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Abstract: Cornichon family AMPA receptor auxiliary protein 4 (CNIH4) functions as an oncogene in several types 
of tumor. Nevertheless, the potential function of CNIH4 in lower-grade glioma (LGG) remains unclear. Pan-cancer 
analysis was implemented to comprehensively explore CNIH4 expression patterns and prognostic value in multiple 
cancers. Further, a systematic investigation of correlations between CNIH4 expression and clinical features, progno-
sis, biological functions, immune properties, genomic mutations, and treatment response was conducted, based on 
LGG expression patterns. CNIH4 expression levels and specific roles in LGG were also evaluated using in vitro experi-
ments. Aberrant CNIH4 overexpression was detected in various tumors, and higher CNIH4 expression was linked 
with inferior prognosis, including in patients with LGG. Univariate and multivariate Cox regression analysis indicated 
that CNIH4 expression was an independent prognostic biomarker in patients with LGG. Our data also revealed 
that CNIH4 expression was strongly related to immune-associated signatures, immune cell infiltration, immune 
checkpoint genes, copy number alteration burden, tumor mutation burden, and treatment response in patients with 
LGG. In vitro experiments confirmed that CNIH4 was unusually elevated and crucial for cell proliferation, migration, 
invasion and cell cycle regulation in LGG. Together, our data validate CNIH4 may be an independent prognostic bio-
marker that could serve as a novel therapeutic target for improvement of prognosis in patients with LGG.
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Introduction

Glioma is a common primary intracranial tumor 
originating from glial cells [1]. The World Health 
Organization (WHO) categorizes gliomas as 
grade I to IV, based on their respective criteria 
[2], among which, grade II and III gliomas are 
deemed lower-grade gliomas (LGGs) by The 
Cancer Genome Atlas (TCGA). Currently, the 
most common regimens employed for clinical 
treatment of LGG include surgery, chemothera-
py, and radiotherapy; however, few anticancer 
drugs are used to treat patients with LGG in  
the clinic, and the prognosis of these patients 
remains unsatisfactory. Therefore, exploration 

of new and effective treatments for patients 
with LGG is urgently needed.

CNIH4 is a member of the cornichon family of 
TGFα exporters that contributes to G protein-
coupled receptor (GPCR) trafficking from the 
endoplasmic reticulum to the cell surface, 
where it promotes GPCR exit via the early se- 
cretory pathway. CNIH4 is regulated by TMED9 
activity [3] and several studies have illustrated 
that raised CNIH4 expression is closely con-
nected with the malignant development of sev-
eral cancers, including liver [4], and colorectal 
cancers [3]; however, the role of CNIH4 in 
patients with LGG remains underexplored. 
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Therefore, we conducted this research to in- 
vestigate the specific function of, and molecu-
lar mechanism involving, CNIH4 in patients 
with LGG.

First, we ascertained the prognostic role of 
CNIH4 in LGG by bioinformatics analysis of 
independent datasets from TCGA and the 
Chinese Glioma Genome Atlas (CGGA). Patients 
with LGG were grouped into low- and high-
CNIH4 expression subtypes based on the me- 
dian CNIH4 expression value. Survival analysis 
demonstrated that patients in the high-CNIH4 
subgroup had shorter survival times than  
those in the low-CNIH4 subgroup. Receiver 
operating characteristic (ROC) curves and area 
under the curve (AUC) values were exploited to 
confirm the value of CNIH4 expression for pre-
dicting the prognosis of patients with LGG. By 
analyzing clinicopathological data from pa- 
tients with LGG, we assessed whether there 
were associations between CNIH4 expression 
and age, sex, WHO grade, isocitrate dehydroge-
nase (IDH) status, chromosome 1p/19q co-
deletion (codel) status, and O6-methylguanine-
DNA methyltransferase (MGMT) status. More- 
over, Cox regression analyses were applied to 
explore whether CNIH4 expression is an inde-
pendent prognostic biomarker in LGG. The 
underlying biofunctions of CNIH4 in LGG were 
scrutinized by functional enrichment analysis. 
Additionally, the single-sample gene set enri- 
chment analysis (ssGSEA) algorithm was exe-
cuted to examine associations between CNIH4 
expression and 29 immune-related signatures. 
Additionally, we inspected associations betw- 
een CNIH4 expression and immune traits, 
including tumor-infiltrating immune cells (TIICs), 
immune checkpoint genes (ICPGs), and stromal 
and immune scores; genomic alterations; and 
treatment response. Importantly, we also con-
ducted in vitro experiments to examine the 
aberrant expression and specific functions of 
CNIH4 in LGG. Overall, the results of our com-
prehensive analyses demonstrate that CNIH4 
is an independent prognostic biomarker in 
patients with LGG and may represent a novel 
therapeutic target in this context.

Methods

Data collation and management

Survival, mRNA expression, clinicopathologi- 
cal, and tumor mutation burden (TMB) data 
acquired from public databases were used for 

pan-cancer analysis. CNIH4 expression data 
and relevant clinical information from 33 
tumors were obtained from TCGA database and 
CNIH4 expression data in normal tissue was 
collected from Genotype-Tissue Expression 
(GTEx).

In addition, two independent LGG datasets 
from TCGA and CGGA (CGGA_325) were ana-
lyzed in this research. RNA-seq expression data 
from the two datasets in fragments per kilo-
base million format, was transformed into tran-
scripts per kilobase million values, then log2 
transformed to facilitate comparison. Data on 
genomic variations in LGG samples were 
acquired from TCGA database.

