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CALM3 affects the prognosis of leukemia and 
hemorrhoids
Jie He, MDa, Zhijie Ni, MDa, Zhongbo Li, MDa,* 

Abstract 
Leukemia is an abnormal proliferation of white blood cells in the bone marrow, resulting in a large accumulation of abnormal 
leukemia cells in the blood and bone marrow. Hemorrhoids are dilated and swollen veins in the rectum or anal area. However, 
the relationship between CALM3 and leukemia and hemorrhoids remains unclear. The hemorrhoids dataset GSE154650 and 
leukemia dataset GSE26294 were downloaded from GEO databases generated by GPL20301 and GPL571.The R package 
limma was used to screen differentially expressed genes (DEDs). Weighted gene co-expression network analysis (WGCNA) was 
performed. The construction and analysis of protein–protein interaction (PPI) network, functional enrichment analysis, Gene 
Set Enrichment Analysis (GSEA) and comparative toxicogenomics database (CTD) analysis were performed. TargetScan was 
used to screen miRNAs regulating central DEGs. It was verified by western blot basic cell assay. A total of 125 DEGs were 
co-identified. According to the GO analysis, they are mainly enriched in small molecule catabolic processes, skin development, 
and chemokine receptor binding. The KEGG analysis results show that the target cells are mainly enriched in the interaction of 
cytokines and cytokine receptors, as well as butyric acid metabolism. The GSEA analysis results indicate enrichment in small 
molecule catabolic processes, skin development, and chemokine receptor binding. Six core genes (CALM3, ACE2, PPARGC1A, 
XCR1, CFTR, PRKCA) were identified. We found that the core gene CALM3 is highly expressed in hemorrhoid samples, low in 
leukemia samples, and has low expression in normal samples, which may play a regulatory role in hemorrhoids and leukemia. 
Immunoinfiltration results showed a higher proportion of T_cells_CD4_memory_resting and a correlation with T_cells_CD8. WB 
experiment verified the result. CALM3 expression is low in leukemia, and the lower the expression is, the worse the prognosis is. 
CALM3 is highly expressed in hemorrhoids, and the higher the expression, the worse the prognosis.

Abbreviations:  CTD = Comparative Toxicogenomics Database, DEGs = differential epigenetic genes, FC = fold change, FDR 
= false discovery rate, GEO = gene expression omnibus, GO = gene ontology, GSEA = gene set enrichment analysis, KEGG = 
Kyoto Encyclopedia of Gene and Genome, PPI = protein-protein interaction, STRING = Search Tool for the Retrieval of Interacting 
Genes, TOM = topological overlap matrix, WGCNA = weighted gene co-expression network analysis.
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1. Introduction
Leukemia is a malignant blood disease primarily character-
ized by abnormal proliferation of hematopoietic stem cells 
in the bone marrow, leading to the accumulation of abnor-
mal leukemia cells in the blood and bone marrow. The exact 
causes of leukemia are often unclear, but some potential risk 
factors include radiation exposure, dyes, certain chemicals, 
Helicobacter pylori infection, and certain genetic factors.[1,2] 
Leukemia encompasses various subtypes, including acute 
lymphoblastic leukemia, acute myeloid leukemia, chronic 
lymphocytic leukemia, and chronic myeloid leukemia, affect-
ing both the blood and bone marrow.[3,4] Patients with leu-
kemia may experience symptoms such as fatigue, anemia, 
infections, lymph node enlargement, bleeding, and bone pain. 

Pathologically, leukemia is characterized by the excessive pres-
ence of abnormal leukemia cells in the bone marrow, which 
fail to perform normal hematopoietic functions. These abnor-
mal cells can also enter the bloodstream and other tissues.[5] 
Leukemia is a severe form of cancer that, if left untreated, 
can lead to serious health problems and even life-threatening 
conditions.

Hemorrhoids, also known as piles, refer to the dilation and 
swelling of veins in the rectal or anal region. They can occur 
internally or externally.[6] Hemorrhoids are often associated 
with factors such as prolonged sitting, constipation, increased 
intra-abdominal pressure, and in some cases, genetic factors.[7] 
Hemorrhoids can be classified into internal hemorrhoids, 
located within the rectum, and external hemorrhoids, which 
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occur near the external skin of the rectum. Patients with hem-
orrhoids may experience symptoms such as anal pain, itch-
ing, bleeding, constipation, or diarrhea. Internal hemorrhoids 
may lead to bleeding, while external hemorrhoids are typically 
accompanied by pain and swelling. Pathologically, hemorrhoids 
involve the dilation and congestion of blood vessels in the rectal 
or anal area, resulting in swelling.[8] Hemorrhoids are usually 
not life-threatening, but they can cause discomfort and pain. 
Severe cases of hemorrhoids may require treatment, including 
medication, surgery, or other interventions.[9]

Research indicates that both of these diseases may be asso-
ciated with genetic factors, chromosomal abnormalities, gene 
fusion, and other factors. Therefore, in-depth research into their 
molecular mechanisms remains essential for understanding their 
pathogenesis and finding treatment approaches.

