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Objective. This study aimed to investigate the correlation of CD4"/PD-1" or CD4"/PD-1" tumor-infiltrating lymphocytes with
pathological characteristics in breast cancer patients. Methods. A cross-sectional study consecutively recruited 133 patients with
invasive ductal breast cancer. The expression of CD4, programmed cell death protein 1 (PD-1), CK7, CK20, E-cadherin, or Ki-67
was detected by immunohistochemistry. The associations between CD4"/PD-1" or CD4"/PD-1" tumor-infiltrating lymphocytes
and pathological characteristics were evaluated. Results. Elderly patients intended to have a lower level of CD4¥/PD-1" tumor-
infiltrating lymphocytes (p < 0.05). Patients with positive E-cadherin expression had higher median cell counts of CD4"/PD-1"
tumor-infiltrating lymphocytes than patients with negative E-cadherin expression (30/HPF versus 10/HPF, p < 0.05). Counts of
CD4"/PD-1" tumor-infiltrating lymphocytes had a significant correlation with Ki-67 index that the correlation coefficient was
0.29 (p=0.001). Positive CK20 expression was related to a higher level of CD4"/PD-1" tumor-infiltrating lymphocytes than
negative CK20 expression (73/HPF versus 30/HPF, p <0.05). Conclusion. CD4"/PD-1* or CD4"/PD-1" tumor-infiltrating
lymphocytes showed diverse association with pathological features of breast cancer. CD4"/PD-1" tumor-infiltrating lymphocytes
had a significant relationship with Ki-67 expression whereas CD4"/PD-1" tumor-infiltrating lymphocytes had a significant
relationship with E-cadherin expression. Further studies are warranted to explore the immunomodulatory effects of phenotypes
of CD4" T cell subsets in breast cancer.
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1. Introduction

Breast cancer (BC) is the most common female cancer
worldwide with 1.67 million new cases (25% of all incident
cancer cases) in 2012 [1], and the mortality rate was higher
in underdeveloped countries than in developed countries
[1]. Recently, tumor-infiltrating lymphocytes (TILs) were
reported to be involved in BC development, prognosis, and
immunotherapy efficacy.

TILs are mainly composed of different subtypes of T cells,
which play an important role in antitumor immunity. A high
proportion of TILs predicted a favorable prognosis of BC
patients [2]. CD4" T lymphocytes are helper T cells, and high
counts of intratumoral CD4" lymphocytes conferred a better
BC survival [3]. Programmed cell death protein 1 (PD-1), as
an immune checkpoint expressed on T cells, binds to pro-
grammed cell death ligand 1 (PD-L1) on the surface of cancer
cells and suppresses antitumor functions of T lymphocytes.
So the expression of PD-1 indicated exhausted function of
lymphocytes and a high level of PD-1" TILs correlated with
a worse survival of BC [4]. According to PD-1 expression,
CD4" lymphocytes can be further classified into two sub-
groups, subsets of CD4"/PD-1" and CD4"/PD-1" T lympho-
cytes. The immune function of CD4" T cells was affected by
PD-1 expression. The immune function of CD4*/PD-1" TILs
was less exhausted than that of CD4"/PD-1* TILs [5].
Among the HIV-infected patients, CD4"/PD-1" T lympho-
cytes played an important role in the HIV persistence and
immunomodulatory microenvironment [6, 7]. However, very
few studies were focused on exhausted CD4 T cells in BC
patients. Cytokeratins 7 (CK7) and 20 (CK20) were related
to the pathological features of BC [8]. E-cadherin (E-Cad)
and Ki-67 showed a significant relationship with BC progno-
sis [9]. These biomarkers were tested routinely in BC patho-
logical diagnosis. We aimed to investigate the correlation of
exhausted status of CD4+ helper T cells with pathological
characteristics among BC patients.

2. Methods

2.1. Ethical Approval. All procedures performed in this study
involving human participants were approved by the ethical
committee of Beijing Shijitan Hospital, Capital Medical
University, in accordance with the ethical standards of the
1964 Helsinki declaration and its later amendments.

