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Abstract
Background: MAGEH1 is a critical gene for regulatory T cell function. However, correlations of MAGEH1 to prognosis and tumor-in�ltrating cells in
different cancers remain unclear. This study was to determine the prognostic impact of MAGEH1 as well as evaluate MAGEH1 expression and immune
in�ltrate relevance in gastric cancer.

Methods: Oncomine, TIMER2.0, Kaplan-Meier Potter, PrognoScan, Gene Expression Pro�ling Interactive Analysis (GEPIA), and the Human Protein Atlas
database were utilized to analyze the differential MAGEH1 expression and its prognostic value. The relationship between MAGEH1 and gene markers
of immune in�ltration was con�rmed by TIMER2.0 and GEPIA.

Results: The prognostic effect of MAGEH1 varied across cancers. Particularly in gastric cancer, highly expressed MAGEH1 showed a signi�cant
association with poor prognosis in multiple databases whereas was linked to a better prognosis in patients with adjuvant 5-�uorouracil therapy.
MAGEH1 expression positively correlated with in�ltrating levels of B cells, CD8+ T cells, CD4+ T cells, neutrophils, macrophages, and dendritic cells in
stomach adenocarcinoma (STAD). Furthermore, MAGEH1 expression showed a strong link with markers for monocytes, macrophages, neutrophils and
Tregs in STAD tissues.

Conclusions: MAGEH1 can serve as a prognostic biomarker in gastric cancer and is related to immune in�ltrates.

Introduction
Gastric cancer (GC) is the �fth commonest malignant tumor and the third-greatest cause of tumor mortality in the world [1]. The e�cacy of advanced
therapies is di�cult to improve due to delayed diagnosis and treatment [2–4]. In recent years, the recommendation of immuno-therapy for GC [5, 6] has
become a highlight of attention. Several immunotherapies for GC are being tested [7], holding promise for advanced GC. However, in solid tumors, GC is
relatively insensitive to immunotherapy. Immunotherapy in GC remains largely unknown [8, 9]. Additionally, the interaction of tumor-in�ltrating immune
cells and tumor cells would affect the e�cacy of GC [10–12]. Therefore, it is important for treating GC to elucidate the interaction mechanism between
tumor phenotype and immune-in�ltrating cells and to explore novel targets of immunotherapy.

MAGEH1, also known as APR1, is one of the non-cancerous/testicular subgroups of the melanoma-associated antigens superfamily [13]. It is critical
for apoptosis, cell cycle inhibition, growth inhibition or cell differentiation [14]. As reported [15], MAGEH1 protein may be a target for atRA signaling via
the STAT1-Alpha pathway, which is a crucial element in atRA induction of cell differentiation, and modulate cell growth inhibition and differentiation
signals. It is regarded as a cyclin-controlling protein that interacts with P75 in cells [16]. Ojima and his colleagues highlighted the role of negative-
expressed MAGEH1 in the effectiveness of Gemcitabine therapy for biliary cancer [17]. Moreover, previous work stated that low expression of MAGEH1
could promote the progression of hepatocellular carcinoma (LISC) and serve as a marker for prognosis in its patients [18], while over-expressed
MAGEH1 predicted an adverse prognosis in breast cancer [19]. These �ndings suggest that MAGEH1 has an underlying impact on the progression of
tumors.

MAGEH1 expression is a unique feature of regulatory T cells (Tregs) in breast cancer, non-small cell lung changer (NSCLC) and colorectal cancer (CRC)
[20, 21]. What’s more, high MAGEH1 expression had an association with pessimistic outcomes in NSCLC and CRC patients [21]. The melanoma-
associated antigens gene has aroused intense interest in its potential for tumor immunotherapy [22]. However, little information is available on the
MAGEH1’s function of tumor progression and immune effect in the tumor microenvironment (TME).

Here we explored the MAGEH1's differential expression across various cancers. Furthermore, the prognostic in�uence of MAGEH1 and its relevance to
immune-in�ltrating cells was evaluated in multiple public databases. Our data revealed the effect of MAGEH1 on the prognosis of GC and its
immunological mechanism and was indicative of a novel treatment strategy for GC.