Inclusion criteria for LGG samples

The following inclusion criteria were selected: 
1) patients with WHO grade II and III tumors, 2) 
patients with mRNA sequencing data, and 3) 
overall survival (OS) ≥ 30 days. Data from 477 
and 170 patients with LGG were screened  
from TCGA (Table 1) and CGGA (Table 2) data-
bases, respectively. To ensure the congruity of 
survival data, data from 33 patients with LGG 
tumors and OS < 30 days were included in the 
CNIH4 pan-cancer analysis.

Prognostic role and validation of CNIH4

LGG samples were separated into low- and 
high-CNIH4 subtypes, based on median CNIH4 
expression values in the two independent  
datasets. The prognosis of patients with LGG in 
the two subgroups was scrutinized by Kaplan-
Meier analysis, and the value of CNIH4 expres-
sion for predicting the prognosis of patients 
with LGG in the two cohorts was estimated 
using survival rate, ROC curves, and AUC val-
ues. Subsequently, Cox regression analyses of 
the two cohorts were conducted to ascertain 
whether CNIH4 expression was an independent 
prognostic biomarker in patients with LGG.

Functional annotation and gene set variation 
analysis (GSVA)

The R package, limma [5], was exploited to 
identify differentially expressed genes (DEGs) 
between the low- and high-CNIH4 subgroups, 
with threshold values of |log2 fold-change (FC)| 
> 0.5 and false-discovery rate (FDR) < 0.05. 
The R package, clusterProfiler [6], was em- 
ployed to conduct gene ontology biological pro-
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cess (GO-BP) and Kyoto Encyclopedia of Ge- 
nes and Genomes (KEGG) analysis of DEGs. 
GSVA was implemented in R to identify path-
ways that were markedly enriched in the two 
subtypes [7]. The most enriched molecular 
pathways from the two subgroups were 
screened using KEGG (c2.cp.kegg.v7.2.sym- 
bols) genesets (threshold values: log2 FC > 0.1, 
P < 0.05, and FDR < 0.05).

Immunological traits of LGG

Immune features, such as stromal and immune 
scores, level of TIIC infiltration, and ICPGs 

expression level, were evaluated. First, the ss- 
GSEA algorithm was implemented to estimate 
the differential enrichment of 29 immune- 
related factors, which were obtained from pre-
vious research [8], in the low- and high-CNIH4 
subtypes. Consistent with gene expression pro-
files of patients with LGG, the ESTIMATE algo-
rithm was exploited to inspect tumor purity and 
stromal and immune cell abundance [9] and to 
generate four score categories, as follows: 
ESTIMATE score (reflecting nontumor compos-
ites), immune score (reflecting the abundance 
of immune cells), stromal score (reflecting the 
abundance of stromal cells), and tumor purity. 
Subsequently, TIIC infiltration level was quan- 
tified using the CIBERSORT algorithm [10]. 
Additionally, based on previous research [11, 
12], 25 ICPGs with potential therapeutic value 
were adopted and their correlations with CNIH4 
expression determined.

Genetic mutation analysis

Deletions and amplification across the whole 
genome were evaluated using the RCircos tool 
[13] and compared between the low- and high-
CNIH4 subtypes. Maftools [14] and GenVisR 
[15] were implemented to determine and visu-
alize the types and frequencies of gene muta-
tions between the two subgroups. TMB, as a 
novel biomarker of immunotherapy response, 
represents the total number of non-synony-
mous mutations. Associations between CNIH4 
expression and TMB levels were assessed in 
33 tumors using the R package, fmsb. Then, 
the R package, ggplot2, was implemented to 
examine the connection between CNIH4 
expression and TMB levels in an independent 
TCGA LGG cohort.

Ethical approval 

The medical ethics committee of the Second 
Affiliated Hospital of Nanchang University 
approved this research. All patients with LGG 
signed informed consent.

Cell culture and transfection

The LGG cell lines, BT142, SW1783, and 
SW1088, were obtained from the American 
Type Culture Collection. Normal human astro-
cyte (NHA) cells were from the Culture Collection 
of the Chinese Academy of Sciences (Shanghai, 
China). SW-1088, and SW-1783 cell lines were 

Table 1. Clinical features of LGG patients from 
TCGA
Clinical features Total (477) %
Age Age ≤ 45 287 60.17%

Age > 45 190 39.83%
Gender Female 216 45.28%

Male 261 54.72%
Grade WHO II 231 48.43%

WHO III 246 51.57%
1p/19q Non-codel 321 67.30%

Codel 156 32.70%
IDH Mutant 389 81.55%

Wildtype 85 17.82%
Unknow 3 0.63%

MGMT Unmethylated 82 17.19%
Methylated 395 82.81%

Table 2. Clinical features of LGG patients from 
CGGA
Clinical features Total (170) %
Age Age ≤ 45 129 75.88%

Age > 45 41 24.12%
Gender Female 65 38.24%

Male 105 61.76%
Grade WHO II 97 57.06%

WHO III 73 42.94%
1p/19q Non-codel 113 66.47%

Codel 55 32.35%
Unknow 2 1.18%

IDH Mutant 125 73.53%
Wildtype 44 25.88%
Unknow 1 0.59%

MGMT Unmethylated 70 41.18%
Methylated 84 49.41%
Unknow 16 9.41%
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cultured in Leibovitz’s L-15 medium and 10% 
fetal bovine serum (Gibco). NHA and BT142 cell 
lines were cultured in Dulbecco’s modified 
Eagle’s medium/F12 medium. All cells were 
incubated at 37°C and in 5% carbon dioxide. 
SW1088 cells were transfected with shRNA 
and negative control (NC) lentiviral vectors, 
according to the protocol at a multiplicity of 
infection of 10. Positive cells were selected 
using puromycin. The CNIH4 target sequence 
of shRNA was 5’-GCTGAAGTCACACATGAAAGA- 
3’.