2.2. Informed Consent. As a retrospective study, the formal
consent was waivered.

2.2.1. Patients. This cross-sectional study included 133
patients with invasive ductal BC. Patients were diagnosed
with operable BC and received surgical treatment at the
Department of Breast Surgery, Beijing Shijitan Hospital,
Capital Medical University, consecutively from January 1,
2012, to December 31, 2013. All the cases were pathologically
confirmed with primary invasive BC.

2.2.2. Tissue Collection. Archival formalin-fixed, paraffin-
embedded (FFPE) BC samples were collected from all
patients. The surgical specimen was fixed by 4% neutral
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formaldehyde, embedded by paraffin, and stained by hema-
toxylin and eosin. Histopathologic feature was determined
using serial 4 um thickness sections derived from each spec-
imen. Nottingham modification of the Bloom-Richardson
system was used to classify histological grading of BC.

(1) Immunohistochemistry (IHC). Expression profiling of
PD-1, CK7, CK20, Ki-67, E-Cad, and CD4 was assessed
by THC on 4um thick FFPE sections. Monoclonal anti-
bodies against PD-1 (mouse anti-human, #UMAB199),
CD4 (rabbit anti-human, #EP204), CK7 (rabbit anti-human,
#EP16), CK20 (rabbit anti-human, #EP23), Ki-67 (mouse
anti-human, #MIB1), and E-cadherin (E-Cad) (mouse anti-
human, #NCH-38) were purchased from Beijing Zhong Shan
Golden Bridge Biotechnology Co., Ltd. Sections were baked
at 60°C in a dehydration oven for 60min, dewaxed for
20 min, and washed in graded alcohol of 100%, 100%, 95%,
and 75% for 2 min, respectively. Sections were washed with
PBS for 2 min by 5 times. Antigen retrieval was carried out
using the EnVision™ FLEX Target Retrieval Solutions for
2 min 30 sec, cooled to room temperature for 20 min, washed
with PBS for 2min by 5 times, incubated with 3% H,0, for
15 min at room temperature, washed with PBS for 2 min by
5 times, sealed with 5% serum at 37°C for 15 min, discarded,
and added a moderate primary antibody at 4°C for a night.
With PBS wash for 2min by 5 times, DAB was added for
5-10min and AP-red was added for 10-15min. PD-1,
CK7, CK20, Ki-67, and E-Cad detection were visualized with
DAB whereas CD4 was visualized with AP-red. Slides were
counterstained with hematoxylin.

TILs were counted in randomly selected five different
high-power fields (HPF) to obtain an average number in
IHC sections by two pathologists. PD-1 was expressed in
the cytoplasm of lymphocytes with the color of brown, CK7
and CK20 were expressed in the cytoplasm of BC cells with
the color of brown, Ki-67 was expressed in nucleus of BC
cells with color of brown, E-Cad was expressed on cytomem-
brane of BC cells with the color of brown, and CD4 was
expressed on the cytomembrane of lymphocytes with the
color of red. Double staining of CD4/PD-1 showed red cyto-
membrane and brown cytoplasm of lymphocytes. We
counted the PD-1- or CD4-positive cells in 100 lymphocytes
and calculated the expression rate. We counted PD-1-
positive cells among 100 CD4" lymphocytes and calculated
the proportion. Ki-67 index was estimated among 100 BC
cells. Ki-67 index > 1% was defined as positive expression.

2.3. Statistical Analysis. All analyses were conducted with
SPSS software (version 17.0). Median and interquartile range
(IQR) were used to describe TIL counts. Age was trans-
formed in categorical scale by median of 55. The compari-
sons of TIL phenotypes were processed by Wilcoxon tests
between age, nerve invasion, vascular invasion, and axillary
lymph node involvement groups. The association of TIL phe-
notypes with histological grade was estimated by Spearman
correlation tests. Wilcoxon tests were used to estimate the
difference of TIL phenotypes between positive and negative
expression of CK7, CK20, and E-Cad. Spearman correlation
test was used to measure the relationship between Ki-67
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TaBLE 1: The characteristics of patients.