Results

The mRNA levels of MAGEH1 in Various Cancers
Compare to adjacent normal tissues, the elevated MAGEH1 was observed in breast cancer, Leukemia and sarcoma in Oncomine. Whereas the MAGEH1
mRNA level was down-regulated in several cancers (including bladder, brain and CNS, cervical, colorectal, head and neck, liver, lymphoma, melanoma,
ovarian and prostate cancers) in some datasets (Figure 1a and Table S1). Other than the Oncomine mentioned above, the datasets from the Cancer
Genome Atlas (TCGA) were further applied to verifying the mRNA levels of MAGEH1by TIMER2.0, which was presented in Figure 1b. Consistent low
expression levels of MAGEH1 were seen in tumor samples of BLCA(Bladder Urothelial Carcinoma), BRCA(Breast invasive carcinoma), CESC(Cervical
squamous cell carcinoma and endocervical adenocarcinoma), COAD(Colon adenocarcinoma), GBM(Glioblastoma multiforme), KICH(Kidney
Chromophobe), KIRC(Kidney renal clear cell carcinoma), KIRP(Kidney renal papillary cell carcinoma), LUAD(Lung adenocarcinoma), LUSC(Lung
squamous cell carcinoma), PRAD(Prostate adenocarcinoma), READ(Rectum adenocarcinoma), STAD(Stomach adenocarcinoma), THCA(Thyroid
carcinoma) and UCEC( Uterine Corpus Endometrial Carcinoma), than normal tissue based on both comparisons. Meanwhile, MAGEH1 expression
noticeably increased by CHOL(Cholangiocarcinoma) and HNSC (Head and Neck squamous cell carcinoma) (Figure 1b).
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MAGEH1 Expression-prognosis Association
We next investigated MAGEH1 and oncologic outcome relevance in order to verify its clinical signi�cance. Figure S3 provided an overview of the
MAGEH1 expression-prognosis association in PrognoScan. Prognosis of 8 cancers dramatically associated with MAGEH1 in PrognoScan was
screened with Cox-P < 0.05 as a threshold, which including bladder cancer, acute myeloid leukemia, Glioma, breast cancer, CRC, eye cancer, LUAD, and
liposarcoma (Figure S3). Multiple cohorts of CRC (GSE17536, GSE14333, GSE17537) and breast cancer (GSE12276, GSE1378, GSE1379, GSE9893,
GSE2034) showed that MAGEH1 was a markedly favorable prognostic marker. Results infer that MAGEH1 highly expressed was an independent risk
factor for the adverse outcome of CRC and breast cancer patients.

Except for the above micro array analysis from PrognoScan which was mainly extracted from the Gene Expression Synthesis database, the Kaplan-
Meier plotter database also demonstrated the survival potential of MAGEH1 mRNA in various cancers based on gene chip. As shown in Fig. 2, the
elevated MAGEH1 expression correlated with worsen prognosis in GC (Hazard ratio(HR): 1.29, 95% con�dence intervals (CI): 1.08–1.53, P = 0.0037; HR:
1.43, 95% CI: 1.14–1.78, P = 0.0016, overall survival (OS) and post-progression survival (PPS), respectively) (Fig. 2a,b),and was prognostic for OS (HR:
0.56, 95% CI: 0.49–0.63, P 1e-16) and PPS (HR: 0.65, 95% CI: 0.5–0.84, P = 0.00076)in lung cancer (Fig. 2c,d). MAGEH1 expression had less in�uence
on ovarian cancer and as reported [19], high MAGEH1 expression had an association with inferior RFS in breast cancer (Fig. 2h).

The prognostic value of MAGEH1 in diverse neoplasms was further validated by Gene Expression Pro�ling Interactive Analysis (GEPIA) (Figure S1) and
Human Protein Atlas database (HPA) analysis, which based on RNA-seq datasets from TCGA. Highly expressed MAGEH1 was bene�cial to prognosis
for OS and disease-free survival (DFS) in LGG (Brain Lower Grade Glioma), OV (ovarian serous cystadenocarcinoma) and PAAD (Pancreatic
adenocarcinoma) (Figure S1.ac-ad, am-an, ao-ap), OS in LUAD and DFS in SKCM (Skin Cutaneous Melanoma) and THCA (Figure S1ag, az, bf); and had
a negative prognostic impact on OS and DFS in STAD as well as OS in LIHC (Figure S1ba-bb, ae). Meanwhile, lowly-expressed MAGEH1 signi�cantly
related to increased survival in UCEC and STAD and decreased survival in LGG, LUAD and OV, PAAD, KIRC, (Figure2i-o) in HPA (based on p 0.01). The
combination of multiple databases con�rms the prognostic effect of MAGEH1 in some tumors, especially in GC.

The Discrepancy Expression of MAGEH1 in a layered STAD Population
We validated the relationship between MAGEH1 and clinicopathological factors in GC in Kaplan-Meier Plotter for exploring its relevance and potential
mechanisms. As shown in Fig. 3, MAGEH1 had statistically inverse correlation with OS in male (N = 544, HR: 1.3, 95% CI: 1.05–1.61), stage 3–4(N = 
305, HR: 1.4, 95% CI: 1.05–1.87; N = 148, HR: 1.49, 95% CI: 1.01–2.2), and stage T (N = 38, HR: 2.57, 95% CI:1.02–6.49) of patients. Meanwhile, Patients
with highly expressed MAGEH1 in the following characteristics, Stage N1 (N = 225, HR: 2.1, 95% CI: 1.37–3.2; N = 222, HR: 1.64, 95% CI: 1.11–2.44, OS
and PFS respectively), and Stage M0 (N = 444, HR: 1.6, 95% CI: 1.21–2.12; N = 443, HR: 1.38, 95% CI: 1.06–1.81, OS and PFS respectively), and in
intestinal (N = 320, HR: 1.68, 95% CI: 1.22–2.32; N = 263, HR: 1.67, 95% CI: 1.17–2.39, OS and PFS respectively) and Diffuse (N = 241, HR: 1.86, 95% CI:
1.31–2.63; N = 231, HR: 1.63, 95% CI: 1.15–2.31, OS and PFS respectively) types classi�ed by Lauren had poorer OS and PFS; The association was
statistically signi�cant. These results are suggestive of the prognostic effect of MAGEH1 on GC in speci�c groups (Fig. 3).

