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ABSTRACT

Background: RecQ mediated genome instability 2 (RMI2) is an essential component of the BLM-Topollla-RMI1-
RMI2 (BTR) complex. However, the mysterious veil of the potential immunological relationship of RMI2 in
tumorigenesis and development has not been revealed.

Methods: We conducted the differential expression (DE) analysis of the RMI2 in pan-cancer using data
onto Oncomine, TIMER, and GEPIA databases. Afterward, survival analysis and clinical-stage correlation
analysis were performed via the TCGA database. Subsequently, we used R software to further
explore the relationship between the expression level of RMI2 and tumor mutation burden (TMB),
microsatellite instability (MSI), tumor microenvironment (TME), tumor immune-infiltrated cells (TILs),
immune checkpoints (ICP), mismatch repairs (MMRs) -related genes, mo6A-related genes, DNA
methylation-related genes. Finally, Gene Ontology (GO) and Kyoto Encyclopedia of Genes and
Genomes (KEGG) functional networks were also performed for annotation via gene set enrichment analysis
(GSEA).

Results: The RMI2 expressed remarkably high in most cancer types compared to cancer adjacent normal
tissues (P<0.05). High expression of RMI2 was linked to unfavorable prognosis and advanced
stage of disease, especially in LIHC and PAAD. RMI2 expression was related to TMB in 16 cancer types and
MSI in 8 cancer types. Furthermore, it is significant positive correlations between RMI2 and stromal
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and immune cells, ICP-related genes, MMRs-related genes, m6A-related genes, and DNA methylation-related
genes. Finally, GSEA analysis revealed that RMI2 was engaged in a variety of signaling pathways in pan-

cancers.

Conclusions: RMI2 may serve as a potential biological target and probably assume a crucial part in

tumorigenesis and progression.

INTRODUCTION

The BTR complex, of which RMI?2 is a part, maintains
genome stability and has a significant impact on DNA
replication and its damage repairs [1]. RMI2 works to
synergizes with RMI1 and topoisomerase III alpha to
maintain replication fork stability. At the same time, it
can also dissolve double Holliday junctions to prevent
genome instability. It has been reported that the
downshift of RMI2 can cause mild Bloom syndrome
disease features [2].

In recent years, numerous studies have emerged to
reveal the relationship between RMI2 and cancers.
RMI2 can affect cell function by up-regulating runt-
related transcription factor 2(RUNX2). In parallel, it
can also increase downstream of RUNX2 downstream
molecule SLUG by regulating EMT, thereby regulating
the invasion and migration of lung cancer [3]. It was
reported that RMI2 served a positive impact on the
growth of hepatocellular carcinoma (HCC) and inhibits
its apoptosis by regulating the p53 signaling pathway
[4]. Overexpression of RMI2 will result in a significant
down-regulation of p53, p21, PUMA, and Gadd45. Liu
et al. found that the high expression of RMI2 affects the
tumorigenesis of cervical cancer in a variety of ways
[5]. In a nutshell, abnormal expression of RMI2 has
implications on DNA replication, repair, and cell
metabolism. These studies suggest that the expression
level of RMI2 is closely associated with tumor
appreciation, invasion, and migration.

In recent years, TME and immune infiltration are
the focus of tumor research, which is extremely
important for understanding the oncogenesis and
developing corresponding immunotherapy. However,
the relationship between RMI2 and immunology in
cancer is still vague. Further, exploring the immune-
related relationship of RMI2 and tumors is urgently
required. In this research, comprehensive, analyzed the
survival relationship of RMI2 expression in multiple
cancer types. And also we explored the correlation
of RMI2 expression with TMB, MSI, tumor
microenvironment, tumor- and immune-related genes,
methyltransferases, and MMRs-related genes. Finally,
we explored the possible functions and pathways of
RM1I2 via GSEA.

RESULTS
The expression level of RMI2 in pan-cancer

Oncomine database results show that RMI2 mRNA is
significantly differentially expressed in normal and
cancerous tissues in pan-cancerous. As shown in
Figure 1A, high expression of RMI2 was correlated
with 10 cancers (bladder, breast, cervical, colorectal,
head and neck, liver, lung, lymphoma, ovarian,
pancreatic) and significantly lower expression only in
leukemia. Next, the TIMER was utilized to validate
the expression of the RMI2 gene in 33 cancers. Not
surprisingly, RMI2 was significantly highly expressed
in 17 cancer types (BLCA, BRCA, CHOL, COAD,
ESCA, HNSC, KICH, KIRC, KIRP, LIHC, LUAD,
LUSC, PRAD, READ, STAD, THCA, and UCEC)
compared to normal tissues and was only low
expressed in one cancer type, SKCM (Figure 1B and
Supplementary Table 2). The p-value for each
comparison is indicated by an asterisk (“*** indicates
P<0.001, “**” indicates P<0.01 and “*” indicates
P<0.05). Since some tumor types of the above figure
did not have corresponding normal samples, we further
used the GEPIA database to match TCGA tumor and
GTEx normal data, in order to ensure the
comprehensiveness of the study. The results of GEPIA
analysis indicate that RMI2 was also highly expressed
in five tumors (ACC, DLBC, OV, SARC, and UCS)
(Figure 1C). In combination, these results revealed that
RMI2 is aberrantly overexpressed up to 22 cancer
types. In combination, we found that RMI2 was
significantly overexpressed in 22 tumor types.

Correlation of RMI2 expression and OS

We have analyzed the relationship between RMI2
expression and OS by analyzing gene expression
transcripts and clinical data. KM survival analysis
results revealed that high RMI2 expression was related
to low OS time in 7 cancers, including ACC, GBM,
KIRP, LGG, LIHC, MESO, and PAAD. And only in
CESC, RMI2 low expression was associated with low
OS time (Supplementary Figure 1A). Meanwhile, the
COX analysis also revealed that RMI2 expression was
associated with OS in 13 cancer types. Meanwhile, the
univariate COX regression also showed that RMI2
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expression was associated with OS in 13 cancers.
Among them, it was associated with a high risk of
survival in 9 cancers (ACC, KIRC, KIRP, LGG, LIHC,
MESO, PAAD, PCPG, and UCEC), and low risk of
survival in 4 cancers (CESC, READ, THCA, UVM)
(Figure 2B).

Correlation of RMI2 expression and DSS

To reflect the deaths identified as tumor factors during
follow-up, we analyzed the relationship between RMI2
expression and DSS in TCGA 33 cancers. KM analysis
revealed that high expression of RMI2 was associated
with low OS time in 7 cancers, including ACC, GBM,
KIRC, LGG, LIHC, MESO, PAAD. Only in CESC and
UVM, the high expression of RMI2 was related to the
prolongation of DSS time (Supplementary Figure 1B).
At the same time, the results of DSS analysis by the

A

W

univariate COX regression revealed that the expression
of RMI2 was a risk factor in ACC, GBM, KIRC, KIRP,
LGG, LIHC, MESO, PCPG, PRAD, UCEC. RMI2
expression was only a protective factor in four cancer
types (CESC, HNSC, THCA, and UVM) increasing the
DSS of patients (Figure 2C).