Items
Age, mean + SD 57.8+13.6
Histological grade, n (%)
I 14 (11.3)
i 82 (66.1)
I 28 (22.6)
Vascular invasion, n (%)
No 86 (67.7)
Yes 41 (32.3)
Nerve invasion, n (%)
No 101 (82.1)
Yes 22 (17.3)
Axillary lymph node metastasis, n (%)
No 22 (45.8)
Yes 26 (54.2)
E-cadherin expression, n (%)
No 6 (5.1)
Yes 112 (94.9)
Ki-67 index, mean + SD 30% + 25%
CK20 expression, n (%)
No 56 (91.8)
Yes 5(8.2)
CK7 expression, n (%)
No 9 (13.2)
Yes 59 (86.8)

index and cell counts of TIL phenotypes. All analyses were
two sided, and a significant level was 0.05.

3. Results

3.1. General Characteristics. The average age of included
patients was 57.8 years old (Table 1). 11.3% patients were
diagnosed at histological grade I, 32.3% patients had vascular
invasion, 17.3% patients had nerve invasion, and 54.2%
patients had axillary lymph node metastasis (Table 1). Aver-
age Ki-67 index was 30% (Table 1). 94.9%, 8.2%, and 86.8%
patients had positive expression of E-Cad, CK20, and CK7,
respectively (Table 1). The median counts of PD-1" TILs
was 18/HPF.

3.2. CD4/PD-1 TILs and Clinical Characteristics. Age was sig-
nificantly associated with the number of CD4" TILs: the
median of CD4" TILs was 56/HPF and 40/HPF in the group
of age equal to or younger than 55 and older than 55, respec-
tively (p < 0.05, Figure 1(a), Table 2). The median count of
CD4"/PD1™ TILs was 32/HPF among cases equal to or youn-
ger than 55 and 25/HPF among cases older than 55, respec-
tively (p <0.05, Figure 1(c), Table 2). Histological grade,
vascular invasion, nerve invasion, or axillary lymph node
involvement had no association with phenotypes of CD4"
TILs (Table 2).

3.3. CD4/PD-1 TILs and Other Molecules. E-Cad expression
had a significant association with CD4" TIL counts: the
median count of CD4" TILs was 23/HPF and 48/HPF among
patients with negative and positive E-Cad expression, respec-
tively (p < 0.05, Table 3). Cell count of CD4"/PD1" TILs, not
CD4"/PD1" TILs, was significantly related to E-Cad expres-
sion: the median count of CD4*/PD-1" TILs was 10/HPF
and 30/HPF among patients with negative and positive
E-Cad expression, respectively (p<0.05, Figure 2(a),
Table 3). The correlation coeflicient was 0.20 (p < 0.05)
between Ki-67 index and the count of CD4" TILs
(Table 3). Ki-67 index was significantly related to the cell
counts of CD4"/PD1* TILs (Table 3), with a coefficient of
0.29 (p < 0.05, Figure 2(b), Table 3). CD4*/PD1" TILs showed
red cytomembrane and brown cytoplasm, and CD4"/PD1~
TILs showed red cytomembrane (Figure 3). Patients with neg-
ative E-Cad expression (Figure 3(a)) had less CD4"/PD-1~
TILs in tumor microenvironment than those with positive
E-Cad expression (Figure 3(b)). Patients with positive Ki-67
expression (Figure 3(c)) had more CD4"/PD1" TILs than
those with negative Ki-67 expression (Figure 3(d)). CK20
expression percentile was significantly associated with
CD4"/PD1™ TIL cell count (Table 3). The median of CD4"/
PD-1" TILs was 30/HPF in the group of negative CK20
expression, significantly lower than 73/HPF in that of positive
CK20 expression (Table 3). In the pathological slides, cell
counts of CD4"/PD-1" TILs in the group of negative CK20
expression (Figure 3(e)) were lower than those of positive
CK20 expression (Figure 3(f)). Expression of CK7 was not
associated with any phenotypes of CD4" TILs (Table 3).

4. Discussion

Despite the development in therapies for BC, there is a gap in
clinical efficacy between Chinese and US patients. The
immune system is critically involved in tumor surveillance
and development. Immunotherapy is a highly attractive
alternative approach to treat patients with advanced BC [10].

