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High expression of E-cadherin
and Ki-67 associated with
functional/dysfunctional
phenotypes of tumor-
infiltrating lymphocytes
among Chinese patients
with operable breast cancer
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Abstract

Objective: Breast cancer has become the most common cancer in women in China, and the

clinicopathological features differ from those in Western patients. This study was performed to

investigate the distribution of programmed cell death protein 1 (PD-1)þ/PD-1� tumor-infiltrating

lymphocytes (TILs) and its association with clinicopathological features among Chinese patients

with breast cancer.

Methods: In total, 133 consecutive patients with primary breast cancer were recruited into this

cross-sectional study from 2012 to 2013. TILs were measured by cell counts under high-power

fields (HPFs). Immunohistochemistry was used to detect PD-1 expression on tumor-infiltrating

lymphocytes in the microenvironment.

Results: The median cell counts of the overall TILs, PD-1þ TILs, and PD-1� TILs were 80, 18,

and 55/HPF, respectively. The number of PD-1� TILs was significantly lower in older than younger

patients (50 vs. 60/HPF). Patients with positive E-cadherin expression had more PD-1� TILs than

patients with negative E-cadherin expression (57 vs. 27/HPF). The Ki-67 index was positively

correlated with the cell counts of PD-1þ TILs, and the correlation coefficient was 0.29.
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Conclusions: PD-1 expression on TILs had different clinicopathological features in Chinese

patients with breast cancer. E-Cadherin expression was associated with PD-1� TILs; however,

Ki-67 expression was associated with PD-1þ TILs.
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Introduction

Breast cancer (BC) is the most common
cancer in women in China, and the estimated
incidence rate in 2015 was 53.87/105 (185,585
new cases) and 40.14/105 (132,432 new cases)
in urban and rural areas of China, respective-
ly.1 Chinese women with BC have different
clinicopathological features than Western
women with BC: the expression rate of hor-
mone receptors is lower and the expression
rate of human epidermal growth factor
receptor 2 is higher.2

Tumor-infiltrating lymphocytes (TILs)
in the microenvironment reportedly affect
cancer development, prognosis, and treat-
ment efficacy. A high level of TILs pro-
motes the efficacy of chemotherapy3 and is
associated with a better prognosis of BC.4

Phenotypic TILs have particular biological
functions and prognostic features. CD4þ

and CD8þ T lymphocytes are effector T
cells called helper and cytotoxic T cells.
High numbers of CD4þ and CD8þ TILs
lead to a better prognosis of BC.5

Programmed cell death protein 1 (PD-1)
expressed on T cells and PD-1þ TILs
confer inhibitory biological functions of
effector T cells.6 PD-1 links to programmed
cell death ligand 1 receptor (PD-L1) on the
surface of cancer cells and initiates suppres-
sive immune functions.7 The expression of
PD-1 on T cells is considered “T cell
exhaustion”8 and indicates the exhausted
functions of lymphocytes. High levels of

intratumoral PD-1þ TILs are correlated

with worse survival in patients with BC.9

Therapies that block the PD-1/PD-L1 axis

might reverse inhibitory properties and

increase anti-cancer immunity. This study

was performed to investigate the distribution

of PD1þ and PD1� phenotypes of TILs and

their relationship with clinicopathological

characteristics to illustrate the particular

microenvironment of BC in Chinese patients.

Patients and methods

Ethical approval

All procedures performed in this study

involving human participants were approved

by the ethics committee of Beijing Shijitan

Hospital, Capital Medical University

(Approval no. 2016062). The study was per-

formed in accordance with the ethical stand-

ards of the 1964 Helsinki declaration and its

later amendments.

Informed consent

Because of the retrospective nature of

the study and the fact that some patients

were lost to follow-up, the requirement for

formal consent was waived.

Patients

Consecutive patients with a pathological

diagnosis of primary invasive ductal BC at
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an operable stage were recruited into this

cross-sectional study from 1 January 2012

to 31 December 2013. All patients under-

went surgical treatment at the Department

of Breast Surgery, Beijing Shijitan Hospital,

Capital Medical University.

Tissue collection

Archival formalin-fixed, paraffin-embedded

samples were collected from all patients.

Slides of 4-lm thickness were used to deter-

mine histopathological features. Histological

grading of BC was evaluated according to the

Nottingham modification of the Bloom–

Richardson system.

