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Objective: To establish and verify the method for detecting the immune phenotype of
peripheral blood T lymphocytes by cellular immune chip technology, analyze the immune
status, and discuss its clinical diagnostic value of different populations in the Qingyuan area.
Methods: First, a cellular immune chip was used to detect the number of T lymphocyte
subsets CD3+, CD4+, CD8+, and CD4/CD8, followed by evaluating the accuracy and
precision through a comparison with flow cytometry. After passing the performance verifica-
tion, a large-scale detection was performed by a cellular immune chip in 8389 cases.
Immunochip technology detects the expression of T lymphocyte subsets and analyzes the
differences in cellular immune function among people with physical examination, inflamma-
tion, and cancer, as well as different cancer types and in genders.

Results: The cell immunochip method and flow cytometry method have the same accuracy
and precision in detecting specimens, and the former is fast and simple, and is suitable for
clinical use; big data analysis is expected to establish a reference range for CD3+, CD4+, and
CD8+ T cell counts in Qingyuan. There are statistical differences in CD3+, CD4+, CD8+
T cell counts in physical examination, inflammation and cancer populations; there are also
certain differences in CD3+, CD4+, CD8+ T cell counts and CD4/CD8 ratios between
different cancer types and different diseases.

Conclusion: The method of cell immunochip technology to detect T lymphocyte subsets is
simple and practical, with accurate results and rapid detection. It can be used for immune
function monitoring and treatment prognosis evaluation of people with different diseases,
and it is worthy of popularization and application in clinical practice.
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Introduction

T lymphocytes are an important part of cellular immunity and an important part of
humoral immunity and play an important role in maintaining the immune function of the
body. T lymphocytes can express nearly 200 kinds of membrane proteins (CD), among
which CD3+ molecules are the surface markers of mature T lymphocytes, reflecting the
status of immune function. According to the expression of CD antigens, T lymphocytes
can be divided into different cell subgroups, mainly CD4 +T and CD8+T cell subsets. The
decrease in the number and functional defects of CD3+, CD4+, and CD8+ T cells can
Therefore, the CD cell count has
a guiding role in the early diagnosis and treatment of diseases with low cellular immune

lead to various opportunistic infections and tumors.'

function and the judgment of the course of the disease. Other T cell detection methods
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such as MRI detection tracking,® In Situ MHC Tetramer
Staining,* The Flow-Through
(FTCAL),” the optoftuidic ring resonator,’ Enzyme-Linked
Immunospot Assays’ and many more.

cell Counting Assay

At present, the gold standard flow cytometry is mostly
used to detect CD cell counts in clinical practice. The quality
of the monoclonal antibody, the type of flow cytometer, the
preparation method of the specimen, and the research object
(ethnicity) vary. In addition, the number of statistical samples
is small, resulting in large differences in the reference values
reported by various laboratories, and it is difficult to establish
a unified reference interval. This laboratory introduces cel-
lular immune chip technology, which is a new specific cell
technology platform that uses monoclonal antibodies to spe-
cifically capture T lymphocytes, and accurately counts cells
through intuitive and continuous visual scanning. This study
aims to use immune chip technology to establish its own
reference range based on large sample data of healthy people,
evaluate the differences in T lymphocyte immune function
among people with different diseases, and provide clinical
evidence for the prevention, diagnosis and treatment of
related diseases in Qingyuan.

Objects and Methods

Objects

From June 19, 2020, to April 25, 2021, 8389 specimens
were collected from the inpatient department and physical
examination department of our hospital, including 4423
males and 3966 females. Their ages were 52.24 + 15.13
years. All physical examination subjects met the following
conditions: recent infectious diseases excluded, no auto-
immune diseases or immunodeficiency diseases, and none
had recently used drugs that affect the immune system.
The
Declaration of Helsinki (as was revised in 2013). The

study was conducted in accordance with the

study was approved by Ethics Committee of the Sixth
Affiliated Hospital of Guangzhou Medical University.
Written
participants.

informed consent was obtained from all

Specimen Collection

From June 2020 to October 2020, between 8:00 AM and
15:00 PM, 1-2 mL of fresh intravenous whole blood was
collected with an EDTA anticoagulation tube. All speci-
mens were placed at room temperature, and the specimens

were processed within eight hours.