An increased number of TILs was related to a better clin-
ical outcome of cancer patients [11]. The dynamic change
and dysfunction of TIL subsets in the immunosuppressive
microenvironment contribute to the pathogenesis of cancer.
A better understanding of TILs may facilitate the develop-
ment of effective strategies for immunotherapy. An effective
antitumor immune response requires both CD4" and CD8"
T lymphocytes [12, 13]. CD8" T lymphocytes always play a
critical role in antitumor immunity. The function of CD4"
T lymphocytes in cancer has recently been extensively stud-
ied in both animal models and patients. CD4" T lymphocytes
typically recognize peptides with the size of 12-16 AA, pre-
sented by MHC class II molecules [14]. These lymphocytes
are important for the initiation and maintenance of adaptive
immune responses. The subsets of CD4" T lymphocytes had
diverse antitumor immunity. The change of CD4" T lympho-
cytes from Thl to Treg and Th17 cells affected the immune
functions [15].

Thrombocytopenia patients and chronic lymphocytic
leukemia patients had a higher level (in both percentage
and absolute number) of CD4"/PD1" lymphocytes than of
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FIGURE 1: Relationship between age and CD4/PD-1 phenotypes of TILs. (a) Relationship between age and CD4" TILs. (b) Relationship
between age and CD4"/PD-1" TILs. (c) Relationship between age and CD4"/PD-1" TILs.

TaBLE 2: The relationship between CD4/PD-1 TILs and clinical characteristics.

CD4'TILs p CD4*/PD1"TILs p CD4'/PD1 TILs p
Age, median (IQR)"
<55 56 (67) 0.024 17 (38) 0.069 32 (43) 0.045
>55 40 (54) 13 (22) 25 (29)
Histological grade, median (IQR)""
I 40 (48) 13 (29) 17 (26)
0.083 0.136 0.092
I 45 (65) 13 (32) 32 (33)
111 55 (82) 22 (40) 32 (58)
Vascular invasion, median (IQR)
No 42 (63) 0316 15 (32) 0914 26 (35) 0.275
Yes 54 (47) 16 (25) 32 (22)
Nerve invasion, median (IQR)”*
No 44 (48) 0.601 16 (28) 0.826 27 (28) 0.365
Yes 54 (88) 14 (44) 32 (53)
Axillary lymph node metastasis, median (IQR)"
No 67 (71) 0.469 20 (26) 0.725 50 (47) 0.169
Yes 57 (48) 14 (45) 30 (33)

“Wilcoxon test. **Spearman correlation test.
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TasLE 3: Correlation between CD4/PD-1 TILs and other molecules in breast cancer.
CD4" TILs p CD4%/PD1" TILs p CD4%/PD1™ TILs p
CK7, median (IQR)"
No 72 (94) 0.913 14 (81) 0.724 26 (31) 0.684
Yes 56 (76) 22 (44) 32 (52)
CK20, median (IQR)"
No 55 (84) 0.152 22 (43) 0.415 30 (45) 0.025
Yes 100 (53) 31 (55) 73 (46)
E-Cad, median (IQR)"
No 23 (28) 0.013 5(25) 0.157 10 (11) 0.012
Yes 48 (63) 16 (32) 30 (34)
Ki-67, correlation coefficient™* 0.20 0.023 0.29 0.001 0.09 0.296

*Wilcoxon test. “*Spearman correlation test.
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FIGURE 2: Association between CD4/PD-1 TILs, E-Cad expression, and Ki-67 index. (a) Association between E-Cad expression and
CD4"/PD-1" TILs. (b) Correlation between Ki-67 index and CD4"/PD-1" TILs.

