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Abstract

Flow cytometry is a widely used method in immunological research that allows
for rapid and accurate analysis of individual cells to detect their immunopheno-
typic characteristics and functional status. This technique is particularly useful
for studying immune cells. Flow cytometry can be used to detect and analyze
various types of immune cells, such as T cells, B cells, dendritic cells, and mac-
rophages. By analyzing the characteristic parameters of immune cells, such as
killing activity, proliferative activity, and secretion factors, immune-related dis-
eases can be diagnosed and treated. Flow cytometry can also be utilized to in-
vestigate various cell types within the immune system. For instance, it can be
employed to study T lymphocytes in lymphoid tissue and B lymphocytes in

bone marrow. This enables researchers to gain insights into the functions of
these cells in immune regulation and the maintenance of internal environmental
stability. Flow cytometry is of great significance in immunological research as
it can be used not only to detect various types of immune cells but also to study
different immune systems. In terms of immune regulation, flow cytometry can
be used to detect and analyze various types of immune cells, such as B lympho-
cytes and macrophages, as well as their distribution and functional status in
vivo. Flow cytometry can also be used to study subpopulations of T lympho-
cytes and B lymphocytes in bone marrow.
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Immune cells are an important component of the body's immune system, including various types of cells, such as
T cells, B cells, macrophages, dendritic cells, etc. These immune cells play an indispensable role in the immune
response. In order to better understand the function and biological characteristics of immune cells, detailed analysis
is needed. Flow cytometry is a widely used cell analysis technique in immunology research, which can detect the
expression of cell surface markers, isolate different immune cell subpopulations, and further explore their functions
and biological characteristics.

1. Immune cell function

Immune cell function refers to the various physiological functions exhibited by various immune cells in the im-
mune system when participating in immune responses, such as cell proliferation, differentiation, secretion, migration,
etc. The study of immune cell function is of great significance for understanding the mechanisms of immune response,
evaluating immune status, and exploring the mechanisms of disease occurrence and development. In recent years,
scholars at home and abroad have conducted extensive and in-depth research on the function of immune cells, in-
volving multiple disciplines such as immunology, cell biology, molecular biology, etc. Wang Xinwei et al. [1] found
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that the disruption of the blood-brain barrier and neuronal apoptosis after male brain injury are closely related to T
cell-mediated inflammatory response, indicating that abnormal T cell function is involved in the occurrence and de-
velopment of gender differences. Li Xinrui et al. [2] found that Pim-3 protein promoted the proliferation and survival
of human natural killer cell by regulating the expression of NFATc1 and Myc, thereby improving its killing efficiency
and immune surveillance function. Zhong Hongkun et al. [3] found that changes in the diversity of the heavy chain
V region can affect the function and antibody affinity of human B lymphocytes, further affecting the body's immune
response and defense against pathogens. Abnormal or altered immune cell function is closely related to the occurrence
and development of various diseases, and is of great significance for exploring its mechanisms, evaluating prognosis,
and formulating treatment strategies. Liu Yingyi et al. [4] found that infection with porcine circovirus can induce
apoptosis and degradation of dendritic cells, leading to virus immune escape and impaired immune function. This
study reveals the mechanism by which pathogens evade the body's immune response by disrupting the function of
host immune cells. Xu Huiliang et al. [5] found that endoplasmic reticulum stress affects the activity and immune
regulation function of natural killer cell in mouse liver by regulating the expression and metabolism of cytochrome
P450. This study provides important clues for further understanding the relationship between endoplasmic reticulum
stress and liver immune function. Zheng Xiang et al. [6] found that patients receiving immunosuppressive therapy
after kidney transplantation may experience antibody production and graft rejection. At the same time, some T cell

subsets with immune regulatory functions, such as regulatory T cells y® T cells can effectively prevent and suppress

the occurrence of rejection reactions. This study provides new ideas for developing more precise transplant immuno-
suppressive strategies. The research on immune cell function has gradually developed towards interdisciplinary and
in-depth exploration, providing an important theoretical and experimental basis for a deeper understanding of the
regulatory and control mechanisms of immune function in the body, as well as the occurrence and development of
diseases.