Western blot analysis and quantitative real-
time PCR (qRT-PCR)

Para-carcinoma and LGG tissue samples (n =  
6 each) were collected from the second affili-
ated Hospital of Nanchang University and pre-
served in liquid nitrogen. Radioimmunopreci- 
pitation analysis buffer (Solarbio, China) mixed 
with protease inhibitors was used to extract 
proteins from brain tissues and cell lysates. 
Then, lysates were separated by 10% SDS-
PAGE and transferred to PVDF membranes  
for incubation with primary antibodies, includ-
ing CNIH4 (1:50, sc-81857, Santa Cruz Bio- 
technology, China) and beta tubulin (1:2000, 
10068-1-AP, Proteintech, China), followed by 
relevant secondary antibodies. Finally, mem-
branes were incubated with enhanced chemilu-
minescence substrate (Thermo, USA) and visu-
alized using the GV6000M imaging system 
(GelView6000pro). Total RNA was extracted 
from cells using a Simply P Total RNA Extraction 
Kit (Bioflux, China). Then, HiScript III-RT 
SuperMix (Vazyme, China) was employed to 
reverse-transcribe total RNA into complemen-
tary DNA. FC values were determined using  
the 2-ΔΔCT method. Primers sequences were as 
follows: CNIH4 forward, 5’-TTGCTCAAAATTAAA- 
CAAGTGGGT-3’; CNIH4 reverse, 5’-TTCCAAGT- 
GGCAACAGGTAAGT-3’; beta tubulin forward, 
5’-ACGCGGTTCTGTCTATCCAC-3’; and beta tu- 
bulin reverse, 5’-GAGGTGGTTATGCCGCTCAT-3’.

CCK-8 assays

Transfected SW1088 cells were plated in 
96-well plates at 2 × 103 per well and cultured 
for 5 days. Next, 10 µL of CCK-8 assay reagent 
(Glpbio, GK10001) was added into each well 
and plates incubated for another 2 h, followed 
by measurement of absorbance at 450 nm.

Colony formation assays

Transfected SW1088 cells were seeded in 
6-well plates at 2 × 103 per well and incubated 
for 2 weeks. Then, cells were stained with 0.1% 
crystal violet solution and the number of colo-
nies quantified using ImageJ.

EdU assays

SW1088 cells (2 × 104 per well) were plated in 
24-well plates and incubated for 72 h. Then, 
EdU reagents added and cells incubated for  
2 h. Cells were fixed using 4% paraformalde-
hyde in 0.5% Triton X-100. Cells were then 
stained using Hoechst staining, and the EdU 
incorporation rate quantified using ImageJ.

Cell cycle analysis

Transfected SW1088 cells were fixed with 70% 
ethanol and stored at 4°C. Next, SW1088 cells 
were stained with propidium iodide/RNase 
Staining Buffer (Suzhou, China), and the distri-
bution of the cells assessed by flow cytometry.

Cell migration and invasion assays

Transwell chambers (Corning) were coated in 
500 μg/ml Matrigel (Yeasen) at 37°C for 30 
min. Subsequently, SW1088 cells were plated 
at 5 × 104 per well and cultured in 100 µl 
serum-free medium. Leibovitz’s L-15 medium 
containing 10% fetal bovine serum (600 µl) was 
added to the lower chambers of the transwell 
plates. After 24 h of culture, non-invasive cells 
were removed from transwell chambers using 
cotton swabs. Then, cells in chambers were 
fixed with 4% paraformaldehyde and stained 
with 0.1% crystal violet for 30 min. Finally, cells 
were imaged using a Leica Microsystems 
D-35578 microscope. Migration assays were 
conducted using the same method used for 
invasion assays, except for the absence of 
Matrigel at the bottom of the transwell 
chambers.

Assessment of CNIH4 expression and treat-
ment response

The R package, pRRophetic [16], was executed 
to assess predicted differences in sensitivity  
to chemotherapeutic drugs, including PI3K/
AKT inhibitors (A-443654, CAL-101, AKT inhibi-
tor VIII, and TGX-221), proteasome inhibitors 
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(MG-132 and bortezomib), proteasome activa-
tors (Bryostain-1), and MAPK inhibitors (TAK-
175), between the high- and low-CNIH4 
subtypes.

Drug sensitivity assays

Transfected SW1088 cells were seeded in 
96-well plates at 5 × 103 per well and incubat-
ed with chemotherapeutic drugs at different 
concentrations (0, 2, 4, 6, 8 μM). After incubat-
ing for 48 h, 10 µL of CCK-8 assay reagent 
(Glpbio, GK10001) per well was added and 
cells incubated for a further 2 h before mea-
surement of absorbance at 450 nm.