healthy controls [16-19]. The particular subsets of CD4"
lymphocytes had reduced proliferation ability and pro-
duced less amounts of IL-1, TNF-a, IL-10, and IFN-y [17].
CD4"/PD-1" T lymphocytes were found to be in close con-
tact with PD-L1" chronic lymphocytic leukemia cells [19]
and the activated PD-1/PD-L1 axis led to decreased produc-
tion of IL-4 from CD4" T lymphocytes [19]. High level of
CD4*/PD1" lymphocytes, reduced cytokine secretion, dys-
functional proliferation, and increased apoptosis were also
observed among sarcoidosis patents [20, 21], but blocking
PD-1 pathway in CD4" T cells could reverse the proliferative
capacity [21]. The expression of PD-1 on CD4" lymphocytes
indicated exhausted function [20, 21]. CD4"/PD1" TILs were
dysfunctional in the presence of PD-L1 among patients with
head and neck squamous cell carcinomas [22] and glioblas-
toma multiforme (GBM) [5]. Though the immune function
of CD47/PD-1" T cells was exhausted in tumor microenviron-
ment, CD4"/PD-1" effector TILs were more metabolically
active and proliferative and enriched in immune costimula-
tion gene sets than CD4"/PD-1" effector TILs from GBM [5].

PD-1 expression on CD4" T cells contributed to the
dysfunction of T cells. Compared with healthy controls,
the expression of PD-1 on peripheral CD4+ T cells was
decreased among psoriatic and rheumatoid arthritis (RA)

patients [23, 24]. High expression of CD4"/PD-1" T cells
was related to a reduced activity score of RA [24]. This
phenomenon reflected a negative regulation of immune
response by CD4"/PD-1" lymphocytes in the pathogenesis
of psoriasis and RA.

Elderly BC patients had more favorable prognostic fac-
tors than younger ones, such as higher grading score and
hormone receptor expression; however, their survival was
not as good as expected [25]. Hormone receptor positivity
was increased from 60% in patients aged 30-35 to 85% in
patients aged 80-85 [26]. About 60-70% of all BC patients
were diagnosed at early stages; however, their prognosis var-
ies greatly [27]. The variation in immune system of elderly
patients accounted for the difference to some extent. In our
study, the median of CD4" TILs was 40/HPF in elderly BC
patients, lower than in younger patients (56/HPF). Age was
significantly associated with the number of CD4*/PD1™ TILs.
The median of CD4"/PD1"~ TILs was 32/HPF among cases
equal to or younger than 55 and 25/HPF among those older
than 55, implying the degradation of immune function
among elderly patients.

The E-Cad, an important member of cell adhesion mol-
ecule family, is encoded by the cadherin gene located on
chromosome 16q22.1. The E-Cad mediates molecular
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®)

F1GURE 3: Expression of E-Cad, Ki-67, CK20, and counts of phenotypes of CD4/PD-1 TILs. (a) Patients with negative E-Cad expression (IHC,
x400). (b) Patients with positive E-Cad expression (IHC, x400). (c) Patients with negative Ki-67 expression (IHC, x400). (d)
Patients with positive Ki-67 expression (IHC, x400). (e) Patients with negative CK20 expression (IHC, x400). (f) Patients with positive
CK20 expression (IHC, x400). —CD4*/PD-1" TILs; —»CD4"/PD-1" TILs. CD4"/PD1"* TILs showed red cytomembrane and brown
cytoplasm, and CD4"/PD1™ TILs showed red cytomembrane. Patients with negative E-Cad had less CD4"/PD-1" TILs than those with
positive E-Cad; patients with negative Ki-67 had less CD4"/PD-1" TILs than those with positive Ki-67; patients with negative CK20
expression had less CD4"/PD-1" TILs than those with positive CK20 expression.

recognition and binding, tumor infiltration, and metastasis
[28]. Low expression of E-Cad was related to a poorer
recurrence-free survival of invasive ductal BC [29]. Our
study revealed that E-Cad expression was significantly
associated with the number of CD4"/PD-1" TILs. BC cells
expressing more E-Cad recruited more functional CD4"
TILs in tumor microenvironment.

Ki-67 is a cell cycle-dependent nuclear antigen and illus-
trates the proliferative activity of cells [30, 31]. Expression
rate of Ki-67 was regarded as a proliferation index in cancer
cells [32]. We identified a correlation coeflicient of 0.29
between Ki-67 index and the count of CD4"/PD-1" T cells.

A high Ki-67 index implied an exhausted status of tumor
microenvironment. Thus, Ki-67 acted as a negative prognos-
tic and predictive marker for BC patients [33-36].

