12D is highly expressed in human endometrial
carcinoma, but not expressed or weakly expressed in normal
tissues, the patients with high expression of endometrial
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carcinoma have a good prognosis (14). Interestingly,
members of the ZC3H12 family also provide a local
inflammatory environment for tumor development. For
example, ZC3HI12A degrades transcripts of angiogenic
factors secreted by cells (VEGE, IL-8, and IL-6) and
downregulation of ZC3H12A induces tumor angiogenesis
in renal cell carcinoma endothelial cells (8). Recently,
ZC3HI12D has been considered to be a new negative
feedback regulator of Toll-like receptor (TLR) signaling
and macrophage activation. Overexpression of ZC3H12D
significantly inhibits JNK, ERK, and NF-«kB signal
transduction and macrophage inflammation induced by
TLR2 and TLR4 activation (13). However, the mechanism
of ZC3H12 family members in LUAD progression and
tumor immunology has not been established.

In this study we used multiple databases to analyze the
level of expression and prognosis of different ZC3H12
family proteins in patients with LUAD. We also used the
tumor immune research evaluation resource (TIMER) to
analyze the correlation between ZC3H12D and LUAD
immune cell infiltration to determine the prognostic value
of ZC3H12D in LUAD and its interaction with tumor

immune potential.

Methods
UALCAN data analysis

UALCAN (http://ualcan.path.uab.edu) is an easy-to-use
interactive portal for in-depth analysis of TCGA gene
expression data. UALCAN can be used to analyze the
relative expression of genes in different tumor types and
grades, and to evaluate the impact of gene expression and
clinicopathologic features on patient survival. In addition,
additional information about the selected gene/target is
provided through connection with HPRD, GeneCards,
Pubmed, TargetScan, Human protein atlas, DRUGBANK,
Open targets and GTEx. In this study, UALCAN
database was used for the analysis of the expression of
ZC3H12 family genes in primary LUAD patients and the
investigation of the correlation between the ZC3H12 family
members and the survival of patients.

Kaplan-Meier plotter database analysis

Kaplan-Meier Plotter analysis was used to assess how
10,461 cancer samples impacted 54,675 genes on survival.
These samples included 5,143 breast, 1,816 ovarian, 2,437
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lung, and 1,065 gastric cancer samples on the HGU133
Plus 2.0 array. The average follow-up time was 69, 40, 49
and 33 months, respectively (15). Kaplan-Meier Plotter
(http://kmplot.com/analysis/) was used to analyze the
relationship between the expression of ZC3H12 family
genes and the survival of LUAD. The hazard ratio (HR)
with 95% confidence intervals and log-rank P-value were
also computed.

GEPIA was used to verify the correlation between ZC3H12
family genes and LUAD survival

Gene Expression Profiling Interactive Analysis (GEPIA,
http://gepia.cancerpku.cn/) is a web-based tool based
on TCGA and GTEx data, including analysis of RNA
sequencing expression data from 9,736 tumors and 8,587
normal samples from TCGA and GTEx (16). GEPIA
provides key interactive analysis modules, including tumor/
normal differential expression profile analysis, profile
drawing, analysis based on tumor type or pathological stage,
patient survival analysis, similar gene detection, correlation
analysis and dimensionality reduction analysis, as well as
rapid customization. We used GEPIA to further verify the
correlation between ZC3H12 expression and clinical stage
and survival of patients with LUAD.

Single cell sequencing analysis

CancerSEA (http://biocc.hrbmu.edu.cn/CancerSEA/
http:/7202.97.205.69/CancerSEA/) is the first dedicated
database designed to comprehensively explore the different
functional states of cancer cells at the single cell level.
CancerSEA mapped a single cell functional status map
of cancer, including 14 functional states of 41,900 cancer
cells from 25 cancer types (including stem cell, invasion,
metastasis, proliferation, EMT, angiogenesis, apoptosis,
cell cycle, differentiation, DNA damage, DNA repair,
hypoxia, inflammation, and aging). CancerSEA facilitates
determining which functional states are associated with
genes of interest or a list of genes in different tumors (17).
We used CancerSEA to analyze the correlation between
ZC3H12 family genes and 14 functional states in LUAD.