In recent years, bioinformatics techniques have been widely 
applied in various fields, including basic research, medical appli-
cations, drug development, and disease treatment. The continu-
ous development and innovation of bioinformatics technology 
have driven advancements in the life sciences and provided 
critical support for addressing health and environmental chal-
lenges. CALM3, also known as Calmodulin 3, is a human gene 
that encodes a protein called Calmodulin 3. Calmodulin is a 
calcium-binding protein that plays a crucial role in various cel-
lular processes, including signal transduction, muscle contrac-
tion, and enzyme regulation.[10] Several studies have started to 
utilize bioinformatics to explore potential therapeutic targets 
for diseases. For example, research by Lei[11] demonstrated the 
expression of CAMK1 in pancreatic cancer and its association 
with clinical pathological features. However, the relationship 
between CALM3 and leukemia or hemorrhoids is currently 
unclear.

Therefore, this study aims to employ bioinformatics tech-
niques to uncover core genes that distinguish leukemia and hem-
orrhoids from normal tissues and conduct enrichment analysis 
and pathway analysis. Public datasets will be used to validate 
the significant roles of CALM3 in leukemia and hemorrhoids. 
Additionally, basic cellular experiments will be conducted to 
validate these findings.

2. Methods

2.1. Leukemia and Hemorrhoid datasets

In this study, the Hemorrhoid dataset GSE154650 and Leukemia 
dataset GSE26294 profiles were downloaded from the GEO 
database (http://www.ncbi.nlm.nih.gov/geo/), generated from 
GPL20301 and GPL571, respectively. GSE154650 comprised 20 
hemorrhoid and 18 control samples, while GSE26294 included 
8 leukemia and 8 normal samples. These datasets were utilized 
to identify the Differential Expressed Genes (DEGs) associated 
with leukemia and hemorrhoids.

2.2. Selection of differential expressed genes

The R package “limma” was employed for probe summarization 
and background correction of the matrices from GSE154650 
and GSE26294. Benjamini-Hochberg correction was utilized to 
adjust the raw p-values. Fold Change (FC) was calculated with 
False Discovery Rate (FDR). The cutoff criteria for DEGs were 
set as P value < .05 and FC > 1.2. A volcano plot was created 
for visualization.

2.3. Functional enrichment analysis

Gene Ontology (GO) and Kyoto Encyclopedia of Genes and 
Genomes (KEGG) analyses are computational methods to 
assess gene functions and biological pathways. In this study, the 

selected DEG lists were input into the KEGG REST API (https://
www.kegg.jp/kegg/rest/keggapi.html) to obtain the latest KEGG 
Pathway gene annotations, which were used as a background. 
Genes were mapped to the background set, and enrichment anal-
ysis was performed using the R package clusterProfiler (version 
3.14.3) to obtain results on gene set enrichment. Additionally, 
GO annotations of genes from the org.Hs.e.g..db (version 3.1.0) 
package were used as background, with a minimum gene set size 
of 5 and a maximum gene set size of 5000. A P value of < .05 
and an FDR of < 0.25 were considered statistically significant 
criteria. Furthermore, the Metascape database was used for 
comprehensive gene list annotation, functional enrichment anal-
ysis, and visualization export (http://metascape.org/gp/index.
html).

2.4. Gene set enrichment analysis

For Gene Set Enrichment Analysis (GSEA), the GSEA soft-
ware (version 3.0) was obtained from the GSEA website (DOI: 
10.1073/pnas.0506580102, http://software.broadinstitute.org/
gsea/index.jsp). Samples were divided into 2 groups based on 
disease and normal status, and the c2.cp.kegg.v7.4.symbols.gmt 
gene subset was downloaded from the Molecular Signatures 
Database (DOI: 10.1093/bioinformatics/btr260, http://www.
gsea-msigdb.org/gsea/downloads.jsp) for pathway and molecu-
lar mechanism evaluation. Gene expression profiles and pheno-
type grouping were used to analyze gene expression patterns. 
The minimum gene set size was set to 5, the maximum gene set 
size to 5000, and 1000 permutations were performed. A P value 
of < .05 and an FDR of < 0.25 were considered statistically sig-
nificant. GO and KEGG analyses were also conducted for the 
entire genome using GSEA.