A small sample size was one limitation of our study. In
addition, we did not analyze intratumoral and stromal TILs
separately. Not using flow cytometry to detect TILs pheno-
types was another flaw.

5. Conclusion

Among BC patients, CD4"/PD-1" and CD4"/PD-1" TILs had
diverse pathological features in tumor microenvironment.
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The number of CD4"/PD-1" TILs was significantly related to
Ki-67 expression, while the level of CD4*/PD-1" TILs signifi-
cantly correlated with E-Cad expression. PD-1 expression on
CD4" TILs indicated dysfunctional immune microenviron-
ment. Further studies are warranted to explore the immuno-
therapy for BC patients.

Data Availability

The data used to support the findings of this study are
available from the corresponding author upon request.

Disclosure

The supporting organizations had no role in the study design,
data collection, analysis, and interpretation.

Conflicts of Interest

The authors declare that there is no conflict of interest
regarding the publication of this article.

Authors’ Contributions

Yan-Jie Zhao and Jian Zhang contributed equally to
this work.

Acknowledgments

This study was financially supported by Beijing Shijitan
Hospital, Capital Medical University (Q.K.S. grant number
2017-QB03), Beijing Key Laboratory of Cancer Therapeutic
Vaccine (F.S. grant number 2017-KF01), Beijing Municipal
Commission of Health and Family Planning (Q.K.S. grant
number 2015-3-057), Ministry of Railways (Q.K.S. grant
number J2017Z604), and Beijing Municipal Administration
of Hospitals (Q.K.S. grant number PX2018029).

References

[1] J. Ferlay, I. Soerjomataram, R. Dikshit et al., “Cancer incidence
and mortality worldwide: sources, methods and major patterns
in GLOBOCAN 2012,” International Journal of Cancer,
vol. 136, no. 5, pp. E359-E386, 2015.

R. Salgado, C. Denkert, C. Campbell et al., “Tumor-infiltrating

lymphocytes and associations with pathological complete

response and event-free survival in HER2-positive early-stage
breast cancer treated with lapatinib and trastuzumab: a sec-
ondary analysis of the NeoALTTO trial,” JAMA Oncology,

vol. 1, no. 4, pp. 448-454, 2015.

[3] A.S. Rathore, S. Kumar, R. Konwar, A. Makker, M. P. Negi,
and M. M. Goel, “CD3+, CD4+ & CD8+ tumour infiltrating
lymphocytes (TILs) are predictors of favourable survival out-
come in infiltrating ductal carcinoma of breast,” The Indian
Journal of Medical Research, vol. 140, no. 3, pp. 361-369, 2014.

[4] S.Muenst, S. D. Soysal, F. Gao, E. C. Obermann, D. Oertli, and
W. E. Gillanders, “The presence of programmed death 1
(PD-1)-positive tumor-infiltrating lymphocytes is associated
with poor prognosis in human breast cancer,” Breast Cancer
Research and Treatment, vol. 139, no. 3, pp. 667-676, 2013.

S

[5] B.A.Goods, A. L. Hernandez, D. E. Lowther et al., “Functional
differences between PD-1" and PD-1" CD4" effector T cells in
healthy donors and patients with glioblastoma multiforme,”
PLoS One, vol. 12, no. 9, article e0181538, 2017.

[6] A.Damouche, G. Pourcher, V. Pourcher et al., “High propor-
tion of PD-1-expressing CD4" T cells in adipose tissue consti-
tutes an immunomodulatory microenvironment that may
support HIV persistence,” European Journal of Immunology,
vol. 47, no. 12, pp. 2113-2123, 2017.

[7] R.Fromentin, W. Bakeman, M. B. Lawani et al., “CD4" T cells
expressing PD-1, TIGIT and LAG-3 contribute to HIV persis-
tence during ART,” PLoS Pathogens, vol. 12, no. 7, article
€1005761, 2016.

[8] H. Kuroda, Y. Imai, H. Yamagishi et al., “Aberrant keratin 7
and 20 expression in triple-negative carcinoma of the breast,”
Annals of Diagnostic Pathology, vol. 20, pp. 36-39, 2016.

