
Research Article
A Pan-Cancer Study of KMT2 Family as Therapeutic
Targets in Cancer

JiaminZhu ,1ZhiliLiu,1XiaoLiang,1LuWang,2DanWu,1WeidongMao,1andDongShen 1

1Department of Oncology, �e Affiliated Jiangyin Hospital of Southeast University Medical College, Jiangyin 214400, China
2Division of Colorectal Surgery, Department of General Surgery, �e First Affiliated Hospital of Nanjing Medical University,
Nanjing 210029, China

Correspondence should be addressed to Dong Shen; sdshendong@126.com

Received 23 October 2021; Accepted 10 December 2021; Published 11 January 2022

Academic Editor: Jimei Wang

Copyright © 2022 Jiamin Zhu et al. (is is an open access article distributed under the Creative Commons Attribution License,
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

Objective. Exome sequencing studies have shown that the histone-lysine N-methyltransferase 2 (KMT2) gene is one of the most
commonly mutated genes in a range of human malignancies and is linked to some of the most common and deadly solid tumors.
However, the connection between this gene family’s function and tumor type, immunological subtype, and molecular subtype
dependency is still unknown.Methods. We examine the expression patterns of the histone-lysine N-methyltransferase 2 (KMT2)
gene, as well as their relationship to patient survival. We also used a pan-cancer analysis to link their function to immunological
subtypes, the tumor microenvironment, and treatment sensitivity. Results. Using the TCGA pan-cancer data, researchers looked
at and examined KMT2 expression patterns and their links to patient survival and the tumor microenvironment in 33 cancer
types. (e expression of the KMT2 family changes significantly across and within cancer types, indicating significant inter- and
intracancer heterogeneity. Patients’ overall survival was often linked to the expression of KMT2 family members. However, the
direction of the link differed depending on the KMT2 isoform and cancer type studied. Notably, in all cancer types examined,
nearly all KMT2 family members were substantially linked with overall survival in patients with renal clear cell carcinoma (KIRC).
Furthermore, all KMT2 genes have a strong relationship with immune infiltrate subtypes, as well as varying degrees of stromal cell
infiltration and tumor cell stemness. Finally, we discovered that higher expression of KMT2s, particularly KMT2F and KMT2G,
was linked to greater chemotherapeutic sensitivity in several cell lines. Conclusions. (e necessity to investigate each KMT2
member as a distinct entity inside each particular cancer type is highlighted by our comprehensive investigation of KMT2 gene
expression and its relationship with immune infiltrates, tumor microenvironment, and cancer patient outcomes. Our research
also confirmed the identification of KMT2 as a potential therapeutic target in cancer, but further laboratory testing is required.

1. Introduction

Epigenetics means that the DNA sequence does not change,
but the gene expression changes heritably; that is, the ge-
notype does not change, but the phenotype changes [1–3]. In
other words, it is a way of inheritance outside of the DNA
sequence. (e conventional genetic information, which is
given by DNA sequence, is found in the genome, whereas
epigenetic information, which gives instructions on when,
where, and how to apply genetic information, is found in the
epigenome. Epigenetic regulation is the core of cellular
characteristics in multicellular organisms [4]. Each cell type
has its epigenome, which is divided into active, stable, and

quiet areas by DNA methylation patterns and histone-
specific modifications [5].

Histone-lysine N-methyltransferase 2(KMT2) family
protein methylation lysine 4 in the tail of histone H3 is
important for chromatin and DNA structural regulation [6].
Because of the function of KMT2A, the earliest member of
the KMT2 family, the human KMT2 family was initially
dubbed mixed-lineage leukemia (MLL) [7, 8]. However,
recent exome sequencing studies have shown that the KMT2
gene is one of the most frequently mutated genes in a variety
of human malignancies and that it is related to some of the
most common and fatal solid tumors, including colon and
lung cancer [9, 10]. Efforts to link KMT2’s molecular
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processes to its involvement in carcinogenesis have resulted
in the creation of first-generation inhibitors of KMT2 ac-
tivity, which may lead to the development of new cancer
treatments [11, 12]. Nevertheless, there is a lack of under-
standing of the KMT2 family in renal cell carcinoma. At
present, only one literature reported that KMT2G may be a
good prognostic marker of KIRC (kidney renal clear cell
carcinoma) and can be used as a therapeutic target of KIRC
[13]. At present, new treatment methods such as immu-
notherapy have been applied to a variety of diseases [14],
including renal clear cell carcinoma. (erefore, under-
standing the role of KMT2 family in renal clear cell carci-
noma will play a positive role in the new treatment.