2. Concepts and principles of flow cytometry

Flow cytometry is a high-throughput cell analysis technology based on fluorescent labeling and cell unit analysis.
Through the combination of fluorescent labeling probe and laser beam scanning, it can achieve multi-parameter anal-
ysis and quantitative measurement of a single cell. The principle is to pass the cell suspension through a slender flow
cytometer detection chamber, and the laser beam irradiates the cells to generate fluorescence. After screening through
various fluorescence filters and fluorescence attenuation, scattered light and fluorescence signals are used to distin-
guish different cell types or states. At present, flow cytometry has been widely applied in research in multiple fields
such as immunology, cell biology, oncology, microbiology, and neurobiology. For example:

Zhao Yaping ef al. used flow cytometry to study the activation and differentiation status of T cells, and analyzed
the roles of different T cell subpopulations in autoimmune and immune regulation. Zheng Huiwen et al. [7] studied
the application of flow cytometry to detect immune cell subpopulations and their functional states in tumor tissues,
exploring the mechanisms of tumor immune escape and the effectiveness of immunotherapy. Li Hua et a/. [8] studied
the biological characteristics and pathogenic mechanism of Mycobacterium tuberculosis using flow cytometry, and
found that Mycobacterium tuberculosis avoids immune attacks by inducing host immune cell apoptosis and regulat-
ing cytokine expression. Flow cytometry has the advantages of high throughput, high sensitivity, and high precision,
which can be used to explore the regulatory mechanisms of immune cell function, the occurrence and development
of diseases, and other aspects of research. Shen Xiaoyun et al. [9] used flow cytometry to study the role of different
immune cell subpopulations in the process of liver fibrosis, and found that different subpopulations of immune cells
have different effects on the progression and condition of liver fibrosis, providing new ideas for the diagnosis and
treatment of liver fibrosis. Yang Chan et al. [10] used flow cytometry to study the changes in immune cells after
SARS-CoV-2 infection, and found that SARS-CoV-2 infection can lead to a decrease in T cells and functional abnor-
malities, as well as polarization and infiltration of immune cells. This provides a new approach for the immunotherapy
of SARS-CoV-2 infection. The complexity and diversity of immune cell function have demonstrated the importance
of flow cytometry in studying immune cell function. Flow cytometry can not only perform multi-parameter analysis
on individual cells, but also purify and cultivate target cells through cell sorting and other techniques, providing good
cell resources for subsequent cellular immunology experiments.

2.1 Application of 3-flow cytometry in immune cell classification

Flow cytometry is a technique that utilizes fluorescence labeling and laser technology to perform multi-parameter
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analysis and sequencing of individual cells, and is widely used in the classification and research of immune cells.
Deng Jianping et al. used flow cytometry to classify CD34+stem cells in human umbilical cord blood and found that
different subpopulations of CD34+stem cells have different effects on the effectiveness and treatment of hematopoi-
etic stem cell transplantation, providing new ideas for stem cell transplantation treatment. Yang Ruichuang et al. [11]
used flow cytometry to classify human monocytes and found that different subpopulations of monocytes have differ-
ent effects on tumor occurrence and development, especially some subpopulations of CD14+monocytes. This pro-
vides new strategies and targets for tumor immunotherapy. Zeng Yongqin et al. [12] used flow cytometry to classify
human NK cells and found that different subpopulations of NK cells have different effects on the efficacy and prog-
nosis of cancer immunotherapy, especially some subpopulations of CD56bright NK cells, which have good applica-
tion prospects in immunotherapy. Flow cytometry is widely used in the classification of immune cells, which can
accurately classify and identify different subgroups of immune cells, providing important basic data and guidance for
immunotherapy.

2.2 Application of Flow Cytometry in Cell Function Identification

Flow cytometry is a widely used technique in the study of immune cell function, which can perform multi-param-
eter analysis and sequencing of individual cells through fluorescence labeling and laser technology, thereby achieving
identification and analysis of cell function. Qu Shanglan ez al. [13] used flow cytometry to identify and analyze tumor
related macrophages in liver cancer tissue, and found that CD11b+CD68+MHC-II+tumor related macrophages have
good anti-tumor effects, which can enhance their immune response by stimulating their metabolic activity, providing
new ideas and strategies for liver cancer immunotherapy. Huang Yue et al. [14] used flow cytometry to identify and
analyze human bone marrow mesenchymal stem cells (MSCs) and found that different subpopulations of MSCs have
different proliferation and differentiation abilities, and different subpopulations of MSCs have different effects on
tissue repair and regeneration. This provides new ideas and methods for the application and treatment of MSCs. The
application of flow cytometry in cell function identification has broad application prospects, which can accurately
identify and analyze the functions of different cell subpopulations, providing new ideas and methods for disease
diagnosis and treatment.