[9] G.R.R.Ricciardi, B. Adamo, A. Ieni et al., “Androgen receptor
(AR), E-cadherin, and Ki-67 as emerging targets and novel
prognostic markers in triple-negative breast cancer (TNBC)
patients,” PLoS One, vol. 10, no. 6, article e0128368, 2015.

[10] E.EF. Solomayer, S. Becker, G. Pergola-Becker et al., “Compar-
ison of HER2 status between primary tumor and disseminated
tumor cells in primary breast cancer patients,” Breast Cancer
Research and Treatment, vol. 98, no. 2, pp. 179-184, 2006.

[11] W. H. Fridman, F. Pages, C. Sautes-Fridman, and J. Galon,
“The immune contexture in human tumours: impact on clini-
cal outcome,” Nature Reviews Cancer, vol. 12, no. 4, pp. 298-
306, 2012.

[12] R.D. Schreiber, L.]. Old, and M. J. Smyth, “Cancer immunoe-
diting: integrating immunity’s roles in cancer suppression and
promotion,” Science, vol. 331, no. 6024, pp. 1565-1570, 2011.

[13] J. D. Bui and R. D. Schreiber, “Cancer immunosurveillance,
immunoediting and inflammation: independent or interde-
pendent processes?,” Current Opinion in Immunology,
vol. 19, no. 2, pp. 203-208, 2007.

[14] M. Zanetti, “Tapping CD4 T cells for cancer immunotherapy:
the choice of personalized genomics,” Journal of Immunology,
vol. 194, no. 5, pp. 2049-2056, 2015.

[15] Y. Huang, C. Ma, Q. Zhang et al., “CD4+ and CD8+ T cells
have opposing roles in breast cancer progression and out-
come,” Oncotarget, vol. 6, no. 19, pp. 17462-17478, 2015.

[16] Y. Wang, N. Pang, X. Wang et al, “Percentages of
PD-1"CD4'T cells and PD-L1"DCs are increased and sPD-1
level is elevated in patients with immune thrombocytopenia,”
Human Vaccines & Immunotherapeutics, vol. 14, no. 4,
pp. 832-838, 2017.

[17] E. Allahmoradi, S. Taghiloo, M. Tehrani et al., “CD4+ T cells
are exhausted and show functional defects in chronic lympho-
cytic leukemia,” Iranian Journal of Immunology, vol. 14, no. 4,
pp. 257-269, 2017.

[18] M. Novak, V. Prochazka, P. Turcsanyi, and T. Papajik, “Num-
bers of CD8+PD-1+ and CD4+PD-1+ cells in peripheral blood
of patients with chronic lymphocytic leukemia are indepen-
dent of Binet stage and are significantly higher compared to
healthy volunteers,” Acta Haematologica, vol. 134, no. 4,
pp. 208-214, 2015.

[19] D. Brusa, S. Serra, M. Coscia et al., “The PD-1/PD-L1 axis
contributes to T-cell dysfunction in chronic lymphocytic
leukemia,” Haematologica, vol. 98, no. 6, pp. 953-963, 2013.

[20] C. Hawkins, G. Shaginurova, D. A. Shelton et al., “Local and
systemic CD4" T cell exhaustion reverses with clinical



[21]

(22]

(23]

[24]

(25]

(26]

(27]

(28]

[29]

(30]

(31]

(32]

(33]

(34]

resolution of pulmonary sarcoidosis,” Journal of Immunology
Research, vol. 2017, Article ID 3642832, 14 pages, 2017.

N. A. Braun, L. ]. Celada, J. D. Herazo-Maya et al., “Blockade of
the programmed death-1 pathway restores sarcoidosis CD4"
T-cell proliferative capacity,” American Journal of Respiratory
and Critical Care Medicine, vol. 190, no. 5, pp. 560-571, 2014.

A. K. Mattox, J. Lee, W. H. Westra et al., “PD-1 expression in
head and neck squamous cell carcinomas derives primarily
from functionally anergic CD4" TILs in the presence of
PD-L1" TAMs,” Cancer Research, vol. 77, no. 22,
pp. 6365-6374, 2017.

