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Abstract: The impact of the immune response on the therapeutical efficacy of neoadjuvant chemotherapy for breast 
cancer remains largely unknown. To characterize the role of regulatory T cells (CD4+CD25+CD127lowTreg), T lympho-
cyte subsets (CD3+, CD4+, CD4+/CD8+) and NK cells in neoadjuvant chemotherapy, we investigated the correlation 
patterns of these immune cell subsets with the progression of breast cancer. A total of 120 breast cancer patients 
receiving neoadjuvant chemotherapy in Nanjing Maternal and Child Health Hospital from May 2019 to November 
2021 were retrospectively collected as the breast cancer group, and 46 healthy women were selected as the control 
group. The number of regulatory T cells, T lymphocyte subsets and NK cells in the peripheral blood were analyzed 
by flow cytometry. Compared with the control group, CD3+, CD4+, CD4+/CD8+ ratio and NK cells were significantly 
decreased in patients with breast cancer (P < 0.05), while the levels of Treg and CD8+ cells were significantly 
increased (P < 0.05). In addition, the status of the immune response among breast cancer patients at different 
clinical stages was obviously different. In higher tumor stages, the level of CD3+, CD4+, CD4+/CD8+ ratio and NK cell 
were reduced, while the level of Treg and CD8+ T cells gradually increased. Furthermore, we found a lower percent-
age of CD3+, CD4+, CD4+/CD8+ and NK cells in association with lymph node metastasis, accompanied by a higher 
number of CD8+ T cells. Interestingly, after treatment with neoadjuvant chemotherapy, the levels of Tregs, CD3+, 
CD4+ and CD4+/CD8+ ratio of patients were all upregulated compared with the levels before treatment, indicating 
the recovery of cytotoxic lymphocytes and a consolidation of the immunosuppressive microenvironment at the same 
time (P < 0.05). Immune dysfunction is commonly observed in breast cancer patients, which is closely associated 
with tumor progression and lymph node metastasis. Neoadjuvant chemotherapy was found to highly influence the 
number of T lymphocytes and improve the immune function of T lymphocyte subsets in breast cancer patients. At 
the same time, as immunosuppressive cells, the proportion of Tregs (CD4+CD25+CD127lowTreg) also increased after 
treatment with neoadjuvant chemotherapy. Our results provide guidance for the development of new combination 
strategies during neoadjuvant chemotherapy to reverse the immunosuppressive microenvironment and achieve 
better clinical outcomes.
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Introduction

Breast cancer is one of the most common 
malignant tumors in women, accounting for 
about 18% of all female malignant tumors, with 
the highest incidence and second highest mor-
tality [1]. The 2015 cancer registration reports 
showed that the risk of breast cancer in the 

50-59-year-old age group in China increased by 
69.38% from 2005 to 2015 [2, 3]. Recent stud-
ies confirmed that one of the determining fac-
tors in the progression, response to treatment 
and prognosis of breast cancer is the immune 
system, which monitors the occurrence of 
tumors and eliminates tumor cells through cel-
lular immunity. Hence, when the immune sur-
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veillance function of the body is challenged,  
the risk of tumor occurrence and progression 
increases [4]. Reports indicated that although 
the body’s immune system may generate a spe-
cific immune response against a specific tumor 
antigen, the complex and orchestrated network 
of the tumor environment always leads to 
changes in the function of immune cells in the 
tumor, preventing effective tumor suppression. 
This tolerogenic microenvironment for tumor 
antigens is mainly mediated by the activation  
of a series of immunosuppressive cells. Am- 
ong them, CD4+CD25+ regulatory T cells, as the 
most typical immunosuppressive cells, can pro-
mote the occurrence and development of 
malignant tumors. CD4+CD25+ regulatory T 
cells are mainly responsible for maintaining 
autoimmune tolerance and regulating adaptive 
immune responses in normal tissue, mainly by 
inhibiting CD4+CD25- T cells, NK cells, dendritic 
cells, monocytes, and other immune cells, to 
prevent the occurrence of autoimmune phe-
nomena [5]. In addition to Treg cells, other T 
lymphocyte subsets play important roles in 
antitumor immune surveillance. Relevant stud-
ies found that T lymphocyte subsets were asso-
ciated with the age and tumor stage of cancer 
patients. Moreover, there are certain changes 
in T lymphocyte subsets before and after treat-
ment, which are closely related to tumor pro-
gression and the treatment effect [6, 7]. At 
present, there are few studies on the relation-
ship between T lymphocyte subsets in the 
peripheral blood and the efficacy of neoadju-
vant chemotherapy for breast cancer. There- 
fore, monitoring the immune function of breast 
cancer patients is of great significance for for-
mulating an effective treatment regimen. In 
this study, we mainly analyzed the distribution 
of regulatory T cells and T lymphocyte subsets 
in the peripheral blood of breast cancer pa- 
tients, and further explored the relationship of 
changes in peripheral T lymphocyte subsets 
with the efficacy of neoadjuvant chemotherapy 
for breast cancer, in order to provide a refer-
ence for the further development of clinical 
therapy. 