TIMER database analysis

TIMER is a comprehensive database for systematic analysis
of immune infiltration of different types of cancer (https://
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cistrome.shinyapps.io/timer/). TIMER used the previously
published deconvolution statistical method to infer the
abundance of tumor-infiltrating immune cells from gene
expression profiles. The TIMER database included 10,897
samples from 32 cancer types from The Cancer Genome
Atlas (TCGA) to estimate the abundance of immune
infiltration. We analyzed the correlation between the
expression of ZC3H12 family genes and the abundance of
immune infiltrating cells (including B cells, CD4+T cells,
CDS8+T cells, neutrophils, macrophages, and dendritic
cells) through a gene module. Gene expression against
tumor purity is displayed on the left-most panel (18). In
addition, the correlation between ZC3H12D expression
and gene markers of tumor infiltrating immune cells was
explored through related modules. The genetic markers
of tumor infiltrating immune cells include CD8+T cells,
T cell (general), B cells, monocytes, tumor associated
macrophages, M1 macrophages, M2 macrophages,
neutrophils, natural killer (NK) cells, dendritic cells (DC),
T helper cell 1 (Thl) cells, T helper cell 2 (Th2) cells,
follicular helper T cell (Tth) cells. Helper T cell 17 (Th17),
Tregs and T cell depletion). These genetic markers refer
to previous studies. The correlation module generates
expression scatter plots in a pair of user-defined genes, as
well as Spearman's correlation and statistical significance.
Log2 RSEM was used to show the level of gene expression.

TISIDB Database analysis

TISIDB (http://cis.hku.hk/TISIDB) is a user-friendly Web
portal that gathers various types of tumor immunology
data resources. It integrates 4,176 records from 2,530
publications, including 988 genes related to anti-tumor
immunity. In addition, genes related to the resistance
or sensitivity of tumor cells to T cell-mediated killing
and immunotherapy were identified by analyzing high-
throughput screening and genomic map data. Third, the
association between any gene and immune function, such
as lymphocytes, immunomodulators and chemokines,
was calculated for 30 TCGA cancer types (19). We used
TISIDB to analyze the role of ZC3HI12D in the tumor-
immune interaction.

Verification of ZC3HI12D expression in GEO database

The gene expression profile was obtained from Gene

Expression Omnibus (GEO) database. In this study, five
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GEO series (GSE) were used (GSE44077, GSE43458,
GSE19804, GSE18842, and GSE19188). The dataset
was selected as follows: the number of (I) samples >100
included normal and lung cancer tissues; and the number of
samples in a single group of (II) was >30. The expression of
ZC3H12D was analyzed using an unpaired 7-test.

Immunobistochemical staining

This study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013) and it was
conducted with approval from the Ethics Committee of
Zhejiang Cancer Hospital (No. IRB-2015-176). Written
informed consent was obtained from the participants. The
Primary LUAD tissue and corresponding normal lung tissue
used in this study were provided by the Biobank of Zhejiang
Cancer Hospital. The primary antibody was a rabbit anti-
human ZC3H12D polyclonal antibody purchased from
Proteintech [24991-1-AP]. The immunohistochemical
staining kit was purchased from Beijing Zhongshan Golden
Bridge Biotechnology Co. Ltd. Paraffin-embedded tissue
samples were sectioned and placed at 72 °C for 30 min, then
dewaxed and hydrated by xylene and ethanol. Antigens
were heat retrieved with citrate buffer. After three washes,
the slides were placed in 3% hydrogen peroxide solution
for 5-10 min and then washed with running water twice
and PBS for 5 min. The primary antibodies were added
(1:100 dilution) and incubated overnight at 4 °C. After
washing with water twice and PBS for 5 min, the secondary
antibodies were added and incubated for 20 min, followed
by washing, DAB staining, counterstaining, and mounting.

Evaluation of immunobistochemical staining

"The expression of ZC3H12D detected by immunohistochemistry
was evaluated by measuring staining intensity and the
proportion of positively-stained cells. The expression
of ZC3H12D in LUAD is localized in the cytoplasm.
According to the staining intensity, there were four levels
including negative (0 point), weak positive (1 point),
intermediate positive (2 points), and strong positive
(3 points). The proportion of positive cells was scored
as follows: <5% = 0 point, 5-25% = 1 point, 26-50% =
2 points, 51-75% = 3 points, and >75% = 4 points. If the
sum of two scores was <4 points, it was considered low
expression; 0 point indicated not expressed; and >4 points
indicated high expression.
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Statistical analysis

