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Objective: In order to evaluate the effect of dyslipidemia on cellular or humoral immunity 
in patients, changes in the absolute number of lymphocyte subsets were detected.
Methods: Flow cytometry was applied to determine the absolute value of lymphocyte 
subsets: B cell, NK cell, CD4+ T cell including the functional subset (CD4+CD28+), native 
subset (CD4+CD45RA+CD62L+), memory T cell subset (CD4+CD45RA−), CD8+ T cell 
including the functional subset (CD8+CD28+) and activated subsets (CD8+CD38+ and 
CD8+DR+). The relationship between lymphocyte subsets and hypercholesterolemia and 
hypertriglyceridemia was analyzed.
Results: The absolute values of CD19+ B cell, CD3+ T cell, CD4+ Th cell, CD4+CD28+ cell, naive 
CD4+ T cell and memory CD4+ T cell in patients with dyslipidemia were markedly higher than 
those in healthy controls (P<0.05). There was no significant difference between healthy controls and 
dyslipidemia patients in other lymphocyte subsets (P>0.05). The absolute values of CD3+ T cell and 
naive CD4+ T cell were significantly positively correlated with hypercholesterolemia in peripheral 
blood (r=0.291 and 0.306, respectively, all P<0.05). There was no significant correlation between 
hypertriglyceridemia and lymphocyte subsets (P>0.05).
Conclusion: Dyslipidemia has potential effects on immune profiles in lymphocytes subsets, and 
changes in lymphocyte subsets in dyslipidemia patients may lead to immune dysfunction.
Keywords: dyslipidemia, lymphocyte subsets, flow cytometry

Introduction
Dyslipidemia, which comes with high levels of total cholesterol (TC), triglycerides 
(TG) and low-density lipoprotein (LDL) or low levels of high-density lipoprotein 
(HDL) in plasma for clinical feature, is a risk factor for atherosclerotic cardiovas-
cular disease, cerebrovascular accident, peripheral arterial disease and type 2 
diabetes.1,2 However, the pathogenesis of other diseases caused by dyslipidemia 
is complex and has not been fully elucidated so far. To overcome this gap, more and 
more researchers have studied the interaction between dyslipidemia and immunity. 
Studies on the mechanism of dyslipidemia related to cardiovascular diseases or 
immunity disorder have found that lipoprotein metabolism plays an important role 
in the development of coronary atherosclerosis and the activation of white blood 
cells, whereas the lowering of lipid interventions has been good for immunomodu-
latory and anti-inflammatory clinical studies.3,4 Evidence from clinical data and 
mechanism study suggested that hypercholesterolemia may induce an interaction 
between mast cell and CD4 + T cell in coronary atherosclerosis.5 In addition, 
dyslipidemia induced an increase in the number of both neutrophil granulocyte 
and mononuclear leucocyte in animal models and clinical trials.6 Moreover, an 
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increased number of both types of cells have been shown 
to correlate with plaque load in cardiovascular regions.7

Lymphocytes, produced by lymphatic organs, are a signifi-
cant part of the Immunity function and the main performer of 
immune function. They are responsible for fighting external 
infection and monitoring cell variation, which can be divided 
into T lymphocytes, B lymphocytes and NK cells, and mature 
T cells can be divided into CD3+CD4+ cells and CD3+CD8+ 

cells. According to the different surface molecular markers and 
functions, CD4+ and CD8+ T lymphocytes can be further 
divided into functional subsets (CD4+/CD8+CD28+), activa-
tion subsets (CD4+/CD8+CD38+), innocence subsets 
(CD4+CD45RA+CD62L+) and memory subsets 
(CD4+CD45RA−). CD4+ T lymphocytes can assist the devel-
opment and differentiation of other lymphocytes and secrete a 
large number of cytokines to regulate cellular immunity and 
humoral immunity. CD8+ T lymphocytes have inhibitory and 
lethal effects, among which CD8+ inhibitory T cells have the 
function of inhibiting humoral immunity and cellular immu-
nity. B lymphocytes play an immunomodulatory role in 
humoral immunity mainly by producing antibodies. Natural 
killer (NK) cells participate in natural immunity and have the 
role of killing target cells. Peripheral blood lymphocyte subsets 
are important indicators to evaluate the immune function. In a 
recent study, CD4+ T cells subsets were found to be differen-
tially expressed in patients with atherosclerosis.8 Moreover, 
differential peripheral white blood cell counts may indicate the 
risk of dyslipidemia.9 Some studies have also found that neu-
trophil subsets are expressed differently in patients with 
dyslipidemia.10 Several studies have suggested that dyslipide-
mia is related to inflammation and immune disorder, but stu-
dies on the relationship between dyslipidemia and lymphocyte 
subsets are still lacking.11,12 In order to explore the influence of 
dyslipidemia on immune function, the absolute level of per-
ipheral blood lymphocyte subsets in patients with dyslipidemia 
was detected, and the correlation between peripheral blood 
lymphocyte subsets and hypercholesterolemia and hypertrigly-
ceridemia was analyzed in this study, which aim to provide a 
new idea for clinical diagnosis, therapy and prevention of 
dyslipidemia.