2.5. Weighted gene co-expression network analysis

Initially, the Median Absolute Deviation of each gene was 
calculated from the gene expression profiles, and the lower 
50% of genes with the smallest Median Absolute Deviation 
were removed. The R package Weighted Gene Co-expression 
Network Analysis (WGCNA)’s goodSamplesGenes method 
was used to eliminate outlier genes and samples. WGCNA 
was then employed to construct a scale-free co-expression 
network. Specifically, Pearson correlation matrices were 
computed for all gene pairs, and an adjacency matrix was 
constructed using a power function, a _ mn = | c _ mn | ^ 
β (C _ mn = Pearson correlation between gene m and gene 
n, a _ mn = adjacency between gene m and gene n). β is a 
soft thresholding parameter that can emphasize strong cor-
relations between genes while attenuating weaker ones. After 
choosing a power of 7, the adjacency was transformed into 
a Topological overlap matrix (TOM), which measures the 
interconnectedness of genes in the network as defined by 1 
– TOM. Gene modules were identified using average linkage 
hierarchical clustering based on TOM-based dissimilarity 
measure, with a minimum module size of 30. Modules were 
further merged if their dissimilarity was less than 0.25, and 
the gray module, representing genes that couldn’t be assigned 
to any other module, was recognized.

2.6. Protein-protein interaction (PPI) network construction 
and analysis

The STRING database (http://string-db.org/) collects, scores, 
and integrates protein-protein interaction data from various 
sources and complements it with predicted interactions. In 
this study, the list of DEGs was input into the STRING data-
base to construct a PPI network for predicting core genes 

http://www.ncbi.nlm.nih.gov/geo/
https://www.kegg.jp/kegg/rest/keggapi.html
https://www.kegg.jp/kegg/rest/keggapi.html
http://metascape.org/gp/index.html
http://metascape.org/gp/index.html
http://software.broadinstitute.org/gsea/index.jsp
http://software.broadinstitute.org/gsea/index.jsp
http://www.gsea-msigdb.org/gsea/downloads.jsp
http://www.gsea-msigdb.org/gsea/downloads.jsp
http://string-db.org/
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Figure 1.  Differential gene analysis. (A) Differential genes of GSE154650. (B) Differential genes of GSE26294. (C)A total of 125 DEGs. DEGs = differential epi-
genetic genes.

(confidence > 0.4). Cytoscape software was used for visualiza-
tion and prediction of core genes in the PPI network formed 
by STRING. Initially, the PPI network was imported into 
Cytoscape, and the MCODE algorithm was used to identify the 

most relevant modules. Additionally, 3 algorithms (BottleNeck, 
Closeness, and Stress) were used to calculate the top 10 genes 
with the highest relevance, and their intersection was taken. 
Finally, core gene lists were exported after visualization.
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2.7. Gene expression heatmaps

Heatmaps of core genes identified using the 3 algorithms in the 
PPI network were generated using the R package heatmap. The 
expression levels of core genes were visualized for leukemia vs. 
normal samples and hemorrhoids vs. normal samples.

2.8. Immune infiltration analysis

CIBERSORT (http://CIBERSORT.stanford.edu/) is a widely 
used method for calculating immune cell infiltration. The 
LM22 gene file defines 22 immune cell subtypes. Integrated 
bioinformatics methods were applied to analyze matrices 
from GSE154650 and GSE26294 using the CIBERSORT 
package. Linear Support Vector Regression was used to 
deconvolute the expression matrix of immune cell subtypes, 
and samples with sufficient confidence (P < .05) were selected 
as cutoff criteria.

2.9. CTD Analysis

The Comparative Toxicogenomics Database (CTD) integrates a 
vast amount of data on interactions between chemicals, genes, 
functional phenotypes, and diseases. Core genes were input into 
the CTD website to identify the most relevant diseases, and 
radar plots were generated for each gene to illustrate expression 
differences.

2.10. miRNA target prediction

TargetScan (www.targetscan.org) is an online database for pre-
dicting miRNA-target interactions. In this study, TargetScan was 
used to identify miRNAs that regulate the DEGs.

2.11. Western blotting

Western blotting, also known as immunoblotting, is a method 
to detect the expression of a certain protein in complex sam-
ples according to the specific binding of antigens and antibodies, 
and can qualitatively and semi-quantitatively analyze proteins. 
Total protein was extracted and the protein content was deter-
mined. After SDS-PAGE electrophoresis and membrane transfer, 
the protein samples were blocked with 5% skim milk for 1 h 
at room temperature, shaken with Tris Buffered Saline Tween 
at high speed on a shaker, washed for 5 minutes, and repeated 
3 times. The primary antibody was added and incubated over-
night at 4 °C, followed by TBST shaking 3 times (5 minutes each 
time) and TBST shaking 3 times (5 min each time). The results 
were analyzed after chemiluminescence development.

3. Results

3.1. Analysis of differential expressed genes

In this study, using predefined cutoff criteria, differential 
expressed genes (DEGs) were identified from the matrices of 

Figure 2.  Functional enrichment analysis of DEGs. (A) Biological process analysis. (B) Cellular component analysis. (C) Molecular function analysis. (D) KEGG 
enrichment analysis. DEGs = differential epigenetic genes, KEGG = Kyoto Encyclopedia of Gene and Genome.

http://CIBERSORT.stanford.edu/
www.targetscan.org
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GSE154650 (Fig. 1A) and GSE26294 (Fig. 1B). A total of 125 
DEGs were identified (Fig. 1C).