Immunohistochemistry

The expression status of PD-1, CK7, CK20,

Ki-67, and E-cadherin (E-Cad) was evalu-

ated by immunohistochemistry (IHC) on

4-lm-thick formalin-fixed, paraffin-embed-

ded slides. Monoclonal antibodies to PD-1

(mouse anti-human, #UMAB199), CK7

(rabbit anti-human, #EP16), CK20 (rabbit

anti-human, #EP23), Ki-67 (mouse anti-

human, #MIB1), and E-Cad (mouse

anti-human, #NCH-38) were purchased

from Beijing Zhong Shan Golden Bridge

Biotechnology Co., Ltd. (Beijing, China).

Sections were baked at 60�C in a dehydra-

tion oven for 60 minutes, dewaxed for 20

minutes, and washed in graded alcohol of

100%, 100%, 95%, and 75% for 2 minutes,

respectively. Sections were washed with

phosphate-buffered saline (PBS) five times

for 2 minutes each. Antigen retrieval was

carried out using EnVisionTM FLEX

Target Retrieval Solution (Agilent, Santa

Clara, CA, USA) for 2 minutes 30 s. The

sections were then cooled to room temper-

ature for 20 minutes, washed with PBS five

times for 2 minutes each, incubated with

3% hydrogen peroxide for 15 minutes at

room temperature, washed with PBS five

times for 2 minutes each, and sealed with

5% serum at 37�C for 15 minutes; the liquid
was then discarded. Finally, a moderate pri-
mary antibody was added, and the sections
were left at 4�C overnight. They were
then washed with PBS five times for
2 minutes each, DAB was added for
5 to 10 minutes, and AP/Red was added
for 10 to 15 minutes. PD-1, CK7, CK20,
Ki-67, and E-Cad detection was visualized
with DAB. Slides were counterstained with
hematoxylin.

A full assessment of the average number
of TILs in the tumor area was conducted by
pathologists. TILs were evaluated within
the borders of the invasive tumor, excluding
tumor zones with crush artifacts, necrosis,
regressive hyalinization, and the previous
core biopsy site. All mononuclear cells
(including lymphocytes and plasma cells)
were scored, but polymorphonuclear leuko-
cytes were excluded. The average number of
TILs was counted in 10 high-power fields
(HPF, �400) in IHC sections (4 mm).

Expression of PD-1 in the cytoplasm of
lymphocytes, expression of CK7 and CK20
in the cytoplasm of BC cells, expression of
Ki-67 in the nucleus of BC cells, and expres-
sion of E-Cad on the cytomembrane of BC
cells are all shown by the color brown. We
counted the number of PD-1-positive cells
in 1000 TILs and calculated the expression
rate. The Ki-67 index was estimated among
1000 BC cells. A Ki-67 index of >1% was
defined as positive expression.

Statistical analysis

All analyses were conducted with SPSS
Statistics for Windows, Version17.0 (SPSS
Inc., Chicago, IL, USA). The median and
interquartile range were used to describe
the TIL counts. Age was transformed in a
categorical scale by the median of 55 years.
TIL phenotypes were compared by
Wilcoxon tests among age, nerve invasion,
vascular invasion, and axillary lymph node
involvement groups. The association of
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TIL phenotypes with histological grade was

estimated by Spearman correlation tests.

Wilcoxon tests were used to estimate the dif-

ference in TILs phenotypes between positive

and negative expression of CK7, CK20, and

E-Cad. The Spearman correlation test was

used to measure the relationship between

the Ki-67 index and cell counts of TIL phe-

notypes. All analyses were two-sided, and

the significance level was 0.05.

Results

In total, 133 patients were included in the

present study. Their average age was 57.8

years (Table 1). A total of 11.3% of patients

had a histological cancer diagnosis of grade

I, 32.3% of patients had vascular invasion,

17.3% of patients had nerve invasion,

and 54.2% of patients had axillary lymph
node metastasis (Table 1). The average Ki-
67 index was 30% (Table 1). The expression
rate of E-Cad, CK20, and CK7 was 94.9%,
8.2%, and 86.8%, respectively (Table 1).

Age was significantly associated with the
TIL count. The median TIL count among
patients of advanced age was 60/HPF,
which was lower than that among young
patients (80/HPF, p< 0.05) (Table 2). Age
was not associated with the PD1þ TIL
count; however, patients of advanced age
tended to have lower PD-1� TIL counts
than younger patients (50/HPF vs. 60/HPF,
p< 0.05) (Table 2). Histological grade, vascu-
lar invasion, nerve invasion, and axillary
lymph node metastasis were not significantly
associated with phenotypes of TILs (Table 2).