In this research, we analyzed the patterns of expression
in this gene family and its correlation with patient outcomes
survival in 33 cancer tissues of cancers using pan-cancer
TCGA results and related their expression to the tumor
microenvironment and pharmacological activity.

2. Methods

2.1. TCGA Pan-Cancer Data. RNA seq (RNA SeqV2 RSEM),
clinical outcomes, stemness score based on mRNA (RNAss)
and DNA methylation (DNAss), and immunological subtypes
may all be downloaded from the TCGApan-cancer data via the
Xena browser (https://xenabrowser.net/data%20page/). (e 33
cancer types included in the TCGApan-cancer data were ACC,
BLCA, BRCA, CESC, CHOL, COAD, 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, and
UVM (Supplementary Table S1). (e overall number of
samples available for this research was 11057, with 45 chol-
angiocarcinoma samples and 1217 breast cancer samples
available for each disease type. For such, 15 cancer types have
no or fewer than 5 specific healthy samples, and only the
remaining 18 types of cancer have been used to test how there
are differences in gene expression relative to neighboring
typical tumors using a linear mixed-effect model. (e rela-
tionship between eachKMT2 familymember’s gene expression
(as a continuous variable) and overall patient survival was
investigated in a survival study.

2.2. Analysis of the Microenvironment of the Tumor. (e
estimated stromal score and immune score were used to analyze
the degree of immune and stromal infiltration in different
malignancies [15]. Spearman correlation was used to see
whether there was a link between KMT2 expression and those
scores. Six immune subgroups were discovered to evaluate
immunological infiltrates in the tumor environment [16]. Using
immune subtypes obtained from TCGA pan-cancer data, the
Kruskal test was used to evaluate the association betweenKMT2
expression and immune infiltration types in the tumor mi-
croenvironment. Researchers used attributes obtained from
transcriptomic and epigenetic data from TCGA tumor samples
to determine if tumor cells had stem cell-like properties [17].
(e association between cancer stemness andKMT2 expression
was investigated using the Spearman correlation test.

2.3. Analysis of NCI-60. We used the Cell Miner software
(https:/discover.nih.gov/cellminer/) to access the NCI-60
database including information from nine tumor types in 60
different cancer cell lines. Cell-responsiveness results (GI50)
from KMT2 mRNA expression and z values were obtained
for 59 cell lines. (e Pearson correlation coefficient was
utilized to assess the link between gene expression and drug
sensitivity. Drug responses from 262 FDA-approved or
clinically studied medications were included in the corre-
lation study [18].

2.4. Statistical Analyses. A gene expression analysis between
regular and tumors was carried out in 18 forms of cancer,
with more than 5 linked neighboring typical samples using
linear longitudinal mixed-effect models. Gene expression in
several kinds of cancer was shown using box diagrams. (e
researchers utilized Kaplan–Meier and Cox proportional
hazard regression models to investigate the link between
overall survival and gene expression. Spearman or Pearson
correlations were utilized to examine the relationship be-
tween gene expression and stemness levels, stromal per-
formance, immune score, estimation value, and drug
susceptibility. (e connection between gene expression and
clinical characteristics of people, immunological compo-
nents, and the stage of KIRC cancer is evaluated using linear
regressions. All tests were performed using R software
(v3.6.1) with packages ggpubr, ggplot2, pheatmap, corrplot,
survival, survminer, limma, reshape2, estimate, or impute
where appropriate [19].

3. Results

3.1. Expression of the KMT2 Gene in Various Cancers. To
further understand their intrinsic expression pattern, we
looked at the levels of expression of KMT2 family
members in all cancer types available in TCGA pan-cancer
data. A significant intra- and intertumor heterogeneity
concerning the expression rates of the related genes was
found across all 8 KMT2 members (Figure 1(a) and
Supplementary Figure 1). When it comes to the gene
expression of a particular KMT2 family member, there
was significant variability of each gene expression across
various tumor types, with some tumor types expressing a
very high level of a given gene and others exhibiting little
heterogeneity. For example, all KMT2 family members
showed a tendency of low expression in LICH and high
expression in ESCA. (ese data all suggest that we need to
study this gene family as a whole.