2.3 Application of 5 flow cytometry in disease immunology

Flow cytometry has a wide range of applications in disease immunology, which can be used for disease diagnosis,
prognosis evaluation, pathological classification, treatment monitoring, and other aspects. Zu Beibei et al. [15] iden-
tified and analyzed the peripheral blood of lupus patients by flow cytometry, and found that the number of B lym-
phocytes and plasma cell in lupus patients increased significantly, and there was abnormal expression of
CD19+CD27+memory B cell subsets, which provided a new clue for early diagnosis and treatment of lupus. Du
Xuanlong et al. [16] used flow cytometry to identify and analyze the immune cells of colorectal cancer patients, and
found that the proportion of Treg in the tumor microenvironment increased, while the proportion of CD8+T cells
decreased, which suggested that tumors have a certain immune escape ability to the immune system, providing new
ideas and methods for immunotherapy of colorectal cancer.

2.4 Application of flow cytometry in new technologies and methods

Flow cytometry, as an efficient, fast, and accurate cell analysis technique, has been widely applied in recent years
and is constantly developing new technologies and methods to better meet research needs. The following are the
applications and related academic research of flow cytometry in new technologies and methods: Mass spectrometry
flow cytometry activated cell sorting (MC-FACS): Combining mass spectrometry with flow cytometry can simulta-
neously analyze the protein expression and cell function of cells, thereby achieving high-throughput identification
and functional research of cells. MC-FACS technology analyzed tumor immune cells in human tumor tissue, identi-
fied multiple immune cell subpopulations and related signaling pathways, providing new ideas for tumor immuno-
therapy [17]. High dimensional flow cytometry: Expanding traditional flow cytometry data analysis from 2D or 3D
to higher dimensions allows for more comprehensive identification and analysis of cell subpopulations and their
functions. High dimensional flow cytometry technology was used to analyze human monocytes, identifying multiple
subpopulations and related transcription factor regulatory networks, revealing the differentiation and functional
mechanisms of monocytes [18]. Cell barcoding technology: By labeling different DNA barcodes on different cells,
multiple cell samples can be mixed together for flow cytometry analysis, thereby improving analysis efficiency and
accuracy. Cell barcode technology was used to simultaneously analyze multiple immune cell subpopulations in mice,
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and multiple new immune cell subpopulations and their functions in immune response were discovered. Time re-
solved flow cytometry: By analyzing flow cytometry data of cells at different time points, research on cell function
and dynamic changes can be achieved. For example, a study utilized time resolved flow cytometry. In addition, in
recent years, some new technologies and methods based on flow cytometry have emerged, such as CyTOF (Mass
Cytometry) technology, which combines flow cytometry with mass spectrometry technology to analyze up to 100 or
more proteins, enabling a more comprehensive understanding of the functions and characteristics of immune cells.
CyTOF technology analyzed the immune cell subsets of patients with liver cancer, and found that there was imbalance
of multiple immune cell subsets in the tumor microenvironment [19]. SCRNA seq technology: the combination of
flow cytometry and single cell RNA sequencing technology can conduct a comprehensive transcriptome analysis of
a single immune cell, revealing the heterogeneity and functional status of immune cells. The scRNA seq technology
identified immune cell populations in different organs of the human body and found that immune cells in different
tissues have different gene expression patterns and functional characteristics [20].

3. Summary and Outlook

In general, as a rapid, accurate and sensitive cell analysis technology, flow cytometry has been widely used in the
functional analysis of immune cells. Its concept and principle are clear and clear, and it can classify and identify
immune cells' functions through various detection indicators. Specifically, in terms of immune cell classification,
flow cytometry can accurately identify and classify immune cells through surface labeling and intracellular molecular
markers; In terms of cell function identification, flow cytometry can detect cell function through various methods,
including cell proliferation, apoptosis, cytokine secretion, etc; In the field of disease immunology, flow cytometry
can be used to analyze the number, distribution, and function of immune cells, thereby helping to diagnose and treat
various immune related diseases. In addition, with the continuous emergence of new technologies and methods, such
as mass spectrometry, single-cell transcriptome, etc., the application prospect of flow cytometry is also increasingly
broad. Therefore, flow cytometry, as a powerful immune cell analysis technique, will continue to play an important
role in the future.
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