We also found no associations between
the expression of CK7 and CK20 and the
phenotypes of TILs (Table 3). E-Cad expres-
sion was positively correlated with PD-1�

TILs: the median PD-1� TIL count was
27/HPF and 57/HPF among patients with
negative and positive E-Cad expression,
respectively (p< 0.05) (Table 2). On patho-
logical slides, patients with negative E-Cad
expression had fewer PD-1� TILs (Figure 1
(a)) than patients with positive E-Cad
expression (Figure 1(b)). The Ki-67 index
was significantly associated with the TIL
counts (correlation coefficient, 0.22;
p< 0.05) (Table 3). The Ki-67 index was
positively associated with the PD1þ TIL
count but not the PD1� TIL counts (corre-
lation coefficient, 0.29; p< 0.05) (Table 3).
The PD-1þ TIL counts were lower among
patients with negative Ki-67 expression
(Figure 1(c)) than among patients with pos-
itive Ki-67 expression (Figure 1(d)).

Discussion

TILs reflect autoimmunity and are com-
posed of variable proportions of T cells, B
cells, NK cells, and macrophages. Increased
TIL counts are associated with improved

Table 1. Patients’ characteristics

Items

Age, years 57.8� 13.6

Histological grade

I 14 (11.3)

II 82 (66.1)

III 28 (22.6)

Vascular invasion

No 86 (67.7)

Yes 41 (32.3)

Nerve invasion

No 101 (82.1)

Yes 22 (17.3)

Axillary lymph node metastasis

No 22 (45.8)

Yes 26 (54.2)

E-Cadherin expression

No 6 (5.1)

Yes 112 (94.9)

Ki-67 index 30%� 25%

CK20 expression

No 56 (91.8)

Yes 5 (8.2)

CK7 expression

No 9 (13.2)

Yes 59 (86.8)

Data are presented as mean� standard deviation or n (%)
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overall survival in patients with epithelial
ovarian carcinoma,10 colorectal cancer,11

endometrial cancer,12 and BC.13 TILs
reportedly affect BC tumor biology and
susceptibility to immunotherapy.14 A high
amount of stromal and intratumoral TILs
improve the chemotherapy sensitivity and
provide a better prognosis.15,16

PD-1, a member of the CD28/CTLA-4
family of co-stimulatory receptors, trans-
mits an inhibitory signal to T cells, sup-
presses immune responses, and contributes
to immune tolerance and T-cell exhaus-
tion.8,17 PD-1 is expressed on helper T
cells, cytotoxic T cells, regulatory T cells,
follicular T and B cells, and antigen-

Table 2. Relationship between PD-1 TILs and clinical characteristics

TILs p PD1þTILs p PD1�TILs p

Age, years*

�55 80 (70) 0.024 26 (33) 0.066 60 (54) 0.048

>55 60 (60) 16 (24) 50 (51)

Histological grade†

I 60 (50) 0.203 19 (28) 0.17 41 (37) 0.217

II 80 (73) 17 (31) 60 (60)

III 70 (110) 23 (51) 51 (65)

Vascular invasion†

No 65 (83) 0.141 18 (34) 0.716 50 (53) 0.070

Yes 80 (60) 15 (30) 68 (44)

Nerve invasion,*

No 80 (70) 0.836 18 (30) 0.652 56 (51) 0.763

Yes 60 (130) 23 (48) 40 (82)

Axillary lymph node metastasis*

No 100 (140) 0.425 28 (28) 0.562 79 (92) 0.306

Yes 90 (88) 21 (43) 65 (49)

Data are presented as median (interquartile range). *Wilcoxon test, †Spearman correlation test

PD-1, programmed cell death protein 1; TILs, tumor-infiltrating lymphocytes

Table 3. Correlation between PD-1 TILs and other molecules in breast cancer

TILs p PD1þTIL s p PD1�TILs p

CK7*

No 90 (105) 0.928 16 (56) 0.562 70 (58) 0.711

Yes 80 (110) 25 (40) 59 (71)

CK20*

No 80 (113) 0.130 24 (42) 0.371 59 (72) 0.087

Yes 130 (260) 33 (71) 98 (195)

E-Cad*

No 45 (68) 0.086 9 (34) 0.265 27 (39) 0.049

Yes 80 (80) 19 (36) 57 (63)

Ki67, correlation coefficient† 0.22 0.016 0.29 0.001 0.16 0.076

Data are presented as mean (interquartile range)

PD-1, programmed cell death protein 1; TILs, tumor-infiltrating lymphocytes; E-Cad, E-cadherin.