Dysregulated expression in cancer tumors is a dis-
tinguishing property of genes that function during tumor-
igenesis. In this study, we looked at the expression levels of
all 8 genes in primary patient tumors from 18 different
cancer types, as well as at least 5 matched normal samples
(Figure 1(b)). Different cancer types revealed substantial
differential expression of all KMT2, although the direction of
the changed expression differed for each gene and cancer
type (Figure 1(b)). With a few exceptions, KMT2B and
KMT2F were mostly elevated in the malignancies studied.

2 Journal of Oncology

https://xenabrowser.net/data%20page/
https:/discover.nih.gov/cellminer/


Furthermore, while the expression levels of various KMT2
family members were positively correlated with each other
averaged across cancer types using Spearman correlation
tests, we discovered that the pairs KMT2C and KMT2A
(r� 0.78, P< 0.0001) and KMT2C and KMT2E (r� 0.78,
P< 0.0001) had the highest correlation among all the
pairwise correlations of the 8 genes, implying that they may
share some common features or functions (Figure 1(c)).

3.2.Expressionof theKMT2Gene Is Linked toPatient Survival.
(e 33 tumors’ survival data were used to examine the
relationship between KMT2 gene expression and patient
overall survival to correlate and predict whether KMT2
family members promote or hinder carcinogenesis in par-
ticular cancer types. We used the R-language survival
package for the Cox proportional hazard regression model
analysis and forest mapping, and we claimed that P< 0.05
was significantly related. We discovered that variations in
KMT2s expression were linked to patient survival in general.
(e direction of this relationship, as shown in Figure 2,
differs by member and kind of cancer diagnosed. Increased
expression of KMT2C and KMT2G, in particular, was linked
to a higher survival advantage, with KMT2C predicting a
favorable prognosis in patients with KIRC, LAML, LUAD,

and HNSC, and KMT2G predicting a good prognosis in
patients with UCS, THYM, and HNSC. Depending on the
kind of cancer, the remaining KMT2s are linked to survival
benefits or drawbacks. KMT2A, in particular, indicated a
bad prognosis for ACC but a better prognosis for LGG,
KIRC, and CHOL. For LGG, ACC, and KIRC, KMT2B
indicated a dismal prognosis, while for UVM, it projected a
survival advantage. KMT2E predicted poor prognosis of
KICH but predicted survival advantages of LAML, SKCM,
LUAD, and KIRC. KMT2F indicated that KIRC would have
a bad prognosis, but that THYM and ESCA would have a
better prognosis. KMT2H indicated that KICHwould have a
bad prognosis, but that KIRC and LAMLwould have a better
chance of surviving. Notably, nearly every member of the
KMT2 family was shown to be related to overall survival in
patients with renal clear cell carcinoma (KIRC) in all cancer
types studied (P< 0.05) (Supplementary Figure 2). How-
ever, the direction of the connection is determined by the
gene. Given that genes from the same family may be linked, a
multivariate Cox proportional hazard regression model was
employed to see whether significant connections remained
after all members of the family were included in the model.
KMT2A, KMT2B, KMT2C, KMT2E, and KMT2F remained
substantially linked to patient survival, according to the
findings (Figure 2).
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Figure 1: Expression levels of KMT2 genes in cancerous and adjacent normal tissues. (a) Boxplot to show the distribution of KMT2 gene
expression across all 33 cancer types. (b) Heatmap to show the difference of KMT2 gene expression comparing primary tumor to adjacent
normal tissues based on log2 (fold change) for 18 cancer types that have more than 5 adjacent normal samples. (c) Correlation plot based on
Spearman correlation test results to show the correlation of gene expression among the 8 KMT2 family members across all 33 cancer types.
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3.3. KMT2 Genes Are Linked to the Immune System and the
Tumor Microenvironment. In human cancer, a problem or
mutation in the KMT2 family may alter the epigenetic
properties of cells, resulting in disease onset and progression.
Epigenetic effects have recently been shown to control the
formation of blood cells in the immune system, which may be
intimately linked to the immune system [20–22]. To better
comprehend the relationship between KMT2 family members
and immune components, researchers looked into the link
between KMT2 and tumor immune invasion. In human
malignancies, six different kinds of immune infiltration have
been discovered, each of which corresponds to tumor pro-
motion or tumor repression [23]. (ey are C1 (wound heal-
ing), C2 (INF-r dominant), C3 (inflammation), C4
(lymphocyte failure), C5 (Immune quiet), and C6 (TGF-β
predominance). According to studies, patients with C3 and C5
immune subtypes had substantially better overall survival rates
than those with other immune subtypes, whereas patients with
C4 and C6 had the lowest overall survival rates of all cancer
types [23]. High levels of KMT2A, KMT2C, KMT2E, and
KMT2Hwere shown to be strongly connected with types 3 and
5 infiltrations (C3 and C5), indicating that greater gene ex-
pression is linked to a healthy immune system and that these
genesmay play an important function in tumor suppression. In
contrast, the expression of KMT2B and KMT2G in C6
components was higher than that in C5, suggesting that these
genes may act as tumor promoters (Figure 3(a)).