J. Bartosiniska, E. Zakrzewska, D. Raczkiewicz et al., “Sup-
pressed programmed death 1 expression on CD4" and CD8"
T cells in psoriatic patients,” Mediators of Inflammation,
vol. 2017, Article ID 5385102, 8 pages, 2017.

S. Li, W. Liao, M. Chen et al., “Expression of programmed
death-1 (PD-1) on CD4+ and CD8+ T cells in rheumatoid
arthritis,” Inflammation, vol. 37, no. 1, pp. 116-121, 2014.

L. Wyld and M. Reed, “The role of surgery in the management
of older women with breast cancer,” European Journal of
Cancer, vol. 43, no. 15, pp. 2253-2263, 2007.

W. F. Anderson, H. A. Katki, and P. S. Rosenberg, “Incidence
of breast cancer in the United States: current and future
trends,” Journal of the National Cancer Institute, vol. 103,
no. 18, pp. 1397-1402, 2011.

R. Siegel, C. DeSantis, K. Virgo et al, “Cancer treatment
and survivorship statistics, 2012,” CA: a Cancer Journal for
Clinicians, vol. 62, no. 4, pp. 220-241, 2012.

F. Martin-Belmonte and M. Perez-Moreno, “Epithelial cell
polarity, stem cells and cancer,” Nature Reviews Cancer,
vol. 12, no. 1, pp. 23-38, 2011.

K. Shibata, A. Suzuki, T. Watanabe, N. Takasu, I. Hirai, and
W. Kimura, “ZEB-1 and E-cadherin expression may predict
recurrence-free survival in patients with invasive ductal breast
carcinoma,” Yamagata Medical Journal, vol. 33, pp. 61-69,
2015.

M.]. Beresford, G. D. Wilson, and A. Makris, “Measuring pro-
liferation in breast cancer: practicalities and applications,”
Breast Cancer Research, vol. 8, no. 6, p. 216, 2006.

F. Lopez, F. Belloc, F. Lacombe et al., “Modalities of synthesis
of Ki67 antigen during the stimulation of lymphocytes,”
Cytometry, vol. 12, no. 1, pp. 42-49, 1991.

J. Gerdes, H. Lemke, H. Baisch, H. H. Wacker, U. Schwab, and
H. Stein, “Cell cycle analysis of a cell proliferation-associated
human nuclear antigen defined by the monoclonal antibody
Ki-67,> The Journal of Immunology, vol. 133, no. 4,
pp. 1710-1715, 1984.

K. Kontzoglou, V. Palla, G. Karaolanis et al., “Correlation
between Ki67 and breast cancer prognosis,” Oncology,
vol. 84, no. 4, pp- 219-225, 2013.

C. Denkert, J. Budczies, G. von Minckwitz, S. Wienert, S. Loibl,
and F. Klauschen, “Strategies for developing Ki67 as a useful

biomarker in breast cancer,” Breast, vol. 24, Supplement 2,
pp. S67-5872, 2015.

(35]

(36]

Journal of Immunology Research

M. Dowsett, T. O. Nielsen, R. A'Hern et al., “Assessment of Ki67
in breast cancer: recommendations from the International Ki67
in Breast Cancer working group,” Journal of the National Can-
cer Institute, vol. 103, no. 22, pp. 1656-1664, 2011.

N. Pathmanathan, R. L. Balleine, U. W. Jayasinghe et al., “The
prognostic value of Ki67 in systemically untreated patients

with node-negative breast cancer,” Journal of Clinical Pathol-
ogy, vol. 67, no. 3, pp. 222-228, 2014.



	Expression of PD-1 on CD4+ Tumor-Infiltrating Lymphocytes in Tumor Microenvironment Associated with Pathological Characteristics of Breast Cancer
	1. Introduction
	2. Methods
	2.1. Ethical Approval
	2.2. Informed Consent
	2.2.1. Patients
	2.2.2. Tissue Collection

	2.3. Statistical Analysis

	3. Results
	3.1. General Characteristics
	3.2. CD4/PD-1 TILs and Clinical Characteristics
	3.3. CD4/PD-1 TILs and Other Molecules

	4. Discussion
	5. Conclusion
	Data Availability
	Disclosure
	Conflicts of Interest
	Authors’ Contributions
	Acknowledgments