Statistical analysis

Comparisons of clinical prognosis between 
patients in the high- and low-CNIH4 subtype 
groups were assessed by Kaplan-Meier analy-
sis. AUC values and ROC curves were generat-
ed to ascertain the value of CNIH4 expression 
for predicting patient prognosis. Cox regression 
analysis was implemented to evaluate the  
independent prognostic value of CNIH4. Dif- 
ferences in 29 immune-related signatures, 25 
ICPGs, TIICs, TMB, and copy number alteration 
(CNA) burden between the two subgroups were 
determined by Student’s t test. In addition, cor-
relations between variables were inspected by 
Pearson’s or Spearman’s correlation test. The 
Wilcoxon symbol-rank test was exploited to 
inspect the differences in predicted sensitivity 
to anticancer drugs between the two sub-
groups. All statistical analyses were imple- 
mented in R (version 4.1.0), SPSS Statistics, 
and GraphPad Prism 8 (GraphPad Software, 
Inc.). P < 0.05 was considered significant. All in 
vitro experiments were repeated three times 
independently.

Result

Pan-cancer analysis of CNIH4

The research processes used for this study are 
summarized in Figure 1. By comparing and 
analyzing pan-cancer data obtained from TCGA 
and GTEx datasets, we found that CNIH4 
expression levels were abnormally high in vari-
ous types of cancer. The results indicated that 
CNIH4 expression levels were evidently elevat-
ed in multiple tumors, including BLCA, BRCA, 
CHOL, COAD, GBM, HNSC, KIRC, KIRP, LGG, 

LIHC, PAAD, STAD, TGCT, and UCEC; and mildly 
elevated in CESC, LUSC, and READ (Figure 2A).

To inspect the prognostic value of CNIH4 in 33 
tumor types, we implemented univariate Cox 
regression analysis to evaluate the association 
between CNIH4 expression and OS. As shown 
by Forest plots, high CNIH4 expression was 
negatively associated with OS in patients with 
CESC, HNSC, KIRP, LGG, LIHC, and PAAD 
(Figure 2B). Further, the results of survival anal-
ysis also demonstrated that patients with LGG 
and higher CNIH4 expression had inferior prog-
nosis (Figure 2C).

Subsequently, we evaluated the relationships 
between CNIH4 expression and levels of ICPGs 
in 33 tumor types. The results of co-expression 
analyses demonstrated that CNIH4 was closely 
associated with the majority of ICPGs in BLCA, 
BRCA, COAD, ESCA, GBM, HNSC, LGG, LIHC, 
LUAD, LUSC, PAAD, PRAD, SKCM, STAD, THCA, 
and UCEC (Figure 2D). In addition, we examined 
the associations between CNIH4 expression 
and TMB in 33 cancers. In ACC, BLCA, BRCA, 
HNSC, LGG, LUSC, PAAD, PRAD, SKCM, STAD, 
THCA, THYM, and UCEC, CNIH4 expression was 
positively associated with TMB level, while in 
COAD, levels of CNIH4 expression were inver- 
sely associated with those of TMB (Figure 2E).

Association between CNIH4 and clinical traits 
in patients with LGG

The relationships between CNIH4 expression 
and clinicopathological variables (including 
age, gender, WHO grade, IDH, 1p/19q codel, 
and MGMT status) were inspected in TCGA and 
CGGA cohorts. The results demonstrated that 
upregulation of CNIH4 expression was strongly 
associated with older age, IDH wildtype status, 
1p/19q non-codel status, and MGMT non-
methylation status in TCGA cohort (Figure 3A, 
3B). We also detected similar results in the 
CGGA dataset (Figure S1A, S1B). Hence, CNIH4 
expression level is tightly associated with clini-
copathological characteristics in patients with 
LGG.

Elevated CNIH4 mRNA expression is associ-
ated with poor prognosis of patients with LGG

Kaplan-Meier analysis was implemented to 
detect differences in OS prognosis between 
high- and low-CNIH4 subgroups of patients with 
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Figure 1. Overall study process for this research. A. Pan-cancer analysis. B. Clinical traits. C. Prognosis analysis. D. Biological functions. E. Immune characteristics. 
F. Gene mutations. G. Experimental confirmation. H. Treatment response of CNIH4 in LGG.
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LGG. The results demonstrated that OS prog- 
nosis in the high-CNIH4 subgroup was notably 

worse than that in low-CNIH4 subtype in TCGA 
(Figure 3C) and CGGA (Figure S1C) data. 

Figure 2. Pan-cancer analysis of CNIH4. A. Differential expression of CNIH4 in normal and cancer tissues. B. Univari-
ate Cox regression analysis of CNIH4 expression in various tumors. C. Kaplan-Meier analysis of CNIH4 in pan-LGG. 
D. Co-expression of CNIH4 and ICPGs in different cancers. E. Differential TMB in diverse cancers. *P < 0.05, **P < 
0.01, ***P < 0.001.
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Figure 3. Clinical correlation analysis of CNIH4 in TCGA. A. Association between CNIH4 expression and clinical 
features of LGG in TCGA. B. Analysis of CNIH4 expression variation in patients with different clinical characteristics 
(including age, gender, tumor grade, and 1p/19q, IDH, and MGMT statuses) in TCGA dataset. C. Prognostic analysis 
of high- and low-CNIH4 subtypes in TCGA dataset. D. Distribution of risk score, OS, and OS status in high- and low-
CNIH4 subtypes in TCGA dataset. E. Comparison of survival rates between the patients with LGG in the high- and 
low-CNIH4 subtypes. F. ROC curves illustrating the predictive value of risk score in TCGA data. G, H. Univariate and 
multivariate Cox analyses of CNIH4 expression and clinicopathological characteristics in TCGA. *P < 0.05, **P < 
0.01, ***P < 0.001.

