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Peripheral circulating Ts (CD8+CD28-)/CD8+ is elevated 
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Abstract: Antitumor immune response is usually inhibited by immunosuppressive tumor microenvironment. 
CD8+CD28- T lymphocyte (Ts; or CD8+ Treg) is another regulatory T cell apart from CD4+CD25highCD127low Treg, 
and it has been detected infiltrating in tumor tissue of various types as well. The aim of this study is to investigate 
possible role of both Tregs in peripheral circulation of non small cell lung cancer (NSCLC) patients. Twenty-eight 
eligible NSCLC patients pariticipated this study, and 17 healthy volunteers plus 1 patient of pulmonary bulla and 2 
patients of congenital chest wall deformity were also included in this study as control group. Peripheral circulating 
CTL (CD8+CD28+)/CD8+, Ts or CD8+ Treg (CD8+CD28-)/CD8+, CD4+ Treg (CD4+CD25highCD127low/CD4+ were 
assayed by Flow Cytometry. We observed that Ts (CD8+CD28-)/CD8+ in NSCLC group is significantly higher than 
that in control group (P=0.0056). CTL (CD8+CD28+)/CD8+ in NSCLC group is significantly lower than that in control 
group (P=0.0013). CD4+ Treg (CD4+CD25highCD127low)/CD4+ in NSCLC group is not significantly different from 
that in control group (P=0.8689). In conclusion, Ts (CD8+ Treg) instead of CD4+ Treg might be an immunosuppres-
sive factor in peripheral circulation of NSCLC patients.
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Introduction 

Malignant tumor consists of genetically hetero-
geneous cells. These neoplastic cells have 
been observed capable of eliciting host immune 
response [1-3]. However, although rare cases 
of tumor spontaneous regression caused by 
host antitumor immune attack have been 
reported [4, 5], in most cases tumor could natu-
rally progress in spite of elicited immune 
response. During recent decades, secrets of 
tumor evasion from immune attack is partly 
uncovered in that immunosuppressive micro-
environment within tumor tissue is dominant so 
that immune effector cells are disabled or func-
tionally altered [6]. Among various immunosup-
pressive factors with tumor microenvironment 
(TME), regulatory T cells (Treg) have been 
proved playing crucial role, and their recruit-
ment and function within tumor were well stud-
ied [7]. In healthy people, Treg is responsible 

for maintaining host immune homeostasis, pre-
venting excessive immune response. It has 
been established that Treg plays important role 
in autoimmune disease, organ transplantation, 
inflammatory diseases, etc [8, 9]. CD8+CD28- T 
cell is another T cell subset with similar immune 
regulatory function with CD4+ Treg, which is 
termed as T suppressor (Ts) or CD8+ regulatory 
T cell (CD8+ Treg). Although CD8+CD28- T cell 
is less focused on compared with its counter-
part-CD4+ Treg, its immunosuppressive func-
tion has been emphasized during recent 
decade, and its role in organ transplantation 
[10], autoimmune diseases [11], inflammatory 
diseases [12] and cancer has been reported.

Evidences suggest Ts might be another impor-
tant immunoregulatory cell type suppressing 
antitumor response. Ts cells were detected infil-
trating within tumor tissue in various tumor 
type; purified CD8+CD28- T cell from tumor-
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infiltrating lymphocyte could inhibit T cell prolif-
eration and cytotoxic T cell activity in vitro [13]. 
Currently studies on Ts cell’s role in tumor is 
very few. Considering tumor could exert sys-
temic effect to facilitate its progression and 
metastasis, in this study, we focus on periph-
eral circulating immunosuppressive factors by 
investigating proportional changes of CD8+ 
CD28-/CD8+ T cell in peripheral circulation of 
non small cell lung cancer (NSCLC) patients, 
aiming to evaluate its systemic influence in 
tumor, and provide more collaborative evidence 
to establish its role in tumor. 