Using the ESTIMATE method, we looked at the rela-
tionship between KMT2 expression levels and the presence
of infiltrating stromal cells in tumors that were indicated by
stromal scores (Figure 3(b)) [15, 24]. Significant variations in
the degree of connection between members of the KMT2
family and interstitial scores of various cancer kinds were
also discovered. KMT2B had the strongest (r� −0.51,
P.0001) association with cancer type stromal score, followed
by KMT2A (r� −0.49, P< 0.0001) and KMT2G (r� −0.45,
P< 0.0001). GBM, SARC, and TGCT were the cancers with
the greatest association between various KMT2 family
members and stromal scores. More specifically, we found
that KMT2E was substantially adversely associated with the
stromal score in GBM; KMT2A, KMT2G, and KMT2H were
strongly negatively correlated with the stromal score in
SARC; and KMT2B, KMT2C, KMT2D, and KMT2F were
significantly negatively correlated with the stromal score in
TGCT (P< .0001). We also looked at the relationship be-
tween KMT2s and immunization and assessment scores in
the tumor, which evaluated the degree of immune cell in-
filtration and tumor purity, and found that the stromal score
test produced comparable findings.

3.4. KMT2 Genes Are Linked to Tumor Stemness and
Chemotherapy Sensitivity in Cancer Cells. Tumor cells
progressively lose their differentiated phenotypes and gain
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Figure 2: Association of KMT2 gene expression with patient overall survival for different cancer types. (e forest plots with the hazard
ratios and 95% confidence intervals for overall survival for different cancer types to show survival advantage and disadvantage with
increased gene expression of KMT2 family. Univariate Cox proportional hazard regression models were used for the association tests.
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progenitor and stem-like properties as cancer develops. (e
RNA stemness score (RNAss), which is based on DNA
methylation pattern (DNAss) and mRNA expression, may
be used to determine tumor stemness [17]. (e researchers
looked at the link between the KMT2 genes and tumor
stemness as measured by RNAss and DNAss (Figures 4(a)
and 4(b)). (e members of the KMT2 family display varying
rates of interaction with RNAss and DNAss in various forms
of cancer. KMT2A, KMT2D, and KMT2H genes were shown
to be negatively associated with RNAss and DNAss

(P< 0.0001), with KMT2H having the highest connection
(r� −0.57) with RNAss. Other KMT2 family members
(KMT2B, KMT2C, KMT2E, KMT2F, and KMT2G) had
minimal (P-value significant) or nonsignificant correlation
coefficients with RNAss, but were highly associated with
DNAss (P< 0.0001). All members of the KMT2 family were
substantially associated with RNAss in LGG, KIPR, and
TCGT, except for KIRP, which was negatively connected; the
other two were positively correlated and negatively corre-
lated. It should be noted that, in LGG, except KMT2B, all
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Figure 3: Association of KMT2 gene expression with tumor microenvironment factors. (a) Association of KMT2 gene expression with
immune infiltrate subtypes across all the cancer types (P< .0001) tested with ANOVA. (b) Correlation matrix plots to show the association
between KMT2 gene expression and stromal scores of 33 different cancer types based on ESTIMATE algorithm. Spearman correlation was
used for testing. (e size of the dots stands for the absolute value of the correlation coefficients. (e bigger the size is, the higher the
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genes have a significant positive correlation with RNAss,
while on the contrary, all genes except KMT2B have a
significant negative correlation with DNAss. Not all genes in
KIRP have a favorable correlation with DNAss. (ese
contradictory results suggest that RNAss and DNAss may
recognize different cancer cell groups with different char-
acteristics or stemness degrees in different cancers.

