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Background: GIMAP, a GTP enzyme of immune-related proteins, plays a crucial role in immune mechanisms. Investigating GIMAP7
expression in pan-cancer can provide efficient guidance for predicting clinical prognosis and identifying novel immunotherapy targets.
Methods: Gene expression in different tumour types and stages was analysed based on The Cancer Genome Atlas and the Genotype-
Tissue Expression database. An immunohistochemical assay was used to explore the differences in GIMAP7 protein levels in different
tumour types and stages. Further, the cBioPortal was used to obtain the genetic variation characteristics of GIMAP7. Kaplan–Meier
analysis and multivariable Cox regression analysis were performed to assess the prognostic value of GIMAP7. The pathways affected by
GIMAP7 were studied based on gene set enrichment analysis, and the correlation between GIMAP7 expression and immune infiltration
was determined using the TIMER2 database and the CIBERSORT method. ESTIMATE was used to analyse the correlation between
GIMAP7 expression and ESTIMATE, immune and stromal scores. In addition, the correlation between GIMAP7 and immunoregulators
was analysed. Furthermore, tumour mutational burden and microsatellite instability were evaluated using Spearman correlation assay.
Results: GIMAP7 expression was significantly low and predicted better survival status in most tumour types. GIMAP7 was positively
correlated with the abundance of CD8 + and CD4 + T cells in the tumour microenvironment. However, the high expression of
GIMAP7 was negatively correlated with tumour mutations in uveal melanoma and colon adenocarcinoma. A correlation between
GIMAP7 and microsatellite instability was found in rectal adenocarcinoma. Additionally, GIMAP7 presented a robust correlation
between immune modulators and immunotherapeutic markers. Moreover, high GIMAP7 expression was significantly related to
immune-relevant pathways.
Conclusion: This study suggests the potential role of GIMAP7 as a prognostic and immunotherapeutic marker in pan-cancer, laying
the groundwork for prospective functional and mechanistic experiments and their impact in the clinical setting.
Keywords: immune-associated nucleotide-binding protein 7, pan-cancer analysis, immunoregulation, immunotherapy, CD8-positive
T cells

Introduction
Cancer is expected to rank as the leading cause of death globally and is considered to be the single most important barrier
to increasing life expectancy in the 21st century.1 Tumours possess a complex microenvironment composed of tumour
malignant cells,2 which makes tumour therapy difficult to implement. Given the prevalence of tumours and the complex
process of tumorigenesis, it is crucial to explore in-depth the expression of relevant genes in pan-cancer and to assess
their levels for clinical treatment and prognostic prediction.
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GIMAP has been identified as a GTPase of immune-associated proteins that play a crucial role in immune
mechanisms, especially T cell production, development and stable immune processes.3 GIMAP mRNAs are majorly
expressed in the spleen and lymphoid, with GIMAP7 predominantly found in the endoplasmic reticulum and Golgi
apparatus of lymphocytes.4 The AGI1 domain has been described as a GTPase involved in binding nucleotide with
a helical segment to moderate interaction with fellow proteins, both of which are necessary components of GIMAPs.5

Studies on the association of GIMAPs with individual cancers and diseases have identified the GIMAP family as
a potential diagnostic and prognostic biomarker of lung adenocarcinoma.6 Additionally, the dysregulation of GIMAP5
and GIMAP6 has been reported in hepatocellular carcinoma. GIMAP family is also closely related to tumour immunity.
GIMAP1 is essential for the survival of naive and activated B cells,7 while GIMAP3 and GIMAP5 play essential roles in
haematopoiesis and T cell homeostasis through their ability to affect the activity of Bcl-2 family members. GIMAP4
accelerates T-cell death.8 However, studies on GIMAP7, a member of the GIMAP family that has a specific structure and
regulates other GIMAP family members, are scarce.9

This study comprehensively analyzes the expression of GIMAP7 in pan-cancer, including differential gene expression
analysis, protein correlation analysis, pathway analysis, prognostic analysis of different tumour types and stages, and
compares the correlation of GIMAP7 expression and immune infiltrating cells and immunoregulatory factors. The results
indicate that GIMAP7 could be a competent prognostic biomarker and closely related to the immune mechanism, which
illustrates its potential as an immunotherapeutic agent for various cancers.