Therefore, we separately examined the con- 
nections between CNIH4 expression and risk 
score and OS status in patients with LGG and 
found that upregulation of CNIH4 expression 
was associated with higher risk score and  
poorer OS status in TCGA (Figure 3D) and  
CGGA (Figure S1D) cohorts. Detailed analysis 
of survival rates in patients with LGG demon-
strated that those with high CNIH4 expression 
had inferior survival status in TCGA (Figure 3E) 
and CGGA (Figure S1E) cohorts. To validate the 
accuracy of CNIH4 level for predicting OS of 
patients with LGG in the two datasets, we con-
ducted ROC curve analysis. AUC values for 1-, 
3-, and 5-year OS were 0.785, 0.718, and 0.677 
in TCGA dataset (Figure 3F), respectively; and 
0.835, 0.877, and 0.833, respectively, in the 
CGGA dataset (Figure S1F). These results pow-
erfully support the potential of CNIH4 as a  
valuable prognostic biomarker for patients with 
LGG.

Independent prognostic value of CNIH4

To examine whether CNIH4 was an indepen-
dent prognostic biomarker in the two cohorts, 
we conducted univariate and multivariate Cox 
regression analyses. CNIH4 expression, WHO 
grade, and 1p/19q status were recognized as 
independent prognostic factors in both TCGA 
(Figure 3G, 3H) and CGGA (Figure S1G, S1H) 
cohorts. Based on the results of univariate and 
multivariate Cox regression analysis of the two 
datasets, we infer that CNIH4 expression is an 
independent prognostic biomarker for predict-
ing OS in patients with LGG.

Functional annotation of CNIH4

To scrutinize the potential role of CNIH4 in dif-
ferential OS prognosis of patients with LGG, 
DEGs (|log2 FC| > 0.5 and P < 0.05) were identi-
fied between LGG with low- and high-CNIH4 
expression, according to median expression 
value. A total of 263 down-regulated and 1481 
up-regulated DEGs were detected in TCGA 
cohort, with 1593 down-regulated and 2462 
up-regulated in the CGGA cohort. Heat maps 

were generated to visualize markedly DEGs in 
TCGA (Figure 4A) and CGGA (Figure S2A) cohort 
data.

Next, we conducted GO-BP and KEGG analyses 
of the up- and down-regulated DEGs. GO-BP 
results, based on analysis of up-regulated 
DEGs in TCGA cohort, demonstrated that those 
associated with up-regulated CNIH4 expres-
sion were chiefly enriched in neutrophil activa-
tion, regulation of immune response, T cell acti-
vation, B cell activation, and drug responses, 
among other processes. In addition, down-reg-
ulated CNIH4 expression was strongly con- 
nected with modulation of chemical synaptic 
transmission, signal release, synaptic vesicle 
cycle, neurotransmitter transport, and cogni-
tion (Figure 4B). Similar results were detected 
using the CGGA dataset (Figure S2B). KEGG 
analyses of TCGA (Figure 4C) and CGGA (Figure 
S2C) cohort data suggested that up-regulated 
DEGs were enriched in PI3K-Akt signaling, the 
cell cycle, MAPK signaling, TNF signaling, leuko-
cyte transendothelial migration, NF-kappa B 
signaling, and B cell receptor signaling. Further, 
down-regulated DEGs were enriched in neuro-
active ligand-receptor interaction, cAMP signal-
ing, nicotine addiction, insulin secretion, gluta-
matergic synapse, and long-term potentiation.

To further evaluate the molecular pathways 
underlying the high- and low-CNIH4 LGG sub-
types, we conducted GSVA of both TCGA and 
CGGA cohort data. The results suggested that 
the high-CNIH4 subtype was strongly interre-
lated with the T cell receptor signaling pathway 
and pathways in cancer in TCGA cohort (Figure 
4D), with similar results in the CGGA cohort 
(Figure S2D). These results confirm that CNIH4 
is closely associated with immune regulation in 
patients with LGG.

Associations between CNIH4 expression and 
immune characteristics

Our GO-BP and KEGG analyses of up-regulated 
DEGs suggested a strong association between 
CNIH4 levels and immune regulation in LGG. 
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Therefore, we further evaluated the connection 
between CNIH4 and LGG immune traits using 
the ssGSEA algorithm, to assess enrichment 
for 29 immune-related signatures. In TCGA 
(Figure 5A) and CGGA (Figure S3A) cohort data, 
immune-related signatures were much more 
strongly enriched in the high-CNIH4 subtype 

than those in low-CNIH4 subtype. Additionally, 
CNIH4 expression was positively correlated 
with ESTIMATE, stromal, and immune scores, 
but inversely correlated with tumor purity in 
both TCGA (Figure 5B) and CGGA (Figure S3B) 
cohorts. Furthermore, we exploited the CIB- 
ERSORT algorithm to compare the abundance 

Figure 4. Biological functions of CNIH4 in LGG based on analysis of TCGA data. A. DEGs between the low- and 
high-CNIH4 expression LGG subgroups. B, C. GO-BP and KEGG analyses of CNIH4 expression-connected DEGs in 
patients with LGG in TCGA dataset. D. GSVA in TCGA dataset.
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of TIICs between the two subtypes. The abun-
dances of infiltrating CD8+ T, resting memory 
CD4+ T, and M1 macrophage cells were posi-
tively correlated with CNIH4 expression in TCGA 
datasets. Meanwhile, memory B, naïve CD4+ T, 
and macrophage M2 cell abundances were 

negatively correlated with CNIH4 expression 
(Figure 5C, 5D). Similar results were obtained 
using CGGA cohort data (Figure S3C, S3D).