Correlation of RMI2 expression and DFI

Then, we also evaluated the relationship between RMI2
and DFI for 33 cancers in the TCGA database. The
results of KM analysis revealed that the high expression
of RMI was not related to the high DFI of tumors
(Supplementary Figure 1C), but related to the low DFI
of 3 kinds of tumors (LIHC, LUAD, PAAD). The COX
analysis revealed that among the five tumor types
(LIHC, LUAD, MESO, PCPG, PRAD) were associated
with a high risk of survival (Figure 2D).
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Figure 1. The differential expression of RMI2 gene in human tumors. (A) The expression of RMI2 in different cancers and paired
normal tissue in the Oncomine database. (B) The RMI2 expression levels in different cancer types from the TCGA database analyzed by the
TIMER database. (("***" indicates P<0.001, "**" indicates P<0.01 and "*" indicates P<0.05). (C) The RMI2 expression in several cancers and

adjacent paired normal tissue in the GEPIA database.
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Figure 2. Correlation between RMI2 expression in patients with DFI (A). (A) Survival analyses of RMI2 expression via the Kaplan—Meier PFI
curves in ACC, CESC, KIRC, LGG, LIHC, LUAD, MESO, PAAD, PCPG, PRAD, SARC and UCEC. Cox proportional risk model was used to study the
effect of RMI2 on the prognosis of multiple human tumors (B—E). (B) Effect of RMI2 on OS in 33 human tumors. (C) Effect of RMI2 on DSS in
33 human tumors. (D) Effect of RMI2 on DFS in 33 human tumors. (E) Effect of RMI2 on PFl in 33 human tumors.
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Correlation of RMI2 expression and PFI

In addition, we explored the relationship between RMI2
and PFI in 33 kinds of tumors in the TCGA database.
Kaplan-Meier curve results showed that the high
expression of RMI2 was related to the time of low PFI in
11 kinds of cancers, including ACC, KIRP, LGG, LIHC,
LUAD, MESO, PAAD, PCPG, PRAD, SARC, UCEC.
Coincidentally, it is consistent with the results of OS,
only in CESC, the low expression of RMI? is related with
low survival (Figure 2A). The COX analysis showed that
among the 11 cancers (ACC, KIRC, KIRP, LGG, LIHC,
LUAD, MESO, PAAD, PCPG, PRAD, UCEC), it was
associated with a high risk of tumors. Consistent with the
above results, RMI2 expression was only associated with
low tumor risk in CESC cancer (Figure 2E).

Correlation of RMI2 expression and clinicopathologic
characteristics

Overall, Usually, patients with late clinical-stage of
tumor have poorer survival prognosis We analyzed the
relevance between the expression of RMI2 and
clinicopathological stage. Figure 3 revealed that the
expression of RMI2 differed significantly with tumor
stage in the nine tumor types (ACC, BRCA, HNSC,
KIRC, KIRP, LIHC, LUSC, PAAD, SKCM) (P<0.05).

The expression of RMI2 increased with rising tumor
grades in most tumor types.

Correlation of RMI2 expression and TMB, MSI

The total number of substitutions and insertion/deletion
mutations per trillion bases in the exon coding region of
the evaluated gene in the tumor sample can be used as a
concept for TMB. Research on TMB and tumor
prognosis and immunotherapy are becoming more and
more in-depth, and more correlations are being
uncovered [6]. Therefore, we calculated the TMB of
each type of cancer to study the relationship between
RM1I2 expression and TMB. The detailed information is
shown in Supplementary Table 3. We found that the
expression of RMI2 was significantly correlated with 16
cancer types, of which 14 cancer types (ACC, UCEC,
STAD, SKCM, SARC, PRAD, PAAD, MESO, LUSC,
LUAD, LGG, HNSC, BRCA, BLCA) were positively
correlated, but negatively correlated with THYM and
CESC (Figure 4A). MSI refers to the phenomenon of
microsatellite sequence length change caused by
insertion or deletion mutation during DNA replication
caused by mismatch repair (MMR) function defects,
and MSI may be related to the occurrence of cancer. We
found that in the seven cancer types (BLCA, GBM,
STAD, UCEC, COAD, HNSC, LIHC) the expression of
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Figure 3. The correlations between RMI2 expression and pathological stages in various cancers.
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RM]I?2 was positively correlated with MSI-related genes.
There is only a negative correlation in CESC (Figure 4B
and Supplementary Table 4).

Correlation of RMI2 expression and TME, TILs and
ICP genes

After the immune score and stromal score were
calculated for each tumor sample, we were astonished
by the intertwined association between RMI2 expression
and immune/stromal score.

In addition to a positive correlation with the immune
score of THYM and a negative correlation with its
stromal score, the expression level of RMI2 was
negatively correlated with the immune score and
stromal score of ACC, GBM, KIRP, LUSC, and
UCEC (Figure 5A-5F, Supplementary Figure 2 and
Supplementary Table 5). One of the independent
predictors of tumor-primary lymph node status and
survival is tumor-infiltrating lymphocytes. Analysis of
TILs confirmed that RMI2 expression was intertwined
and entangled with the level of immune infiltration
in different tumor types. Figure 6 showed that the
strong correlation between RMI2 and BRCA, HNSC,
LUAD, THYM. The detailed results of 33 cancer
types are shown in the Supplementary Figures 3, 4 and
Supplementary Table 6. The relationship between more
than 40 ICP-related genes and RMI2 expression in a
variety of cancers was developed in this study. The
results are striking and RMI2 is associated with gene
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expression of multiple ICPs in many types of cancer
(Figure 7A and Supplementary Table 7). For example, it
is related to 39 ICP genes in HNSC, 32 ICP genes in
KIRC, 35 ICP genes in LIHC, 36 ICP genes in PRAD
and 38 ICP genes in THCA. In short, the critical role of
RMI2 in the immune infiltration and immune escape of
multiple tumors cannot be ignored.

Co-expression of RMI2 with DNA methyltransferases,
m6A and MMRs

Recent studies have found that DNA methyltransferases
are intertwined with tumorigenesis [7], and DNA
methylation detection technique is helpful for early
screening of tumors [8]. We found that the expression of
RMI2 was inextricably linked to DNMT1 and DNMT3A,
DNMT3B and DNMT3 methyltransferases genes
in a variety of tumors (Figure 7B and Supplementary
Table 8). Among them, BRCA, STAD, UCEC are
associated with these methyltransferase-related genes.
RMI2 expression and M6A-related genes were studied
after demonstrating that more than 8 cancer types (BLCA,
ESCA, HNSC, LIHC, LUSC, OV, SARC and UCEC)
with a strong correlation with m6A related genes (Figure
7C and Supplementary Table 9). We found that MLH1,
MSH2, MSH6, PMS2, and EPCAM MMRs genes are
closely related to RMI2 genes. Figure 7D showed that
BLCA, LIHC, READ, THCA, and THYM were closely
related to 5 MMRs genes. Among them, 19 cancer types
are associated with 4 or more MMRs genes. The detailed
information is in the Supplementary Table 10.

BLCA™ ACC  yvm

B BRCA

ucs
CESC* 0.2 UCEC*
CHOL THYM
8715
COAD* THCA
0
DLBC TGCT
=0.15
ESCA STAD™
=03
GBM** SKCM
HNSC* SARC
KICH READ
KIRC PRAD
KIRP PCPG
LAML PAAD
LGG ov
LIHC* | jaD Lusc MESO

Figure 4. Relationship between RMI2 expression, TMIB and MSI in pan-cancer. (A) The relationship between TMB and RMI2. (B) The
relationship between MSI and RMI2. Spearman rank correlation test, p <0.05 was regarded as the statistical criteria to set thresholds.
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GSEA analysis

Using GO analysis of the high and low RMI2 gene
expression groups, we found that the ACC group with
high RMI2 expression was mainly associated with cell
division. In the high expression group of the RMI2 gene
in OV, it was mainly related to epithelial cell division.
In PCPG, RMI2 is mainly concerned with DNA
synthesis. In PRAD, the main enrichment functions in
the RMI2 low expression group were related to the cell
cycle. In READ, the primary enrichment function is
related to the senses. In SKCM, the main enrichment
function in the RMI2 high expression group was related
to immunity. In STAD, the enriched functions in the

high expression group of the RMI2 gene were mainly
related to metabolism. In UCEC, the high expression of
the RMI2 gene may be associated with mitochondrial
abnormalities. In UVM, it may be associated with
immune cell communication in the RMI2 high
expression group (Figure 8, Supplementary Figure 5
and Supplementary Table 11).