Materials and methods

General information

A total of 120 patients with breast cancer 
admitted to our hospital from May 2019 to 
November 2021 were collected, all of whom 

were female and confirmed by pathohistologi-
cal examination. Neoadjuvant chemotherapy 
was administered to all enrolled patients. The 
patients were 25-72 years old, with an average 
of 50 ± 11 years old. The tumor was on the left 
side in 58 cases, and on the right side in 62 
cases. Ipsilateral axillary lymph node metasta-
sis was found in 80 cases and no lymph node 
metastasis was found in 40 cases.

According to the TNM staging standards in the 
New Standard for Diagnosis and Treatment of 
Common Malignant Tumors, there were 25 
patients with intermediate stage I, 45 patients 
with stage II, 38 patients with stage III, and 12 
patients with stage IV disease. None of 120 
breast cancer patients received radiotherapy 
or chemotherapy. A total of 46 healthy female 
patients were selected as the control group. 

Inclusion criteria

Breast cancer group: (a) Female breast cancer 
patients confirmed by clinicopathological ex- 
amination admitted to our hospital in 2019.5-
2021.11, (b) No other tumors, acute or chronic 
inflammation, hematological or autoimmune 
diseases, (c) No chemotherapy or radiotherapy 
was performed before blood collection.

Control group: Subjects who served as negative 
controls (NCs) were inquired about their physi-
cal condition, medication, smoking, and alco-
hol consumption. The NCs, showing normal 
blood routine examinations, liver functions 
(AST and ALT), renal function (SCr), blood glu-
cose levels, and without tumors, were consid-
ered healthy.

Exclusion criteria

Breast cancer group: (a) Pregnancy or lactation, 
(b) Severe lung infection or systemic infection, 
(c) Fever, inflammatory disease, and rheuma-
toid disease, (d) Mass resection biopsy before 
admission, (e) Allergy to chemotherapy drugs, 
(f) Immunological diseases or immunosuppres-
sant use. The control group was 20-65 years 
old with an average of 49 ± 12 years. 

Control group: Healthy physical examinees with 
breast disease, immune system diseases, met-
abolic diseases, acute infection, or tumors 
were excluded.
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There was no significant difference in age 
between the two groups (P > 0.05). Venous 
blood was collected before and after neoadju-
vant chemotherapy. The control group donated 
venous blood for the study at the time of physi-
cal examination.

Ethics

The present study was approved by the Ethics 
Committee of Women’s Hospital of Nanjing 
Medical University, and was conducted in 
accordance with the Declaration of Helsinki. An 
information sheet was provided to all partici-
pants. Written informed consent was obtained 
from all participants. The relevant guidelines 
and regulations of the local institute were  
strictly followed when conducting the study. 
Participants were informed that they could 
withdraw from the trial without giving a reason.