3.2. Functional enrichment analysis

3.2.1. DEGs.  We performed GO and KEGG analyses on these 
DEGs. According to the GO analysis, they were mainly enriched 
in processes related to small molecule catabolic processes, skin 
development, and chemokine receptor binding (Fig. 2A–C).

KEGG analysis results showed that the target cells were pri-
marily enriched in interactions between cytokines and cytokine 
receptors, and butyric acid metabolism (Fig. 2D).

3.2.2. GSEA.  Additionally, we conducted GSEA enrichment 
analysis on the entire genome to identify potential enrichments in 
non-DEGs and validate the results of DEGs. The intersection of 
enrichment terms with GO and KEGG enrichment terms of DEGs 
is shown, primarily enriched in processes related to small molecule 

catabolic processes, skin development, and chemokine receptor 
binding (GSE154650, Fig. 3A–D; GSE26294, Fig. 3E–H).

3.3. Metascape enrichment analysis

In the Metascape enrichment analysis, GO enrichment terms 
included small molecule catabolic processes, epidermis devel-
opment, and extracellular matrix organization (Fig.  4A). 
Enrichment networks colored by enrichment terms and p-values 
were also generated (Fig. 4B–E), visualizing the associations and 
confidence of each enrichment term.

3.4. WGCNA

The selection of the soft thresholding power is a crucial step in 
WGCNA analysis. The soft thresholding power for WGCNA 
analysis was set at 7 (Fig. 5A and B). This generated a hierar-
chical clustering tree of all genes, leading to the identification 
of important modules. The interactions between these modules 

Figure 3.  Gene set enrichment analysis. (A–D) GSE154650. (E–H) GSE26294.
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were analyzed (Fig. 5C and D), and a heatmap of module-trait 
correlations (Fig. 6A) and scatter plots showing the correlation 
between gene significance (GS) and module membership (MM) 
for relevant hub genes (Fig. 6B–E) were generated.

We calculated the module eigengene and gene expression 
correlation to obtain MM, and based on the cutoff criterion 
(|MM| > 0.9), 516 highly connected genes in clinically signifi-
cant modules were identified as hub genes.

Figure 4.  Metascape enrichment analysis. (A) Bar graph of enriched terms across input gene lists, colored by p-values. (B) Network of enriched terms: colored 
by cluster ID, where nodes that share the same cluster ID are typically close to each other. (C) colored by P value, where terms containing more genes tend to 
have a more significant P value. (D) Protein-protein interaction network. (E) MCODE components identified in the gene lists.



7

He et al.  •  Medicine (2023) 102:44� www.md-journal.com

3.5. Protein-protein interaction (PPI) network construction 
and analysis

The DEGs’ PPI network was constructed using the STRING 
online database and analyzed with Cytoscape software (Fig. 7A). 

Central genes were identified using 3 different algorithms 
(Fig. 7B–D), and the Venn diagram illustrated the intersection 
(Fig. 7E), revealing 6 core genes (CALM3, ACE2, PPARGC1A, 
XCR1, CFTR, PRKCA).

Figure 5.  WGCNA. (A) β = 7,0.89. (B) β = 7101.02. (C, D) The hierarchical clustering tree of all genes was constructed, and important modules were generated. 
WGCNA = weighted gene co-expression network analysis.
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Additionally, we used the Metascape website to output a 
protein-protein interaction network and identified core mod-
ules, validating the PPI network results from STRING. Genes 
CCL27, SSTR1, CXCL6, and GALR2 were identified as core 
genes.

3.6. Gene expression heatmaps

We visualized the expression of core genes in samples using 
heatmaps for GSE154650 (Fig. 8A) and GSE26294 (Fig. 8B). 
We observed that the core gene CALM3 was highly expressed 
in hemorrhoid samples and lowly expressed in control samples. 

In leukemia samples, CALM3 showed low expression, while 
in normal samples, it exhibited high expression, indicating a 
potential regulatory role in hemorrhoids and leukemia.

3.7. CTD analysis

In this study, the core gene list was input into the CTD website 
to search for diseases related to the core genes, enhancing the 
understanding of gene-disease associations. Genes (CALM3) 
were found to be associated with pain, fever, constipation, ane-
mia, leukemia, early myeloid cells, acute lymph node metastasis, 
inflammation, and proliferation (Fig. 8C).

Figure 6.  (A) The heat map of correlation between modules and phenotypes. (B–E) The scatter map of correlation between GS and MM of related hub genes.
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3.8. Immune infiltration analysis

We used the CIBERSORT package to analyze matrices from 
GSE154650 and GSE26294. For GSE154650, at a 95% con-
fidence level, the proportions of immune cells in the full gene 
expression matrix were obtained (Fig.  9A), along with a 
heatmap of immune cell expression in the dataset (Fig.  9B). 
Co-expression correlation analysis of infiltrating immune cells 
generated a pattern of co-expression between immune cell com-
ponents (Fig. 9C), indicating a high proportion of T_cells_CD4_
memory_resting and a high correlation with T_cells_CD8.