At the same time, through further analysis of KEGG, it
was found that in the PCPG gene low-expression group,
the main enriched pathways were related to immunity,
such as antigen presentation and autoimmune pathways.
In PRAD, the pathways enriched in the group with high
expression of the RMI2 gene were mainly related to
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metabolism. In READ, the main enriched pathway in
the RMI2 low expression group was related to
metabolism. ACC, OV, SKCM, UCEC, and UVM were
mainly enriched in the metabolic pathway in the RMI2
low expression group. In STAD, the pathways enriched
in the high RMI2 expression group may be related to
autoimmune diseases, while the pathways enriched in
the low RMI2 expression group are mainly related to
neurotrophic and olfactory pathways (Figure 9 and
Supplementary Table 12).

The validation of RMI2 gene in hepatocellular
carcinoma was performed in ICGC database

Hepatocellular carcinoma samples from the ICGC
database were used to validate the results. There were
202 normal liver tissue samples and 240 hepatocellular
carcinoma samples. First, expression analysis showed
that RMI2 was up-regulated in hepatocellular carcinoma
(P<0.001, Figure 10A). ROC curve showed that the
AUC value of RMI2 in hepatocellular carcinoma was
0.849 (Figure 10B). Survival analysis showed that high
RMI?2 expression was associated with poor prognosis of

hepatocellular carcinoma (P=0.001, Figure 10C).
Subsequently, the correlation between RMI2 and
stage, age, and gender of HCC patients was shown
(Figure 10D-10F). Univariate COX regression was
used to explore independent prognostic indicators of
HCC (Figure 10G). Multivariate COX regression was
used for further verification (Figure 10H). The TIMER
database was used to explore the correlation between
RMI2 and immunomodulators in PCPG. The results
showed that RMI2 was significantly correlated with
IL1B and TNFSF10 (P<0.05, Figure 10L, 107J).

DISCUSSION

Globally, cancer is a critical disease responsible for death
which killing nearly 10 million people in 2020. Patients
who suffer from cancer may bear both psychological [9]
and physical [10] pressures. At the same time, it is these
malignant diseases that impose a heavy financial burden
on families and healthcare systems [11]. However, the
pathogenesis of cancer is extremely complex [12, 13] and
it is difficult to monitor it in the early stage. Further, the
traditional diagnosis and treatment methods are not ideal
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in early diagnostic methods and therapies. Fortunately, in pan-cancer-related targets may find a new direction [15]
recent years, the study of immune-related targets may for early diagnosis or personalized treatment of cancer.
bring a glimmer of hope for the early monitoring and Further, it may make a minor contribution to reducing the
treatment of tumors [14]. Immune-related research on physical and mental suffering of patients and the burden
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of cancer on the national public health system. The
function of the BTR complex formed by RMI2 is
complex. It can participate in the control of DNA
crossover-formation, gene replication, and repair after
damage, which is crucial in maintaining the stability of
the genome [1]. In recent research, RMI2 has attracted
wide attention in the field of cancer research, such as
liver cancer [4], lung cancer [3], cervical cancer [5], and
prostate cancer [16]. The overexpression of RMI2 is
significantly related to the metastatic progression of some
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tumors or unfavorable prognosis. It may serve as a
potential pre-detection target or therapeutic biomarker.
However, the research on RMI2 only stays in a limited
number of cancer types, and the relationship between its
role in pan-cancer and immunology is still vague.

In the current research, we comprehensively
demonstrated, the expression level of RMI2 and its
immunological relationship to multiple cancer types.
We found that there was an abnormally high expression
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Figure 8. GO enrichment plots from GSEA in various cancers. P<0.05 and enrichment results of more than 5 were considered for
shown. (A) Enrichment results of GO function in cancer ACC. (B) Enrichment results of GO function in cancer OV. (C) Enrichment results of GO
function in cancer PCPG. (D) Enrichment results of GO function in cancer PRAD. (E) Enrichment results of GO function in cancer READ.
(F) Enrichment results of GO function in cancer SKCM. (G) Enrichment results of GO function in cancer STAD. (H) Enrichment results of GO
function in cancer UCEC. (1) Enrichment results of GO function in cancer UVM.

Figure 9. KEGG enrichment plots from GSEA in various cancers. P<0.05 and enrichment results of more than 5 were considered for
shown. (A) Enrichment results of KEGG pathway in cancer ACC. (B) Enrichment results of KEGG pathway in cancer OV. (C) Enrichment results
of KEGG pathway in cancer PCPG. (D) Enrichment results of KEGG pathway in cancer PRAD. (E) Enrichment results of KEGG pathway in cancer
READ. (F) Enrichment results of KEGG pathway in cancer SKCM. (G) Enrichment results of KEGG pathway in cancer STAD. (H) Enrichment
results of KEGG pathway in cancer UCEC. (I) Enrichment results of KEGG pathway in cancer UVM.
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Figure 10. Further validation of RMI2 in other databases. (A) Expression analysis in ICGC database showed that RMI2 was up-
regulated in hepatocellular carcinoma (P<0.001). (B) ROC curve showed that the AUC value of RMI2 in hepatocellular carcinoma was 0.849.
(C) Survival analysis showed that high RMI2 expression was associated with poor prognosis of hepatocellular carcinoma. (D—F) The correlation
between RMI2 and stage, age, and gender of HCC patients. (G) Univariate COX regression. (H) Multivariate COX regression. (I, J) RMI2 was
significantly correlated with IL1B and TNFSF10 (P<0.05, Figure 101, 10)).
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of RMI2 in 22 cancer types. RMI2 expression level is
correlated with the unfavorable prognosis of patients
with various types of tumors (OS, DSS, PFI, and DFI),
and the late clinical stage is related to the high
expression level. Meanwhile, the expression of RMI2
has closely associated with TMB, MSI, MMR, and
DNA methylation. Furthermore, this study demonstrates
that the expression of RMI2 in many tumors (especially
in ACC, GBM, KIRP, LUSC, UCEC) was negatively
correlated with the immune score and stromal score.
The expression level of RMI?2 is related to a variety of
immune infiltrating cells. To sum up, RMI2 may
become a biomarker and provide some new ideas about
tumor immunotherapy of cancer.