Treatment methods

Blood cell analysis, liver function and renal 
function examinations were performed in both 
groups before treatment. According to the 
results, the obviously abnormal indexes were 
corrected, and the patients with malnutrition 
were provided with nutritional support. Water, 
electrolyte and acid-base balance were main-
tained during treatment. Hydration was adopt-
ed the day before chemotherapy. After chemo-
therapy, the blood routine examinations were 
conducted weekly, and the whole-body condi-
tion was evaluated.

The observation group received neoadjuvant 
chemotherapy based on the TAC regimen [8] as 
follows: Docetaxel (75 mg/m2) through intrave-
nous drip, D1; cyclophosphamide (500 mg/m2) 
and epirubicin (70 mg/m2), D2-D21; weekly for 
21 days, and all patients received three cycles 
of chemotherapy. Dexamethasone was taken 
orally 24 h before docetaxel administration. 
Antiemetics were routinely given during chemo-
therapy to alleviate gastrointestinal reactions, 
and granulocyte colony-stimulating factor was 
given if leukopenia above grade III occurred.

Clinical efficacy

Before chemotherapy and at the end of the 
third cycle, the maximum diameter and vertical 
diameter of tumors in the observation group 
were measured by clinical physical examination 
and breast B-ultrasonography or mammogra-

phy. The clinical efficacy of measurable solid 
tumors was evaluated by referring to WHO stan-
dards, including complete response (CR), par-
tial response (PR), stable disease (SD) and pro-
gressive disease (PD). CR+PR were combined 
as the effective group, while SD+PD constitut-
ed the ineffective group [9]. 

Laboratory methods

T lymphocyte subsets

A sample comprising 100 μL of anticoagulated 
peripheral blood was mixed evenly with mono-
clonal antibodies (anti-CD3-FITC, anti-CD4-PE, 
anti-CD8-APC) and incubated for 20 min at 
room temperature in the dark. Then, 1.5 ml of 
erythrocyte lysate was added and mixed. The 
solution was incubated at room temperature in 
the dark for 10 min and centrifuged at 1500 r/
min for 5 min. The supernatant was discarded, 
and 2 mL 0.1% sodium azide phosphonate buf-
fer was added to each tube and mixed evenly, 
then centrifuged at 1000 r/min for 5 min. The 
supernatant was discarded, and 1 ml PBS was 
added to resuspend the cells. The solution was 
analyzed by flow cytometry (BD Company, USA) 
[9]. Anti-CD3-FITC, anti-CD4-PE, anti-CD8-PE 
were purchased from BD Company in the Un- 
ited States. Erythrocyte lysate was purchased 
from BD Company (United States of America). 
The reference values for the percentage of 
CD3+ T cells, CD4+ T cells and CD8+ T cells is 
ranged from 61.1 to 77%, 25.8 to 41.6% and 
18.1 to 29.66%, respectively, and the ratio of 
CD4+/CD8+ T cells was 0.98-1.94.

Regulatory T cells in the peripheral blood

The anticoagulated peripheral blood was fully 
mixed and 50 μl of whole blood was added to 
the bottom of the flow tube using the reversing 
sampling method (taking care not to touch the 
tube wall). Then, CD4+ antibody (8 μl), CD25 
antibody (8 μl) and CD127 antibody (2 μl) were 
added to the whole blood mixed for 5 s. After 
incubation for 15-20 min at room temperature 
in the dark, 450 μl of pre-diluted 1× FACS lysis 
solution was added and mixed for 5 s, followed 
by incubation at room temperature in the dark 
for 10-15 min. The cells were washed with PBS, 
the supernatant was discarded, and 300 μl 
PBS was added to resuspend the cells. The 
cells were analyzed by flow cytometry (BD 
Company, USA).
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Statistical analysis

SPSS19.0 statistical software (IBM Corp., USA) 
was used for data analysis. The measurement 
data conformed to a normal distribution and 
were expressed as means ± standard devia-
tions (

_
x±s). The independent samples t-test 

was used for comparisons between two groups, 
the paired samples t-test was used for intra-
group comparisons, and single factor analysis 
of variance (one-way ANOVA) was used for com-
parisons between multiple groups. Differences 
with P < 0.05 were considered statistically 
significant.