Detection Reagents and Instruments

Reagents: CD3-FITC/CD8-PE/CD4-APC  fluorescent
monoclonal antibody kit (flow cytometry) Beijing
Tongsheng Times Biological Co., Ltd. (National

Machinery Note 20173404319); CD series (CD3/4/8)
Cell detection slides, 2.5-3.5% hydrogen peroxide solu-
tion, staining solution for blood cell analysis, phosphate
buffer (Shanghai Huizhong Cell Biotechnology Co., Ltd.).

Instruments: flow

BeckmanCytoFlex cytometer,

BM2000 biological microscope.

Experimental Method

Cellular Immune Chip Detection Technology
Principle: Fix and coat the specific antibody of the target cell
on the chip in advance, capture the target cells (such as CD3,
CD4, CDS cell) through the specific reaction of the antigen
and antibody, and separate the excess cells through washing,
staining and other steps. The cells are separated and fixed on
the chip, and an automatic counter is used to complete the
absolute cell count detection.

Experimental steps: Fasting venous blood of 1-2 mL was
collected from the subject and sent to the EDTA anticoagula-
tion tube for testing. Then, 20 pL to 380 uL PBS was added
and mixed well. Five pL of the diluted blood sample was
drawn into the CD3+, CD4+, and CD8+ antibody-coated
areas, respectively. The slides were placed horizontally in
a humid box and incubated for 40 minutes. Immerse in PBS
to wash away the excess visible blood cells, soak in perox-
idase staining solution and hydrogen peroxide solution in
order to capture and fix the corresponding cells by the anti-
body but are weakly expressed by CD antigen and other cells
such as monocytes are distinguished from T lymphocytes.
This removes non-specific cells. Wash with ethanol to
remove impurities and fix the cell morphology. After drying,
immerse the slide in the staining solution for blood cell
analysis (ie, basic fuchsin) to stain the CD cells on the surface
and finally wash the background with pure water and dry.
Use BM2000 biological microscope to automatically count
CD3+, CD4+, CD8+ cells, and calculate the number of CD
cells per microliter according to the experimental dilution
factor. All experimental operations were performed strictly in
accordance with the kit instructions, specimen can present
results within 2 hours.

Performance Evaluation Verifies the Accuracy and
Precision of the Cellular Immune Chip Technology
Correctness experiment: The measurement was repeated 3
times on 3 different human peripheral blood samples, and
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they were verified by flow cytometry. According to the
requirements of the State Food and Drug Administration,
the relative deviation (CV) of the test results of the two
methods was not higher than 15%.

Precision experiment: For intra-assay and inter-assay
precision, the intra-assay precision is to use the same batch
to repeat the determination of a human peripheral blood
sample 5 times; the inter-assay precision is to use 3
batches of products, and each batch of products is respec-
tively low Value, median, and high value of 3 human
peripheral blood samples were measured once. Record
the test results and calculate the CV (%) value.
According to the requirements of the State Food and
Drug Administration, the CV (%) of intra-assay and inter-
assay precision is not higher than 20%.

Reference Interval Establishment

Select healthy people for physical examination, collect
peripheral blood samples, use immunochip method for
detection and analysis, and combine with the normal refer-
ence value of the overall level of Chinese T lymphocyte
subsets to establish the CD3+, CD4+, CD8&+ T cell counts
of the population in Qingyuan, Guangdong Province
Normal reference range.®’

Clinical Application

Collect blood samples from people with infections, tumors
and healthy physical examinations for group detection and
analysis, compare the CD3+, CD4+, CD8+ T cell counts
and CD4/CD8 ratios between different groups. At the
same time, further analyze the immune function status
according to the disease populations suffering from lung
cancer, bowel cancer and liver cancer.