According to previous studies [17, 18], DNA
methylation plays an important role in many diseases.
For example, immune diseases and cancer. DNA
methylation of the promoter GpC island is involved in
the carcinogenesis and development of stomach cancer
[19]. It regulates gene expression (DNA methylation and
its basic function) by regulating proteins that are
suppressed by genes or inhibiting transcription factors
that bind to DNA. Zhou et al. showed that gene
methylation plays a crucial role in the diagnosis of head
and neck cancers. Methylation of some genes is an
independent prognostic marker of HNSCC [17]. Our
study found that RM12 is related to DNA methylation in
multiple types of cancer, among which BRCA, STAD,
UCEC is associated with four DNA methylation genes
(DNMT3L, DNMT3B, DNMT3A, DNMTI). No-
methyladenosine (m6A) is widely involved in the
internal modification of RNA in eukaryotic cells and
plays a crucial role in RNA metabolism and a variety of
biological processes. In acute myeloid leukemia (AML),
METTL14 regulates MYB and MYC via MO6A
modification, and plays a carcinogenic role in regulating
cell self-renewal and inhibiting bone marrow
differentiation [20]. Studies by Xiao Li et al. have shown
that knockout of METTL3 gene in renal cell carcinoma
can promote cell proliferation, migration, and invasion
via PI3K-Akt-mTOR or EMT pathways, and induce GO /
G1 phase arrest to regulate cell cycle [21]. However, few
were aware that RMI2 expression and the genes related
to m6A. Our study found that the RMI2 gene is
associated with multiple M6A genes in BLCA, ESCA,
HNSC, LIHC, LUSC, OV, SARC, UCEC, which is
helpful for the development of drugs aimed at M6A
related genes. However, further experiments are needed
to study the relationship between RMI2 expression and
MB6A. Suppressing ICPs related to immune escape is one
of the methods of immunotherapy [22]. In recent years,
there have been more and more studies on tumor
immunity, and the results have been remarkable [23, 24].
Some studies have achieved clinical transformation. For
example, multiple countries have approved programmed

death 1 (PD-1) or programmed death-ligand 1 (PD-L1)
inhibitors for the treatment of lung, melanoma, and
breast cancer. A study has demonstrated that ICI may
increase the sensitivity of recurrent/metastatic squamous
cell carcinoma of the head and neck (R/M SCCHN) to
chemotherapy [25]. In addition, this study has shown
that the expression of RMI2 is related to a variety of ICP
genes. Especially in cancer types such as HNSC, KIRC,
LIHC, PRAD, and THCA.

The cellular components, immune cells, and stromal
cells of TME can affect the growth and differentiation
of tumor cells [26]. Numerous studies have indicated
that multiple types of tumor-infiltrating lymphocytes
[27, 28], such as tumor-infiltrating neutrophils (TINS)
[29] and tumor-associated macrophages (TAMS) [30],
can affect the growth of tumor cells and then affect the
prognosis of patients with a variety of mechanisms.
Non-invasively predict the tumor-infiltrating immune
cells of high-grade gliomas (HGG) through radiomic
signatures, and use the absolute quantitative level as a
prognostic indicator of HGG [31]. Previous studies have
shown that tumor-infiltrating immune cells (TIICs) and
T cell activation are closely related to the survival of
breast cancer patients [32]. Therefore, regulating the
level of TILs provides a new direction for tumor
immunotherapy. A variety of immune cells may
promote or inhibit tumor progression through different
mechanisms. Our research also found that the
expression of RMI2 was mainly negatively related to the
scores of the immune score and stromal score of TME,
such as ACC, GBM, KIRP, LUSC, UCEC, and other
cancer types. This shows that the higher the expression
of RMI2, the fewer immune cells and stromal cells in
TME. RMI2 may inhibit or promote the progression of
cancer by aggregating and regulating immune
infiltrating cells. In breast cancer [33], gastric cancer,
colorectal cancer [34], high macrophage infiltration is
associated with poor prognosis. NKs can use death
receptors to induce apoptosis and perforin/granzyme to
induce cytotoxicity and then kill tumor cells. The
increased risk of cancer is related to the decrease of NK
cell activity. [35]. CD4 Treg cells harm anti-tumor
immunity by inhibiting tumor-associated antigens.
Different immune infiltrating cells are complex and
changeable in the occurrence and development of
tumors, so for different tumors, the study of the
relationship between RMI2 and immune infiltration-
related cells can promote tumor immunity and drug
development and therapy. Our current study found that
RM]I2 expression was significantly associated with TILs
in BRCA, HNSC, LUAD, THYM, such as B cells,
CD4+ T cells, CD8+ T cells, T cells follicular helper, T
cells regulatory (Tregs), NK cells, Macrophages,
Dendritic cells, Mast cells, and other immune cells.
Some drugs based on TME and immune infiltration
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have been approved for the treatment of tumors.
Therefore, according to the immune infiltration of
different tumors, the corresponding immunotherapy can
be developed, and anti-tumor therapy is very important.

However, some limitations still exist in this study. This
study found that the expression of RMI2 was related to
TME, immune infiltration, and ICPs of pan-cancer, but
there are no in vivo or in vitro experiments directly
proved that RMI?2 affects the survival of tumor patients
through these immunological mechanisms. Secondly,
we have carried out the integration and evaluation
analysis of several databases to obtain the integrity of
the results, but the gene chip and sequencing data of
different databases may be different, and the way the
data are collected may be biased. So it may cause some
bias of the research results to some extent. Finally, the
exact mechanism by which RMI2 occurs to tumor-
associated immunity is still unclear. In the future, study
the tumor immune mechanism for specific tumor types
in order to explore the relevant mechanism is necessary,
and it is helpful to the research and development of anti-
tumor drugs. Generally speaking, our study on the
relationship between RMI2 and pan-cancer prognosis
and immunology provides a new idea for the immune-
related treatment of cancer and may be able to do our
part to alleviate the physical and mental pain of tumor
patients and the national public health financial burden.
In the future, more attention may be paid to the study of
the immunological mechanism of RMI2 in cancer, and
the research on tumor immunity may benefit from this.

CONCLUSIONS

Returning to the previous question posed in the
Introduction, it is now possible to state that RMI2 may
predict the prognosis and treatment of cancer as a
potential biomarker. The high expression lever of RMI2
is related to many tumor types, and the poor prognosis
and disease progression of tumors are related to its
expression, especially in LIHC, PAAD. The abnormal
expression of RMI2 is negatively correlated with immune
cells and stromal cells in most types of cancer, and it is
closely related to B cells, CD4 T cells, CD8 T cells, T
cells follicular helper and other TILs and a variety of
immune-related genes (ICP, MMRs, m6A). And the
enrichment of multiple pathways is also related to it.

MATERIALS AND METHODS

Data collection and processing

Oncomine is a  database  for  oncology
(http://www.oncomine.org/resource/login.html), which

integrates RNA and DNA-seq data profiles from sources
TCGA, GEO, and other data that has been made public.

To analyze the differential expression of the RMI2 gene
in pan-cancer, fold change >1.5 and P-value <0.05 were
set in the Oncomine database. RNA transcript data,
mutation data, and clinical data for 33 tumors in the
TCGA database were obtained from the University of
California Santa Cruz (UCSC) Xena browser
(https://xena.ucsc.edu/). The R software package (R
version: 4.1.1) was used for data screening and
processing. And the data onto the analysis about RMI2 in
the TCGA database for different patient samples were
listed in Supplementary Table 1. The abbreviation and
sample size of 33 cancer types of TCGA database were
listed in Table 1. TIMER database (http://timer.comp-
genomics.org/) mainly provides a presentation of the
results of TCGA data analysis, and it can be used to
validate the results of differential expression analysis. For
cancer types that failed to be matched to normal samples
of the TCGA database, we again used the GEPIA
(http://gepia.cancer-pku.cn/) database Match TCGA
tumor and GTEx normal to facilitate differential
expression analysis.