Results

Comparison of immune cell profiles between 
breast cancer patients and healthy controls

The levels of CD3+, CD4+, CD4+/CD8+ and NK 
cells were significantly decreased in breast 
cancer patients (P < 0.05), while CD8+ cells 
were significantly increased (P < 0.05). The pro-
portion of Treg cells in the breast cancer group 
was statistically different from the control 
group (P < 0.05; Figure 1 and Table 1).

Comparison of the immune cell profiles of 
breast cancer patients at different disease 
stages

There were statistically significant differences 
in cellular immune function between patients 
at different disease stages (P < 0.05). With the 
progression of clinical stages, the levels of 
CD3+, CD4+, CD4+/CD8+ T cells and NK cells 
gradually decreased (P < 0.05). At the same 
time, the level of CD8+ T cell increased gradu-
ally (P < 0.05). The proportion of Treg cells in 
the peripheral blood of patients with breast 
cancer increased with the progression of clini-
cal stages, and the proportion of Treg cells in 
patients with stage I-IV breast cancer of all 
stages was statistically different from the 
healthy control group (P < 0.05). The proportion 
of Tregs in stage III and IV patients was sig- 
nificantly increased compared with stage I 
patients, and in stage IV patients compared 
with stage II patients (P < 0.05), as shown in 
Table 2 and Figure 2.

Comparison of immune cell profiles in breast 
cancer patients with and without lymph node 
metastasis

The levels of CD3+, CD4+, CD4+/CD8+ and NK 
cells in breast cancer patients with lymph node 

metastasis were significantly lower than in 
those without lymph node metastasis (P < 
0.05), while the levels of CD8+ cells were signifi-
cantly higher than in patients without lymph 
node metastasis (P < 0.05). The proportion of 
Tregs in the peripheral blood of breast cancer 
patients with lymph node metastasis was sig-
nificantly higher than in patients without lymph 
node metastasis (P < 0.05), as shown in Table 
3 and Figure 3.

Comparison of lymphocyte subsets in the pe-
ripheral blood of breast cancer patients before 
and after neoadjuvant chemotherapy

After chemotherapy, CD3+, CD4+, and CD4+/
CD8+ ratio in the peripheral blood of breast  
cancer patients was significantly higher than 
before treatment, while CD8+ T cells were sig-
nificantly less abundant than before treatment 
(P < 0.05), as shown in Table 4.

Comparison of lymphocyte subsets in the pe-
ripheral blood of breast cancer patients with 
different treatment effects

After neoadjuvant chemotherapy, there were 
82 cases of DC and 38 cases of PD. Among 
that, there were no cases of CR, 27 cases of PR 
and 55 cases of SD. The ratio of CD3+, CD4+ 
and CD4+/CD8+ was significantly higher in the 
DC group than in the PD group (P < 0.05), while 
the abundance of CD8+ T cells was slightly 
lower than in the PD group, with no statistical 
significance (P > 0.05), as shown in Table 5. 

Discussion

Human antitumor immunity includes cellular 
and humoral components, among which cellu-
lar immunity is dominant. The cellular immune 
system mainly consists of T cells, B cells, and 
NK cells, which mount an immune response 
through complex intercellular interactions [10]. 
According to their phenotypes and functions, T 
lymphocytes can be divided into CD4+ T cells (T 
helper cells) and CD8+ T cells (cytotoxic T cells) 
[11, 13]. Studies revealed that T cells are one 
of the main populations infiltrating early tumors. 
The dominant subset comprises CD4+ T cells, 
which can secrete cytokines that directly aff- 
ect tumor cells or indirectly exert antitumor 
effects through activation of CD8+ T cells [12]. 
Activated CD8+ T cells bind to the major histo-
compatibility complex I (MHC I) - antigen com-
plex on target cells through their receptors, 
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inducing CD8+ T cells to release granzymes and 
perforin, thereby killing tumor cells [14, 15].