Materials and Methods
Patient Enrollment and Blood Specimen 
Collection
Under the diagnostic standard of dyslipidemia from “The 
2017 guidelines for prevention and treatment of dyslipide-
mia in Chinese adults”, 51 adult patients with 32 male and 

19 female diagnosed as having dyslipidemia, which man-
ifested without any other physical disorders that may lead 
dyslipidemia, as well as 51 adult healthy volunteers (con-
trol) with 32 male and 19 female, whose presented normal 
blood lipids and no concurrent diseases or drug therapy at 
the moment of blood drawing, were selected into our 
research. The healthy people were matched with dyslipi-
demia patients of similar ages and genders. 10 mL whole 
blood sample from each subject was allowed to collect 
into a tube with heparin. The blood samples were stored at 
ambient temperature and moved within 2 hours from the 
clinical wards to the analytical laboratory, where they were 
immediately processed.

Criteria for determining dyslipidemia: “The 2017 guide-
lines for prevention and treatment of dyslipidemia in Chinese 
adults”: One or more abnormalities in TC≥ 6.22 mmol/L, TG≥ 
2.3 mmol/L, and LDL≥ 4.14 mmol/L were defined as dyslipi-
demia. The reference range of dyslipidemia in the biochemical 
room of our hospital was TC≥ 5.71 mmol/L, TG≥ 1.70 mmol/ 
L, and LDL≥ 3.12 mmol/L, respectively. Exclusion criteria: (1) 
patients with various acute and chronic infections; (2) Patients 
with diabetes and complications; (3) Patients with diseases of 
the blood system; (4) Patients with autoimmune diseases; (5) 
Patients using hormones; (6) Patients with hyperuricemia; (7) 
Patients with malignant tumor; (8) Patients with coronary heart 
disease; (9) Patients with hypertension; (10) Patients with 
endocrine-related diseases, such as thyroid dysfunction.

Detection of Lymphocyte Subsets in 
Peripheral Blood
One BD Trucount absolute counter tube was selected and 
labeled as No. 1 tube, and two tubes for flow cytometry were 
labeled as No. 2 and No. 3 tubes, respectively. 20 ul of 
MultitestTM 6-Color TBNK Reagent and 50 ul of heparin 
anticoagulant peripheral blood were allowed to be added into 
the No.1 tube. After mixing evenly, it was incubated for 20 
mins in dark at room temperature. Afterward, 450 ul diluted 
Red Blood Cell Lysis Buffer was added into the absolute 
counter tube, mixed evenly and kept in the dark at room 
temperature for 20 mins, and then the flow cytometer 
(Becton Dickinson) was applied to detect and analyze the 
lymphocyte subsets. 20 ul fluorescent antibodies HLA-DR- 
FITC, CD28-PE, CD4-PerCP-Cy5.5, CD8-PE-Cy7, CD38- 
APC, and CD3-APC-Cy7 were, respectively, added into No. 
2 tube. In addition, 20 ul of fluorescent antibodies CD45RA- 
FITC, CD62L-PE, CD4-PerCP-Cy5.5 were, respectively, 
added into No. 3 tube. 50 ul heparin anticoagulant peripheral 
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blood was added into the No.2 and No.3 tubes, respectively, 
and then, the tubes were mixed by eddy oscillation and incu-
bated for 20 mins in the dark at room temperature. 2 mL 
hemolysin was added, and tubes were incubated for 20 mins 
in the dark at room temperature, followed by centrifugation at 
500 g for 5 mins. After completion of centrifugation, the 
supernatant was poured out and the precipitation was left. 1 
mL PBS buffer was added to resuspend the cell, and then, the 
cell was mixed by vortex and ready to be tested.

Statistical Analysis
Data are expressed as mean ± SD. A Student’s t-test was used 
to determine the difference between the two groups. An X2 test 
was used for comparison of enumeration data. Statistical ana-
lyses were performed by using the Statistical Program for 
Social Sciences (SPSS) 20.0 software (SPSS Inc. Chicago, 
IL, USA). A P-value <0.05 was considered statistically sig-
nificant. The two groups of data conformed to the normal 
distribution and the correlation analysis was performed by 
Pearson test.