Kaplan-Meier (KM) survival and Cox regression
analysis

KM Survival analysis was utilized in evaluating the
survival rate of the two groups, which has divided the
patients into the high-risk group and low-risk group
according to the median expression value of RMI2
(»<0.05). Cox regression was performed to compare
RMI2 gene expression with OS, DSS, DFI, and PFI.
These items include Hazard ratio (HR), P-values from
the log-rank, and 95% confidence intervals set via the
maximum selected log-rank statistic, which is based on
the grouping of RMI2 gene expression levels. The
“forestplot” and “survival” R packages were adopted
for Cox analysis and plotting.

TMB and MSI correlation analysis

We performed the processing of somatic mutation data
from the TCGA by Perl (Perl version: 5.32.1) to count
the TMB scores of 33 tumor types and each patient
sample.

Spearman rank-sum test was performed to evaluate the
relevance between RMI2 expression and TMB and MSIL
The “fmsb” R package was used to produce a visual
analysis of the radar plot.

Methyltransferase, m6A, and MMRs related genes
analysis

The expression levels of DNMT1, DNMT3A, DNMT3B,
and DNMT3 genes related to methylation have been
obtained into the TCGA database. Moreover, previous
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Table 1. The abbreviation and sample size of 33 cancer types of TCGA database.

:lﬁ)?gicai?oclfr TCGA cancer type Total sample number
ACC Adrenocortical carcinoma 79
BLCA Bladder Urothelial Carcinoma 430
BRCA Breast invasive carcinoma 1217
CESC Cervical squamous cell carcinoma and endocervical adenocarcinoma 309
CHOL Cholangiocarcinoma 45
COAD Colon adenocarcinoma 512
DLBC Large B-cell Lymphoma 48
ESCA Esophageal carcinoma 173
GBM Glioblastoma multiforme 173
HNSC Head and Neck squamous cell carcinoma 546
KICH Kidney Chromophobe 89
KIRC Kidney renal clear cell carcinoma 607
KIRP Kidney renal papillary cell carcinoma 321
LAML Acute Myeloid Leukemia 151
LGG Brain Lower Grade Glioma 529
LIHC Liver hepatocellular carcinoma 424
LUAD Lung adenocarcinoma 585
LUSC Lung squamous cell carcinoma 550
MESO Mesothelioma 86
oV Ovarian serous cystadenocarcinoma 379
PAAD Pancreatic adenocarcinoma 182
PCPG Pheochromocytoma and Paraganglioma 186
PRAD Prostate adenocarcinoma 551
READ Rectum adenocarcinoma 177
SARC Sarcoma 265
SKCM Skin Cutaneous Melanoma 472
STAD Stomach adenocarcinoma 407
TGCT Testicular Germ Cell Tumors 156
THCA Thymoma 568
THYM Thyroid carcinoma 121
UCEC Uterine Corpus Endometrial Carcinoma 583
ucCs Uterine Carcinosarcoma 56
UVM Uveal Melanoma 80

studies have shown that mismatch repairs(MMRs) have a
tight relationship with cancer development. The “limma”
R package was used to evaluate the link between the
expression levels of five MMRs genes (MLH1, MSH2,
MSH6, PMS2, and EPCAM) and RMI2. The same data
processing scheme was used to analyze whether there
was a specific association between RMI2 and these two
items (DNA methyltransferase as well as m6A-related
gene expression levels) in the TCGA. The Spearman
correlation method was chosen to assess the relationship
among RMI2 and these three indicators (DNA
methyltransferases, m6A and MMRs). The “ggplot2”,”
ggpubr”, and “ggExtra” R packages were used for
statistical analysis and to graph heat maps.

Immune correlation analysis

In recent years, an expanding series of studies have
found that tumor immunity is deeply involved in the
occurrence and advancement of tumors. We analyzed
the two tumor immunity projects, Immune
Microenvironment and Immune Cell Infiltration, which
are related to the RMI2 gene. At the same time, its
relationship with immune checkpoint-related genes was
investigated. The “estimate” R package was chosen to
determine the StromalScore and ImmuneScore for each
of the 33 types of cancer in the TCGA. The “ e1071” R
package was also used to analyze the relationship
between various immune-related cell infiltrations in 33
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cancers. Spearman’s correlation method was chosen to
assess the correlation analysis of RMI2 gene expression
with two immune microenvironmental indicators
(StromalScore, ImmuneScore). The method was also
chosen to identify the correlation between various types
of TILs and checkpoint genes.

GO and KEGG pathway analysis

The three R packages “enrichplot”, “org.Hs.eg.db”, and
“clusterProfiler” were used for GO and KEGG
enrichment analysis and visualization.

Statistical analysis

The Perl (5.32.1) script was used to screen the
expression of RMI2 and sample data in pan-cancer. R
software (4.1.1) is used for statistical analysis and
graphing. Kaplan-Meier method and Cox Regression
method were utilized to analyze the relationship
between the expression of RMI2 and patient survival
and risk factors. Spearman rank-sum test was utilized to
assess the correlation between RMI2 expression and
TMB and MSI. Spearman correlation analysis was
utilized to assess the relationship between RMI2
expression and Methyltransferase, MMR, and immune
checkpoint-related genes. We accept such result that
R>0.20 is regarded as a positive correlation and P<0.05
is regarded as statistically significant.
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Supplementary Figure 1. Correlation between RMI2 expression in patients with OS, PFI, DSS, and DFIl. (A—C) (A) Survival
analyses of RMI2 expression via the Kaplan—Meier OS curves in ACC, CESC, GBM, KIRP, LGG, LIHC, MESO and PAAD. (B) Survival analyses of
RMI2 expression via the Kaplan—Meier DSS curves in ACC, CESC, GBM, KIRC, LGG, LIHC, MESO, PAAD, UVM. (C) Survival analyses of RMI2
expression via the Kaplan—Meier DFI curves in LIHC, LUAD and PAAD.
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Supplementary Figure 2. Correlation between RMI2 and ImmuneScore and StromalScore in pan-cancer(P<0.05).
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Supplementary Figure 3. The relationship between RMI2 and specific immune infiltrating cells in pan-cancer(P<0.05).
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Supplementary Figure 4. The relationship between RMI2 and specific immune infiltrating cells in pan-cancer.
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shown.
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Supplementary Tables
Please browse Full Text version to see the data of Supplementary Tables 1, 6,7, 9, 11, 12.

Supplementary Table 1. RMI2 expression levels of 33 cancer types and all patient samples in TCGA database.

Supplementary Table 2. Correlation of RMI2 expression in TIMER.

Tumor Nor pValue sig
BLCA.Tumor BLCA Normal 3.33524769277125E-07 *k*
BRCA.Tumor BRCA .Normal 3.51855503441419E-58 HAK
CHOL.Tumor CHOL.Normal 2.2569207869384E-09 HAK
COAD.Tumor COAD.Normal 5.09324209086511E-10 o
ESCA.Tumor ESCA.Normal 1.47875599886395E-07 *k*
HNSC-HPVpos.Tumor HNSC-HPVneg. Tumor 3.02521811314318E-24 ok
HNSC.Tumor HNSC.Normal 3.55755043752562E-20 HAK
KICH.Tumor KICH.Normal 0.00126847525903987 *ok

KIRC.Tumor KIRC.Normal 0.746778798029572 HAE
KIRP.Tumor KIRP.Normal 0.0000642300913440225  ***
LIHC.Tumor LIHC.Normal 2.35042317884794E-19 HAK
LUAD.Tumor LUAD.Normal 3.53592884726335E-33 o
LUSC.Tumor LUSC.Normal 1.92132801669773E-31 o
PRAD.Tumor PRAD.Normal 0.90674176451126 ok
READ.Tumor READ.Normal 0.000900238226685772 HAK
SKCM.Tumor SKCM.Metastasis 0.0235685767763094 *

STAD.Tumor STAD.Normal 8.16436195648269E-16 *k*
THCA.Tumor THCA .Normal 9.64507732347014E-20 HAK
UCEC.Tumor UCEC.Normal 7.41966534248929E-17 HAK
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Supplementary Table 3. Results of correlation analysis and P values for the association

between RMI2 and tumor mutation burden in various types of cancer.