The statistical analysis survival curve was generated by
UALCAN, Kaplan-Meier Plotter, and GEPIA. The results
of UALCAN, Kaplan—Meier Plotter, and GEPIA are
displayed with HR and P or Cox P-values from a log-rank
test along with the values of HR and P or COX P from a
logarithmic rank test. The correlation of gene expression
was evaluated by Spearman correlation and statistical
significance, and the following absolute thresholds were
used to determine the intensity of the correlation: 0.00-0.19,
“very weak”; 0.20-0.39, “weak”; 0.40-0.59, “medium”;
0.60-0.79, “strong”; and 0.80-1.0, “very strong.” P<0.05
was considered to be of statistical significance.

Results
Expression of ZC3H12 family members in LUAD

To determine the difference in ZC3H12 family member
expression between LUAD and normal tissues, we used
UALCAN to analyze the mRNA expression in ZC3H12
family members between LUAD and normal tissues. The
results showed that ZC3HI12A was slightly low in LUAD,
but there was no statistical significance (P=0.0636). The
expression of ZC3H12B and ZC3H12C was significantly
decreased in LUAD, while the expression of ZC3H12D was
significantly higher in LUAD (P<0.001; Figure 1A). At the
same time, we used Expression DIY in GEPIA to analyze
the expression of ZC3H12 family members in different
pathologic stages of LUAD. The results showed that the
expression of ZC3H12D decreased with progression of the
disease [Pr (> F) = 0.00274], but there was no significant
difference among the other three ZC3H12 family members
(Figure 1B).

Prognostic significance of ZC3H12 family members in
LUAD

We determined whether the expression of ZC3H12 family
members was related to the prognosis of LUAD patients.
First, the effect of ZC3H12 family member expression on
the survival rate was evaluated by UALCAN. The prognosis
of LUAD patients with high expression of ZC3H12D
was significantly better than patients with low expression
of LUAD (P=0.0048), while the expression of the other
three genes was not significantly related to the prognosis of
LUAD (Figure 24,B,C,D). We used Kaplan-Meier Plotter
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Figure 1 High ZC3H12D expression in lung adenocarcinoma (LUAD). (A) ZC3H12 family member levels in LUAD according to
UALCAN; (B) correlation between ZC3H12D expression and tumor stage in LUAD patients according to GEPIA.

to further evaluate the effect of ZC3H12 family member
expression on the probability of survival among patients
with LUAD. The data analysis based on RNA microarray
showed that high expression of ZC3H12A was significantly
correlated with poor prognosis (HR =1.75, 95% CI

=1.38-2.21, P=3.3e-06). In contrast, the OS of patients with
LUAD with high expression of the other three genes was
significantly longer (ZC3H12B: HR =0.67, 95% CI =0.52-
0.86, P=0.0018; ZC3H12C: HR =0.55, 95% CI =0.43-0.71,
P=2.5¢-06; and ZC3H12D: HR =0.52, 95% CI =0.41-0.67,
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Figure 2 OS analysis of ZC3H12 family members in lung adenocarcinoma (LUAD) patients using UALCAN (A,B,C,D), Kaplan-Meier
Plotter (E,FEG,H), and GEPIA (I,J,K,L). The P values were calculated using the log-rank test. OS, overall survival.

P=3.6e-07; Figure 2E,F,G,H).

We further verified the prognostic significance of
ZC3H]12 family genes in patients with LUAD by using
GEPIA. There was no correlation between the expression
of ZC3H12A (HR =1.3, P=0.091) and ZC3H12B (HR
=0.81, P=0.17) and OS in LUAD patients. High expression
of ZC3H12C (HR =1.4, P=0.031) was significantly
correlated with the poor prognosis of LUAD patients. In
agreement with the survival data of UALCAN and the
Kaplan—Meier Plotter, the high expression of ZC3HI12D
(HR =0.52, P=2.0e-05) was significantly correlated with
the improvement in prognosis of patients with LUAD
(Figure 21,7, K,L). These results confirmed and supported
the prognostic value of ZC3H12D in LUAD.

© Translational Cancer Research. All rights reserved.