Results
Basic Information of Peripheral Blood in 
Two Groups
The level of TC, TG and LDL in dyslipidemia patients 
was significantly higher than those in healthy controls 
(P<0.05). In addition, there were no markedly differences 
in age, gender, fasting plasma glucose (FPG) and uric acid 
(UA) between healthy controls and dyslipidemia patients 
(P>0.05) (Table 1).

The Absolute Value of Lymphocyte Subsets 
in Peripheral Blood of Each Group
The absolute values of CD19+ B cell, CD3+ T cell, CD4+ 

Th cell, CD4+CD28+ cell, naive CD4+ T cell and memory 
CD4+ T cell in patients with dyslipidemia were signifi-
cantly higher than those in healthy controls (P<0.05). 
There was no significant difference between healthy 

controls and dyslipidemia patients in other lymphocyte 
subsets (P>0.05) (Table 2 and Figures 1 and 2).

Correlation Analysis of Lymphocyte 
Subsets with Total Cholesterol and 
Triacylglycerol in Dyslipidemia Patients
The absolute values of CD3+ T cell and naive CD4+ T cell 
were markedly positively correlated with hypercholester-
olemia in peripheral blood (r=0.291 and 0.306, respec-
tively, all P<0.05). There was no significant correlation 
between hypertriglyceridemia and lymphocyte subsets 
(P>0.05) (Table 3).

Discussion
Clinical and Laboratory researchers have suggested that 
lipid metabolism acts as a pivotal part of immunity, which 
may have significant implications for cardiovascular dis-
ease, infectious disease, autoimmune disease and meta-
bolic dysfunction.4,13–15 In our study of 51 dyslipidemia 
patients and healthy controls who underwent physical 
examination in our hospital from January 2020 to 
October 2020, we have demonstrated that some lympho-
cyte subsets were significantly overexpressed in patients 
and there are significant relationships between CD3+/naive 
CD4+ T cell and hypercholesterolemia in peripheral blood. 
Our research found that dyslipidemia may have potential 
effects on immunity in both humoral and cellular immu-
nity, whereas hypertriglyceridemia seems to have little 
correlation with lymphocyte subsets. Further, hypercholes-
terolemia majorly affects immune profiles in cellular 
immunity, leading to variable immune outcomes. Studies 
have shown that lipoprotein can directly affect the struc-
ture and activity of monocyte by regulating cholesterin 
flux of cell, modulating lipid rafts tissue, isolating patho-
genic stimulus and providing immunoregulatory effect.4,16 

Lymphocyte and monocyte are both a kind of leukocyte, 
but there are a limited number of reports about lipoprotein 
and lymphocyte subsets. As a matter of fact, our research 

Table 1 Comparison of Peripheral Blood Features Between Healthy Controls and Dyslipidemia Patients in Peripheral Blood

Groups Gender 
(Male/Female)

Age TC 
(mmol/L)

TG 
(mmol/L)

LDL 
(mmol/L)

UA 
(umol/L)

FPG 
(mmol/L)

Healthy controls 51 (32/19) 46±13 4.47±0.47 1.03±0.29 2.75±0.32 333±49 5.1±0.31
Dyslipidemia 

patients

51 (32/19) 48±12 6.36±0.91* 2.68±2.29* 4.05±0.63* 364±0.48 5.0±0.45

Note: *Comparison with the group of healthy controls (P<0.05). 
Abbreviations: TC, total cholesterol; TG, triglycerides; LDL, low-density lipoprotein; UA, uric acid; FPG, fasting plasma glucose.
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is the first to uncover the interaction between lymphocyte 
subsets and dyslipidemia.

The relationship between lymphocyte subsets and 
lipids, as well as the excitatory or inhibitory regulation in 
these lymphocyte cells have been the research hotspots of 
cardiovascular disorders in recent research. In our study, 
the level of CD19+ B cell, CD3+ T cell, CD4+ Th cell, 
CD4+CD28+ cell, naive CD4+ T cell and memory CD4+ T 
cell were in a state of markedly increased expression in 
patients diagnosed as having dyslipidemia compared to 

healthy controls. B cells have three main effects: the 
production of antibody, the presentation of antigen or T 
cell interaction, and the release of cell factor. It was 
reported that all of the effect can regulate atherosclerosis 
and were associated with the activation status of the B 
cells,17 which was consistent with the enhanced expression 
of B cells in patients with dyslipidemia observed in our 
experiment. Other experimental data indicated that 
changes in cellular lipid metabolism may have critical 
effects on humoral and cellular immunity, especially T 
cells and T cell subsets proliferation and cell fate deci-
sions. Most adaptive immune responses require the activa-
tion of specific T cells via the T cell antigen receptor-CD3 
complex. Researchers used a natural analogue of choles-
terol that inhibited the phosphorylation reaction of CD3 
ITAM, leading to a decrease in the activation of T cell.18 