In the healthy body, CD4+ and CD8+ T cells are 
in a balanced state of mutual induction and 
restriction. However, when the number or pro-
portion of the two subsets is out of balance, the 
proportion of CD4+ T cells decreases while that 
of CD8+ T cells increases, leading to a decrease 

of their immune function. As a result, the ability 
of the inducing organ to resist tumors is weak-
ened, which is also a major cause of carcino-
genesis [16]. NK cells participate in the antitu-
mor immune response by producing pro-inflam-
matory cytokines, which exert antitumor effects 
by recruiting and promoting the proliferation of 
other immune cells. NK cells are immune cells 
with innate and adaptive immune characteris-

Figure 1. Comparison of immune indices between the two groups. A: Comparison of cellular immune function be-
tween breast cancer patients and healthy controls. B: The number of regulatory T cells, T lymphocyte subsets and 
NK cells in then peripheral blood of breast cancer patients and healthy controls were analyzed by flow cytometry.



T lymphocyte subsets in peripheral blood for breast cancer

3096 Am J Cancer Res 2023;13(7):3091-3099

tics, which play a role in cancer suppression 
during initial tumor immune surveillance [17, 
18]. It has been reported that the progression 
of breast cancer is accompanied by the dysreg-
ulation of NK cell [19]. Therefore, the detection 
of NK cells in tumor patients is also of great 
significance for judging the occurrence, devel-
opment, treatment and prognosis of the dis-
ease [20]. In this study, the changes of relevant 
lymphocyte subsets in the peripheral blood of 
breast cancer patients were investigated. The 
results showed that the levels of CD3+, CD4+, 
CD4+/CD8+ and NK cells in the peripheral blood 
of breast adenocarcinoma patients were signifi-
cantly lower than in healthy controls, while the 
levels of CD8+ cells were significantly higher. 
These results indicated that the immune func-
tion of patients with breast adenocarcinoma 

These results indicated that with the increase 
of tumor burden and advancing disease stage, 
tumor cells produce more immunosuppressive 
factors to inhibit the differentiation and prolif-
eration of lymphocytes, resulting in stronger 
immune escape and lower antitumor efficacy. 
Accordingly, the cellular immune function of 
breast cancer patients with lymph node me- 
tastasis was significantly lower than that of 
patients without lymph node metastasis, indi-
cating that once the tumor metastasizes, the 
immune function of the patients will be fur- 
ther suppressed, resulting in a deteriorating 
prognosis.

To further understand the role of Tregs in modu-
lating the suppressive tumor microenvironment 
and cancer development, the levels of Tregs in 

Table 1. Comparison of immune cell profiles between breast cancer patients and healthy controls  
(
_
x±s)

Group n CD4+CD25+CD127lowTreg CD3+ (%) CD4+ (%) CD8+ (%) CD4+/CD8+ NK%
Control group 46 0.63±0.12 66.81±5.68 40.72±4.36 25.19±3.87 1.59±0.21 20.13±3.55
Breast cancer 120 1.53±0.31 60.54±4.20 32.65±4.55 28.16±3.51 1.26±0.16 15.06±2.50
t 8.215 8.021 9.207 9.182 10.01 10.219
P 0.003 0.006 0.001 0.005 0.013 0.005

Table 2. Comparison of the levels of different immune cells in patients at different stages of breast 
cancer (

_
x±s)

TNM n CD4+CD25+CD127lowTreg CD3+ (%) CD4+ (%) CD8+ (%) CD4+/CD8+ NK%
I 25 0.92±0.15 65.36±6.21 35.21±5.81 25.41±3.62 1.55±0.32 18.33±2.68