Materials and methods

This study was approved by Research Ethics 
Committee of both General Hospital of PLA and 
General Hospital of Bei Jing Millitary Command, 
and carried out in accordance with The Code of 
Ethics of the World Medical Association. 
Informed consent were obtained from all par-
ticipants enrolled in this study, and individual 
informations were protected. From November 
2015 to February 2016, eligible NSCLC patients 
who were admitted to either General Hospital 
of Bei Jing Command or General Hospital of 
PLA were included as NSCLC group in this 
study. The inclusion criteria were as follows: 1. 
being clinically diagnosed as lung cancer; 2. 
being newly diagnosed without receiving any 
antitumor therapy previously; 3. without acute 
or chronic inflammatory disease during study; 
4. without suffering from immunodeficiency 
condition; 5. without suffering from immune-
related disease; 6. without history of long-term 
receiving immunity influencing drug therapy. 
The exclusion criteria were as follows: 1. being 
pathologically diagnosed as benign disease or 
small cell lung cancer (SCLC); 2. without patho-
logic diagnosis; 3. receiving incomplete exami-
nations; 4. being with other concomitant 
malignancy. 

Besides, 20 persons were also included in this 
study as healthy control group. Among them, 1 
person was diagnosed as pulmonary bulla, 2 
persons were diagnosed as congenital chest 
deformity. They were all admitted in General 
Hospital of Bei Jing Command, while other 
members of control group were healthy volun-
teers. The inclusion criteria for control group 
were as follows: 1. without any type of malig-
nant tumor; 2. without acute or chronic inflam-

matory disease during study; 3. without suffer-
ing from immunodeficiency condition; 4. with-
out suffering from immune-related disease; 5. 
without history of long-term receiving immunity 
influencing drug therapy. 

Peripheral blood sample

Peripheral venous blood were obtained from 
patients at morning and stored in heparin-coat-
ed tube, then blood samples were transfered 
immediately to laboratory. 

Flow cytometry assay of proportion of Ts, CTL, 
CD4+ Treg

The reagents we used for immunostaining were 
as follows: FITC conjugated anti-CD4, PE-con- 
jugated anti-CD25, ECD-conjugated anti-CD45, 
PC5-conjugated anti-CD127, PC7-conjugated 
anti-CD3, FITC-conjugated anti-CD8, PE-con- 
jugated anti-CD28. (all reagents were commer-
cially bought from Beckman Coulter Corpo- 
ration, USA).

Cell staining

Blood samples were stained according to man-
ufacturer’s instruction, the following panel were 
designed as staining combinations: 1: CD4-
FITC/CD25-PE/CD45-ECD/CD127-PC5/CD3-
PC7; 2: CD8-FITC/CD28-PE/CD45-ECD/CD3- 
PC7.

Quantification by flow cytometry

After staining, blood samples were assayed by 
a 5-colored uni-laser Flow Cytometer (Beckman 
Coulter FC500). Data analysis were processed 
with Kaluza software (Beckman Coulter Cor- 
poration).

The combinations of antibodies represent as 
follows: CD3+CD8+CD28- for T suppressor (Ts) 
or CD8+ Treg, CD3+CD8+CD28+ for Cytotoxic T 
lymphocyte (CTL), CD3+CD4+CD25highCD127- 
low for CD4+ regulatoty T lymphocyte (CD4+ 
Treg). 

Statistical analysis

The data are presented as mean or mean ± SD. 
To compare respective proportion of Ts, CD4 
Treg, CTL between 2 groups, student t test was 
used. P values less than 0.05 is considered sig-
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nificant. Statistical analysis is performed using 
SPSS software (version 13 for Windows, SPSS, 
Inc.).

Results 

General characteristics of participants 

There were 28 eligible NSCLC patients partici-
pating this study. Among them, 14 cases were 
male, 14 cases were female; 22 cases were 
adenocarcinoma, 4 cases were squamous cell 
carcinoma, 2 cases were adenosquamous car-
cinoma. The average age for NSCLC group and 
control group are respectively 60.82 ± 12.46 
VS 25.21 ± 8.17 (P=0.001) (see Table 1).

Flow cytometry assessment of Ts, CTL, CD4+ 
Treg: (Figure 1)

Ts or CD8+ Treg (CD8+CD28-): Proportion of Ts 
among CD8+ T lymphocyte in NSCLC group is 
significantly higher than that in control group 
(46.31% ± 16.11% VS 32.83% ± 14.73%, P= 
0.0056); (Figure 2).

CTL (CD8+CD28+): Proportion of CTL among 
CD8+ T lymphocyte in NSCLC group is signifi-
cantly lower than that in control group (50.84% 
± 16.83% VS 67.17% ± 14.73%, P=0.0013); 
(Figure 3).