Methods
Clinical Specimens
Paired cancers and paracancerous tissues were derived from 20 patients with breast cancer and 20 patients with bladder
cancer. All patients were diagnosed with breast or bladder cancer and had not received chemotherapy or radiotherapy
before tissue collection. Written informed consent was acquired from all patients. The study was approved by the Ethics
and Anthropology Committee and performed following relevant guidelines and regulations.

Data Collection
RNA expression and clinical data were downloaded from The Cancer Genome Atlas (TCGA) and Pan-Cancer Atlas Hub
of UCSC Xena database,10 which were batch-corrected to adjust for platform differences between the GAII and HiSeq
Illumina sequencers as previously described.11 Additionally, Genotype-Tissue Expression (GTEx) data were acquired
from the Xena database, whereas DNA copy numbers were downloaded from the cBioPortal database (https://www.
cbioportal.org/). To verify the predictive value of GIMAP7 in immunotherapy response, gene expression data and clinical
data of IMvigor210,12 which is an immunotherapy cohort of uroepithelial carcinoma, were downloaded from the Gene
Expression Omnibus (GEO) database.

Immunohistochemical Staining
All specimens were immersed in formalin. Before staining, tissues were cut to 5 μm thickness and placed on glass slides.
Endogenous peroxidase activity was inhibited and blocked by de-paraffinising and rehydrating using 5% bovine serum
albumin at 37°C for 30 min. The treated sections were incubated with anti-GIMAP7 at 4°C overnight and washed thrice
with phosphate-buffered saline (PBS). Following this, the sections were incubated with a secondary antibody at 37°C for
30 min. After further three washes with PBS, the sections were developed in diaminobenzidine. Microscopic images
were obtained using light microscopy.

Protein Level Analysis
The Human Protein Atlas (HPA: https://www.proteinatlas.org) database was used to study the protein levels of GIMAP7
in human tumours and normal tissues. The String (https://string-db.org/) database was used to construct a protein–protein
interaction network (PPI) for GIMAP7.
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GIMAP7 Differential Expression Analysis
Differences in GIMAP7 mRNA expression levels between tumour and normal tissues for different cancer types were
determined using the SangerBox software.13 A comparison of cancer and paracancerous samples in the TCGA database
was performed, and considering the small number of paracancerous tissues in the TCGA database, the corresponding
normal samples from the GTEx database were added for secondary comparison. t-test was used to evaluate the
differences in GIMAP7 expression between cancer and non-cancer tissues.

Genetic Alteration Analysis
Genetic variant characterisation of GIMAP7 was determined using the cBioPortal (https://www.cbioportal.org/)
website via the “Quick Selection” and “TCGA Pan-Cancer Atlas Study” options. Moreover, the mutation frequency,
copy number variation and mutation type were queried from the “Cancer Type Summary” module of the TCGA
database.

Survival Analysis
Kaplan–Meier analysis was used to analyse the survival difference between the high- and low-expression groups to
evaluate the prognostic value of GIMAP7. Multivariable Cox regression analysis was performed using the TCGA
database to study the relationship between GIMAP7 expression and overall survival (OS), progression-free survival
interval (PFI) and disease-specific survival (DSS) after adjusting for age and tumour stage. P-values and hazard ratio
(HR) with 95% confidence intervals (CI) were determined for each cancer type.

Gene Set Enrichment Analysis (GSEA)
The pathways affected by GIMAP7 were investigated using GSEA via the cluster Profiler R package; the fold change in
the average expression of genes between patients with high and low GIMAP7 expression was used to gain a list of
classified genes that represented the input file. The entire biological process was evaluated according to the Kyoto
Encyclopedia of Genes and Genomes (KEGG) and HALLMARK pathways.

Immune Infiltrate Analysis
The association of GIMAP7 expression with immune infiltration was acquired using the TIMER2 database and
CIBERSORT method. The correlation between GIMAP7 expression and cellular abundances, such as CD4 + T cells,
CD8 + T cells, neutrophils, macrophages, eosinophils and natural killer cells, was calculated using Pearson’s correlation
coefficient. The correlation between GIMAP7 expression and ESTIMATE score, immune score and the stromal score
was determined using ESTIMATE.