CancerType cor pValue sig

ACC 0.474015205259224 0.0000102095020665298 HkE

BLCA 0.266678404655109 4.51370678357016E-08 HkE

BRCA 0.307034278888121 1.04233562697838E-22 ok

CESC -0.123506561658841 0.0368396195915519 *

CHOL -0.000257632463363041 0.998810164094373

COAD 0.0326815920802906 0.516679172301661

DLBC 0.231152204836415 0.168176171327348

ESCA -0.0929628862437465 0.242318328446714

GBM 0.0653463259393641 0.430067761367925

HNSC 0.1271398414015 0.00473699922375918 *k

KICH 0.0684510847642091 0.587957414329208

KIRC -0.0246316584562543 0.654741273092012

KIRP 0.000356367841481593 0.995280486762928

LAML 0.00312455237984684 0.980610291433608

LGG 0.371409551306634 7.82582305859602E-18 ok

LIHC 0.0190161294499724 0.719535140228386

LUAD 0.327924117031034 4.49082824122193E-14 *kk

LUSC 0.154634505735056 0.000608342201765788 HkE

MESO 0.359789867992628 0.00112714058966601 *k

ov 0.115526648062491 0.0570515322426661

PAAD 0.433876536089132 2.61594165255277E-08 ok

PCPG 0.0461029177958374 0.542300570879155

PRAD 0.257457219022785 9.77318507810713E-09 HkE

READ 0.0404896437239661 0.644830768057326

SARC 0.161043278197531 0.0134458162394394 *

SKCM 0.153122561419223 0.000924392601885563 HkE

STAD 0.295077751360235 7.91313018553446E-09 HkE

TGCT 0.0788559498938455 0.345782152772025

THCA 0.0319962870841893 0.48341662229611

THYM -0.601754457872108 7.20873346273979E-13 HkE

UCEC 0.0888893275226402 0.041761681172524 *

UCS -0.115915283262917 0.394914261071945

UvVM 0.0518414009658814 0.647891586242472
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Supplementary Table 4. Results of correlation analysis and P values for the
association between RMI2 and microsatellite instability in various types of cancer.

CancerType cor pValue sig
ACC 0.190216531374014 0.0931322546714989
BLCA 0.144486073612387 0.00344584783278446 *x
BRCA 0.0602074343936691 0.0532830129665119
CESC -0.157253955427272 0.00617186416152031 ok
CHOL 0.138738738738739 0.418210643263417
COAD 0.10798692889622 0.0256528424783219 *
DLBC 0.0972723574943735 0.510717604915052
ESCA 0.149061453297136 0.0599399388300867
GBM 0.254025047965466 0.00164748830962498 *x
HNSC 0.0890240071905552 0.0475248898811593 *
KICH 0.0201287277912859 0.873550494805262
KIRC 0.0727768202000211 0.18390790274595
KIRP 0.0719169853687164 0.226152107861546
LAML -0.0968440741739157 0.432078390191153
LGG 0.0346885863674217 0.435302685382034
LIHC 0.130359960440855 0.0121988018588046 *
LUAD 0.0863044889301134 0.0511998204536363
LUSC 0.0798489161321026 0.0765171083685421
MESO 0.0833215420093114 0.456742796601622
ov 0.00654795803077039 0.914395891543287
PAAD 0.0566557711921846 0.456445419193762
PCPG 0.00687408069590928 0.927439658620535
PRAD 0.0671868946145736 0.135509988766736
READ 0.0195190962168938 0.81135079318818
SARC 0.0771106407307831 0.221606750972099
SKCM -0.022064656833176 0.633993887949297
STAD 0.149820380360236 0.00368313245169416 *x
TGCT -0.0401238491545789 0.625903853468981
THCA 0.0690560718207178 0.126486512959018
THYM -0.0267603113788236 0.77361586315177
UCEC 0.139518839727519 0.00117669281174837 *x
ucCs -0.093988174633656 0.490818745023117
UVM 0.133157509672065 0.23899416650693
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Supplementary Table 5. Correlation of RMI2 expression with stromalscore and immunescore
of tumor microenvironment in various types of cancer.

CancerType Gene StromalScore ImmuneScore
ACC RMI2 0.0000390858836040747 0.0000988831872576334
BLCA RMI2 0.0226058475104757 0.343291414108804
BRCA RMI2 1.30618696914016E-22 0.158568640503641
CESC RMI2 0.00805145155352228 0.654717820439346
CHOL RMI2 0.997012069871571 0.752393158944291
COAD RMI2 0.000187464378117756 0.186598288068983
DLBC RMI2 0.864266367325916 0.254284082182472
ESCA RMI2 0.00831601667500962 0.0510010346847696
GBM RMI2 0.000621376160062087 0.000115307479851331
HNSC RMI2 1.32422886823392E-10 0.834335469356639
KICH RMI2 0.00458390464504713 0.00628582932463523
KIRC RMI2 0.0884215630989439 0.000054173081658311
KIRP RMI2 5.91016914043202E-06 0.0000840771471387407
LAML RMI2 0.0535126707555291 0.0364696592934527
LGG RMI2 0.0260563526256745 0.00876993687473695
LIHC RMI2 0.000140249718826792 0.247605753279734
LUAD RMI2 0.00903966330192381 0.474893311090555
LUSC RMI2 0 6.3938627912076E-10
MESO RMI2 0.961824524842495 0.572480717900196
oV RMI2 0.0000618493821902081 0.217220542603398
PAAD RMI2 0.0143781499827078 0.412085416209786
PCPG RMI2 0.752023218549627 0.827355722175881
PRAD RMI2 0.00128294775453137 9.90443019902769E-06
READ RMI2 0.000465508008036331 0.00113116133531009
SARC RMI2 2.04187627241984E-07 0.0601511782676821
SKCM RMI2 0.650678797470389 0.00131806765435742
STAD RMI2 4.79620250049032E-10 0.36650275902808
TGCT RMI2 0.0110490309955332 0.402793167080098
THCA RMI2 0.00125138169856009 7.77753865373765E-10
THYM RMI2 0.000295097022690746 0.0002994392122266
UCEC RMI2 6.41298157977979E-09 0.0000386507116199285
[S[GN RMI2 0.528239541243031 0.607312904499613
UuvM RMI2 0.0212172807416378 0.259862077088759

Supplementary Table 6. Results of correlation analysis of RMI2 expression with specific immune cell infiltration
in various types of cancer.

Supplementary Table 7. Results of correlation analysis and P values for the association between RMI2 and
immune checkpoint- -related genes.
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Supplementary Table 8. Results of correlation analysis and P values for the association between RMI2 and DNA
methyltransferases-related genes.