Statistical Analysis

Statistical methods: GraphPad Prism 5.0 statistical soft-
the data.
Measurement data are expressed as mean plus or minus

ware was used to analyze and graph
standard deviation (X +s). Differences between the two
groups were analyzed by #-tests. Data comparison between
multiple groups was by analysis of variance, and correla-
tion was analyzed by Pearson’s. P < 0.05 indicated that the

difference was statistically significant.

Experimental Results

Verification of Accuracy
Three different human peripheral blood samples were
tested by cellular immunochip method and flow cytometry.

The average values of CD3+, CD4+, and CD8+ T cell
counts detected by the two methods are very similar and
have a high correlation (r > 0.99). The maximum CV is
only 3.08%, which shows that the results of the cell
immunochip method and the flow cytometry method are
consistent, and the product accuracy is high. The CV is
less than 15%, which meets the requirements of the State
Food and Drug Administration, and the repeatability meets
the clinical requirements. See Figure 1, Table 1.

Precision Verification

CD3+, CD4+, CD8+ T cell count intra-assay precision and
inter-assay precision CV (%) are all <20%, and CD3+, CD4+
T cell count intra-assay precision and inter-assay precision
CV (%) <5%, good experimental repeatability, in line with
the requirements of the State Food and Drug Administration,
repeatability in line with clinical requirements. See Table 2.

Reference Range for Counting of T Cell

Subsets in Normal Population

Collected 2839 physical examination samples, including
1500 males and 1339 females, aged 46.37+13.71 years
old. The reference ranges for CD3+, CD4+, CD8+ T cell
counts and CD4/CD8 ratios are all lower than the results
verified by the manufacturer, but they are similar to the
flow test data of the Guangdong Provincial Center for
Disease Control and Prevention (GPCDCP). This shows
that the laboratory needs to establish its own reference.
The reference range of self-built CD3+, CD4+, CD8+
T cell count and CD4/CD8 ratio is in line with the basic
population data in Qingyuan area, and can be used in
clinical application guidance. See Table 3.

The CD3+, CD4+, and CD8+ T Cell

Counts of People with Inflammation and
Cancer Were Significantly Reduced, and
the Ratio of CD4/CD8 Was Significantly

Increased

The specimens were divided into physical examination (2839
cases), inflammation (667 cases) and cancer (2029 cases)
populations for analysis, and the results found that the CD3+,
CD4+, CD8+ T cell counts of inflammation and cancer were
significantly lower than those of the physical examination
population (P < 0.001), and the cancer population is lower
than the physical examination population (P < 0.001 or P <
0.01); the CD4/CDS8 ratio inflammation and cancer are
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Figure | Flow cytometric verification chart.

significantly higher than the physical examination population
(P < 0.001), and the cancer population is higher than the

inflammation Crowd (P < 0.01). See Figure 2.

Table | Comparison of the Results of the Two Detection

There Were Certain Differences in CD3+,
CD4+, CD8+ T Cell Counts, and CD4/
CD8 Ratios Between the Male and Female
Groups in Physical Examination,
Inflammation, and Cancer

In order to compare the differences in immune function
between men and women, we divided the physical examina-
tion, inflammation and cancer populations into two groups

of men and women. The comparative analysis found that the
CD3+ and CD4+ T cell counts and the CD4/CD8 ratio of

Methods
CD3 CD4 CD8
Cl 3.58% 7.27% 1.58%
Cc2 7.32% 16.21% 2.39%
c3 0.10% 581% 591%
r 0.997 0.999 0.999
7532 https:
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Table 2 Analysis Table of Precision Test Results

Slide Lot Batch Coefficient of Variation

CD3 CD4 CD8

Within batch 200401 2.48% 3.75% 4.83%
Batch-to-batch 200304 2.13% 5.00% 13.48%
200401 0.18% 0.69% 0.44%
200303 0.10% 0.05% 0.03%

95% Reference Range

0.65-2.1
1.0-2.47
0.63-2.67

CD4/CD8
1.25+0.4717

women in the physical examination population were signifi-
cantly higher than those of men (P <0.001 or P <0.01). The
CD3+, CD4+, CD8+ T cell counts of men with inflammation
are higher than those of women (P < 0.01); the CD3+, CD4+
T cell counts and CD4/CD8 ratios of men with cancer are

X+s

significantly higher than those of women (P < 0.001 or P <
0.05), see Figure 3.