Immune Checkpoint Blockade (ICB) Therapy Response Prediction
Potential ICB response was predicted using the Tumour Immune Dysfunction and Exclusion (TIDE) algorithm.14 TIDE
applies a set of gene expression markers to estimate two distinct mechanisms of tumour immune evasion, including the
dysfunction of tumour infiltration cytotoxic T lymphocytes (CTL) and exclusion of CTL by immunosuppressive factors.
Patients with high TIDE scores exhibit a higher chance of tumour immune escape and thereby exhibit a lower response
rate to ICB treatment.

Statistical Analyses
Transcripts per kilobase of exon model per million mapped reads serve as the unit of mRNA expression. The statistically
significant differences between non-normally distributed variables were analysed using the Mann–Whitney U-test and
normally distributed variables were reckoned by adopting the unpaired Student’s t-test. To compare more than two
groups, Kruskal–Wallis was used as a non-parametric method and adopted the one-way ANOVA test as a parametric
method. Spearman correlation was used to test the correlation between GIMAP7 mRNA expression and tumour
mutational burden (TMB), microsatellite instability (MSI) and TIDE score. The R software (version 3.5.0) was used

Journal of Inflammation Research 2022:15 https://doi.org/10.2147/JIR.S342503

DovePress
1049

Dovepress Qin et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.cbioportal.org/
https://www.dovepress.com
https://www.dovepress.com


to conduct all statistical analyses, and all statistical P values were two-sided, with P < 0.05 denoting statistical
significance.

Results
Analysis of GIMAP7 Expression in Pan-Cancers
The evaluation of GIMAP7mRNA expression in pan-cancers via the Oncomine database showed that GIMAP7 had
significantly low expression in most tumours, such as bladder cancer, breast cancer, colorectal cancer, stomach cancer,
head and neck cancer, lung cancer, kidney cancer, leukaemia, lymphoma and sarcoma. Contrastingly, it was highly
expressed in brain and central nervous system cancer and oesophageal cancer (Figure 1A). Additionally, analysis of the
differential expression of GIMAP7 based on cancer and paracancerous tissue samples from the TCGA database showed
that GIMAP7 had significantly lower expression in cancer tissues than paraneoplastic tissues, including bladder urothelial
carcinoma (BLCA), breast invasive carcinoma (BRCA), colon adenocarcinoma (COAD), kidney renal papillary cell
carcinoma (KIRP), lung adenocarcinoma (LUAD), lung squamous cell carcinoma (LUSC), rectum adenocarcinoma
(READ), uterine corpus endometrial carcinoma (UCEC), thyroid carcinoma (THCA) and kidney chromophobe (KICH)

Figure 1 Pan-cancer GIMAP7 expression analysis. (A) The expression of GIMAP7 in different cancers and normal tissues in the Oncomine database. The number in each cell
indicates the number of datasets. (B) The expression of GIMAP7 in tumours and adjacent normal tissues in the pan-cancer data of The Cancer Genome Atlas (TCGA) cohorts. (C)
GIMAP7 expression in tumour tissues from TCGA cohorts and normal tissues from TCGA and Genotype-Tissue Expression cohorts. *P<0.05, **P < 0.01, ***P< 0.001.
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(P < 0.001). However, its expression was significantly high in glioblastoma multiforme (GBM, P < 0.001), brain lower-
grade glioma (LGG, P < 0.01) and kidney renal clear cell carcinoma (KIRC, P < 0.001, Figure 1B). Due to the small
number of normal samples in TCGA, the normal tissue data from the GTEx database were integrated with the TCGA
tumour tissue database and the expression differences were analysed in 27 tumour types. GIMAP7 had low expression in
11 tumour types. Moreover, GIMAP7 in ovarian serous cystadenocarcinoma (OV), GBM, testicular germ cell tumours
(TGCT), acute myeloid leukaemia (LAML), pancreatic adenocarcinoma (PAAD), liver hepatocellular carcinoma (LIHC),
stomach adenocarcinoma (STAD) and skin cutaneous melanoma (SKCM) (P < 0.001) was highly expressed (Figure 1C).