CD4+ Treg (CD4+CD25highCD127-): Proportion 
of CD4+ Treg among CD4+ T lymphocyte in 
NSCLC group is not significantly different from 
that in control group (6.95% ± 2.21% VS 7.06% 
± 1.19%, P=0.8689); (Figure 4).

Many evidences demonstrate the existence of 
host immune response targeting malignant 
tumor cells in human and animal models [1-3]. 
However, in most cases tumor grows wildly in 
host in spite of detected existence of antitumor 
immune response. Moreover, various types of 
immunotherapies aiming to augment immune 
function failed in most patients. During recent 
decade, concept of tumor microenvironment 
(TME) was proposed to explain the failure of 
antitumor immune attack against tumor cells. 
According to cancer immunoediting theory [15], 
majority of neoplastic cells were eliminated by 
antitumor immune response, while a genetical-
ly heterogeneous subset survived and could 
exploit various means to form suppressive 
immune milieu at tumor site so as to escape 
immune attack. One important pathway is to 
recruit regulatory T cells (Treg) from peripheral 
circulation (natural Treg, nTreg) and incuce topi-
cal naïve CD4+ T cell converting into Treg 
(induced Treg, iTreg).

Treg’s role in tumor microenvironment has been 
well studied, and some newly developed mono-
clonal agents targeting to block some of its 
inhibitory effect achieved inspiring clinical ben-
efit [16, 17]. In contrast to Treg, CD8+CD28- T 
cell termed as T suppressor (Ts) or CD8+ Treg is 
far less emphasized. During recent decade, Ts 
or CD8+ Treg, was proved capable of exerting 
similar immunoregulatory function with Treg. 
Ciubotariu etc provided direct evidence that 
CD8+CD28- T cell could suppress human CD4+ 
Th cell activation by interfering with antigen 
presenting cell providing necessary co-stimu-
lating signal when bearing antigen [18]. Later, 

Table 1. Basic information of participants
NSCLC group Control group※

Age 60.82 ± 12.46 25.21 ± 8.17
Gender Male 14 4

Female 14 16
Staging I 10

II 6
III 4
IV 8

Pathology Adenocarcinoma 23
Squamous carcinoma 4
Adenosquamous carcinoma 1

※Mean age of participants in NSCLC group is significantly higher than that in 
control group (P=0.001).

Discussion

Malignant tumor remains one of 
the biggest threats to human 
health and enormous economic 
burden to societies. According 
to latest published cancer sta-
tistics, cancer-related death 
worldwide in 2012 amount to 
8.2 million, and newly diag-
nosed cases amount to 14.1 
million [14]. Molecular and bio-
logic studies reveal that neo-
plastic cells are genetically 
unstable and heterogeneous, 
which theoretically become tar-
get of host immune attack. 
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Chang etc found that CD8+CD28- Ts could 
induce upregulation of inhibitory receptor ILT3 
and ILT4 in monocyte and dendritic cell, thus 
reduce their expression of co-stimulatory mol-
ecules, finally cause corresponding antigen-
specific Th cell into unresponsiveness [19]. 
Manavalan etc reported Ts could also work on 
endothelial cell in a similar way [20]. Recently 
Liu etc reported that human mesenchymal stro-
mal cells could enhance CD8+ Treg’s immuno-
regulatory function. More importantly, they pro-
posed that CD8+ Treg’s function included inhib-
iting naive CD4+ T cell proliferation and activa-
tion, reducing production of IFN-γ by activated 
CD4+ T cell and inducing apoptosis of activated 

Figure 1. Flow Cytometry distribution of Ts, CTL, CD4 Treg (A, B). (A) Coexpression of CD8 and CD28, Ts is indicated 
as CD8+CD28-, CTL is indicated as CD8+CD28+; (B) Coexpression of CD25 and CD127, CD4+ Treg is indicated as 
CD25highCD127low.

Figure 2. Comparison of Ts. In NSCLC group, periph-
eral circulating Ts (CD8+CD28-)/CD8+ is significantly 
higher than those in control group (46.305 ± 16.116 
VS 32.833 ± 14.732, P=0.0056).

Figure 3. Comparison of CTL. In NSCLC group, pe-
ripheral circulating CTL (CD8+CD28+)/CD8+ is sig-
nificantly lower than those in control group (50.837 
± 16.834 VS 67.172 ± 14.729, P=0.0013).