To further ascertain differences in expression 
of ICPGs and CNIH4 in patients with LGG, we 

Figure 5. Different tumor microenvironment and immunological characteristics of the low- and high-CNIH4 subtypes 
in TCGA. A, B. Association between CNIH4 expression and 29 immune-associated signatures; ESTIMATE, immune, 
and stromal scores; and tumor purity. C. Comparisons of infiltration of 22 types of immune cells in the two sub-
groups. D. Lollipop plots showing the relationship between CNIH4 expression and TIICs. E, F. Co-expression analysis 
of CNIH4 and 25 ICPGs. *P < 0.05, **P < 0.01, ***P < 0.001.
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conducted differential correlation analysis. In 
TCGA dataset, the results demonstrated that 
CNIH4 expression was positively correlated 
with that of the majority of ICPGs (Figure 5E). 
We also conducted correlation analysis of TCGA 

cohort data (Figure 5F) to analyze the detailed 
relationships between CNIH4 expression and 
levels of important ICPGs, including CD28, 
CD80, CD86, CTLA4, PD1, and PD-L1. Similar 
results were obtained using CGGA cohort data 

Figure 6. Comparison of genomic mutations in the two subgroups in TCGA dataset and in vitro experimental verifica-
tion of disruption of CNIH4 expression in LGG. A, B. Circos plots of low-CNIH4 and high-CNIH4 subgroups illustrating 
chromosome amplifications and deletions, and boxplots showing a lower burden of copy number amplifications and 
deletions in the low-CNIH4 subgroup. C, D. Waterfall plots illustrating mutated genes in the low-CNIH4 and high-
CNIH4 subgroups. E, F. Association between CNIH4 expression and TMB levels. G, H. Correlation between TMB level 
and the prognosis of patients with LGG and the differential prognostic value in the two subtypes with distinct TMB 
levels. *P < 0.05, **P < 0.01, ***P < 0.001.
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(Figure S3E, S3F). These results provide strong 
evidence supporting a close association be- 
tween CNIH4 expression level and the immune 
microenvironment.

CNIH4 expression is associated with CNIH4 
genomic variations

There is considerable evidence that genomic 
mutations likely play critical roles in regulating 
tumor immunity [17-19]. To discern whether 
there were differences in genomic alterations 
between the low- and high-CNIH4 subtypes, we 
conducted CNA and somatic mutation analysis. 
The frequencies of amplification and deletion 
CNAs in the high-CNIH4 subgroup were clearly 
higher than those in the low-CNIH4 subtype 
(Figure 6A, 6B). Further, somatic mutation 
analysis illustrated that the frequency of IDH1 
and CIC mutations were higher in the low-
CNIH4 subtype than in the high-CNIH4 subtype, 
while those of TP53 and ATRX were higher in 
the high-CNIH4 subgroup than in the low- 
CNIH4 subgroup (Figure 6C, 6D). Moreover, we 
found that CNIH4 expression and TMB level 
were positively correlated (Figure 6E, 6F). 
Analysis of variations in OS in patients with dif-
ferent CNIH4 expression in the low- and high-
TMB subtypes demonstrated that higher CNIH4 
expression and TMB levels were associated 
with inferior OS in patients with LGG (Figure  
6G, 6H). Therefore, CNIH4 expression may be 
closely correlated with genomic variation in 
patients with LGG.

Association between CNIH4 expression and 
treatment response

To assess the potential value of differences in 
CNIH4 expression in guiding chemotherapy for 
patients with LGG, we assessed the relation-
ships between CNIH4 expression and response 
to chemotherapeutics, including A-443654, 
CAL-101, AKT inhibitor VIII, TGX-221, MG-132, 
bortezomib, Bryostain-1, and TAK-175, based 
on the results of functional annotation. Our 
findings indicated that high-CNIH4 expression 
was associated with lower half maximal inhibi-
tory concentration values of these anticancer 
drugs (Figure S4), indicating that LGG with high 
CNIH4 expression is more sensitive to these 
anticancer drugs, which may, therefore, be use-
ful chemotherapy agents in patients with LGG 
and high CNIH4 expression, with potential for 
future application.

In vitro analysis of CNIH4 levels in LGG

Levels of CNIH4 protein expression in LGG sam-
ples were notably higher than those in para-
cancerous samples, based on quantitative 
analysis using ImageJ software (Figure 7A). We 
also examined CNIH4 protein and mRNA 
expression in the LGG cell lines, BT142, 
SW1783, and SW1088, as well as in NHA cells, 
and found that CNIH4 levels were significantly 
higher in LGG than those in NHA cells (Figure 
7B, 7C).