Analysis of the Relationship Between GIMAP7 Expression and Tumour Stage
The expression of GIMAP7 was evaluated in different cancer stages, which was defined according to the World Health
Organization, and the expression of GIMAP7 was found to be significantly lower in the advanced stages of head and
neck squamous cell carcinoma (HNSC, P = 0.011), KIRC (P = 0.0024), TGCT (P = 0.0014) and THCA (P = 1.7e-07)
(Figure 2A–D). GIMAP7 expression decreased in patients with adrenocortical carcinoma (ACC), cholangiocarcinoma
(CHOL), KICH and KIRP at tumours stage III–IV, but the difference was not statistically significant (Supplementary
Figure 1).

Genetic Alteration Analysis of GIMAP7
The gene variants of GIMAP7 were investigated for different tumours in the TCGA cohort. The results showed that
GIMAP7 had the highest frequency of mutations (>8%) in patients with SKCM, followed by OV (Supplementary
Figure 2A). Based on the type and location data of GIMAP7 gene variants, GIMAP7-associated missense mutations were
the major type of gene variants, accounting for 95 loci. The remaining variants accounted for 19 truncating mutations and
one splicing mutation (Supplementary Figure 2B). Additionally, copy number variation was negatively correlated with
SKCM, KIRC and KIRP (Supplementary Figure 2C).

Analysis of GIMAP7 Protein Levels
The protein levels of GIMAP7 in different tumours were explored using the HPA database, wherein the level of GIMAP7
in bladder, lung and colorectal cancers was decreasing (Figure 3A–F). Further, immunohistochemistry and statistical
analysis were performed on the patients with paired breast cancer and bladder cancer, which showed significantly
decreased expression of GIMAP7 in breast cancer (P = 0.0063) and bladder cancer (P = 0.034). This result is consistent
with previously reported data using the HPA database (Figure 4A–D). Furthermore, a PPI network was constructed that
revealed GIMAP7ʹs association with GIMAP1, GIMAP4, GIMAP5, GIMAP6, GIMAP8, ADCY4, SDR39U1, CD8A,
GZMA and TMEM102 proteins (Supplementary Figure 3).

Figure 2 Pan-cancer GIMAP7 expression in different cancer stages as defined by World Health Organization. (A–D) Comparison of GIMAP7 expression in the early and
advanced stages of different tumours.
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Prognostic Analysis of GIMAP7 Using the TCGA Database
The potential prognostic value of GIMAP7 was determined using Kaplan–Meier analysis and multivariable Cox
Regression. Kaplan–Meier analysis showed that the high expression of GIMAP7 was associated with better prognosis
in most cancers (Supplementary Figure 4). Furthermore, GIMAP7 was found to be a positive protective factor in ACC (P
= 0.048, HR = 0.47), BLCA (P = 0.009, HR = 0.56), BRCA (P = 0.005, HR = 0.64), endocervical adenocarcinoma
(CESC, P = 0.002, HR = 0.48), HNSC (P = 0.002, HR = 0.64), LIHC (P = 0.001, HR = 0.57), LUAD (P < 0.001, HR =
0.51), KIRC (P < 0.001, HR = 0.45), OV (P < 0.001, HR = 0.65), PAAD (P = 0.015, HR = 0.61) and sarcoma (SARC) (P
< 0.001, HR = 0.39) (Supplementary Figure 4A). Regarding DSS, GIMAP7 was indicated to be a protective factor in
ACC (P = 0.027, HR = 0.43), BLCA (P = 0.006, HR = 0.5), BRCA (P = 0.016, HR = 0.59), CESC (P = 0.003, HR =
0.37), HNSC (P < 0.001, HR = 0.45), LIHC (P = 0.009, HR = 0.56), LUAD (P < 0.001, HR = 0.5), KIRC (P < 0.001, HR
= 0.36), OV (P < 0.001, HR = 0.61), PAAD (P = 0.023, HR = 0.59) and THCA (P < 0.001, HR = 0.11) (Supplementary
Figure 4B). Additionally, GIMAP7 is found to be a protective factor in terms of PFI in ACC (P = 0.003, HR = 0.39),
BRCA (P < 0.001, HR = 0.51), BLCA (P < 0.001, HR = 0.49), CESC (P = 0.004, HR = 0.51), COAD (P = 0.044, HR =
0.64), CHOL (P = 0.018, HR = 0.34), HNSC (P < 0.001, HR = 0.46), KIRC (P < 0.001, HR = 0.45), LIHC (P < 0.001,
HR = 0.48), pheochromocytoma and paraganglioma (PCPG, P = 0.005, HR = 0.24), OV (P = 0.004, HR = 0.71), PAAD
(P = 0.005, HR = 0.58), THCA (P < 0.001, HR = 0.28), UCEC (P = 0.003, HR = 0.38), SARC (P = 0.002, HR = 0.6),
LUAD (P = 0.002, HR = 0.64), mesothelioma (P = 0.03, HR = 0.48) and TGCT (P = 0.009, HR = 0.3) (Supplementary
Figure 4C). As the patient’s age and tumour stage are important factors that affect prognosis, multivariate Cox regression
model was used to assess the prognostic value of GIMAP7 after adjusting for the patient’s age and tumour stage. The
result of OS revealed that GIMAP7 was significantly related to better prognosis of BLCA (P = 0.03, HR = 0.60), BRCA
(P = 0.01, HR = 0.60), CESC (P = 0, HR = 0.49), HNSC (P = 0, HR = 0.63), KIRC (P = 0, HR = 0.48), LIHC (P = 0, HR
= 0.58), LUAD (P = 0, HR = 0.51), OV (P = 0, HR = 0.65), SARC (P = 0, HR = 0.38) and PAAD (P = 0.01, HR = 0.59)
(Figure 5A). Similar to OS, DSS results indicated that the high expression of GIMAP7 could be significantly related to
a better prognosis in 15 out of 32 tumours (Figure 5B). The results for PFI indicate that high expression of GIMAP7 is
significantly associated with better PFI in 20 out of 32 tumours (Figure 5C). These results suggest that GIMAP7 could be
an independent prognostic marker for various tumours.

