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Objective: To investigate the immune profiles in benign prostatic hyperplasia, changes in 
the absolute number of lymphocyte subsets and the proportion of T lymphocyte subsets were 
detected.
Methods: Absolute value of lymphocyte subsets in peripheral blood (T, B and NK cells) and 
the proportion of T lymphocyte (native CD4+ T cell, memory CD4+ T cell, CD8+CD28+ 

T cell, CD8+CDDR+ T cells and CD8+CD38+ T cell) were measured by flow cytometry.
Results: The absolute values of CD3+ T cell (972.55±330.31 vs 1757.99±439.38), CD4+ 

T cell (656.43±252.39 vs 899.30±262.10), and CD8+ T cell (301.97±147.76 vs 728.45 
±230.34) in patients with benign prostatic hyperplasia were significantly reduced (all 
P<0.05). There was no significant difference in NK cell (285.58±182.84 vs 528.92 
±208.17) and B cell (186.66±86.62 vs 334.17±130.46). The proportion of naive CD4+ 

T cell (3.75±0.50 vs 8.54±1.61) in T lymphocyte subsets in patients with BPH was sig-
nificantly reduced (P<0.05). There was no significant difference in memory CD4+ T cell 
(87.9±6.37 vs 92.63±5.94), CD8+CD28+ T cell (60.52±13.86 vs 64.32±12.78), CD8+CDDR+ 

T cell (36.58±12.87 vs 31.92±8.54) and CD8+CD38+ T cell (2.1±1.90 vs 2.55±2.01).
Conclusion: Immune dysfunction raised the risk of viral infection, inflammatory stimula-
tion, and tumor induction in prostate cells, leading to hyperplasia, and immune non-response 
was potentially a key factor in the transformation of BPH into prostate cancer.
Keywords: benign prostatic hyperplasia, lymphocyte subsets, pathogenesis, flow cytometry

Introduction
Benign Prostatic Hyperplasia (BPH) has become the most common cause of lower 
urinary tract symptoms among aging men in which prostatic epithelial hyperplasia 
and prostatic stromal hyperplasia lead to a range of obstructive, irritative, or mixed 
symptoms, such as frequent urination, urgency and dysuria. The incidence and 
severity of BPH increase with age, affecting about 70% of aging men.1 The 
pathophysiology of BPH has been extensively investigated, which mainly includes 
sex hormone theory,2,3 polypeptide growth factor theory,4 inflammatory signal 
transduction theory,5 cell apoptosis theory,6,7 oxidative stress theory,8 smooth 
muscle theory9 and other pathogenesis studies. It is generally accepted that this is 
a complex multifactorial disorder that accounts for the primary mechanism. Of 
note, patients with BPH often show an abnormal number of lymphocyte count in 
the blood routine in our clinical work. An abnormal number of lymphocyte counts 
suggest that immune dysfunction may be the pathogenesis of BPH. At present, 
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there is no research on lymphocyte subsets of BPH 
patients in domestic and foreign literature. Whether lym-
phocyte population can discriminate between BPH and 
prostate cancer or be a characteristic of this disease? Do 
they change in the microenvironment of the prostate tis-
sues and induce benign hyperplasia into malignant tissue? 
This study is the first exploration in these fields.

Lymphocyte subsets are important indexes for evaluat-
ing immune function. They are responsible for fighting 
external infection and monitoring cell variation, which 
can be divided into T lymphocyte, B lymphocyte and 
NK cell, and CD3+ T cell can be divided into 
CD3+CD4+ cell and CD3+CD8+ cell. CD3+CD4+ T cell 
contains native CD4+ T cells and memory CD4+ T cell and 
CD3+CD8+ T cell contain CD8+CD28+ T cell, 
CD8+CDDR+ T cell and CD8+CD38+ T cell. In short, the 
aim of our research was to investigate the difference in 
immune profiles between BPH patients and healthy con-
trols to reveal a new potential pathogenesis.