II 45 1.18+0.21* 61.76±5.02* 32.68±5.62* 27.80±2.91* 1.32±0.29* 16.72±2.90*

III 38 1.92±0.36*,# 58.52±4.92*,# 29.96±3.26*,# 32.50±3.26*,# 1.16±0.20*,# 13.50±2.95*,#

IV 12 2.10±0.51*,#,∆ 55.19±3.86*,#,∆ 28.50±3.52*,#,∆ 35.29±3.02*,#,∆ 0.82±0.18*,#,∆ 10.25±1.88*,#,∆

F 5.10 11.268 6.158 7.316 10.321 9.217

P 0.013 0.003 0.005 0.018 0.006 0.012
Note: Compared with stage I, *P < 0.05; Compared with stage II, #P < 0.05; Compared with stage III, ∆P < 0.05.

Figure 2. Comparison of cellular immune function in patients with different 
stages of breast cancer (

_
x±s). Compared with stage I, *P < 0.05; Compared 

with stage II, #P < 0.05; Compared with stage III, ∆P < 0.05.

was significantly weakened 
(Table 1; Figure 1). Previous 
studies pointed out that cy- 
tokines released in a strong- 
ly immunosuppressive tumor 
microenvironment could sup-
press the immune killing 
response to further promote 
tumor progression and me- 
tastasis [21]. In addition, our 
study also revealed that the 
immune function of patients 
further deteriorated with tu- 
mor progression, which was 
consistent with a report by 
Kochi et al. from 2018 [22]. 
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the peripheral blood of 120 breast cancer 
patients were compared with healthy controls 
and patients with benign breast disease. Firstly, 
we found that the proportion of Tregs was sig-
nificantly increased in breast cancer patients, 
indicating that Tregs were upregulated (Table 1; 
Figure 1). Moreover, the levels of Tregs in the 
peripheral blood of breast cancer patients 
increased with the progression of clinical stag-
es (Table 2; Figure 2). Accordingly, the propor-
tion of Tregs in stage III and IV patients was 
significantly higher than in stage I and II 
patients, which was consistent with an early 
report by Xu et al. from 2011 [23]. At the same 
time, the ratio of Tregs in the peripheral blood 
of breast cancer patients with lymph node 
metastasis was significantly higher than in 
patients without lymph node metastasis. This 
suggests that Tregs may be involved in the 
occurrence and development of breast cancer 
at an early stage, thus further mediating immu-
nosuppression and then contributing to the 
progression and metastasis of breast cancer 
(Table 3; Figure 3). These findings indicate that 
the proportion of Treg cells is of great signifi-

controlled, the immune function can be cor-
rected to a relatively normal level (Table 4). In 
addition, the CD3+, CD4+, and CD4+/CD8+ ratios 
were significantly higher in DCR than in PD 
patients, suggesting that the effect of chemo-
therapy may depend on the immune microenvi-
ronment, which further contributed to the inhi-
bition of tumor proliferation, progression and 
metastasis (Table 5).

Conclusions

Studies revealed widespread immune dysfunc-
tion in breast cancer patients, which is closely 
related to tumor progression and lymph node 
metastasis. To some extent, CD4+/CD8+ T cells 
can reflect the changes of cellular immune 
function. In addition, Tregs are associated with 
tumor immunosuppression, and the proportion 
of Tregs may increase with disease progres-
sion, which is also of great significance for eval-
uating the prognosis of breast cancer. After 
treatment with neoadjuvant chemotherapy, the 
cellular immune function of patients signifi-
cantly improved, especially in patients with a 

Table 3. Comparison of immune cell profiles in the peripheral blood of breast cancer patients with 
and without lymph node metastasis (

_
x±s)

TNM n CD4+CD25+CD127lowTreg CD3+ (%) CD4+ (%) CD8+ (%) CD4+/CD8+ NK%
Without lymph node metastasis 40 1.10±0.23 62.16±5.22 32.61±4.25 28.81±3.61 1.25±0.22 15.72±2.65