Figure 3 Protein levels of GIMAP7 in human tumours and normal tissues from the Human Protein Atlas database. (A, C, E) Normal bladder, lung and colorectum; (B, D, F)
bladder cancer, lung cancer and colorectal cancer, respectively.
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GSEA of GIMAP7 in KEGG and HALLMARK Pathways
GSEA was used to identify the pathways associated with GIMAP7. According to KEGG, pathways related to cytokine
receptor interactions, chemokine signalling pathways and natural killer cell-mediated cytotoxicity pathways were
enriched during high GIMAP7 expression, indicating that GIMAP7 could modulate these pathways (Figure 6A).
Conversely, pathways such as oxidative phosphorylation, glyoxylate and dicarboxylic acid metabolism and glycosylpho-
spholipid anchor biosynthesis were enriched during low GIMAP7 expression, suggesting the inhibitory role of GIMAP7
in these pathways (Figure 6B). HALLMARK revealed that the pathways of allograft rejection, complement and IL2

Figure 4 Immunohistochemical staining results and statistical graphs of GIMAP7 protein in breast and bladder cancers. (A and B) The 20× immunohistochemical images of
breast cancer and bladder cancer, respectively. (C and D) The statistical results of 20 pairs of breast cancer and bladder cancer tissues, respectively.

Journal of Inflammation Research 2022:15 https://doi.org/10.2147/JIR.S342503

DovePress
1053

Dovepress Qin et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


STAT6 signalling were enriched during high GIMAP7 expression, which suggested that GIMAP7 may be positively
related to these pathways (Figure 6C). Contrastingly, pathways such as oxidative phosphorylation, MYC target V1, MYC
target V2 and glycolysis were enriched during low GIMAP7 expression, which suggested that GIMAP7 may be
negatively related to these pathways (Figure 6D).

Correlation Between the Immune Infiltration of CD8+ and CD4+ T Cells and
GIMAP7
Correlating the abundance of the immune cells, CD8+ T cells and CD4+ T cells, and GIMAP7 in different tumour types
revealed that GIMAP7 positively correlated with the infiltration of CD8+ and CD4+ T cells in most of the tumours
(Figure 7A and B). To understand the relationship between immune cells and GIMAP7 in various tumours, the
abundance of 22 immune cells was calculated, wherein GIMAP7 was found to be significantly and positively correlated

Figure 5 Prognostic analysis of GIMAP7 via multivariable Cox regression. (A) The results of GIMAP7 for overall survival in pan-cancer. (B) The results of GIMAP7 for
disease-specific survival in pan-cancer. (C) The results of GIMAP7 for the progression-free interval in pan-cancer.