Functional state of ZC3H12 family members in LUAD

To better understand the role and potential mechanism
underlying ZC3H12 expression in LUAD, we checked the
functional status of ZC3H12 in LUAD in the CancerSEA
database. The data on LUAD in CancerSEA came from
the transcriptome (GSE69405) of individual cancer cells
from LUAD patients with xenograft tumors (PDX). The
data includes 3 datasets with a total of 126 single cells.
Tumor cell-enriched PDX cells (LC-PT-45: scRNASeq,
nasty 34) were analyzed and an additional batch (LC-
Pt-45-Re: scRINA-Seq, nasty 43) was obtained to check
comparable results. Another Lung cancer PDX case (LC-
MBT15: scRNA-Seq, nasty 49) was prepared to validate our
analytic strategy applied in the LC-PT-45 case. The results
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Figure 3 Correlation between ZC3H12 family members and 14 functional states of lung adenocarcinoma (LUAD) in the CancerSEA
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strength of the correlation.

showed that there was no significant correlation between
the ZC3H12 gene family and 14 functional states of LUAD
(r<0.4; Figure 3).

Expression of ZC3H12D in LUAD is related to the level of
immune infiltration

Tumor-infiltrating lymphocytes affect tumor development
and patient survival. Therefore, we determined whether
the expression of ZC3H12 family members was related
to the level of immune infiltration in patient with LUAD.
We evaluated the correlation between the expression
of ZC3H12 family members and the level of immune
infiltration. Among the four genes in the ZC3H12 family,
with the exception of ZC3H12C, the expression of the
other three genes was significantly correlated with tumor
purity. Only the expression of ZC3H12D was positively
correlated with the infiltration of B and CD4+ T cells (r>0.4,
P<0.05; Figure 4). At the same time, we further verified the
correlation between the expression of ZC3H12D in LUAD

© Translational Cancer Research. All rights reserved.

and immune cell infiltration by TISIDB. The expression
of ZC3H12D was significantly correlated with activated
and immature B cells (Figure ST). These results strongly
suggested that ZC3H12D plays a special role in immune
cell infiltration of LUAD, especially B cells.

Analysis of the correlation between ZC3H12D and the
immune marker spectrum

To study the correlation between ZC3H12D and immune
cell infiltration, we used TIMMER and GEPIA to
analyze the correlation between ZC3HI12D and a variety
of immune cell markers in LUAD with ZC3H12A as
a control. We analyzed the immune marker genes of
ZC3H12D and different immune cells, including CD8+
T cells, T cells (general), B cells, monocytes, TAMs, M1
and M2 macrophages, neutrophils, NK cells and DCs with
ZC3H12A as a control. At the same time, we also analyzed
different functional T cells, such as Thl cells, Th2 cells,
Tth cells, Th17 cells, Tregs, and depleted T cells (7able I).
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Figure 4 Correlation of ZC3H12 family member expression with immune infiltration level in lung adenocarcinoma (LUAD). The

expression of ZC3H12D was negatively correlated with tumor purity, and positively correlated with the infiltration of B and CD4+T cells in
LUAD (0.4, P<0.001).

Interestingly, most of the B cell markers were associated ZC3HI12D expression verification
with ZC3HI12D expression. Specifically, the expression
of ZC3H12D was significantly correlated with the B cell
markers, CD79 and CD19 (P<0.001). We used GEPIA
to verify the correlation between ZC3HI12D and the
aforementioned markers (7zble 2). At the same time, we

The datasets that met the criteria were filtered through
the GEO database. There were five datasets that met the
criteria, as follows: GSE18842; GSE19188; GSE19804;
GSE43458; and GSE44077. There were 332 cases of
NSCLC and 266 normal controls. The results of a non-
paired #-test showed that the expression of ZC3H12D
was significantly higher in 286 cases of NSCLC in the
and MHC molecules. The expression of ZC3H12D was GSE19188, GSE19804, GSE43458, and GSE44077 datasets
positively correlated with immunostimulators, including than 221 cases in the control group, while ZC3H12D was
CD27, CD28, CD40LG, and LTA, and MHC molecules, highly expressed in tumor groups in the GSE18842 dataset,
including HLA-DOA, HLA-DOB, HLA-DQALI, and but the difference was not statistically significant (Figure S2).
HLA-DPB1 (Figure 5). In addition, the correlation We then analyzed 10 pairs of LUAD tissues and the

also analyzed the correlation between the expression of
ZC3H12D and immunoinhibitors, immunostimulators,

between ZC3HI12D and immune-related chemokines and corresponding normal lung tissues to verify ZC3H12D
receptors was evaluated. The expression of ZC3HI12D was expression. IHC staining showed that ZC3H12D was
significantly correlated with the chemokine, CXCL13, and abundantly and uniformly expressed in tumor samples but
its receptor (CXCRS5) derived from B cells (Figure 6). was significantly down-regulated in all adjacent non-tumor
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Table 1 The correlation of ZC3H12D and ZC3H12A with related genes and immune cell markers in TIMER was analyzed