We next looked at the expression of the KMT2s gene in
60 human tumor cell lines (NCI-60), which are susceptible
to over 200 chemotherapeutic agents, and rigorously
identified the connection between its expression levels in
60 human tumor cell lines (NCI-60). (e greatest ex-
pression of KMT2E was found in all cancer cell lines,
whereas the lowest expression was found in KMT2B. (e
Z-score technique was used to determine drug sensitivity.
(e more responsive the cells were to pharmacological
treatment, the higher the score was. We discovered that
higher expression of KMT2s, particularly KMT2F and
KMT2G, was related to enhanced chemotherapeutic
sensitivity of various cell lines (r > 0.4, P< 0.001)
(Figure 4(c)). For example, KMT2F is associated with the
cellular sensitivity of 5-fluorodeoxyuridine (treatment of
breast cancer, gastric cancer, and colorectal cancer). In
addition, KMT2G is associated with the cell sensitivity of
temsirolimus (treatment of renal cell carcinoma). We also
discovered that certain genes are linked to drug resistance
to a variety of medicines. Furthermore, various genes may
have inverse relationships with the same medication.
KMT2E, for example, has been linked to greater cell

resistance to fluorouracil (a medication used to treat
malignancies of the stomach, colon, esophagus, rectal, and
liver), while KMT2G has been linked to enhanced cell
sensitivity to the same drug.

3.5. KMT2 Gene Family in Kidney Renal Clear Cell
Carcinoma. We used TCGA kidney renal clear cell carci-
noma data to thoroughly investigate the KMT2 gene in a
cohort of renal cancer patients. Except for KMT2A and
KMT2D, the expression of KMT2s in KIRC was significantly
different (P< 0.001), and the expression of KMT2C and
KMT2H was significantly decreased (Supplementary Fig-
ure 3). We also looked at how KMT2s were expressed at
various phases of KIRC. (e expression of KMT2A,
KMT2C, and KMT2H decreased significantly with the
progression of the disease in KIRC. Other KMT2s members
also have a downward trend, but there is no significant
difference (Figure 5(a)).

Another possible mechanism of controlling the ex-
pression of KMT2 in a tumor is that KMT2 is expressed
differently in different types of cells in the tumor micro-
environment. In renal clear cell carcinoma, the connection
between KMT2 gene expression and immune subtypes was
identical to that seen in all 33 TCGA cancers, and 8 genes
were substantially related with the type of immune invasion
(P< 0.001) (Figure 5(b)). We looked at the relationship
between KMT2 expression and stromal score since stromal
cells make up a significant component of the tumor
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Figure 4: Association of KMT2 gene expression with tumor stemness and drug sensitivity. (a, b) Correlation matrix between KMT2 gene
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the association between KMT2 gene expression and drug sensitivity (Z-score from Cell Miner interface) tested with Pearson correlation
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microenvironment. We found that KMT2A, 2C, 2D, 2E, and
2H were positively correlated with the stromal score of renal
clear cell carcinoma (P< 0.05), and KMT2E and KMT2H
had the strongest correlation (R> 0.2). (ere was no sig-
nificant correlation between KMT2B and KMT2G, but a
negative correlation between KMT2F and interstitial score.
It is suggested that KMT2A, 2C, 2D, 2E, 2F, and 2H may be
expressed in the interstitium of renal clear cell carcinoma.
Except for KMT2C and KMT2H, KMT2 family members
were negatively correlated with RNA stemness score
(r� −0.011 to −0.26, P< 0.05) and had little association with
DNAss (P> 0.05) (Figure 5(d)).