Materials and Methods
Patient Enrollment and Blood Specimen 
Collection
Thirty BPH patients (BPH group) who were hospitalized in 
the Division of Urological Surgery, The Second Affiliated 
Hospital of Shantou University Medical College from 
Jan 2021 to Jun 2021 were enrolled. In addition, 30 healthy 
men (Healthy Controls group), who presented normal blood 
routine and no current health problem or taking medication 
for three months before blood drawing, were allowed to 
select into our research. Patient inclusion criteria: (1) 
Patients underwent transurethral resection of the prostate 
(TURP); (2) Imaging examination suggested prostate 
hyperplasia. Exclusion criteria: (1) Patients with various 
acute infections; (2) Patients with diseases of the blood 
system; (3) Patients with autoimmune diseases; (4) 
Patients with malignant tumor; (5) Patients with coronary 
heart disease and hypertension; (6) Patients with endocrine- 
related diseases, such as thyroid dysfunction. All the BPH 
patients and healthy volunteers gave their written informed 
consent before they enrolled into the study.

15 mL whole blood sample for each patient and 
healthy volunteer was collected into a tube containing 
ethylene-diamine-tetraacetic-acid dipotassium salt (EDTA- 
K2). The tubes were kept at room temperature and trans-
ported within 1 hour from the clinical ward to the analy-
tical laboratory where they were immediately processed.

Detection of the Absolute Value of 
Lymphocyte Subsets in Peripheral Blood
According to the biologic function and the expression of 
surface antigen, human lymphocytes can be divided into 
three major subset populations: T lymphocytes (CD3+), 
B lymphocytes (CD19+), Natural Killer (NK) lymphocytes 
(CD3−CD16+ and/or CD56+), Helper Inducer 
T lymphocytes (CD3+CD4+) and Suppressor Cytotoxic 
T lymphocytes (CD3+CD8+). BD MultitestTM 6-color 
TBNK (Becton Dickinson and Company, BD 
Biosciences) with BD TrucountTM Absolute Count tubes 
(Becton Dickinson and Company, BD Biosciences) is 
intended for use with BD FACSCantoTM flow cytometer 
(Becton Dickinson and Company, BD Biosciences) to 
measure the absolute value of the above-mentioned lym-
phocyte subsets.

We confirm the BD TrucountTM bead pellets are intact 
and in the metal keeper at the bottom of the tube before 
employing the BD TrucountTM tube. For each blood sam-
ple, we mark a BD TrucountTM tube with the sample 
identified number. 20 uL reagent of BD MultitestTM 

6-color TBNK is pipetting into the bottom of the tube 
without touching the bead pellet. Afterwards, 50 uL of 
well-mixed, anticoagulated whole blood is pipetting into 
the bottom of the tube. The tube is covered and is gently 
vortexed to mix the sample and reagent, and then incu-
bated at room temperature in the dark for 15 minutes. 
Next, we add 450 uL of 1X BD FACS lysing solution 
into the tube. The tube ie covered and is gently vortexed to 
mix and incubate for another 15 minutes at the same 
temperature and condition mentioned above. Finally, the 
sample is now allowed to be analyzed by the BD 
FACSCantoTM flow cytometer (Figure 1).

Detection of the Proportion of 
T Lymphocyte Subsets in Peripheral 
Blood
Twenty samples were randomly selected from BPH group 
and Healthy Controls group for the detection of 
T lymphocyte subsets. For each blood sample, labeling two 
12 × 75-mm tubes with No.1 and 2. Five uL CD45RA-FITC 
(Becton Dickinson and Company, BD Biosciences), 4 uL 
CD62L-PE (Becton Dickinson and Company, BD 
Biosciences), 2 uL CD4-PerCP-Cy5.5 (Becton Dickinson 
and Company, BD Biosciences), were added into No.1 tube. 
5 uL HLA-DR-FITC (Becton Dickinson and Company, BD 
Biosciences), 4 uL CD28-PE (Becton Dickinson and 
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Company, BD Biosciences), 2 uL CD4-PerCP-Cy5.5 (Becton 
Dickinson and Company, BD Biosciences), 2 uL CD8-PE- 
Cy7 (Becton Dickinson and Company, BD Biosciences), 2 
uL CD38-APC (Becton Dickinson and Company, BD 
Biosciences), 2 uL CD3-APC-Cy7 (Becton Dickinson and 
Company, BD Biosciences) were added into No.2 tube. 50 uL 
EDTA-K2 anticoagulant whole blood was, respectively, 
added into the No.1 and No.2 tubes, and then the tubes 
were mixed by eddy oscillation and incubated for 20 minutes 
in the dark at room temperature. 2 mL of hemolysin was 
added, and tubes were incubated for 20 minutes in the dark at 
room temperature, followed by centrifugation at 500g for 5 

minutes. 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 eddy oscillation and ready to test by the BD 
FACSCantoTM flow cytometer (Figure 2).