Correlation analysis

CancerType DNMT3L DNMT3B DNMT3A DNMT1
ACC -'0.200360137884253 0.257962964981071 0.563726277122637 0.625003719611013
BLCA 0.0449711242905621 0.265259435878117 0.256052477271622 0.393349878220686
BRCA 0.071114624544912 0.421178672042221 0.224888986319261 0.334889405891321
CESC 0.08646962225981 -'0.0254404127652313 0.00745856559530254 0.113435929218695
CHOL 0.0923379970128044 0.44037704731701 0.00100972624426258 0.25089881569288
COAD 0.0632807834792187 0.126738101850277 -'0.0553918852497293 0.255650713920203
DLBC 0.157736820398358 -'0.218459343749995 -'0.231538745712161 0.0725198244662193
ESCA 0.102943238206266 0.314184992951274 0.330123553827303 0.400419251731121
GBM 0.0536267678171985 0.27993064729223 0.269306177891037 0.547870570062861
HNSC 0.246173633185529 -'0.0557531002277002 0.496903174657355 0.488241522160467
KICH 0 0.182005406624913 -'0.022854836449119 0.345698848588994
KIRC 0.0619340158449149 0.0903580705603833 0.0419854651258464 0.266910185094237
KIRP -'0.153497637414578 0.319643564591859 0.0718810858950348 0.348454630188953
LAML -'0.0561465181635485 0.0979927033870698 -'0.00201112355658134 0.431886640427158
LGG 0.0822597850158437 0.545460047720756 0.319418913061989 0.605625982678902
LIHC -'0.0706741740603424 0.452012240396248 0.388188745710834 0.61113107089067
LUAD 0.00420804049822417 0.483442749368663 0.312358896512922 0.427111446000193
LUSC 0.0533604080185585 0.2628021603256 0.304128018166799 0.32353462275135
MESO -'0.0160136644616164 0.323944857807078 0.281931014601778 0.488121698071459
oV 0.0950709075224625 0.255185885591459 0.11730437553452 0.291147990729008
PAAD 0 0.0765694068445306 -'0.0262337914558009 0.203603611949245
PCPG 0 0.174212020916852 0.0590751254756609 0.187637810350673
PRAD 0.0243836460220345 0.469587121329304 0.266337910687691 0.310544313521008
READ -'0.0626701692129527 0.158134296208773 0.0756035436723812 0.228550393168756
SARC 0.0708270356693686 0.185837014219512 0.062878557071112 0.506628032822399
SKCM 0.0754866062823602 0.18934527654778 0.0325515006231845 0.32699739044805
STAD 0.146548514965192 0.3187668335866 0.105736936668231 0.476994306270815
TGCT 0.0851152659278019 0.207745288499105 0.147159154634777 0.219824519303687
THCA -'0.0212902646631144 -'0.28478383873121 -'0.0018190836688661 0.301634138559775
THYM 0.0231028317365836 0.558273821517738 0.527876414260584 0.242848110672563
UCEC 0.129723643504282 0.359400991960914 0.316612889877476 0.311703480284695
ucCs 0.196709818676955 0.146097142180212 0.237317377303806 0.148054294222397
UuvM 0.00653117210511927 0.100760723222183 0.0419253981940825 0.156031709555029
P Value
CancerType DNMT3L DNMT3B DNMT3A DNMT1
ACC 0.0766514145359805 0.0217174090098931 6.324417746548E-08 7.43248935542309E-10
BLCA 0.363144769549215 4.77841951516398E-08 1.41591100574209E-07  1.16581141235908E-16
BRCA 0.0181176210250711 1.06153842894506E-48 4.00404421214799E-14  2.44152741576326E-30
CESC 0.131237935693897 0.657566197035078 0.896614338543596 0.0474120241005856
CHOL 0.592219847705629 0.00718989241132774 0.995336758352739 0.139946205194513
COAD 0.170350455654451 0.0058809910695463 0.230189305751099 1.83046325878134E-08
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DLBC
ESCA
GBM
HNSC
KICH
KIRC
KIRP
LAML
LGG
LIHC
LUAD
LUSC
MESO
ov
PAAD
PCPG
PRAD
READ
SARC
SKCM
STAD
TGCT
THCA
THYM
UCEC
uUcCs
UvM

0.284283346454967
0.192379021977592
0.489949072192117
2.29592551516617E-08
1
0.152556106382204
0.00895787042221523
0.493503522878231
0.0586637568747953
0.172597676809913
0.923297456512925
0.233169619492754
0.883652278171976
0.064470917511177
1
1
0.586851559209378
0.421058950583828
0.252379741264963
0.10179088259885
0.00445797990077616
0.290759072129588
0.631457457904058
0.803055057061937
0.00234477977576471
0.146201414674964
0.954148668402514

0.135772970819782
0.0000467025076140987
0.000237872122631501
0.212388644437826
0.14676500553476
0.0366739432847534
2.74687312378113E-08
0.231294291262527
2.44969784964295E-42
3.12368244195714E-20
3.67316062014015E-32
2.33043368723643E-09
0.00234482893937052
4.77517368265002E-07
0.309696859644671
0.0183433612313819
9.85005120860367E-29
0.0412451402198517
0.00247963584923971
0.0000353682831112207
2.65229041581928E-10
0.00925941616639852
5.6889154317383E-11
4.20212466610946E-11
3.75246564189301E-18
0.282638947970259
0.373834660125751

0.113315532060386
0.000017855359281409
0.000415572778868932
1.16061401234138E-32

0.856595310778017

0.332404190589159

0.223125556966811

0.98044759258048
5.178572227458E-14
6.71877569867905E-15
2.28386601035014E-13
3.50718980580238E-12
0.00854252686875455
0.0223703652182252

0.728143302959535

0.426979116359322
1.50220069615795E-09

0.331515689816005

0.309692621134178

0.480959802471325

0.0407080541277055
0.066768557966094
0.96731189966678
6.86778909902957E-10
3.17589299620528E-14
0.0782180118886614
0.711939329981825

0.624251426236082
1.29444093634322E-07
1.51881970936045E-14
1.97468303902564E-31
0.00479398790561718
3.53308395288018E-10
1.12922215090402E-09
3.07676320861546E-08
2.92650922306304E-54
1.14304010271889E-39
9.77791193495706E-25
1.13463946340975E-13
1.86597377940176E-06
7.69972407617676E-09
0.00641291382440643
0.0109730038325147
1.2858647475278E-12
0.00297062940444784
1.48906399515356E-18
3.36626741062782E-13
1.05689301481445E-22
0.00582743319263733
3.45506657373542E-12
0.00778723280648351
8.20722592675448E-14
0.276170232077738
0.166938867151943

Supplementary Table 9. Results of correlation analysis and P values for the association between RMI2 and m6a-

related genes.
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Supplementary Table 10. Results of correlation analysis and P values for the association between RMI2 and
MMR-related genes.