Figure 6 Gene set enrichment analysis of GIMAP7. (A and B) Functional terms linked with GIMAP7 enrichment via Kyoto Encyclopedia of Genes and Genomes (KEGG)
pathway analysis. (C and D) Functional terms linked with GIMAP7 enrichment via HALLMARK pathway analysis.
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with CD8+ T cells, M1-like and M2-like macrophages. Additionally, GIMAP7 was negatively correlated with naive CD4
+ T cells, activated myeloid dendritic cells and eosinophil (P < 0.01, Figure 7C).

Correlation Between GIMAP7 Expression and Tumour Purity, Immunoregulation
Related Genes and Chemokines
Purity of tumour was measured via estimation score, which is a combined ratio to assess the immune and stromal
components in tumour tissue. GIMAP7 expression was specifically correlated with the estimate score in many cancers,
such as CESC (R = 0.804), LUSC (R = 0.833), OV (R = 0.813), SKCM (R = 0.812) and STAD (R = 0.822)
(Supplementary Figure 5). The correlation between the stromal score and GIMAP7 was high in KICH (R = 0.724),
STAD (R = 0.732), COAD (R = 0.699), UCS (R = 0.692) and prostate adenocarcinoma (PRAD) (R = 0.69)
(Supplementary Figure 6). Additionally, GIMAP7 was found to have a higher association with the immune score in
CESC (R = 0.791), HNSC (R = 0.803), LUSC (R = 0.883), OV (R = 0.817), SKCM (R = 0.814) and TGCT (R = 0.862)
than other cancer types (Supplementary Figure 7). These results suggest that high GIMAP7 expression is often
accompanied by immune cell infiltration in the tumour microenvironment.

Moreover, GIMAP7 expression was found to be positively correlated with CD48, CD40LG and CD28 and negatively
correlated with CD276 andTNFSF9. The negative correlation between GIMAP7 and CD276 was most evident in BRCA,
LUAD, LUSC and THCA. Additionally, GIMAP7 was more significantly associated with ULBP1 in STAD and TGCT
than TNFSF9 in LUAD (P < 0.01) (Figure 8A). Immune inhibitors play a vital role in the immune regulation of tumours.
This study suggests that GIMAP7 expression is significantly positively linked to TIGIT and CD96 in most tumours but
significantly negatively linked to PVRL2 in PRAD (P < 0.001) (Figure 8B).

Further investigation of the specific association between GIMAP7 expression in pan-cancer and chemokines and their
receptors revealed that CCL5 and XCL2, which are chemokines, were positively and prominently associated with
GIMAP7 expression in most cancers. Moreover, chemokine receptors, such as CCR2, CXR1 and CCR5, were positively
and significantly related to GIMAP7 expression (P < 0.01) (Figure 8C and D).

Relationship Between GIMAP7 and Immune Checkpoint Genes in Pan-Cancer
Immune checkpoints are important targets for immunotherapy.15 This study unravels the relationship between more than
40 immune checkpoint genes and GIMAP7 expression. GIMAP7 was significantly and positively correlated with the
expression levels of most immune checkpoints. Interestingly, GIMAP7 was significantly correlated with the expression
levels of PD-L1 and PD1 in over two-thirds of the tumour types analysed (P < 0.05). GIMAP7 expressed in UVM
showed the most significant positive association with 39 out of 47 immune checkpoints (P < 0.001), while it was
expressed in 35 out of 47 in PRAD (P < 0.01). However, there was no statistically significant correlation between
GIMAP7 expression and the immune checkpoint genes in PCPG (Supplementary Figure 8).

Relationship of GIMAP7 Expression with TMB and MSI
TMB and MSI are considered important factors that reflect prognosis and immune response. Previous studies have
reported that high TMB levels are associated with high MSI levels.16 Thus, the relationship between MSI and TMB with
GIMAP7 expression could be a possible guide for clinical immunotherapy for tumours with differential GIMAP7
expression. The positive correlation between GIMAP7 expression and high TMB was significant in UVM (P = 0.007),
UCS (P = 0.029), UCEC (p = 0.037), OV (P = 0.0013), LGG (P = 0.0023) and COAD (P = 0.025) (Supplementary
Figure 9A). Likewise, the positive correlation between GIMAP7 expression and MSI was significant in READ (P =
0.0011) and COAD (P = 2.7e-08) (Supplementary Figure 9B).