Notably, as can be seen from Figure3, the elevated MAGEH1 had a markedly improved OS (N=152, HR: 0.62, 95% CI: 0.43-0.88) in GC patient receiving
adjuvant 5- �uorouracil (5-FU); This was the opposite of patients who surgery alone (N=380, HR: 1.37, 95% CI: 1.03-1.83). This observation may have
clinical signi�cance for GC patients with high MAGEH1 levels, as MAGEH1-high status may be utilized to identify patients who would bene�t from
adjuvant 5-FU-based therapy.

The discrepancy between ACC, STAD and LGG in Associations of MAGEH1
Expression and Immune In�ltration
According to the importance of tumor-in�ltrating lymphocytes [23, 24]and MAGEH1 in neoplasm prognosis, we explored whether MAGEH1 would be
conducive to recruiting more immune cells into TME, thus a�icting the oncologic outcome. We carried out TIMER2.0 to assess the relationship
between MAGEH1 and immunoin�ltration in 39 neoplasms. The results displayed MAGEH1 expression remarkably linked to tumor purity of 16 types of
cancer. Moreover, the levels of in�ltration of B cells, CD8 + T cells, CD4 + T cells, dendritic cells (DCs), macrophages, and neutrophils (19, 19, 11, 24, 29,
and 28 cancer types, respectively) had an association with MAGEH1 expression through TIMER algorithms (Figure S2).

The data of TIMER2.0, GEPIA and HPA are all mainly from TCGA database. Therefore, based on the above prognostic consequences in GEPIA and HPA,
we �nally selected LGG and ACC (Adrenocortical carcinoma) with different associations between prognosis and MAGEH1 expression than STAD as the
control for comparison. Interestingly, we found that the relevance between increased expression of MAGEH1 and immune in�ltration after adjusting for
tumor purity was dramatically distinct in STAD and LGG. A positive correlation was found betweenMAGEH1 expression and the levels of in�ltration of
B cells, CD8+ T cells, CD4+ T cells, macrophages, neutrophils as well as DCs (r = 0.108, 0.338, 0.391, 0.582, 0.282, and 0.365, respectively) in STAD
(Figure 4a). Furthermore, negative associations with the in�ltration of macrophages, neutrophils, and DCs (r = 0.133, 0.298, and 0.461, respectively)
and positive relations with CD8+ T cells and CD4+ T cells (r = 0.229 and 0.389, respectively) were observed in LGG (Figure 4c). Meanwhile, MAGEH1
was not statistically correlated to tumor purity and the above 6 cells in ACC. These �ndings illustrate the association with immune in�ltration in STAD,
while differing from LGG where the prognosis was positively correlated with MAGEH1.
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Therefore, we next investigated the relationship between MAGEH1 and immunomarker genes, which characterized immune cells among STAD, ACC
and LGG. We found that after adjustment for tumor purity, not statistically signi�cant correlations existed in ACC. However, in STAD and LGG, MAGEH1
expression was markedly related to most markers of multiple innate and acquired immune cells (Table 1). As expected, most immune markers had
positive coe�cients in STAD negatively correlated in LGG, but the two focused on different types of immune cells. Hence, it could conceivably be
hypothesized that the expression pro�le of MAGEH1 in STAD and LGG was associated with separate in�ltrating patterns of TME, which can explain the
noticeable variations in the associations across MAGEH1 and patient survival in the two types of cancers. Speci�cally, A strong link with MAGEH1
expression was observed in genetic markers of macrophages (monocytes, tumor-related macrophages (TAMs) and M2 macrophages), neutrophils and
Treg cells than others in STAD (Table 1), while LGG was mainly associated with antigen-presenting DCs.
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Table 1

Correlation analysis between MAGEH1 and gene markers of immune cells in TIMER2.0. 
Description Genemarkers STAD ACC LGG

  None Putiry None Putiry None Putiry

  in�ltrates Cor p Cor p Cor p Cor p Cor p Cor p

Neutrophils CD66b(CEACAM8) -0.054 0.272 -0.031 0.544 -0.043 0.705 -0.027 0.822 -0.063 0.150 -0.060 0.192