Correlation analysis

CancerType EPCAM PMS2 MSH6 MSH2 MLH1

ACC 0.0821440537042775 0.0799740759949614 0.647836497426721 0.628063871055481 0.344504291698851
BLCA 0.343332657765153 0.131589028770143 0.418388772805255 0.474025984549608 0.187314564555575
BRCA 0.318305837118849 -'0.0983879215868585 0.398127137544394 0.358303635052018 -'0.0159458176642903
CESC 0.105503527792963 -'0.146097740510574 0.314837032089535 0.157176716517584 0.16310195242743
CHOL 0.0233895291459036 -'0.0917379016554158 0.00301074244521845 0.141954438034597 0.0265452288705128
COAD 0.232485128201342 0.0748879764361371 0.296105759372467 0.37125649239809 0.0756095107016791
DLBC -'0.0739551656307502 -'0.143271248145248 0.415422717797911 0.189946427346192 0.0840220907555631
ESCA 0.0747728694554444 0.331637602236161 0.553564291847022 0.531205142587756 0.247902877854317
GBM 0.00945807531275092 0.251639296001945 0.581475285943948 0.619040926553936 0.381721368304047
HNSC 0.487813285892269 0.0820170208142909 0.661054936079977 0.592805727271638 0.409435886960755
KICH 0.0280372630540483 0.273393276179095 0.0765800030650024 0.228696749925432 0.432501582896325
KIRC 0.0595197523695539 0.094187692072875 0.178606902098665 0.119432549698141 0.219020106602401
KIRP 0.247839499612641 0.00123463653688213 0.401589231448369 0.388727144402393 0.226440355929117
LAML 0.00524966292184514 0.183289184323286 0.392707603800386 0.424600197758876 0.535266946961695
LGG -'0.000596279130696958 0.171586119548268 0.598125160174282 0.606696301255872 0.546004543510865
LIHC 0.114828804603286 0.14585240789578 0.596743033176181 0.590240490002869 0.355090029283642
LUAD 0.092472631440778 0.187618636858392 0.488163293804794 0.491065504329307 -'0.0398878303829284
LUSC 0.343060701785532 0.198644270166663 0.443496675468319 0.480546175774448 0.0806476103773541
MESO -'0.00499751121184967 -'0.0763933486525221 0.274547208618512 0.311347995408141 0.133817562239604
ov 0.135960188989067 -'0.0121401345221567 0.407755684576346 0.308477460222789 0.195483191496278
PAAD 0.153226348922255 0.0605848896532685 0.251832107683497 0.377481623102397 0.0617734273484252
PCPG 0.119780924551556 0.117369979427585 0.267967104135493 0.26294234629 -'0.000237584028312146
PRAD 0.122817719889412 0.0246177458537532 0.197201515715449 0.216236494588665 0.0876088536528323
READ 0.255877287220866 0.179480723855562 0.36201090085634 0.382880939113039 0.328499476408673
SARC -'0.0151629017182021 -'0.0312884017204114 0.383802651522951 0.428342489073957 0.37877306529507
SKCM 0.0424725668527406 -'0.0132562599707591 0.276647636651524 0.2101548708644 0.22142881187743
STAD 0.262160626092101 0.194698166052425 0.316266110887768 0.449101368289907 -'0.0177656890963422
TGCT 0.249999156688096 -'0.0584971326370555 0.201848049356406 0.1895187252333 0.113745895248147
THCA 0.226952047433801 -'0.303235545180183 0.12072989815134 0.167925473146033 -'0.210306298554086
THYM -'0.393925807919425 -'0.429515723887069 0.562085740652993 0.33985189492272 0.292924930222935
UCEC 0.103289458194565 0.149879083268749 0.532535898251585 0.471740811005193 0.078421623433428
ucs 0.245139079605699 0.00565875392056001 0.365552344325895 0.245004259436857 0.151130058568515
UvM 0.0903379453262149 0.0907859805375449 0.217953653235259 0.168797678189301 0.168249910514304
P Value

CancerType EPCAM PMS2 MSH6 MSH2 MLH1

ACC 0.471714350782446 0.4835411069326 1.09488339682453E-10  5.80216577334858E-10 0.00187736275765539
BLCA 8.18839102300496E-13 0.00755756305466816 7.56706159819222E-19  2.05558857037946E-24 0.00013358709055725
BRCA 2.0476354314611E-27 0.00106289368556395 3.03390197603572E-43  8.78492591163656E-35 0.596627122893919
CESC 0.0653068325984739 0.0104988274386812 1.81635237768732E-08  0.00586269790270323 0.00422811108310687
CHOL 0.892293418033666 0.594638612249745 0.986096016360898 0.40888234432142 0.877864170666817
COAD 3.35756092843801E-07 0.104542326727945 5.49831924889005E-11  7.71316908775837E-17 0.101233159096261
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DLBC
ESCA
GBM
HNSC
KICH
KIRC
KIRP
LAML
LGG
LIHC
LUAD
LUSC
MESO
oV
PAAD
PCPG
PRAD
READ
SARC
SKCM
STAD
TGCT
THCA
THYM
UCEC
UCS
UVM

0.61738821842825
0.344322909875124
0.903153945576466

2.26694955907257E-31

0.82454648833846
0.169226094024357

0.0000202889933402856
0.948991473145845
0.989083700415348

0.0263780728854646
0.0339781813265242
2.77612486934635E-15
0.963575571037041
0.00803876626885212
0.0411548886148053
0.106292620548349
0.00601309363444804
0.000845153518016335
0.806654873655104
0.357714848259828
2.60316618389226E-07
0.00164667397806354
2.21324598093013E-07
9.31680436847047E-06
0.0155676969099672
0.0686109976117325
0.425496535478075

0.331313693681505
0.0000162507468452418
0.00100052939518828
0.0663378395457325
0.0275549254637183
0.0293824822443892
0.983327129157925
0.0242781844487876
0.0000729050045302756
0.00470835041998098
0.0000148258990749927
7.46868087682243E-06
0.484490357696298
0.8137654265647
0.421774295927245
0.113570569968096
0.583264340038719
0.0202943968042674
0.613475007962911
0.774156276904201
0.000148181894796472
0.468222416080093
2.62203132502527E-12
1.09112470138272E-06
0.000430778291146385
0.966983827188279
0.42319509909396

0.00332227968447292
2.17377293777691E-14
1.40219993651319E-16
2.28675810027222E-64
0.544302665873787
0.0000325312789971185
1.2613536879562E-12
6.11916489559317E-07
1.2358002540572E-52
1.89871340714166E-37
7.54727284352726E-33
1.48168733275921E-25
0.0105231027013739
1.29219154871943E-16
0.00069636112848981
0.000244976817420351
9.09032916060072E-06
1.53108245807383E-06
1.1711825223003E-10
1.01138274356665E-09
3.71471525730289E-10
0.0115084072195494
0.00633792492089639
2.90092318446333E-11
1.83316725747897E-41
0.00559814102354201
0.0521161350634573

0.195973774481482
3.53722612302815E-13
3.77351604640458E-19
5.87300769502783E-49

0.0668913055933976
0.00567610967302796
7.33117923372204E-12
5.52439847360448E-08
1.70157039723921E-54
1.76070269472917E-36
2.81788545660415E-33
2.6141956906616E-30
0.00352318805099024
8.47037100214993E-10
2.05585601175305E-07
0.000322981387191133
1.08231575548577E-06
3.27827267207538E-07
3.68305685571003E-13
4.21992014703133E-06
5.17334619473483E-20
0.0178089389382712
0.000138924875634883
0.000155944759097587
1.02781915980838E-31
0.0687682087408199
0.134452163260153

0.570182257421975
0.00146942739385958
3.30100410121562E-07
1.03264683062522E-21
0.000320667412950062
3.11506111755969E-07
0.000103021513803574
1.43390828562046E-12
1.95807522229117E-42
1.48332941659811E-12
0.361241473564211
0.0712991349059968
0.219316691876976
0.000128093300116431
0.41270850602602
0.997453193157385
0.0504783990308078
0.0000146317238586325
2.13028638955916E-10
0.0000012150325490843
0.731666452651868
0.157405109770611
1.65605351903604E-06
0.00122529367551104
0.0665891277470141
0.266204068377308
0.135739561718928

Supplementary Table 11. Detailed information on GO analysis of various tumor types.

Supplementary Table 12. Detailed information on the enrichment of KEGG pathway in various tumor types.
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