Lymph node metastasis 80 1.96±0.38 58.25±4.23 26.91±4.32 30.63±3.02 1.06±0.21 12.55±2.30

t 5.13 2.625 6.218 2.733 3.155 7.235

P 0.013 0.030 0.018 0.042 0.021 0.046

Figure 3. Comparison of immune cell profiles in the peripheral blood of 
breast cancer patients with and without lymph node metastasis (

_
x±s). The 

percentage of CD3+, CD4+, CD4+/CD8+ and NK cells was significantly lower 
in patients with lymph node metastasis than in patients without lymph node 
metastasis, while the percentages of CD8+ cells showed the opposite trend 
(P < 0.05).

cance for evaluating the prog-
nosis of breast cancer pati- 
ents. However, a causal rela-
tionship between Treg levels 
and cancer progression still 
requires further mechanistic 
research.

Finally, we investigated the 
relationship between the lev-
els of immune cells and the- 
rapeutical efficiency. A posi-
tive correlation between the 
enhanced immunity mediated 
by CD3+/CD4+ T cells and the 
efficacy of chemotherapy was 
observed, while a decreas- 
ing trend of CD8+ T cells was 
observed after treatment. 
These results suggested that 
when the tumor is effectively 
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good response to chemotherapy, which pro-
vides a theoretical basis for rational treatment 
of breast cancer patients by seizing the optimal 
treatment opportunity. Monitoring the above 
immune indicators in patients has a certain ref-
erence value for judging the disease progres-
sion and prognosis of breast cancer patients. 

Here, we characterized the comprehensive pat-
tern of immune cell populations in the periph-
eral blood of breast cancer patients stratified 
by disease progression and chemotherapy effi-
cacy. However, this study still has some limita-
tion limitations. Firstly, this was a retrospective 
study with a relatively small sample size, so 
that some important prognostic factors could 
not be included in the analysis, which may lead 
to bias. Secondly, all data included in the study 
were from a single center. Multicenter studies 
with larger sample sizes are needed to general-
ize our findings. Finally, future studies must 
analyze and discuss the potential causal rela-
tionship between changes in immune cell pro-
files and the treatment effect of neoadjuvant 
chemotherapy in breast cancer. 
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Table 5. Comparison of lymphocyte subsets in the peripheral blood of breast cancer patients with dif-
ferent treatment effects (

_
x±s)

Group n CD4+CD25CD127lowTreg CD3+ (%) CD4+ (%) CD8+ (%) CD4+/CD8+ NK%
DC 82 1.28±0.19 66.58±4.51 38.31±5.06 23.83±3.13 1.53±0.33 18.60±3.58
PD 38 1.45±0.25 64.21±4.45 32.70±4.56 24.36±3.35 1.18±0.25 15.01±2.63
t 4.533 2.357 5.612 0.055 3.812 5.450
P 0.013 0.038 0.001 0.063 0.001 0.023

mailto:Kanshengliu@163.com


T lymphocyte subsets in peripheral blood for breast cancer

3099 Am J Cancer Res 2023;13(7):3091-3099

istics of Malaysian triple negative breast can-
cer patients undergoing TAC chemotherapy 
regimen. Int J Breast Cancer 2020; 2020: 
8424365. 

[9] Wang B and Pan F. Analysis of T lymphocyte 
subsets in peripheral blood of patients with 
breast cancer and its clinical value. Interna-
tional Journal of Laboratory Medicine 2018; 
39: 1230-1233.

[10] Chen CZ, Lin CQ and Chen D. Effect of preop-
erative neutrophil-lymphocyte ratio on the 
prognosis of patients with triple negative 
breast cancer and its clinical significance. Chin 
J General Surg 2017; 32: 789-790.

[11] Kassayová M, Bobrov N, Strojný L, Kisková T, 
Mikeš J, Demečková V, Orendáš P, Bojková B, 
Péč M, Kubatka P and Bomba A. Preventive ef-
fects of probiotic bacteria Lactobacillus planta-
rum and dietary fiber in chemically-induced 
mammary carcinogenesis. Anticancer Res 
2014; 34: 4969-4975.