Afterwards, we executed functional experi-
ments to inspect the connection between 
CNIH4 expression and cell proliferation, migra-
tion, and invasion in LGG. CCK-8 assays illus-
trated that SW1088 cell viability in the si- 
CNIH4 group was clearly impaired relative to 
that in the si-NC group (Figure 7D). Colony for-
mation assays suggested that CNIH4 down- 
regulation evidently decreased cell colony for-
mation relative to the si-NC group (Figure 7E, 
7F). EdU assays demonstrated that CNIH4 
knockdown inhibited SW1088 cell proliferation 
(Figure 7G, 7H). Further, cell cycle analysis  
suggested that CNIH4 downregulation induced 
cell cycle arrest (Figure 7I, 7J). Transwell assays 
demonstrated that the migration and invasion 
capacities of the cells in the si-CNIH4 group 
were markedly diminished relative to those of 
the si-NC group (Figure S5A, S5B). These 
results illustrate that CNIH4 is vital for LGG  
cell proliferation, migration, and invasion. 
Additionally, drug sensitivity assays demon-
strated that cells in the si-NC group were more 
sensitive to the chemotherapeutic drugs test-
ed, including CAL-101 (Figure S5C), TGX-221 
(Figure S5D), and TAK-175 (Figure S5E), than 
those in the si-CNIH4 group.

Discussion

Although considerable progress has been 
achieved through surgery, chemotherapy, and 
radiotherapy, the survival prognosis of patients 
with LGG remains wretched [20-23]. As the 
effect of conventional treatment on patients 
with LGG is limited, identification of novel the- 
rapeutic targets is necessary. CNIH4, a mem-
ber of the cornichon family of TGFα exporters, 
is a key factor in regulation of cell proliferation. 
Numerous studies have demonstrated that 
raised CNIH4 expression can promote the 
malignant progression of several tumors; how-
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Figure 7. In vitro experimental verification of disruption of CNIH4 expression in LGG. A. Western blot analysis of CNIH4 expression in LGG and corresponding para-
carcinoma tissues. B, C. Western blot and qRT-PCR analysis of CNIH4 expression in NHA and LGG cell lines. D. The cell viability of si-CNIH4-transfected and si-NC-
transfected SW1088 cells by CCK-8 assays. E, F. Effect of CNIH4 knockdown on colony formation was counted in SW1088 cells. G, H. EdU assays were employed 
to inspect the cell proliferation after CNIH4 knockdown in SW1088 cells. I, J. Cell cycle assays were executed to detect the cell distribution of the SW1088 cell lines 
after CNIH4 knockdown. *P < 0.05, **P < 0.01, ***P < 0.001.
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ever, the precise value of CNIH4 in patients 
with LGG remains to be elucidated. In this 
research, we comprehensively inspected the 
relationships among CNIH4 expression, clini- 
cal features, prognosis, biological function, 
immune traits, gene variations, and treatment 
response in patients with LGG.

First, we implemented pan-cancer analysis of 
CNIH4 in 33 cancers. The results illustrated 
that higher CNIH4 expression was associated 
with worse OS of pan-LGG patients, as well as 
higher expression of ICPGs and higher TMB. To 
determine whether CNIH4 has prognostic value 
in LGG, we carried out survival analysis using 
TCGA cohort data and found that patients in 

the high-CNIH4 expression subtype had worse 
prognosis than those in the low-CNIH4 expres-
sion subgroup. We also examined the OS rate 
of patients with LGG, and the results indicated 
that upregulation of CNIH4 expression was 
related to inferior OS status. ROC curves and 
AUC values were exploited to assess the value 
of CNIH4 for predicting the prognosis of pati- 
ents with LGG. Evaluation of associations be- 
tween CNIH4 expression and relevant clinical 
characteristics further suggested that there 
were clear differences in some clinical factors, 
including age, WHO grade, 1p/19q codel sta-
tus, IDH, and MGMT. Additionally, Cox regres-
sion analyses illustrated that CNIH4 was an 
independent prognostic biomarker for LGG. 

Figure 8. The biological mechanism underlying CNIH4 activity in LGG.
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These results were all further validated in the 
CGGA dataset. Therefore, CNIH4 potentially 
represents a powerful prognostic biomarker in 
patients with LGG.

GO-BP and KEGG analysis of up-regulated 
DEGs in TCGA cohort indicated that they were 
enriched in PI3K-Akt signaling, the cell cycle, 
MAPK signaling, TNF signaling, leukocyte tran-
sendothelial migration, NF-kappa B signaling, 
and B cell receptor signaling. In addition, GSVA 
illustrated that high-CNIH4 expression was 
strongly connected with immune responses 
and cancer-associated signaling pathways. 
These results were also validated in the CGGA 
cohort. Hence, CNIH4 may promote the malig-
nant progression of LGG by activating cancer-
related signaling pathways.