4. Discussion

Histone 3 lysine 4 methylation (H3K4me) regulates a variety
of cellular activities including replication, DNA damage
response, cell cycle progression, and gene transcriptional
control [25, 26]. Previous studies have shown that the
downregulation of H3K4me is associated with a variety of
human diseases, including tumors. Histone methyl-
transferases (HMTS) are also known as lysine methyl-
transferases (KMTs). Changes in different histone

methylases have been linked to therapeutic and prognostic
potential in human cancers, according to recent research
[27, 28].

In this study, the histone-lysine N-methyltransferase 2
(KMT2) family was systematically analyzed by pan-cancer for
the first time. We discovered a lot of variation in KMT2 gene
expression levels across and among tumor types. KMT2G has
the most intertumor heterogeneity out of all of them. Fur-
thermore, in 18 types of cancer, KMT2B and KMT2F were
mostly upregulated, whereas the other KMT2s were primarily
downregulated. We next looked at the link between KMT2s
expression and patient overall survival rates in 33 cancer types
and discovered that the direction of the link was likewise cancer
type dependent. However, in general, KMT2C and KMT2G
weremainly related to better survival rate and KMT2Dwas not
related to survival rate, while the other KMT2s were antago-
nistic to survival rate (both advantage and disadvantage). Our
research discovered that all members of the KMT2 family were
linked with subtypes of immune invasion in the tumor mi-
croenvironment, with KMT2B and KMT2F being associated
with more aggressive subtypes of immune invasion, notably
C1, C2, and C6, and poor prognosis. Based on the ESTIMATE
methodology, KMT2s were also linked to stromal cell infiltrates
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Figure 5: KMT2 gene expression in kidney renal clear cell carcinoma. (a) Association of KMT2 gene expression with kidney renal clear cell
carcinoma molecular subtypes (P< .0001) was tested with ANOVA. (b) Association of KMT2 gene expression with immune infiltrate
subtypes in kidney renal clear cell carcinoma tested with ANOVA (P< .0001). (c) Correlation matrixes between KMT2 gene expression and
RNAss, DNAss, stromal score, immune score, and estimate score. Spearman correlation tests were used for testing.
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and immune cell infiltrates to varying degrees. Epigenetic
control seems to impact all cancer indicators, including all
elements of tumor cell-immune system interactions.(erefore,
epigenetic regulation can induce an antitumor immune re-
sponse. Epigenetic treatment is often considered to be a
modern form of immunotherapy.

(e expression levels of KMT2A and KMT2C, as well as
KMT2C and KMT2H, were the most associated across all 33
cancer types among the eight KMT2 gene members, indi-
cating that they may share certain activities. We discovered
that they were not only reduced in the 18 cancer types
studied, but that they also had similar patterns associated
with the immunoinfiltrative subtype, where they were highly
expressed in immune subtypes with low proliferation rates
(i.e., C3 and C5), implying the role of tumor inhibitors.
KMT2C and KMT2H expressions were not substantially
associated with RNAss, despite other members of the
KMT2s family being strongly negatively correlated with
tumor stem-like features assessed by mRNA (RNAss).
Rather, they are related to tumor treatment resistance and
have a positive relationship with the tumor immune score
matrix score, suggesting that they may play an important
role in tumor immunity. KMT2A has been researched the
most, and there is increasing evidence that it plays a unique
function in cancer formation. KMT2A was shown to be a
dominant cancer gene affected by recurrent translocations in
leukemias [29]. Recent studies have shown that KMT2Amay
play a recessive role in some solid tumors, such as gastric
cancer. In gastric cancer, KMT2A is recruited into the ANO1
promoter to induce H3K4 methylation of the ANO1 pro-
moter to activate ANO1. In gastric cancer patients, higher
levels of ANO1 expression were linked to tumor spread [30].
However, we discovered that KMT2A expression was up- or
downregulated in several cancer types and that KMT2A
expression was linked with a favorable prognosis in certain
cancer types (LGG, KIRC, and CHOL), while KMT2A ex-
pression was reduced in tumors. (erefore, the role of
KMT2A as a tumor promoter needs to be reassessed.
KMT2C, also known as MLL3 in humans, is a tumor
suppressor associated with leukemia and other solid tumors
that has histone methylation activity for transcriptional
synergistic activation [31, 32]. However, in esophageal
squamous cell carcinoma, KMT2C inhibits tumor growth
[33]. In our study, KMT2D was upregulated or down-
regulated in 33 tumors. It is reported that KMT2D plays a
role in the development of acute myeloid leukemia.
Moreover, KMT2D plays a tumor inhibitory role in mela-
noma, pancreatic cancer cells, and lung cancer. (ese
findings suggest that the antitumor or protumor effect of
KMT2D may be related to cell type [34]. KMT2E has been
suggested to lack intrinsic methyltransferase activity that is a
common characteristic of the KMT2 family. However, a slew
of evidence suggests that KMT2E may be involved in cancer
tumor inhibition in certain kinds of subtypes [35]. In our
study, KTM2E was also downregulated in the vast majority
of cancers. KMT2H, also known as ASH1L, also encodes the
histone-lysine methyltransferase. In breast cancer, ASH1L is
often amplified at high levels, and high mRNA levels are
linked to a lower life expectancy. Furthermore, HCC had a