[12] Tan LT, Teng XF and Cheng K. Meta analysis of 
neutrophil-lymphocyte ratio in the prognostic 
independent predictive factor of breast cancer. 
Shandong Medical Journal 2017; 57: 74-76. 

[13] Chen LY, Xu XB and Hong LJ. Experimental 
study of immune stimulation effect caused by 
nanosecond pulsed electric fields ablation on 
breast cancer. High Voltage Engineering 2017; 
43: 2513-2517.

[14] Koretzky GA. Multiple roles of CD4 and CD8 in 
T cell activation. J Immunol 2010; 185: 2643-
2644. 

[15] Zacharakis N, Chinnasamy H, Black M, Xu H, 
Lu YC, Zheng Z, Pasetto A, Langhan M, Shelton 
T, Prickett T, Gartner J, Jia L, Trebska-McGowan 
K, Somerville RP, Robbins PF, Rosenberg SA, 
Goff SL and Feldman SA. Immune recognition 
of somatic mutations leading to complete du-
rable regression in metastatic breast cancer. 
Nat Med 2018; 24: 724-730. 

[16] Riazi Rad F, Ajdary S, Omranipour R, Alimo-
hammadian MH and Hassan ZM. Comparative 
analysis of CD4+ and CD8+ T cells in tumor tis-
sues, lymph nodes and the peripheral blood 
from patients with breast cancer. Iran Biomed 
J 2015; 19: 35-44.

[17] Maxwell AJ, Clements K, Hilton B, Dodwell DJ, 
Evans A, Kearins O, Pinder SE, Thomas J, Wal-
lis MG and Thompson AM; Sloane Project 
Steering Group. Risk factors for the develop-
ment of invasive cancer in unresected ductal 
carcinoma in situ. Eur J Surg Oncol 2018; 44: 
429-435. 

[18] Pasero C, Gravis G, Granjeaud S, Guerin M, 
Thomassin-Piana J, Rocchi P, Salem N, Walz J, 
Moretta A and Olive D. Highly effective NK cells 
are associated with good prognosis in patients 
with metastatic prostate cancer. Oncotarget 
2015; 6: 14360-14373. 

[19] Mamessier E, Sylvain A, Thibult ML, Houvenae-
ghel G, Jacquemier J, Castellano R, Gonçalves 
A, André P, Romagné F, Thibault G, Viens P, 
Birnbaum D, Bertucci F, Moretta A and Olive D. 
Human breast cancer cells enhance self toler-
ance by promoting evasion from NK cell antitu-
mor immunity. J Clin Invest 2011; 121: 3609-
3622. 

[20] Chen AX, Yu Y and Meng R. The predictive val-
ue of tumor-infiltrating lymphocytes in patients 
with breast cancer treated with neoadjuvant 
chemotherapy. Chin J Clin Oncol 2017; 44: 
1184-1188.

[21] Filatenkov A, Baker J, Müller AM, Ahn GO, 
Kohrt H, Dutt S, Jensen K, Dejbakhsh-Jones S, 
Negrin RS, Shizuru JA, Engleman EG and 
Strober S. Treatment of 4T1 metastatic breast 
cancer with combined hypofractionated irradi-
ation and autologous T-cell infusion. Radiat 
Res 2014; 182: 163-169. 

[22] Kochi M, Iwamoto T, Niikura N, Bianchini G, 
Masuda S, Mizoo T, Nogami T, Shien T, Motoki 
T, Taira N, Tokuda Y, Doihara H, Matsuoka J 
and Fujiwara T. Tumour-infiltrating lymphocytes 
(TILs)-related genomic signature predicts che-
motherapy response in breast cancer. Breast 
Cancer Res Treat 2018; 167: 39-47. 

[23] Xu HY. CD4+CD25+Foxp3+ regulatory T-cells 
and breast cancer. Lingnan Modern Clinics in 
Surgery 2011; 11: 284-288.