ZC3H12D ZC3H12A
Description Gene markers None Purity None Purity
Cor P Cor P Cor P Cor P
CD8+ T cell CD8A 0.476 o 0.376 e 0.048 0.281 -0.042 0.348
CD8B 0.427 o 0.348 o 0.038 0.391 -0.024 0.591
CD3D 0.572 b 0.473 b 0.122 * 0.025 0.573
CD3E 0.631 e 0.546 e 0.106 * -0.005 0.907
CD2 0.622 i 0.533 i 0.114 . 0.011 0.806
B cell CD19 0.618 i 0.546 i 0.099 * 0.003 0.955
CD79A 0.545 o 0.462 o 0.072 0.101 -0.019 0.680
Monocyte CD86 0.453 i 0.332 i 0.088 0.0457 0.005 0.908
CSF1R 0.46 o 0.352 e 0.131 o 0.067 0.138
TAM ccL2 0.156 i 0.019 0.669 0.199 i 0.132 b
CD68 0.3 o 0.186 e 0.111 * 0.042 0.351
IL10 0.381 e 0.265 e 0.106 * 0.033 0.463
Neutrophils CEACAMS 0.135 > 0.123 b -0.06 0.171 -0.064 0.154
ITGAM 0.42 o 0.32 o 0.154 e 0.093 0.0394
CCR7 0.655 i 0.576 b 0.144 b 0.05 0.268
KIR2DL1 0.268 o 0.224 o 0.046 0.3 0.013 0.780
KIR2DL3 0.234 e 0.159 e 0.074 0.0949 0.036 0.429
KIR2DL4 0.24 e 0.179 e 0.115 0.0917 0.064 0.0833
KIR3DL1 0.238 o 0.181 o 0.101 0.0213 0.075 0.0947
KIR3DL2 0.324 e 0.255 b 0.026 0.553 0.017 0.661
KIR3DL3 0.165 o 0.15 o 0.029 0.506 0.019 0.675
KIR2DS4 0.243 o 0.184 o 0.031 0.476 -0.001 0.985
Dendritic cell HLA-DPB1 0.457 e 0.356 i 0.098 0.0269 0.03 0.512
HLA-DQB1 0.3461 b 0.241 e 0.139 b 0.084 0.0619
HLA-DRA 0.405 i 0.293 i 0.082 0.0639 0.013 0.773
HLA-DPA1 0.418 x 0.318 x 0.057 0.195 -0.009 0.841
CDi1C 0.329 o 0.239 e 0.076 0.0848 0.024 0.593
NRP1 0.096 * 0.047 0.293 -0.024 0.586 -0.047 0.300
CD11c 0.54 o 0.455 o 0.28 o 0.224 e
Th1 TBX21 0.544 e 0.457 i 0.139 > 0.046 0.306
STAT4 0.428 o 0.316 o 0.204 x 0.119 b
STAT1 0.244 0.121 0.14 . 0.057 0.195 -0.012 0.784
IFNG 0.35 * 0.263 b 0.123 > 0.066 0.143
TNF-a 0.446 o 0.335 o 0.086 * 0.297 b

Table 1 (continued)