For GSE26294, the proportion of immune cells in the whole 
gene expression matrix (Fig. 10A) and the heat map of immune 

cell expression in the dataset (Fig.  10B) were obtained with 
95% confidence, and the co-expression correlation analysis of 
infiltrating immune cells was also performed. The co-expression 
pattern of immune cell components was obtained (Fig.  10C). 
The results showed that the proportion of Macrophages_M0 
was high, and it was highly correlated with Macrophages_M2.

3.9. Western blotting experimental results

In comparison to the control group, CALM3, GPCR, Gq, PLCβ, 
IP3R, ASPH, RYR, TRDN, CAMK, TFEB, NFAT genes are 
upregulated in leukemia, in addition to IL-18 and C-Myc. When 

Figure 7.  Construction and analysis of protein-protein interaction (PPI) networks. (A) PPI network of DEGs. (B) BottleNeck was used to identify the central 
gene. (C) Closeness was used to identify the central gene. (D) Stress was used to identify the central gene. (E) Merge using Venn diagrams. DEGs = differential 
epigenetic genes.
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compared to the leukemia group, all genes are upregulated in 
the Leukemia_OE group and downregulated in the Leukemia_
KO group (Fig. 11).

Similarly, when compared to the control group, CALM3, 
GPCR, Gq, PLCβ, IP3R, ASPH, RYR, TRDN, CAMK, TFEB, 
NFAT, IL-18, and C-Myc are upregulated in hemorrhoids. In 
contrast, when compared to the hemorrhoids group, all genes 
are upregulated in the Hemorrhoids_OE group and downregu-
lated in the Hemorrhoids_KO group (Fig. 12).

4. Discussion
Leukemia is a malignant tumor of the blood system, and its pri-
mary danger lies in its interference with the production and func-
tion of normal blood cells, leading to excessive proliferation of 
leukemia cells in the bone marrow.[12,13] Patients with leukemia 

may experience symptoms such as anemia, bleeding tenden-
cies, and susceptibility to infections, all of which are related to 
abnormalities in blood cells. Leukemia can rapidly spread to 
other tissues and organs, posing a serious threat to the body, 
and in severe cases, it can be life-threatening. Hemorrhoids, on 
the other hand, are a common problem in the rectal or anal 
area, mainly causing pain, discomfort, and bleeding in the anus 
or rectum. Hemorrhoids can lead to swelling and inflammation 
of the tissues around the anus and may affect bowel movements 
and quality of life when severe. While hemorrhoids are typically 
not life-threatening, they can significantly impact a patient’s 
comfort and daily life.[14,15] The results of this study indicate that 
the expression levels of CALM3 are related to the prognosis 
in both leukemia and hemorrhoids. CALM3 is underexpressed 
in leukemia, with lower levels associated with worse progno-
sis, while it is overexpressed in hemorrhoids, with higher levels 

Figure 8.  Heat map of gene expression. (A) GSE154650 core gene expression heat map. (B) GSE26294 core gene expression heat map. (C) CTD analysis. 
The core genes (CALM3). CTD = Comparative Toxicogenomics Database.



11

He et al.  •  Medicine (2023) 102:44� www.md-journal.com

associated with poorer outcomes. This provides new directions 
for future disease management and treatment[16,17]

CALM3 is a gene that encodes the calmodulin protein, which 
plays a crucial regulatory role in intracellular calcium signaling 
processes[18] Calmodulin is a highly conserved protein found in all 

eukaryotes, including mammals. It regulates many different bio-
logical processes inside cells and is essential for maintaining the 
balance of calcium ions within cells.[19] Calmodulin has a unique 
structure that includes 4 EF-hand structural domains, which are 
capable of binding to calcium ions.[20] Each EF-hand domain can 

Figure 9.  Immune infiltration. GSE154650. (A) The full gene expression matrix results in the proportion of immune cells. (B) Heat map of immune cell expression. 
(C) Co-expression patterns among immune cell components.
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bind to one calcium ion, leading to conformational changes in 
calmodulin. After calcium binding, calmodulin can interact with a 
variety of proteins, including kinases, phosphatases, ion channels, 
and other regulatory molecules. These interactions can modulate 
the activities of these proteins, thereby affecting various biological 

processes within cells. CALM3’s primary role in cells is its involve-
ment in calcium signal transduction. When intracellular calcium 
ion levels increase, calmodulin binds to calcium ions and, through 
interactions with other proteins, transmits signals to regulate a 
wide range of biological processes.[21,22]

Figure 10.  Immune infiltration. GSE26294. (A) The full gene expression matrix results in the proportion of immune cells. (B) Heat map of immune cell expression. 
(C) Co-expression patterns among immune cell components.
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CALM3 is located in the human genome, usually on chro-
mosome 19, and is a member of the calmodulin family. It plays 
an important role in maintaining cell growth and develop-
ment, and maintaining muscle contraction and relaxation.[23] 