CD11b(ITGAM) 0.430 *** 0.426 *** 0.001 0.991 0.068 0.568 -0.442 *** -0.340 ***

CCR7 0.438 *** 0.423 *** 0.172 0.130 0.240 0.041 -0.097 0.027 -0.054 0.242

CD54(ICAM-1) 0.191 *** 0.172 ** -0.049 0.671 -0.061 0.610 -0.469 *** -0.437 ***

Natural killer
cell

KIR2DL1 0.119 0.015 0.121 0.018 0.017 0.885 0.073 0.538 0.032 0.466 0.003 0.954

KIR2DL3 -0.025 0.607 -0.059 0.250 -0.071 0.534 -0.028 0.815 -0.124 * -0.113 0.014

KIR2DL4 -0.124 0.011 -0.155 * 0.004 0.969 0.065 0.586 -0.257 *** -0.258 ***

KIR2DS4 0.057 0.249 0.036 0.486 -0.078 0.495 -0.014 0.906 -0.026 0.549 0.013 0.773

KIR3DL1 0.145 * 0.133 * -0.034 0.769 -0.018 0.880 -0.013 0.769 -0.008 0.863

KIR3DL2 0.135 * 0.129 0.012 -0.014 0.902 0.013 0.912 -0.157 ** -0.164 **

KIR3DL3 -0.144 * -0.134 * -0.092 0.421 -0.077 0.516 -0.061 0.165 -0.050 0.276

Dendritic
cell

HLA-DPA1 0.243 *** 0.221 *** -0.099 0.385 -0.064 0.589 -0.428 *** -0.369 ***

HLA-DPB1 0.303 *** 0.280 *** -0.070 0.539 -0.029 0.810 -0.468 *** -0.412 ***

HLA-DQB1 0.160 * 0.131 0.011 -0.174 0.126 -0.160 0.175 -0.390 *** -0.343 ***

HLA-DRA 0.201 *** 0.178 ** -0.076 0.508 -0.032 0.788 -0.465 *** -0.407 ***

CD1C(BDCA-1) 0.509 *** 0.504 *** 0.070 0.543 0.157 0.184 -0.159 ** -0.118 *

NRP1 0.551 *** 0.542 *** 0.145 0.201 0.095 0.426 -0.017 0.706 -0.043 0.343

ITGAX(CD11c) 0.329 *** 0.310 *** 0.050 0.661 0.102 0.393 -0.435 *** -0.343 ***

Monocyte CD86 0.376 *** 0.360 *** -0.170 0.134 -0.135 0.257 -0.427 *** -0.336 ***

CD115(CSF1R) 0.504 *** 0.490 *** -0.096 0.398 -0.054 0.648 -0.365 *** -0.252 ***

M1
Macrophage

INOS(NOS2) -0.119 0.015 -0.133 * 0.187 0.099 0.204 0.084 0.013 0.777 0.034 0.457

IRF5 0.271 *** 0.267 *** 0.051 0.656 0.103 0.384 -0.464 *** -0.383 ***

COX2(PTGS2) 0.195 *** 0.198 ** 0.091 0.425 0.099 0.403 -0.155 ** -0.101 0.028

IRF8 0.020 0.680 0.015 0.774 0.074 0.519 0.158 0.181 -0.273 *** -0.164 **

M2
Macrophage

CD163 0.361 *** 0.344 *** 0.061 0.593 0.105 0.375 -0.331 *** -0.320 ***

MS4A4A 0.446 *** 0.439 *** -0.021 0.852 0.040 0.736 -0.316 *** -0.289 ***

MRC1(CD206) 0.391 *** 0.378 *** -0.020 0.862 0.039 0.743 0.064 0.144 0.129 *

VSIG4 0.400 *** 0.402 *** -0.048 0.674 -0.009 0.942 -0.335 *** -0.255 ***

TAM CCL2 0.534 *** 0.527 *** 0.103 0.365 0.180 0.127 -0.405 *** -0.362 ***

CD68 0.180 ** 0.157 * 0.110 0.333 0.219 0.063 -0.410 *** -0.339 ***

IL10 0.394 *** 0.386 *** -0.056 0.626 -0.018 0.881 -0.355 *** -0.291 ***

T cell
(general)

CD3D 0.284 *** 0.262 CD3 0.071 0.534 0.133 0.263 -0.339 *** -0.275 ***

CD3E 0.297 *** 0.281 *** -0.026 0.818 0.052 0.659 -0.350 *** -0.304 ***

CD2 0.318 *** 0.302 *** 0.022 0.850 0.137 0.249 -0.355 *** -0.311 ***

B cell CD19 0.401 *** 0.389 *** 0.204 0.071 0.204 0.084 -0.308 *** -0.239 ***

CD79A 0.411 *** 0.388 *** -0.125 0.273 -0.115 0.333 -0.214 *** -0.223 ***

CD8+Tcell CD8A 0.259 *** 0.237 *** 0.102 0.370 0.176 0.137 -0.220 *** -0.112 0.014
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CD8B 0.263 *** 0.263 *** 0.023 0.837 0.087 0.465 -0.191 *** -0.088 0.054