Statistical Analysis
Data are expressed as mean ± SD. A Student’s t-test was 
allowed to apply for determining the difference between BPH 
group and healthy controls group. Statistical analyses were 
performed using the Statistical Program for Social Sciences 

Figure 1 Flow diagram of BD MultitestTM 6-color TBNK reagent with BD TrucountTM tubes.
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(SPSS) 25.0 software (SPSS Inc. Chicago, IL, USA). 
A P-value <0.05 was considered statistically significant.

Results
The Absolute Value of Lymphocyte 
Subsets in Peripheral Blood of Each 
Group
The absolute values of CD3+ T cell (972.55±330.31 vs 
1757.99±439.38), CD4+ T cell (656.43±252.39 vs 899.30 
±262.10), and CD8+ T cell (301.97±147.76 vs 728.45 
±230.34) in patients with BPH were significantly reduced 
(all P<0.05). There was no significant difference in NK 
cell (285.58±182.84 vs 528.92±208.17) and B cell (186.66 

±86.62 vs 334.17±130.46) between BPH patients and 
healthy controls (all P>0.05) (Figure 3A and B).

The Proportion of T Lymphocyte Subsets 
in Peripheral Blood of Each Group
The proportion of naive CD4+ T cell (3.75±0.50 vs 8.54 
±1.61) in T lymphocyte subsets in patients with BPH was 
significantly reduced (P<0.05). There was no significant 
difference in memory CD4+ T cell (87.9±6.37 vs 92.63 
±5.94), CD8+CD28+ T cell (60.52±13.86 vs 64.32±12.78), 
CD8+CDDR+ T cell (36.58±12.87 vs 31.92±8.54) and 
CD8+CD38+ T cell (2.1±1.90 vs 2.55±2.01) between BPH 
patients and healthy controls (all P>0.05) (Figure 4A and B).

Figure 2 Flow diagram of the detection of T lymphocyte subsets by flow cytometry.
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Figure 3 The absolute value of lymphocyte subsets in peripheral blood of each group. [(A) Flow cytometric results of lymphocyte subsets. (B) Histogram results of 
lymphoid subsets (*Comparison with the group of healthy controls (P<0.05)].
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Discussion
Although the pathogenesis of BPH and prostate cancer 
remains unclear, age has been reported as the greatest 
risk factor.10 New insights into their pathogenesis are 
related to prostate ageing degeneration, including the tes-
tosteron-vasculars-inflation-aging triad, as well as the cel-
lular biological regulation of amyloidosis and autophagy.10 

In addition, we note that adaptive landscapes of benign 
hyperplasia or malignant tissue may change when resource 
availability or the environment changes in favor of 
a subpopulation that happens to be better able to adapt to 
these new conditions.11 In the context of aging, the 
resources and environment around cells are constantly 
changing. Inflammation, metabolism, and mitochondrial 

function change significantly with age, and the accumula-
tion of genetic mutations leads to abnormal cell renewal in 
tissues.12 Henry et al found that increased inflammation 
associated with age reduces the fitness of B-progenitor 
cells and promotes the selection of progenitor cells with 
carcinogenic mutations, thereby restoring their fitness.13 

Chronic inflammation has been demonstrated to play an 
important role in the pathogenesis and progression of 
cancer, especially in prostate cancer, by initiating epithe-
lial–mesenchymal transformation and reshaping the extra-
cellular matrix to modify the tumor microenvironment.14 

In addition, macrophages in the prostate epithelium 
exhibit different subtypes consistent with changes in 
hormonal environment. Specific subtypes of 

Figure 4 The proportion of T lymphocyte subsets in peripheral blood of each group. [(A) Flow cytometric results of T lymphocyte subsets. (B) Histogram results of the 
proportion of T lymphocyte subsets (*Comparison with the group of healthy controls (P<0.05)].
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macrophages were found to be confined to precancerous 
or malignant areas of the aged prostate.15

Therefore, the immune dysfunction origin of BPH has 
become an important research field in urological surgery.16 