95% Reference Range
238-1250
161-1159

336-1196

Differences in CD3+, CD4+, CD8+
T Cell Counts, and CD4/CD8 Ratios of

Different Cancers
Select the more common lung cancer (401 cases), bowel

cD8*
X+ts
700.8+309.6

cancer (522 cases) and liver cancer (96 cases) into groups,
and analyze their CD3+, CD4+, CD8+ T cell counts and
the CD4/CDS ratio, respectively. The results found that
lung cancer and liver cancer All indicators are statistically
different (P < 0.05 or P < 0.01). The CD3+, CD4+, and
CD8+ T cell counts of bowel cancer and liver cancer were
significantly different (P < 0.05 or P < 0.01), but there was
no statistical difference between lung cancer and bowel
cancer (P > 0.05). See Figure 4.

95% Reference Range

292-1309

404-1368
500-1440

CcD4*
X+ts
820.7+492.6

Discussion

Lymphocytes are immunocompetent cells that participate in
the body’s immune regulation and perform cellular immune
functions.'® The number, function, and composition ratio of
peripheral blood T lymphocytes reflect the body’s cellular
immune status. CD3+, CD4+, CD8+ T cell count, and CD4/
CDS8 ratio can quickly determine whether the human

95% Reference Range

8602620
770-2860
668-2474

immune function is disordered.'"'? This study showed
that the CD3+, CD4+, and CD8+ T cell counts of the people
with inflammation and cancer were significantly lower, and
the ratio of CD4/CD8 was significantly higher than that of
the physical examination population. It shows that the pro-
portion of CD4+ and CD8+ T cells in the diseased popula-
tion is seriously imbalanced, and cellular immune function

cD3*
X+s
1628+788.8

is generally suppressed. The human body’s recognition and

Table 3 Comparison of Adult Self-Examination Data and Reference Range of Physical Examination

Abbreviation: GPCDCP, Guangdong Provincial Center for Disease Control and Prevention.

Data Sources
Self-check data

Reference range
GPCDCP

killing of abnormal cells is weakened, resulting in an
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Figure 2 CD3+ (A), CD4+ (B), CD8+ (C) T cell counts and CD4/CD8 (D) ratio in physical examination, inflammation and cancer population (**P < 0.01; **P < 0.001).

imbalance of the body’s immune status.'>™'® If it continues
to decrease, consider whether there is an immunodeficiency.
The CD3+, CD4+, CD8+ T cell counts and CD4/CDS ratios
of the inflammatory population are slightly lower than those
of the cancer population. This may be due to the fact that
the number of T lymphocyte subsets in the inflammation
and cancer population is not only related to the state of the
body and the severity of the disease but also to the disease
Type-related.'® This study also found that there are certain
differences in CD3+, CD4+, CD8+ T cell counts and CD4/
CD8 ratios between men and women in different disease
groups, and women are higher than men. This may be
because women have a more complex immune system
than men. Women have more immunoglobulins than men
and have stronger natural immune defense capabilities.
However, men smoke more, and the immune system’s
homeostasis is easily broken. The therapeutic factors cannot
be removed in time and effectively, which seriously threa-
tens their health.'” It has been reported that most cancer
patients are accompanied by CD3+, CD4+, CD8+ T cell

counts and changes in the CD4/CDS ratio.'®° This study
has confirmed this point of view. It is speculated that the
tumor is a cellular immunodeficiency disease. Immune dys-
function or distortion of monitoring capabilities can cause
abnormal cells with long-lasting proliferation capacity to be
unable to eliminate.