Association Between GIMAP7 Expression and ICB Response
The correlation between GIMAP7 expression and ICB response was validated by analysing data from the immunother-
apy cohort of uroepithelial carcinoma (IMvigor210). Significant differences were found in GIMAP7 expression in
patients with different efficacies. GIMAP7 expression was highest in patients with complete response, lowest in patients
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Figure 7 Analysis of the correlation between GIMAP7 expression and immune cell infiltration. (A) The correlation between GIMAP7 expression and CD8+ T cell
infiltration level in pan-cancer. (B) The correlation between GIMAP7 expression and CD4+ T cell infiltration level in pan-cancer. (C) The correlation between GIMAP7
expression and different immune cell infiltrations in pan-cancer. *P<0.05,**P<0.01, ***P<0.001.
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with progressive disease and intermediate in patients with stable disease (P = 0.048, Figure 9A). This suggests that
patients with high GIMAP7 expression could be a potentially beneficial population for ICB treatment. TIDE score is
currently the most promising marker of ICB response and has been reported to have higher accuracy than PD-L1
expression level and TMB in predicting the survival outcome of patients with cancer who are treated with ICB
agents.14,17,18 Patients with high TIDE scores have a higher chance of tumour immune escape, and thus exhibit
a lower response rate of ICB treatment. A significant negative correlation between GIMAP7 expression and TIDE
score was observed in all the tumours analysed (Figure 9B; Supplementary Figure 10). These results suggest that
GIMAP7 expression is associated with ICB response and could be a potential marker for ICB treatment.

Figure 8 Association between GIMAP7 and immunoregulation-related molecules. (A) The relationship between GIMAP7 expression and immune-activating genes. (B) The
relationship between GIMAP7 expression and immunosuppressive status-related genes. (C) The relationship between GIMAP7 expression and chemokine genes. (D) The
relationship between GIMAP7 expression and chemokine receptor genes. **P < 0.01; ***P < 0.001.
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Discussion
The expression, mutations, copy number variation, prognostic value, immune infiltration relationship and association
with GIMAP7 immunotherapeutic markers at pan-cancer levels have been investigated in this study. GIMAP7 was found
to be significantly underexpressed in most tumours, with low expression associated with the advanced tumour stage.
GIMAP7 was considered an independent prognostic factor in many tumours, and patients with high GIMAP7 expression
had a better prognosis than those with low GIMAP7 expression. GIMAP7 correlated with CD8+ and CD4+ T cell
abundance in the tumour microenvironment and with various immune checkpoint molecules. Analysis of immunotherapy
cohort data suggests that GIMAP7 expression level is closely related to the patient’s response to immunotherapy.
Therefore, GIMAP7 could be a potential prognostic and predictive marker for immunotherapy.

The evaluation of mRNA expression of GIMAP7 in human tumours showed that GIMAP7 had significantly lower
expression in most cancers. GIMAP7 has been demonstrated to be a central gene in head and neck cancers with low
expression,19 which is concordant with our findings. However, differences between the results of the Oncomine and
TCGA databases were observed, which could be attributed to the fact that the Oncomine database is based on the
secondary analysis of data uploaded to the GEO database by individual researchers worldwide. The inconsistent
inclusion and exclusion criteria and inconsistent data standardisation methods between studies have contributed to the
high variability between the data.