Calmodulin-3, encoded by CALM3, assists in muscle-cell con-
traction and relaxation by regulating calcium-dependent muscle 
protein kinases and other proteins. CALM3 may interact with 
some proteins that regulate apoptosis and affect cell survival 

Figure 11.  Results of Western blotting test for leukemia.
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and death decisions. CALM3 may have an effect on nerve con-
duction in neurons. By affecting calcium signaling, it plays a role 
in synaptic transmission and affects the transfer of information 
between neurons. CALM3 may interact with proteins involved 

in cell division and growth, thereby having an impact on the 
regulation of the cell cycle[24–26]

Aberrant expression or mutations of CALM3 may be asso-
ciated with various diseases, including neurological disorders, 

Figure 12.  Results of Western blotting test for hemorrhoids.
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cardiovascular diseases, and cancers.[27,28] Some subtypes of 
leukemia may be related to calcium signaling, and as CALM3 
functions as a calmodulin involved in intracellular calcium sig-
naling, its abnormal expression may impact the normal func-
tioning of these signaling pathways. In some leukemia studies, 
abnormal expression of CALM3 may be associated with abnor-
mal proliferation and differentiation of leukemia cells, and the 
function of CALM3 is also related to gene transcription and cell 
proliferation. Studies such as the one by Sunitha[29] have shown 
that ARRB1, FLNA, CALM3, and HTT genes are commonly 
expressed in oral cancer and are involved in carcinogenic path-
ways. Among them, CALM3 gene binding energy is the lowest, 
making it easy to bind to target ligands, and it exhibits high 
affinity binding, suggesting that CALM3 and HTT are prom-
ising targets for oral cancer treatment. In leukemia patients, 
platelet counts may be affected; for example, acute lymphocytic 
leukemia and acute myeloid leukemia may lead to decreased 
platelet counts. In some cases, leukemia treatment itself may 
also have a negative impact on platelets, as chemotherapy drugs 
can disrupt the production of normal blood cells in the bone 
marrow. CALM3, to some extent, can regulate platelet levels. 
Research by Balkenhol et al[30] found that among common pro-
teins, TLN1, CALM3, PRKCB, APP, SOD2, and TIMP1 have 
higher levels in humans, while RASGRP2, ITGB2, MYL9, 
EIF4EBP1, ADAM17, ARRB2, CD9, and ZYX have higher lev-
els in mice. The hub kinase SRC exhibits different regulatory 
effects at the mRNA and protein levels, as well as on the ADP 
receptor P2RY12. CALM3, as a gene encoding a protein, can 
bind to various enzymes and co-regulate different physiologi-
cal processes. Low CALM3 levels are unfavorable for leukemia 
recovery, pushing it in the opposite direction.

The pathogenesis of hemorrhoids may involve various molec-
ular and cellular processes, including vasodilation and inflam-
matory responses, some of which may be related to CALM3 
or calcium signaling.[31,32] Munk’s research[33] suggests that the 
regulation of CaM gene expression is achieved through vari-
ous regulatory elements present in 3 genes, including different 
promoter/insulator elements and 3’ and 5’ non-coding regions 
with varying lengths and sequences, as well as epigenetic fac-
tors and miRNA regulation. CALM3, expected to produce rel-
atively stable mRNA, may be essential in situations of low or 
transient transcription, such as during sperm development, and 
these genes affect the function of the central nervous system and 
other organs. The nervous system plays a crucial role in per-
ceiving and transmitting the pain caused by hemorrhoids. When 
hemorrhoid tissues are stimulated or damaged, pain signals are 
transmitted through neurons to the brain, leading to the sensa-
tion of pain. CALM3 binds to calcium ions, and subsequently, 
it activates or inhibits proteins associated with neuronal excit-
ability, such as ion channels and protein kinases, participating 
in the regulation of the nervous system. Additionally, the inflam-
matory response is also a significant part of the gene’s regulatory 
involvement. Research has shown that CALM3 can serve as a 
regulatory gene for the intestinal microbiome to alleviate ulcer-
ative colitis.[34] CALM3 can affect the nuclear factor κB (NF-κB) 
signaling pathway, a major pathway involved in inflammation 
regulation. In an inactive state, NF-κB protein is bound to IκB 
(NF-κB inhibitory protein) and is in an inactive state. When cells 
are stimulated by inflammation, calcium ion levels rise. After 
CALM3 binds to calcium ions, it can associate with IκB, leading 
to the degradation of IκB, thereby releasing NF-κB and allowing 
it to enter the cell nucleus, subsequently activating the transcrip-
tion of inflammation-related genes.[35] Hemorrhoids, in many 
cases, are aggravated by inflammation[36] and when CALM3 
is overexpressed in hemorrhoids, the inflammatory response 
becomes more intense, leading to poor prognosis.