The glioma immune microenvironment includes 
tumor cells, immune cells, and diverse cyto-
kines [24], and there is a growing body of 
research supporting an essential role for the 
glioma immune microenvironment in glioma 
progression, metastasis, and drug resistance 
[25, 26]. Therefore, we exploited the ssGSEA 
algorithm to compare immune-related signa-
tures between the low- and high-CNIH4 sub-
types in TCGA and CGGA cohort data. The 
ESTIMATE and CIBERSORT algorithms were 
also implemented to compare tumor microenvi-
ronment (TME) composition and TIICs between 
the two subtypes. CNIH4 expression was tig- 
htly linked to immune infiltration in patients 
with LGG in both TCGA and CGGA cohorts. 
Immunotherapy has emerged as a new tumor 
treatment method, supported by extensive 
research, which acts by activating specific 
immune cells in the TME [27-29]. In particular, 
immune checkpoint inhibitors are new im- 
munotherapy drugs used to treat different 
types of tumors with good efficacy [30-33]. 
Therefore, we evaluated the relationships 
between expression of CNIH4 and that of ICPGs 
in patients with LGG and found that CNIH4 
expression was positively correlated with that 
of some notable ICPGs, including CD28, CD80, 
CD86, CTLA4, PD1, and PD-L1, in both TCGA 
and CGGA cohort data.

Genomic alterations may predict the prognosis 
and clinical immunotherapy response of pa- 
tients with LGG [34, 35]. Thus, it is important  
to evaluate the relationship between CNIH4 
expression and genomic alterations in patients 

with LGG. In this research, somatic mutation 
and CNA analyses demonstrated that patients 
in the high-CNIH4 subgroup tended to bear 
higher TMB and CNA burdens than those in  
the low-CNIH4 subgroup. Overall, our data indi-
cate that CNIH4 may play a significant role in 
immunotherapy for patients with LGG. The 
molecular mechanisms potentially underlying 
the roles of CNIH4 in LGG are presented in 
Figure 8.

At present, temozolomide is the most common 
drug used for treatment of patients with LGG; 
however, its efficacy is restricted. Therefore, it 
is urgent to find new chemotherapy drugs to 
treat patients with LGG. Analysis of sensitivity 
to chemotherapy drugs revealed that the high-
CNIH4 expression subtype was predicted to  
be more sensitive to chemotherapy drugs, 
including A-443654, CAL-101, AKT inhibitor 
VIII, TGX-221, MG-132, bortezomib, Bryostain-1, 
and TAK-175, than the low-CNIH4 expression 
subtype. Additionally, we performed drug sensi-
tivity assays to validate the predicted differ-
ence in sensitivity to chemotherapy drugs 
between LGG with differential CNIH4 expres-
sion. Thus, CNIH4 may be a potential predictor 
of chemosensitivity in patients with LGG.

In addition to the bioinformatics analyses 
described above, we conducted in vitro experi-
ments to confirm that CNIH4 was upregulated 
and played an essential role in cell prolifera-
tion, migration, invasion, and the cell cycle in 
LGG. However, this study has some limitations. 
First, the underlying molecular mechanisms 
involving CNIH4 in LGG should be investigated 
by conducting in vivo and additional in vitro 
experiments in the future. Second, further stud-
ies should be executed to examine whether 
CNIH4 can be an effective therapeutic target in 
patients with LGG.

Conclusion

Overall, our study indicates that CNIH4 is a  
reliable prognostic biomarker that is strongly 
associated with cell proliferation and the cell 
cycle in LGG. Moreover, CNIH4 may be an 
important therapeutic target in patients with 
LGG.
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Figure S2. Biological functions of CNIH4 in LGG in CGGA. A. DEGs between the low- and high-CNIH4 expression LGG 
subgroups. B, C. GO-BP and KEGG analyses for CNIH4 expression-associated DEGs in patients with LGG in the CGGA 
dataset. D. GSVA of the CGGA dataset.

Figure S1. Clinical correlation analysis of CNIH4 in CGGA. A. Associations between CNIH4 expression and clinical 
traits of patients with LGG in CGGA. B. Analysis of variance in CNIH4 expression in patients with different clinical 
features, including age, sex, tumor grade, and 1p/19q, IDH, and MGMT statuses, in the CGGA dataset. C. Prognostic 
analysis of high- and low-CNIH4 subtypes in the CGGA dataset. D. Distribution of risk score, OS, and OS status of 
high- and low-CNIH4 subtypes in the CGGA dataset. E. Comparison of survival rate between the two subtypes. F. ROC 
curves illustrating the predictive value of the risk score in CGGA data. G, H. Univariate and multivariate Cox analyses 
of CNIH4 expression and clinicopathological characteristics in CGGA data. *P < 0.05, **P < 0.01, ***P < 0.001.
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Figure S3. Different tumor microenvironment and immunological characteristics of the low- and high-CNIH4 sub-
types in CGGA. A, B. Associations between CNIH4 expression and 29 immune-associated signatures, ESTIMATE, 
immune, stromal scores, and tumor purity. C. Comparisons of infiltration of 22 types of immune cell in the low- and 
high-CNIH4 LGG subgroups. D. Lollipop plots illustrating the relationship between CNIH4 expression and TIICs. E, F. 
Co-expression analysis of CNIH4 and 25 ICPGs. *P < 0.05, **P < 0.01, ***P < 0.001.
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Figure S5. Confirmation of migration and invasion capacities of CNIH4 and drug sensitivity assays in LGG. A, B. Tran-
swell assays after CNIH4 knockdown in SW1088 cells. C-E. Drug sensitivity assays between si-CNIH4-transfected 
and si-NC-transfected SW1088 cells. *P < 0.05, **P < 0.01, ***P < 0.001.

Figure S4. Comparisons of predicted responses to anticancer drugs, including A-443654, CAL-101, AKT inhibitor 
VIII, TGX-221, MG-132, bortezomib, Bryostain-1, and TAK-175, between the low- and high-CNIH4 subgroups in TCGA 
dataset.