Furthermore, GIMAP7 was found to be closely related to various immune pathways, including cytokine receptor
interactions, which provide potential markers for tumour therapeutics. Chemokines are cytokines that induce directional
cell movement, induce an immune response and participate in immune regulation and related pathological responses.20

They are also associated with tumour development.21 Leukocytes are dependent on the activation of chemokine integrins,
which allows them to adhere to the luminal surface of blood vessels and migrate further outside the blood vessels to the
site of inflammation.22 However, the large number of leukocytes recruited by chemokines can have damaging effects, and
the continued high expression (or increased expression) of chemokines due to positive physiological feedback mechan-
isms can further cause extensive tissue damage. This ultimately leads to the destruction of the protective effect of
leukocytes on the body, organismal pathology and an increased probability of cancer.23,24 Chemokines have a two-fold
mechanism: promoting angiogenesis and tumour proliferation; inhibiting angiogenesis and tumour cell growth. Some
chemokines have promising applications in the physiological treatment of malignant tumours due to their ability to attract
immune effector cells and inhibit angiogenesis, thus combating tumour growth and metastasis. Moreover, some

Figure 9 The association of GIMAP7 expression with immune checkpoint blockade (ICB) response and Tumour Immune Dysfunction and Exclusion (TIDE) scores. (A) The
association between GIMAP7 expression and ICB response. Data from the immunotherapy cohort IMvigor210, showing complete response (CR), progressive disease (PD)
and stable disease (SD). (B) The association between GIMAP7 expression and TIDE score. The larger the point the larger the absolute correlation coefficient value; the
colours indicate P values, whereas dots indicate P < 0.05.
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chemokine receptors have the potential to be drug targets in various diseases.25,26 GIMAP7 is associated with the
cytokine receptor interaction pathway, indicating its role in the induction of immune cell recruitment. Therefore, the
intervention of GIMAP7 expression could impact the tumour immune microenvironment.

Consistent with previous studies, GIMAP7 was significantly and positively correlated with CD8+ and CD4+ T cells.
Moreover, a previous study has argued that GIMAPs are involved in the functioning of the immune system, particularly
T cells that support and control the immune process.27 The expression of GIMAP7 has been reported to increase during
the conversion from CD4+CD8+ double-positive cells to CD4+ or CD8+ single-positive cells in the mouse thymus.28

Nitta and Takahama report that the GIMAP proteins play a centric role in T cell growth and development.29 Therefore,
GIMAP7 could be hypothesised to have regulatory effects on T cells in the tumour microenvironment; however, further
studies are required.

Finally, the potential of GIMAP7 as a therapeutic marker for ICB was evaluated. PD-L1 expression, TMB, MSI
and TIDE score are currently the recognised markers of ICB therapy. GIMAP7 was found to positively correlate with
PD-L1 expression levels in most tumours, suggesting that high GIMAP7 expression could be associated with better
ICB efficacy. Similarly in triple-negative breast cancer, GIMAP7 was identified as a core immune-related gene and
positively correlated with PD-L1 expression.30 TMB refers to the number of somatic mutations in the tumour genome
after germline mutations have been removed. The higher the TMB; the greater the number of neoantigens expressed
by the tumour cell, which are more likely to be recognised by T cells and induce the body’s anti-tumour immune
response.31,32 MSI, which is a clinically important tumour marker, occurs because of a functional defect in DNA
mismatch repair in tumour tissues.33 In 2017, the FDA approved the PD-1 inhibitor Keytruda for the treatment of
patients with any solid tumour with MSI-H. This is the first immunotherapy that does not differentiate based on the
tumour origin, but rather differentiates based on tumour markers.34 TIDE score is currently the most promising marker
of ICB response, with various studies suggesting a higher accuracy of TIDE score than PD-L1 expression level and
TMB in predicting the survival outcome of patients with cancer who are treated with ICB agents. Our results show
that GIMAP7 is significantly associated with these three markers, indicating the potential of GIMAP7 as an ICB
marker. Upon investigation of the correlation between GIMAP7 and ICB response using a real ICB treatment cohort,
GIMAP7 expression was found to be lowest in patients with progressive diseases but highest in patients in complete
remission.

Despite the systematic analysis of GIMAP7, there are inevitable limitations in this study. First, the exact significance
of GIMAP7 expression in various cancers and the exact implication of immunoregulation in these cancers remain
incomplete. Second, direct clinical trials are further required to clarify the capacity of GIMAP7 in regulating the immune
process.

Conclusions
The systematic analysis of GIMAP7 in pan-cancer has shown that GIMAP7 is a protective factor in most cancers and is
a promising anti-cancer gene, mainly involved in anti-tumour immune pathways. This study lays the foundation for
subsequent functional and mechanistic experiments, which may have clinical implications.
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