Tfh BCL6 0.457 *** 0.447 *** 0.152 0.181 0.127 0.284 0.001 0.977 -0.033 0.467

IL21 0.115 0.019 0.115 0.026 NA NA NA NA -0.103 0.019 -0.098 0.032

Treg FOXP3 0.298 *** 0.268 *** 0.111 0.329 0.088 0.461 0.214 *** 0.214 ***

CCR8 0.319 *** 0.305 *** 0.113 0.320 0.156 0.189 -0.136 * -0.135 *

STAT5B 0.470 *** 0.457 *** 0.355 * 0.366 * 0.225 *** 0.159 **

TNFβ(TGFB1) 0.534 *** 0.514 *** -0.037 0.744 -0.012 0.918 -0.502 *** -0.456 ***

CD25(IL2) 0.131 * 0.136 * 0.197 0.082 0.219 0.063 -0.165 ** -0.176 **

Th1 T-bet(TBX21) 0.233 *** 0.216 *** -0.037 0.744 0.015 0.903 -0.166 ** -0.164 **

STAT4 0.388 *** 0.377 *** -0.004 0.970 0.045 0.703 0.023 0.599 0.099 0.031

STAT1 -0.023 0.635 -0.034 0.510 0.247 0.028 0.227 0.054 -0.124 * -0.102 0.026

IFN-γ(IFNG) -0.060 0.225 -0.072 0.163 0.166 0.145 0.216 0.067 -0.215 *** -0.172 **

TNF-α(TNF) 0.149 * 0.118 0.021 0.097 0.396 0.190 0.107 -0.114 * -0.053 0.247

Th2 GATA3 0.364 *** 0.364 *** 0.083 0.468 0.030 0.800 -0.402 *** -0.372 ***

STAT5A 0.284 *** 0.289 *** 0.370 ** 0.407 ** -0.518 *** -0.435 ***

STAT6 0.149 * 0.152 * 0.426 *** 0.430 ** -0.407 *** -0.288 ***

IL13 0.087 0.076 0.107 0.037 0.128 0.261 0.101 0.395 -0.051 0.246 -0.075 0.103

Th17 STAT3 0.292 *** 0.284 *** 0.375 ** 0.354 * -0.179 *** -0.172 **

IL17A -0.069 0.159 -0.084 0.101 0.000 0.997 0.018 0.881 0.038 0.391 0.049 0.288

T cell
exhaustion

PD-1(PDCD1) 0.199 *** 0.184 ** -0.087 0.447 -0.033 0.784 -0.353 *** -0.334 ***

CTLA4 0.154 * 0.130 0.012 -0.024 0.837 0.032 0.789 -0.295 *** -0.240 ***

GZMB -0.010 0.841 -0.057 0.266 -0.203 0.072 -0.170 0.151 -0.137 * -0.137 *

TIM-3(HAVCR2) 0.324 *** 0.315 *** 0.157 0.168 0.249 0.034 -0.445 *** -0.356 ***

LAG3 0.115 0.019 0.096 0.062 -0.077 0.501 -0.093 0.434 -0.127 * -0.165 **

STAD, stomach adenocarcinoma; ACC, Adrenocortical carcinoma; LGG, Brain Lower Grade Glioma; TAM, tumor-associated macrophage; Th, T
helper cell; Tfh, Follicular helper T cell; Treg, regulatory T cell; Cor, R value of Spearman's correlation; None, correlation without adjustment. Purity,
correlation adjusted by purity. *P < 0.01; **P < 0.001; ***P < 0.0001

 

Subsequently, we performed the GEPIA database to investigate the relevance of MAGEH1 expression and the above immune cell markers in STAD,
revealing similar correlations with those of the TIMER analysis (Table 2). After adjusting tumor purity, markers of monocyte (CD86, CSF1R), TAM
(CCL2, IL10), M2 macrophage (CD163, VSIG4, MS4A4A, MRC1, VSIG4), neutrophils (CD11b, CCR7), and Treg (CCR8, FOXP3, STAT5B, TGFbeta1) had
strong relation to MAGEH1 in STAD (P < 0.0001; Table 1), which was also corroborated by GEPIA later (Table 2). Together, these results reveal that
MAGEH1 may be crucial in immunologic escape and immune tolerance in TME in STAD.
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Table 2
Correlations between MAGEH1 and genes markers of monocytes, macrophages, neutrophils and Tregs in STAD in GEPIA.

Description Gene markers tumor normal

  in�ltrates R p R p

Monocyte CD86 0.36 *** 0.13 0.45

CD115 (CSF1R) 0.48 *** 0.4 0.016

TAM CCL2 0.53 *** 0.57 **

CD68 0.17 ** -0.49 *

IL10 0.38 *** 0.32 0.056

M1

Macrophage

INOS (NOS2) -0.13 0.011 0.13 0.46

IRF5 0.25 *** -0.55 **

COX2(PTGS2) 0.23 *** 0.68 ***

IRF8 0.028 0.57 -0.004 0.98

M2

Macrophage

CD163 0.35 *** 0.77 ***

MS4A4A 0.42 *** 0.84 ***

MRC1(CD206) 0.87 *** 0.82 ***

VSIG4 0.38 *** 0.74 ***

Neutrophils CD66b(CEACAM8) -0.045 0.36 0.24 0.16

CD11b(ITGAM) 0.4 *** 0.67 ***

CCR7 0.42 *** -0.28 0.096

CD54(ICAM-1) 0.18 ** 0.33 0.051

Treg FOXP3 0.27 *** -0.37 0.026

CCR8 0.31 *** -0.39 0.019

STAT5B 0.45 *** 0.7 ***

TNFβ(TGFB1) 0.51 *** 0.11 0.52

CD25(IL2) -0.091 0.067 -0.27 0.11

TAM, tumor-associated macrophage; Treg, regulatory T cell; Tumor, correlation analysis in tumor tissue of stomach adenocarcinoma in TCGA;
Normal, correlation analysis in normal tissue of stomach adenocarcinoma in TCGA. *P < 0.01; **P < 0.001; ***P < 0.0001.