CALM3 is involved in multiple signaling pathways within 
cells, including kinase signaling pathways, regulation of ion 
channels, and regulation of gene expression. Its role is to 

modulate the activity of these pathways, thereby influencing 
cellular responses and adaptability. While leukemia and hem-
orrhoids are 2 different diseases, both are regulated by CALM3 
and exhibit opposite states. CALM3 is underexpressed in leuke-
mia, with lower levels associated with worse prognosis, while it 
is overexpressed in hemorrhoids, with higher levels associated 
with poorer outcomes. Future research directions mainly focus 
on the effect of CALM3 expression level on leukemia and hemor-
rhoids patients to improve medical care, disease treatment, and 
quality of life. We will continue to explore how to use genom-
ics, transcriptomics, proteomics and other high-throughput 
technologies to better understand the biological characteristics 
of individuals, so as to develop more precise and personalized 
treatment plans. The CALM3 gene has a variety of potential 
roles in biological processes, which mainly involve its calcium 
binding and signaling properties. Calmodulin-3 in CALM3 can 
affect gene expression in some cells. It may help regulate the 
activity of specific genes by participating in transcriptional reg-
ulation together with calmodulin-related proteins.

5. Conclusion
In summary, CALM3 likely plays an important role in the cell 
proliferation processes of leukemia, regulation of platelet levels, 
and other aspects. It is characterized by low expression in leu-
kemia, associated with worse prognosis, and high expression in 
hemorrhoids, associated with poorer outcomes.

Author contributions
Conceptualization: Jie He.
Data curation: Zhijie Ni, Zhongbo Li.
Formal analysis: Zhijie Ni, Zhongbo Li.
Investigation: Zhongbo Li.
Methodology: Jie He, Zhijie Ni, Zhongbo Li.
Resources: Zhongbo Li.
Software: Jie He, Zhongbo Li.
Validation: Zhongbo Li.
Visualization: Zhongbo Li.
Writing – original draft: Jie He, Zhijie Ni, Zhongbo Li.
Writing – review & editing: Jie He, Zhijie Ni, Zhongbo Li.

References
	 [1]	 Pelcovits A, Niroula R. Acute myeloid leukemia: a review. R I Med J 

(2013). 2020;103:38–40.
	 [2]	 Luca DC. Update on lymphoblastic leukemia/lymphoma. Clin Lab 

Med. 2021;41:405–16.
	 [3]	 Weinberg OK, Porwit A, Orazi A, et al. The International 

Consensus Classification of acute myeloid leukemia. Virchows Arch. 
2023;482:27–37.

	 [4]	 Nemkov T, D’Alessandro A, Reisz JA. Metabolic underpinnings 
of leukemia pathology and treatment. Cancer Rep (Hoboken). 
2019;2:e1139.

	 [5]	 Infante MS, Piris MA, Hernández-Rivas JA. Molecular alterations in 
acute myeloid leukemia and their clinical and therapeutical implica-
tions. Med Clin (Barc). 2018;151:362–7.

	 [6]	 Pata F, Sgró A, Ferrara F, et al. Anatomy, physiology and pathophysiol-
ogy of haemorrhoids. Rev Recent Clin Trials. 2021;16:75–80.

	 [7]	 Gkegkes ID, Dalavouras N, Iavazzo C, et al. Sweetening … the 
pain: the role of sugar in acutely prolapsed haemorrhoids. Clin Ter. 
2021;172:520–2.

	 [8]	 Jin JZ, Bhat S, Lee KT, et al. Interventional treatments for prolapsing 
haemorrhoids: network meta-analysis. BJS Open. 2021;5:zrab091.

	 [9]	 Dekker L, Han-Geurts I, Rørvik HD, et al. Rubber band ligation versus 
haemorrhoidectomy for the treatment of grade II-III haemorrhoids: a 
systematic review and meta-analysis of randomised controlled trials. 
Tech Coloproctol. 2021;25:663–74.

	[10]	 Kato K, Isbell HM, Fressart V, et al. Novel CALM3 variant causing 
calmodulinopathy with variable expressivity in a 4-generation family. 
Circ Arrhythm Electrophysiol. 2022;15:e010572.



16

He et al.  •  Medicine (2023) 102:44� Medicine

	[11]	 Lei Y, Yu T, Li C, et al. Expression of CAMK1 and its association with 
clinicopathologic characteristics in pancreatic cancer. J Cell Mol Med. 
2021;25:1198–206.

	[12]	 Paul S, Short NJ. Central nervous system involvement in adults with 
acute leukemia: diagnosis, prevention, and management. Curr Oncol 
Rep. 2022;24:427–36.

	[13]	 Swaminathan M, Bourgeois W, Armstrong SA, et al. Menin inhibi-
tors in acute myeloid leukemia-what does the future hold. Cancer J. 
2022;28:62–6.

	[14]	 Picciariello A, Tsarkov PV, Papagni V, et al. Classifications and clinical 
assessment of haemorrhoids: the proctologist’s corner. Rev Recent Clin 
Trials. 2021;16:10–6.