Figure 4. Comparison of CD4+ Treg peripheral circu-
lating CD4+ Treg (CD4+CD25highCD127low)/CD4+ 
is not significantly different between NSCLC group 
and control group (6.954 ± 2.208 VS 7.058 ± 1.194, 
P=0.8689).
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CD4+ T cell. They also found that CD8+ Treg’s 
working manner might be IL-10 and FasL 
dependent [21].

Presently Ts or CD8+ Treg has been proved to 
play a role in various diseases including organ 
transplantation, autoimmune disease, inflam-
matory disease and cancer. However, relevant 
studies are just beginning, especially for stud-
ies on CD8+ Treg’s role in tumor which are few. 
Pages etc reported that CD8+CD28- T cells 
infiltrated in human colorectal cancer tissue, 
nevertheless, these cells seemed to be cyto-
toxic rather than immunosuppressive, and cor-
related with better prognosis [22]. Filaci etc 
made comprehensive study on tumor-infiltrat-
ing CD8+CD28- T cell function. They found that 
tumor-infiltrating CD8+CD28- T cell were 
observed in various tumor types, and purified 
tumor-infiltrating CD8+CD28- T cell exhibited 
suppressive function on T cell proliferation and 
cytotoxity [13]. Parodi etc recently reported 
that both CD4+ Treg and CD8+ Treg were found 
infiltrating in human bladder and renal cancer 
tissues, while constitution of both Tregs within 
tumor mainly by CD4+ Treg or CD8+ Treg varied 
in different cases. They also reported that more 
Treg than effector T cell within tumor is corre-
lated with tumor relapse [23]. All these findings 
collectively establish that Ts or CD8+ Treg cell 
play immunosuppressive role in tumor 
microenvironment. 

In this study, we detected that CD8+CD28-/
CD8+ T cell in peripheral circulation of NSCLC 
patients was significantly higher than that of 
healthy people, while CD4+ Treg/CD4+ T cell in 
peripheral circulation did not differ between 
NSCLC patients and healthy people. This find-
ing indicates that Ts or CD8+ Treg instead of 
CD4+ Treg is an immunosuppressive factor in 
peripheral circulation, which has two-fold 
meanings: firstly, since local immune status is 
closely associated with host peripheral circula-
tion immune status, such as immune cells 
recirculation or recruitment, theoretically effec-
tor T cells infiltrating tumor tissue could be 
impaired or even inactivated before their arriv-
ing at tumor by Ts or CD8+ Treg. If it were 
proved, then elevated Ts in peripheral circula-
tion would undoubtedly be an important con-
tributing factor for tumor immunosuppressive 
milieu and also potential target for immuno-
therapy. Presently relevant study is lacking, fur-

ther investigations on peripheral circulation 
effector T cell’s function in tumor patient would 
provide direct evidences; secondly, considering 
hematogenous metastatic tumor cells trans-
port through blood vessels to arrive at distant 
organ, Ts cell might facilitate metastasis by 
impairing circulating CTL or Th cell function so 
that tumor cells would have more chances 
safely arriving in stead of being captured and 
killed. of course it also need experimental evi-
dences to support. If true, it would be new tar-
get for clinical prevention and control of 
metastasis.

There are two possible flaws in this study. The 
first is that when setting control group, we did 
not take age-matching into consideration. 
According to Simone and colleagues’ study, fre-
quency of CD8+CD28- T cell in peripheral circu-
lation increases with aging [24]. Till now, no 
other studies report similar result. If it is true, 
the influence of aging should be excluded as a 
disturbing factor. As it is impossible to discrimi-
nate influence of aging in this study, if neces-
sary, setting an age-matched control group and 
making comparison again could solve this prob-
lem. The second flaw is that some studies pro-
posed that tumor-infiltrating CD8+CD28- T cells 
are functionally heterogeneous, being cytotoxic 
or immunoregulatory, moreover, there is no 
known distinguishing marker to discriminate 
them [25, 26]. So a question rises naturally: is 
increased CD8+CD28- T cells in peripheral cir-
culation of NSCLC patients mainly cytotoxic or 
immunoregulatory? Further studies assaying 
circulating CD8+CD28- T cell’s function could 
ascertain its character. 

In conclusion, we observed that CD8+CD28-/
CD8+ T cell in peripheral circulation of NSCLC 
patients is significantly elevated compared with 
healthy people, which indicates that Ts or CD8+ 
Treg might be peripheral immunosuppressive 
factor. 
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