Discussion
Although MAGEH1 is rarely examined, it is known to be upregulated in activated Treg and CD8 + T cells. Recent investigates have stressed the
importance of MAGEH1 in tumorigenesis and cancer development [17–19, 21, 25]. In this study, variations in MAGEH1 expression levels appeared to
associate with prognosis in different cancer types. MAGEH1 highly expressed correlated with a favorable prognosis in LUAD and PRAD and worsened
the prognosis in STAD and BRCA. Unexpectedly, the increased expression of MAGEH1 was bene�cial to the outcome of GC patients with adjuvant
therapy, pointing out the MAGEH1’s prediction for tumor e�cacy. Furthermore, we found that STAD and LGG have different patterns for relevance
between immune in�ltration and MAGEH1. Therefore, this work provides insights into MAGEH1 as a biomarker for prognosis and therapeutic effect of
GC from the tumor immunology viewpoint, which contributes to future mechanism research and the development of immunotherapy.

Here we pro�led the difference of MAGEH1 expression and the visualization of prognostic landscape in various tumors utilizing data from Oncomine,
PrognoScan and TCGA. Compare to normal tissues, the mRNA levels of MAGEH1 varied among different tumors, and most of them were down-
regulated. For example, decreased expression of MAGREH1 in liver cancer tissues corroborates the previous �nding [18] (Fig. 1a and Table S1.). This
might be due to certain factors leading to gene silencing, such as transformation-dependent DNA hypermethylation, which is common in cancer cells
[26]. However, further investigates are needed to determine the speci�c relationship between MAGEH1 and methylation. In multiple databases, high
MAGEH1 expression dramatically linked to better survival of LUAD and PAAD, and worse prognosis of STAD and BRCA, even though there are
remarkable variations among different databases due to diversities in sample collection methods, processing standards, as well as samples
themselves (Fig. 2, Table S1, Figure S1,3). Unlike De Simone [21], who argued highly expressed MAGEH1 predicted a poor 5-year survival of NSCLC
patients after adjusting for T cell density, we found LUAD patients with elevated MAGEH1 was remarked related to positive prognosis (Fig. 2 and Figure
S1). The different range of tumor types included may account for this contradiction, such as MAGEH1 had a correlation with LUAD prognosis in lung
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cancer, rather than LUSC (Figure S1). Moreover, various clinical trial endpoints (Figure S1), as well as treatment methods in the study population may
lead to diversity in results. Therefore, further research is required, including more patients and more detailed and improved designs. In addition,
MAGEH1 was an adverse prognostic factor for GC in stage N1, M0, intestinal and diffuse by Lauren classi�cation, as well as surgery only (Fig. 3).
Taken together, MAGEH1 may be a promising prognostic marker for gastric, lung, breast, and prostate cancers.

Interestingly, in the treatment of GC, the elevated expression of MAGEH1 in patients with adjuvant 5-FU was substantially correlated with a favorable
prognosis, which differed from whose surgery alone. We speculate MAGEH1 can reverse 5-FU resistance of GC. Over-expression of MAGEH1 has been
reported to overcome melanoma resistance to current therapies by interacting with the juxtamembrane region of p75 neurotrophic receptor [29].
Disordered apoptosis is linked to cancer treatment resistance [27]. While 5-FU interferes with DNA replication by inhibiting thymidylate synthase, and
consequently, apoptosis and cell cycle arrest [28], and its effect is limited by the drug resistance of GC. Therefore, it is reasonable to consider that the
anti-apoptotic effect of MAGEH1 can partly overcome the tumor resistance to 5-FU and thus improve the prognosis of patients. Up to now, there is little
published data on the relationship between MAGEH1 and GC. Additional research is needed to validate this hypothesis, which may help to better de�ne
patients who are clinically appropriate to receive adjuvant chemotherapy. This result points to MAGEH1 as a predictive factor responding to post-
surgical chemotherapy, rather than being only a prognostic indicator.