	[15]	 Ray-Offor E, Amadi S. Hemorrhoidal disease: predilection sites, pat-
tern of presentation, and treatment. Ann Afr Med. 2019;18:12–6.

	[16]	 Zoine JT, Moore SE, Velasquez MP. Leukemia’s next top model? 
Syngeneic models to advance adoptive cellular therapy. Front Immunol. 
2022;13:867103.

	[17]	 Harris MH, Czuchlewski DR, Arber DA, et al. Genetic testing in 
the diagnosis and biology of acute leukemia. Am J Clin Pathol. 
2019;152:322–46.

	[18]	 Wren LM, Jiménez-Jáimez J, Al-Ghamdi S, et al. Genetic mosaicism in 
calmodulinopathy. Circ Genom Precis Med. 2019;12:375–85.

	[19]	 Werner Berchtold M. Increased exosomal Calmodulin in the urine of 
patients with diabetic kidney disease (DKD) may be derived from either 
CALM1, CALM2, CALM3 or from more than one of these genes. Clin 
Chim Acta. 2023;548:117515.

	[20]	 Kumar A, Rani B, Sharma R, et al. Correction to: ACE2, CALM3 
and TNNI3K polymorphisms as potential disease modifiers in 
hypertrophic and dilated cardiomyopathies. Mol Cell Biochem. 
2019;450:209–10.

	[21]	 Jensen HH, Brohus M, Nyegaard M, et al. Human calmodulin muta-
tions. Front Mol Neurosci. 2018;11:396.

	[22]	 Feuillette S, Charbonnier C, Frebourg T, et al. A connected network of 
interacting proteins is involved in human-tau toxicity in drosophila. 
Front Neurosci. 2020;14:68.

	[23]	 Phan NN, Wang CY, Lin YC. The novel regulations of MEF2A, 
CAMKK2, CALM3, and TNNI3 in ventricular hypertrophy induced 
by arsenic exposure in rats. Toxicology. 2014;324:123–35.

	[24]	 Zhou QH, Zhao LJ, Wang P, et al. Comprehensive analysis of the asso-
ciation of EGFR, CALM3 and SMARCD1 gene polymorphisms with 
BMD in Caucasian women. PLoS One. 2014;9:e112358.

	[25]	 Reed GJ, Boczek NJ, Etheridge SP, et al. CALM3 mutation associated 
with long QT syndrome. Heart Rhythm. 2015;12:419–22.

	[26]	 Kumar A, Rani B, Sharma R, et al. ACE2, CALM3 and TNNI3K poly-
morphisms as potential disease modifiers in hypertrophic and dilated 
cardiomyopathies. Mol Cell Biochem. 2018;438:167–74.

	[27]	 Crotti L, Spazzolini C, Tester DJ, et al. Calmodulin mutations and 
life-threatening cardiac arrhythmias: insights from the International 
Calmodulinopathy Registry. Eur Heart J. 2019;40:2964–75.

	[28]	 Da’as SI, Thanassoulas A, Calver BL, et al. Arrhythmogenic calmodulin 
E105A mutation alters cardiac RyR2 regulation leading to cardiac dys-
function in zebrafish. Ann N Y Acad Sci. 2019;1448:19–29.

	[29]	 Sunitha J, Mahendra J, Mahendra L, et al. Molecular docking studies 
of a-mangostin with oral cancer targets ARRB1, FLNA, CALM3 and 
HTT. Bioinformation. 2020;16:625–30.

	[30]	 Balkenhol J, Kaltdorf KV, Mammadova-Bach E, et al. Comparison of 
the central human and mouse platelet signaling cascade by systems bio-
logical analysis. BMC Genomics. 2020;21:897.

	[31]	 Ghosh AK, Mazumdar P, Goswami A, et al. Aerobic-anaerobic transi-
tion level of Indian middle & long distance runners. Indian J Med Res. 
1988;88:371–5.

	[32]	 Stratta E, Gallo G, Trompetto M. Conservative treatment of hemor-
rhoidal disease. Rev Recent Clin Trials. 2021;16:87–90.

	[33]	 Munk M, Villalobo E, Villalobo A, et al. Differential expression of the 
three independent CaM genes coding for an identical protein: poten-
tial relevance of distinct mRNA stability by different codon usage. Cell 
Calcium. 2022;107:102656.

	[34]	 Zhang JL, Zhang MN, Wang HG, et al. Jatrorrhizine alleviates ulcer-
ative colitis via regulating gut microbiota and NOS2 expression. Gut 
Pathog. 2022;14:41.

	[35]	 Zhang R, Liu F, Ye S, et al. Proteomics profiles of blood glucose-re-
lated proteins involved in a Chinese longevity cohort. Clin Proteomics. 
2022;19:45.

	[36]	 Palumbo VD, Tutino R, Messina M, et al. Altered gut microbic flora 
and haemorrhoids: could they have a possible relationship. J Clin Med. 
2023;12:2198.