The disorder of immune microenvironment may be an 
important factor to stimulate prostatic hyperplasia or 
even induce prostatic cancer. Studies have suggested that 
BPH is an autoimmune disease in which an autoimmune 
response induces the proliferation of prostate epithelial 
and stromal cells.17 Moreover, previous experimental 
data indicated that acute inflammation or chronic inflam-
mation in vivo may cause endogenous immune cross- 
reaction, which can lead to DNA damage to cells, enhance 
the formation of neovascularity and increase the release of 
growth promoting cytokines, thus inducing hyperplasia of 
prostate glands.18 In our research of 30 patients diagnosed 
with BPH and healthy controls, we demonstrated that the 
expression of CD3+ T cell, CD4+ T cell and CD8+ T cell 
were significantly decreased in patients, whereas NK cell 
and B cell seem to have no significant difference. In 
addition, our study regarding the proportion of 
T lymphocyte subsets in peripheral blood of each group 
demonstrated that T lymphocyte subsets isolated from 
patients with BPH had markedly decreased levels of 
naive CD4+ T cell and no significant difference of memory 
CD4+ T cell, CD8+CD28+ T cell, CD8+CDDR+ T cell and 
CD8+CD38+ T cell than those in healthy controls. Of note, 
a prospective study of peripheral blood lymphocytes (T 
cell, B cell and NK cell) from 31 BPH patients undergoing 
prostatectomy has observed that cytotoxic T cell and B cell 
were in decreased expression level.19 Furthermore, another 
study has revealed that the autoimmune origin of BPH was 
the prostatic stromal cells, which can act as antigen- 
presenting cell to activate CD4+ T lymphocytes and induce 
the release of pathogenic cytokines of Th1 and Th17.20 In 
short, BPH patients do have immune dysfunction, espe-
cially T lymphocyte subsets. It is worth mentioning that 
our study is the first to reveal the decrease in naive CD4+ 

T cell in the proportion of T lymphocyte subsets of BPH 
patients.

The mature process of T lymphocyte in thymus devel-
ops from the double (-) state: CD4–CD8– to the immature 
single (+) state to the double (+) state: CD4+CD8+ and 
finally to single (+) state: CD4+ or CD8+ 

T lymphocyte.21,22 Under the different influences of cell 
microenvironment, CD4+ T cell differentiates into differ-
ent subsets, naive CD4+ T cell and memory CD4+ T cell. 
According to different T lymphocyte subsets function, the 

subsets of naïve CD4+ T cells can be divided into T helper 
type 1 (Th1) cell, T helper type 2 (Th2) cell, T helper type 
17 (Th17) cell and regulatory T (iTreg) cell.23 If the naive 
T cell pool is altered, adverse reactions to pathogens, 
tumors, and vaccines can occur, or immune deficiencies 
or autoimmunity can develop.24 Naive CD4+ T cells are 
usually stable in a quiescent stage, that is in the G0 phase 
of the cell cycle, with low activities of metabolism, tran-
scription and translation. Metabolic changes can lead to 
quiescent exit of naive T cells, including the up-regulation 
of glycolysis, mitochondrial metabolism, lipid synthesis 
glutaminolysis and mevalonate metabolism.25,26 Study 
has shown that an effective adaptive immune response 
essentially demands a large number of naive T cells, 
which move around the body quickly recognizing almost 
any foreign peptide, and because the number of 
T lymphocyte decreases with age, naive T cells should 
keep in a stable long-lived stage.27 Our experimental 
data revealed that naive CD4+ T cell was decreased in 
the proportion of T lymphocyte subsets in patients com-
pared to healthy control group. However, it remains 
unclear as yet whether reason for the decrease in naive 
CD4+ T cell is increased destruction, decreased generation, 
or overexpression of quiescence exit and how microenvir-
onment cytokines alter T lymphocyte at the stage of quies-
cence in BPH.28 In recent research, Liu et al demonstrated 
that immune dysfunction of Th1 cell, Th2 cell, Th17 cell, 
iTreg cell, macrophage and their related cell factors are as 
common key activators in the progression of chronic pros-
tatitis and prostate cancer.20

Conclusion
To sum up, we concluded that immune dysfunction caused 
by decrease of T lymphocyte subsets and the proportion of 
naive CD4+ T cell may raise the risk of viral infection, 
inflammatory stimulation, and tumor induction in prostate 
cells, leading to hyperplasia, and immune dysfunction 
caused by prostate ageing degeneration may have potential 
to be a key factor in the transformation of BPH into 
prostate cancer.
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