high level of ASH1L expression [36]. However, in our study,
ASIL expression was decreased in most cancers, and in
KIRC, decreased mRNA expression was associated with
prolonged survival.

Compared with KMT2A, KMT2C, KMT2D, KMT2E,
and KMT2H, other members of the KMT2s family showed
significant upregulation in most tumors.(ey had a negative
relationship with cancer stem cell-like RNAss, but a positive
relationship with DNAss. KMT2B is known to be associated
with infantile leukemia and tumor cell proliferation [37].
KMT2F and KMT2G are also known as SETD1A and
SETD1B. SETD1B has recently been identified as a putative
tumor suppressor gene associated with colorectal cancer and
endometrial cancer.(is means it has a strong role in cancer.
In contrast, SETD1A has not been widely studied in cancer.
In addition, we found that, unlike other members of the
family, KMT2B and KMT2G expressed significantly C3 and
C5 in immune infiltrated C6, and the immune subtype C6
was associated with reduced survival. Furthermore, KMT2F
and matrix score have a significant relationship, indicating
that they are released by stromal cells or engage in matrix-
related activities.

CSCs (cancer stem-like cells) may be derived from a
variety of sources, such as long-lived stem cells or progenitor
cells, or by dedifferentiating cancer cells from nonstem cells.
Deregulation of associated signaling pathways transforms
these cells into CSCs. Cancer development is aided by CSCs’
capacity to self-renew and infiltrate, which is the primary
source of treatment-induced drug resistance.

We used RNAss and DNAss to investigate the expression
of KMT2s with stem cell-like features. As previously stated,
the KMT2A, KMT2D, and KMT2H genes were shown to be
adversely associated with RNAss and DNAss. (e correla-
tion coefficients of other KMT2 family members (KMT2B,
KMT2C, KMT2E, KMT2F, and KMT2G) were positively
correlated with DNAss. We discovered that higher ex-
pression of KMT2s, particularly KMT2F and KMT2G, was
linked to greater chemotherapeutic sensitivity of several cell
lines. We also note that some genes are associated with drug
resistance to several drugs. (ese results suggest that KMT2s
may be involved in cancer cell drug sensitivity or resistance
and that they may be used as therapeutic targets to overcome
drug-induced resistance or enhance sensitivity.

5. Conclusion

(e expression profile of KMT2 family genes was thoroughly
and systematically characterized in this research, as well as
its function in tumor type, immunological subtype, and
molecular subtype dependency. To summarize, our findings
indicate that KMT2A, KMT2C, KMT2D, and KMT2H are
more likely to inhibit tumor occurrence, whereas other
KMT2s are more likely to promote tumor occurrence and
are generally associated with poor prognosis. (e potential
tumor promoter or antitumor impact of KMT2 is not
consistent across family members in a particular cancer type,
and the function of the KMT2 subtype is varied in various
cancer types, even in distinct cancer subtypes. Finally, our
findings will aid in the discovery of their function in
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carcinogenesis, particularly in immune response, tumor
microenvironment, and drug resistance, all of which are
critical for the creation of tailored cancer therapy medicines.
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