Bagley et al found that hyperlipidemia promoted expedited 
repulsion of vascularized heart allografts in mouse by the 
inductive effect of anti-donor CD4+ Th cells and hyperli-
pidemia also promoted an increase in effector T cells.19 

These studies suggested that lipid metabolism may also 
play a critical role in activation-induced proliferation and 
differentiation of T lymphocyte. Together, we speculate 
that Lipid is not only a structural molecule required for 
cell membrane formation and proliferation but also a cen-
tral switch regulating T cell fate determination. In addition, 

Table 2 Comparison of Lymphocyte Subsets Between Healthy 
Controls and Dyslipidemia Patients in Peripheral Blood (Cells/uL)

Lymphocyte Subsets Healthy 

Controls (N=51)

Dyslipidemia 

Patients (N=51)

CD3+ T cell 1541.6±356.9 2052.5±607.0*

CD4+ Th cell 720.1±176.2 1136.0±365.4*

CD8+ Tc cell 670.8±195.1 791.8±294.2

CD4/CD8 1.15±0.33 1.54±0.46*

CD19+ B cell 249.9±65.3 346.6±140.7*

CD3−CD16+CD56+ NK cell 514.8±284.4 665.5±323.5

CD4+CD28+ cell 668.7±155.1 1022.5±351.5*

Naive CD4+ T cell 175.7±83.7 352.0±149.9*

Memory CD4+ T cell 489.3±159.9 677.2±243.4*

CD8+CD28+ cell 348.1±108.2 444.9±242.8

CD8+CD38+ cell 143.2±38.2 147.0±101.3

CD8+CDDR+ cell 229.5±139.5 245.5±155.0

Note: *Comparison with the group of healthy controls (P<0.05).

Figure 1 Comparison of lymphocyte subsets between healthy controls and dyslipidemia patients. *Comparison with the group of healthy controls (P<0.05).
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Figure 2 Flow cytometry of lymphocyte subsets (A–O). T lymphocytes (CD3+), B lymphocytes (CD19+), Natural killer (NK) lymphocytes (CD3−CD16+ and/or CD56+), 
Helper inducer T lymphocytes (CD3+CD4+), Functional subset of CD4+ T cell (CD4+CD28+), Native subset of CD4+ T cell (CD4+CD45RA+CD62L+), memory T cell 
subset (CD4+CD45RA−), Suppressor cytotoxic T lymphocytes (CD3+CD8+), Functional subset of CD8+ T cell (CD8+CD28+), Activated subsets of CD8+ T cell 
(CD8+CD38+ and CD8+DR+).
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dyslipidemia profoundly affects T cell subsets and altera-
tions in T cell subsets may also seem to cause the change 
in immune effect. Therefore, lipid-lowering therapy may 
be a potential treatment path for autoimmune diseases or 
immune rejection.

Based on a further study of the relationships between 
dyslipidemia and lymphocyte subsets, we found that CD3+ 

T cell and naive CD4+ T cell were markedly positively 
associated with hypercholesterolemia in peripheral blood. 
Mailer et al suggested that hypercholesterolemia enhanced 
T cell antigen receptor stimulation and T cell development, 
as well as T cell proliferation.20 However, Maganto-García 
et al found that prolonged hypercholesterolemia can 
impair T cell but not the accumulation of lymphocyte, 
and the lipid-lowering can prevent the decrease of T lym-
phocyte in lesion.21 Additionally, Baardman et al sug-
gested that the low level of T cells and Impaired 
inhibition effect were related to the progress of 
atherosclerosis.22 Together, atherosclerosis is a chronic 
inflammatory disease of the arterial wall and a major 
cause of cardiovascular disease. Its progression is closely 
related to the number and function of lymphocyte subsets, 
especially T cell subsets. Therefore, we speculate that 
therapeutic strategy to improve the level or function of T 
lymphocyte could be beneficial to preventing the develop-
ment of dyslipidemia-related diseases.

Conclusion
In summary, dyslipidemia has potential effects on immune 
profiles in lymphocytes subsets, and changes in the abso-
lute number of lymphocyte subsets in dyslipidemia 
patients may lead to immune dysfunction.
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