Another �nding was the association of MAGEH1 expression with varying degrees of immune in�ltrates in TME, especially in STAD. TME contains
tumor cells and other cells, with tumor-in�ltrating lymphocytes accounts for a large proportion. Accumulation of TAMs and Tregs in the TME is a major
element in immune evasion and immunosuppression, thus promoting tumor growth and invasion. Moreover, a variety of immunoin�ltrating cells
contained in the TME, also participate in cancer development [30]. MAGEH1 expression was negatively correlated to tumor purity in STAD, contrary to
the correlation in LGG, which denotes it is relatively enriched in tumor cells in STAD. Therefore, the assessment regarding the MAGEH1-immune
in�ltration relationship adjusted the purity of the tumor to obviate the confounding effects by tumor purity [31]. We found that MAGEH1 expression
optimistically associated with the 6 immune in�ltrating cells in STAD, while most negatively correlated in LGG, as expected. This also re�ects the
heterogeneity of tumors and various roles of MAGEH1 in different tumors.

Meanwhile, the MAGEH1 and immune-related markers relevance also demonstrate MAGEH1 in the regulation of tumor immunity in STAD. Our results
revealed a strong link between MAGEH1 and neutrophils. We know that neutrophils regulate many malignance-related behaviors of cancer cells, such
as migration and invasion, and may accelerate GC progression by inhibiting T cell function [32]. Under certain assumptions, we can be construed that
MAGEH1 may partially inhibit T cell function in the regulation of neutrophils, but not in the way of PD-1 dependence. Interestingly, MAGEH1 was
positively correlated with immune markers regarding TAM, monocytes, macrophages, and Treg cells. Although we cannot account for this phenomenon
by describing a cell-speci�c mechanism, clues may be found from ex-pressed markers concerning TAM. The most critical pathways for TAM
recruitment and proliferation are the CSF-1 /CSR-1 signal and the CCL2/CCR2 axis [33], which are crucial for macrophage survival and M1 to M2
transformation. What’s more, some drugs inhibiting TAM recruitment have achieved de�nite clinical e�cacy [33]. The strong correlation between CSF-1,
CCL2, M2, and TAM-related immune markers and MAGEH1 reveals the potential regulatory effect of MAGEH1 on the recruitment of
monocytes/macrophages, Tregs and M2 polarization. Tumor-in�ltrating Tregs can inhibit anti-cancer immunity, thus hindering immunosurveillance
and hampering effective antitumor immune responses, sequentially accelerating tumor progression in a broad range of cancer types including GC [34].
FOXP3 and TGF-β are essential for Tregs to regulate effector T cells’ function [35, 36]. Based on the strong correlation between FOXP3, TGF-β and
MAGEH1, presumably, MAGEH1 is a potential marker for the tumor immunization of Tregs, in�uencing the immune response of effector T cells, thereby
promoting tumor development. Although the results showed that there was positive relevance between MAGEH1 and CD8 + T cell (Fig. 4, Table 1, 2),
MAGEH1 may play a negative role in interfering with CD8 + T cell functions by forming a complex dynamic coordination network with various tumor-
in�ltrating immune cells (Tregs, TAMs, neutrophils) within TME thus facilitating tumor immune escape. The analysis of the relationship between
MAGEH1 and tumor immunogenicity represents a new aspect of MAGEH1 research and highlights the importance of studying the immunotherapeutic
effect of MAGEH1 in different tumor types in the future.

Recent work about MAGEH1 may provide some explanations for the potential mechanisms. MAGEH1 may act as E3 ubiquitin ligase, which affects the
function or survival of Treg in cancer tissues and accelerates tumor growth and metastasis [37, 38]. Increased expression of MAGEH1 has been
reported in numerous tumors' Treg cells, such as breast cancer, CRC, and malignant cell lung cancer [21, 37]. Indeed, Tregs have been emphasized in
accelerating tumorigenesis and progression by speci�cally inhibiting tumor-reactive T cells [34]. Besides, altered subcellular localization of MAGEH1
may affect its function. MAGEH1 is mainly localized to the nucleus in normal cells but is predominantly detected in the cytoplasm of tumor cells [39].
The subcellular localization of proteins is vital for their physiological function [40]. MAGEH1 may transfer from nucleus to cytoplasm, afterwards the
different domains and subcellular location of MAGEH1 affect its subcellular functions, such as regulating cell cycle and promoting apoptosis [15, 16,
25, 29].

However, despite the integration of information from multiple databases to analyze the expression and the impact of MAGEH1 on the oncologic
outcome, the mechanisms of MAGEH1 have not been fully elucidated in cell and animal studies. Moreover, potential epigenetic mechanisms of
MAGEH1 are yet to be explored concerning prognosis. Besides, due to some con�icting �ndings from different databases, we still can't make a blanket
statement about MAGEH1.

Materials And Methods
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Genetic differential analysis

The discrepancy of MAGEH1 expression in various tumor tissues versus corresponding normal tissues was examined in the Oncomine database
(https://www.Oncomi ne.org/resource/login.html) [41]. And statistical analysis of the difference was used by the student’s T-test. The threshold was set
at: P-value: 0.001, fold change: 1.5, gene rank: ALL. Then the differential expression of MAGEH1 gene was ascertained in the TCGA database via the
Gene_DE part in TIMER2.0 (http://timer.comp-genomics.org/) [42] and the results were shown with boxplots.