© Translational Cancer Research. All rights reserved.
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Table 1 (continued)
ZC3H12D ZC3H12A
Description Gene markers None Purity None Purity
Cor P Cor P Cor P Cor P
Th2 GATA3 0.333 e 0.202 e 0.086 * -0.006 0.889
STAT6 0.195 e 0.217 e 0.179 i 0.176 i
STAT5A 0.5 b 0.396 b 0.183 o 0.117 i
IL13 0.191 o 0.123 o 0.183 o 0.117 >
Tfh BCL6 0.121 o 0.129 o 0.183 e 0.14 >
21 0.35 e 0.303 e 0.028 0.523 -0.008 0.857
Th17 STAT3 0.141 o 0.162 i -0.056 0.206 -0.05 0.270
IL17A 0.235 o 0.17 o 0.17 o 0.14 >
Treg FOXP3 0.573 o 0.481 e 0.146 e 0.047 0.300
CCR8 0.589 e 0.501 e 0.063 0.153 -0.025 0.577
STAT5B 0.416 i 0.409 0.593 -0.044 0.316 -0.06 0.183
TGFB1 0.245 x 0.142 i 0.159 i 0.099 *
Mast TLR2 0.254 o 0.169 o 0.08 0.0713 0.0464 0.304
TLR4 0.441 e 0.322 e 0.009 0.843 -0.08 0.0776
TPSB2 0.191 i 0.078 0.0839 0.131 b -0.225 i
CD33 0.423 i 0.312 e 0.119 o 0.054 0.231
CD44 0.214 o 0.085 o 0.123 o 0.07 0.119
T cell exhaustion PDCD1 0.536 o 0.454 b 0.212 o 0.144 o
CTLA4 0.632 o 0.558 o 0.229 e 0.154 o
LAG3 0.426 i 0.348 b 0.18 i 0.128 b
HAVCR2 0.408 x 0.281 x 0.11 * 0.026 0.560
GZMB 0.344 o 0.243 o 0.157 0.815 0.097 *

*, P<0.05; **, P<0.01; **, P<0.001.

lung tissues (Figure 7). The clinicopathological information
of patients with LUAD used in immunohistochemical is
shown in Table S1. In general, like the TCGA database
based on RNA high-throughput sequencing, ZC3H12D
was also highly expressed in chip-based datasets and was
highly expressed in LUAD tissues, which can be used as a
marker of LUAD prognosis and immune cell infiltration.

Discussion

The relationship between ZC3H12 family dysfunction
and a variety of cancers has been partially reported

© Translational Cancer Research. All rights reserved.

(20-22); however, the biological analysis of the ZC3H12
family in LUAD has not been reported. This study analyzed
the expression and prognosis of ZC3H12 family members
in LUAD. ZC3HI12D was significantly up-regulated in
early LUAD tissues, and the patients with high expression
of LUAD had a good prognosis. Independent databases
(UALCAN, Kaplan-Meier Plotter and GEPIA analysis)
were used to analyze the prognosis of ZC3H12 family
members in patients with LUAD. Due to the difference in
number of LUAD patients included in the survival statistics
and the threshold of high and low classification, the results
of the databases were different, but together the three
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Table 2 Analysis of the correlation between ZC3H12D and ZC3H12A and CD8+ T cell and B cell related genes and markers in GEPIA

ZC3H12D ZC3H12A
Description Gene marker

R P R P
CD8+ T cell CD8A 0.44 e 0.032 0.48
CD8B 0.38 i -0.0039 0.93
CD3D 0.55 e 0.086 0.059

CD3E 0.62 e 0.1 *

CcD2 0.62 e 0.094 *

B cell CD19 0.58 o 0.11 *
CD79A 0.48 s 0.027 0.55

*, P<0.05; %, P<0.001.
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Figure 5 Correlation of ZC3HI12D expression with immunostimulators and MHC molecules in LUAD by TISIDB. (A,B) Correlation
between the expression of ZC3HI12D and immunostimulators and MHC molecules. (C,D,E,F) The expression of ZC3H12D was positively
correlated with immunostimulators, including CD27, CD28, CD40LG, and LTA. (G,H,L,]) The expression of ZC3H12D was positively
correlated with MHC molecules, such as HLA-DOA, HLA-DOB, HLA-DQA1, and HLA-DPBI (r>0.4, P<0.001).
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Figure 6 Correlation of ZC3HI12D expression with immunostimulators and MHC molecules in LUAD by TISIDB. (A,B) Correlation
between the expression of ZC3HI12D and chemokines and receptors. (C,D) The expression of ZC3H12D was significantly correlated with
the chemokine, CXCL13, and its receptor CXCRS5 derived from B cells (r>0.4, P<0.001).

databases showed that there was a positive correlation and
consistency between ZC3H12D and LUAD prognosis.
In addition, we also found that there was no significant
correlation between ZC3H12D and 14 functional states of
the tumor. Our results provide important insight into the
lack of ZC3H12D expression as a poor prognostic marker
in LUAD.