At present, there is no laboratory reference range for
specific T lymphocyte subsets in various regions. Most of
the research is based on scientific research, and the
research range is relatively narrow, which is not enough
to establish a reference range for normal values. The
normal values used in some hospitals are mainly deter-
mined by reference to the BD company’s flow cytometry
to detect European and American indicators or combined
with clinical sample research. There are certain differences
depending on the equipment and reagents used. The refer-
ence range established in this study for a large sample of
healthy people is lower than the results verified by the
manufacturer. This may be related to the geographical
difference of the reference population of the manufacturer
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Figure 3 CD3+ (A), CD4+ (B), CD8+ (C) T cell counts and CD4/CD8 (D) ratios of men and women with different diseases (*P < 0.05; **P < 0.01; **P < 0.001).

and the small number of samples, while the reference
range established by the Guangdong Provincial Center
for Disease Control and Prevention by flow cytometry is
very different. It is close, indicating that the accuracy and
consistency of the cell immune chip technology and the
flow cytometry test results are relatively close. It can be
seen that it is very necessary for the laboratory to establish
its own reference range, and the self-built reference range
for CD3+, CD4+, CD8+ T cell count and CD4/CD8 ratio
is in line with the basic population data in Qingyuan area,
and the immune status assessment of the population in
Qingyuan area is definitely helpful.

Cellular immunochip detection technology is a new tech-
nology for absolute count detection of T lymphocytes.
Performance evaluations such as accuracy and precision

have passed the CFDA approval and at the same time have
been approved by the US Patent Office. Compared with flow
cytometry, the instruments and detection reagents are expen-
sive, require professionals and require high maintenance;”'
MRI detection and tracking technology are tedious to oper-
ate, temporarily not suitable for clinical use;’ in situ MHC
tetramer staining detection technology is not yet mature;”*
circulation cells Counting analysis (FTCA1) is complicated
and sophisticated, and the development is more challenging;’
ELISPOT technology mainly detects T cells secreted cyto-
kines, and the absolute counting function is lacking;’ the
microfluidic chip platform cell affinity chromatography
detection is heavily dependent on fluorescent labeling and
imaging.** The operation of this project is simple, fast and

easy to master. It does not require high technical
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Figure 4 CD3+ (A), CD4+ (B), CD8+ (C) T cell counts and CD4/CD8 (D) ratio in lung cancer, bowel cancer and liver cancer population (*P < 0.05; **P < 0.01).

requirements for experimental personnel. The instrument
automatically reads and the visual analysis results are objec-
tive and accurate. The specimens do not need to be refriger-
ated. The slides can be stored for a long time. The report time
is shortened. It is more suitable for popularization of clinical
testing. Instruct clinicians in disease prevention, treatment
and prognosis. However, this study still has certain limita-
tions: (O The types of tumor diseases need to be widened. )
The samples included in the study are all case-control stu-
dies, there is no related cohort study, and there is insufficient
research on the pathogenesis of the disease. (3) The method
can only detect CD3+, CD4+, and CD8+ T cells, so it cannot
meet the clinical needs for the detection of other subgroups of
immune cells in the context of precision medicine.

In summary, the cellular immune chip method is sim-
ple and fast to operate, with high accuracy and precision,
which can replace flow cytometry and is suitable for
clinical use. At the same time, the reference range of

CD3+, CD4+, CD8+ T cell counts in Qingyuan area has
been established, which can be used for clinical diagno-
sis. And treatment provides an effective reference inter-
val. The expression of T lymphocyte subsets in peripheral
blood can more accurately understand the immune status
of different populations, assist the clinic in determining
the corresponding treatment prognosis plan, and make it
more widely used in the diagnosis of immune-related
diseases, disease course

monitoring and efficacy

evaluation.

Ethics Approval and Consent to
Participate

The study was conducted in accordance with the Declaration
of Helsinki (as was revised in 2013). The study was approved
by Ethics Committee of the Sixth Affiliated Hospital of
Guangzhou Medical University. Written informed consent
was obtained from all participants.
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