Prognostic assessment in PrognoScan, Kaplan-Meier Plotter, GEPIA, and Human Protein Atlas database

PrognoScan (http://dna00.bio.kyutech.ac.jp/PrognoScan/index.html; results selected by Cox P-value < 0.05), Kaplan-Meier Plotter
(https://kmplot.com/analysis/), GEPIA (http://gepia.cancer-pku.cn/) and HPA (http://ww w.proteinatlas.org; the criterion was set at P < 0.05)[43–46]
was employed to evaluate the prognostic value of MAGEH1. Speci�cally, the MAGEH1 mRNA level was searched in PrognoScan to identify its
relevance of prognosis, such as OS. The survival analysis of the PrognoScan was visualized by GraphPad Prism 8.4.3 Software [47]and EXCEL.
Kaplan-Meier Plotter, a powerful online tool was performed to analyze the relevance of MAGEH1 expression with Survival index. We applied GEPIA, an
interactive web server for analyzing the tumors/normal clinical specimens’ data from the Genotype Tissue Expression projects and TCGA, to examine
the in�uence of MAGEH1 on OS and DFS in 34 tumor types, and further validated the prognostic signi�cance in TCGA data by the Human Protein Atlas
database.

Subgroup analysis of GC in Kaplan-Meier Plotter

Patients were divided by "median", and the follow-up threshold was set as ALL in the Kaplan-Meier Plotter database. Survival analysis of subgroup
analysis was performed separately in distinct subtypes and queues and all other default settings. We carried out GraphPad Prism 8.4.3 Software and
EXCEL to draw the subgroup analysis data obtained by Kaplan-Meier Plotter into a visual forest plot.

Estimation of immune in�ltration

We applied Gene and Survival Module in TIMER2.0 (http://timer.comp-genom ics.org/) to calculate the relationships between MAGEH1 expression and
6 types of tumor-in�ltrating cells (B cells, CD4 + T cells, CD8 + T cells, macrophages, neutrophils, and dendritic cells), in STAD, LGG and ACC. The
connection with genetic markers of tumor-in�ltrating cells conditioned on tumor purity was computed in Gene_Corr module. We further veri�ed
associations in GEPIA (http://gepia.cancer-pku.cn/index.html); under other default settings, spearman’s correlation analysis was selected to analyze
the tumor and normal tissue datasets.

Statistical analysis

The statistically signi�cant difference of various expression levels of MAGEH1 in tumor versus normal groups was calculated by T-test. Kaplan-Meier
curves were utilized to compare the prognostic differences, which displayed as P or Cox P-values determined by the log-rank test and HR with 95% CI.
Relation of gene expression was tested with Spearman's correlation. The level of signi�cance was de�ned by a P-value < 0.05, if not especially noted.
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Figures

Figure 1

MAGEH1 expression levels in various cancer tissues. (a) The discrepancy of MAGEH1 expression between diverse cancers and normal adjacent tissues
in the Oncomine database. Number in cells represent the number of data sets. (b) MAGEH1 expression in 38 cancer tissues from TCGA database in
TIMER2.0 (*P < 0.05, **P < 0.01, ***P < 0.001).



Page 13/15

Figure 2

Comparison on Kaplan-Meier survival curves of increased and decreased MAGEH1 in various types of tumor in Kaplan-Meier plotter databases (a-h)
and Human Protein Atlas databases (i-n). (a, b) OS and PPS curves for gastric cancer patients (n = 875, n = 498). (c, d) OS and PPS curves for lung
cancer patients (n = 1,925, n = 344). (e, f) OS and PFS curves for ovarian cancer patients (n =1,656, n = 1,435). (g, h) OS and RFS curves for breast
cancer patients (n = 1,402, n = 3,951). Five-year survival rate of (i) Endometrial Cancer (n=541); (j) Stomach Cancer (n=354); (k) Glioma (n=153); (l)
Lung Adenocarcinoma (n=500); (m) Ovarian Cancer (n=373); (n) Pancreatic cancer (n=176); (o) Kidney Renal Clear cell carcinoma (n=528). OS, overall
survival; PPS, post progression survival; PFS, progression free survival; RFS, relapse-free survival.
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Figure 3

Correlation of MAGEH1 mRNA expression in gastric cancer with different clinicopathological features by Kaplan-Meier plotter. Red squares denote
hazard ratio. Short bar represents that hazard ratio cannot be calculated due to too small sample size. Bold values indicate P < 0.05.
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Figure 4

Immune in�ltration level correlating to MAGEH1 expression in STAD, ACC, and LGG. (a) A signi�cant association with MAGEH1 expression is
discovered in tumor purity (negative correlation) and. in�ltrating levels of CD8+ T cells, CD4+ T cells, macrophages, neutrophils, and dendritic cells
(positive correlation) in STAD (n = 415). (b) MAGEH1 expression is not statistically correlated with tumor purity and in�ltrating levels of B cells and the
above 5 cells in ACC (n = 79). (c) MAGEH1 expression is remarkably positive associated with tumor purity and in�ltrating levels of B cells and CD8+ T
cells, and negative correlated to CD4+ T cells, macrophages, neutrophils, and dendritic cells in LGG (n = 516).
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