Another important finding in this study was that the

© Translational Cancer Research. All rights reserved.

expression of ZC3HI12D was significantly correlated with
the level of LUAD B cell infiltration and CD4+T cell
infiltration. The correlation between ZC3H12D expression
and immunocyte marker genes suggests that ZC3H12D
plays an important role in tumor immune regulation
of LUAD. Specifically, ZC3H12D was significantly
correlated with the B cell markers, CD79 and CD19. The
expression of ZC3H12D was positively correlated with

Transl Cancer Res 2020;9(10):6128-6142 | http://dx.doi.org/10.21037/tcr-20-1465
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Figure 7 ZC3H12D immunohistochemistry in lung adenocarcinoma (LUAD) tissues and adjacent normal lung tissues.

immunostimulators, including CD27, CD28, CD40LG,
and LTA, and MHC molecules, including HLA-DOA,
HLA-DOB, HLA-DQA1, and HLA-DPBI. The expression
of ZC3H12D was positively correlated with cytokines,
including TNF and LTA, CXCL13, and its receptor
CXCRs.

Recent studies have explained the possible mechanism of
ZC3H12D expression associated with immune infiltration
and good prognosis. Tumor-infiltrating B cells (TIBs) are
important regulatory cells in the progression of lung cancer
and has a dual role in the tumor microenvironment (23).
It has been reported that the number of TIBs is positively
correlated with the prognosis of NSCLC, especially in
LUAD (24). TIBs promote T cell responses by secreting
cytokines and chemokines, maintains the neutralization
function of the tertiary lymphoid structure (TLS) of
lung cancer, and has an anti-tumor immune effect (25).
For example, B cells produce CXCL13 and lymphotoxin

© Translational Cancer Research. All rights reserved.

(LT) through TLR4 signals. Moreover, TLR4 signals are
positive feedback loops to support TLS formation and high
density (26). Some studies have shown that CXC13-coupled
CpG-ODN stimulation of CXCRS5-expressing B cells
trigger the killing effect of CD8+T cells, thus eliminating
lung metastasis in 4T'1.2 tumor-bearing mice (27). B cells
with a tumor-promoting effect are defined as regulatory B
cells (Bregs). Bregs secreting cytokines, such as IL-10 and
TGF-B, inhibit Th1/CD8+T cell function and promote
tumor proliferation (28). Some Bregs have a CD19+CD5+
phenotype driven by STAT?3 activation and overexpression
of CD5 induced by IL-6, which is thought to promote
tumor progression by inducing tumor angiogenesis and
immunity (29). Some studies have shown that ZC3H12D
is involved in the degradation of pro-inflammatory mRINA,
such as mRNA of IL-6, IL-10, and IER3 (30). ZC3H12D
leads to a decrease in IL-10 and IL-6, inhibits Bregs, and
exhibits an anti-tumor effect.
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In conclusion, the increase of ZC3H12D expression is
related to the good prognosis of LUAD and the increase
in B cells. Therefore, ZC3H12D may play an important
role in LUAD immune cell infiltration as a biomarker of
infiltration and prognosis.
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Supplementary
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Figure S1 Correlation between the expression of ZC3H12D in lung adenocarcinoma (LUAD) and immune cell infiltration by TISIDB.
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Figure S2 The expression of ZC3H12D was significantly higher in 286 cases of NSCLC than 221 controls in the 4 datasets (GSE19188,

GSE19804, GSE43458, and GSE44077), while the expression of ZC3H12D was higher in the GSE18842 dataset, but not statistically
significant.



Table S1 Clinicopathological information of patients with lung adenocarcinoma (LUAD) used in immunohistochemical

Cases  Gender  Ageyers D s e Diferentation et
1 Female 62 6x5%x4.5 Yes 0 Moderately-low No No
2 Female 50 4.5x3.7x2.6 Yes 0 - Yes Yes
3 Female 53 2.3x2x2 No 0 - No Yes
4 Female 64 2.7x2x1.5 Yes 0 - Yes Yes
5 Male 52 7x6x4 Yes >20 Moderately-low Yes Yes
6 Female 79 2x1.8x1.5 Yes >20 - No Yes
7 Male 58 3.3x2.5x2 No >20 Moderately-low Yes No
8 Male 66 4x3.8x2.4 Yes >20 - No Yes
9 Male 53 2x1.5x1 Yes >20 Moderately-low Yes Yes
10 Female 59 2x1.5x1 No 0 Moderately No Yes