*Wilcoxon test, †Spearman correlation test
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presenting cells including activated dendrit-
ic cells and monocytes.18 PD-1 expression
is significantly higher on T cells infiltrating
tumors than in normal tissue, but PD-1þ

TILs display impaired effector function.19

The PD-1/PD-L1 signaling pathway main-
tains an immunosuppressive tumor microen-
vironment and attenuates antitumor
immunity. Higher levels of PD-1þ TILs are
associated with a poorer prognosis in
patients with BC.9 Besides the prognosis,
PD-1 polymorphism also affects the risk of
BC in the Han Chinese population.20 Young
patients tend to have higher levels of PD-1�

TILs, reflecting the better immune system of
young patients.

Ki-67 is a proliferative cell nuclear antigen,
and the Ki-67 index is correlated with the cel-
lular mitotic cycle. Ki-67 is expressed in all
phases except G0 and early G1 and peaks in
theM phase.21 The Ki-67 index is an indicator
of malignant proliferation activity and an
independent prognosticator for BC recurrence
and survival.22,23 PD-1� TILs produce higher
amounts of interleukin-2 and interferon-c
than PD-1þ TILs.19 PD-1� TILs seem to
have higher immune activity than PD-1þ

TILs. PD-1 expression on effector T cells
exhausts antitumor immunity and compro-
mises the control of tumor growth.24 PD-1
signaling affects tumor chemoresistance and
metastasis.25 A high Ki-67 index indicates

Figure 1. Expression of E-Cad and Ki-67 and PD-1 TIL counts in different phenotypes. (a) Patients with
negative E-Cad expression (IHC, �400). (b) Patients with positive E-Cad expression (IHC, �400). (c)
Patients with negative Ki-67 expression (IHC, �400). (d) Patients with positive Ki-67 expression (IHC,
�400). !PD-1þ TILs (red); !PD-1� TILs (black). PD-1þ TILs showed brown cytoplasm. Patients with
negative E-Cad had fewer PD-1� TILs than those with positive E-Cad; patients with negative Ki-67 had fewer
PD-1þ TILs than those with positive Ki-67. E-Cad, E-cadherin; PD-1, programmed cell death protein 1; TILs,
tumor-infiltrating lymphocytes; IHC, immunohistochemistry
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greater proliferative activity of cancer cells
and might be related to the exhausted micro-
environment as indicated by the high PD-1þ

TIL counts.
E-Cad is responsible for calcium-mediated

cell-to-cell adhesion.26 E-Cad promotes inter-
cellular adhesion between homogeneous cells
and inhibits the infiltration and metastasis of
tumor cells.27 Down-regulation of E-Cad
escalates exacerbation of the tumor grade
and stage and the transition from adenoma
to carcinoma.28 E-Cad is a marker of the
epithelial phenotype, and down-regulation
of E-Cad is a marker of epithelial–mesenchy-
mal transition (EMT).29 In esophageal
cancer cell lines, PD-L1 expression and its
association with PD-1 are responsible for a
more pronounced EMT phenotype.30 EMT
phenotypes of lung adenocarcinoma have a
higher number of PD-1þ TILs than do EMT
negative phenotypes.31 We found that
patients with BC with E-Cad expression
had more PD-1� TILs and an apparently
more active immune microenvironment
than the patients with negative E-Cad
expression. The BRAF-MAPK pathway
reportedly activates the EMT process, trig-
gers immunosuppressive cascades, and pro-
duces immunosuppressive molecules.32 EMT
activation is associated with decreased E-Cad
expression.32 Patients with BC have a detect-
able level of E-Cad in the peripheral blood.33

Down-regulation of E-Cad is positively cor-
related with the immunosuppressive status.32

High expression of E-Cad might be related to
active immune function and increased PD-1�

TIL counts.
The small sample size was a limitation of

this study. The fact that stromal and intra-
tumoral TILs were analyzed together is
another limitation. We calculated the TIL
counts by IHC, not flow cytometry.

An increased number of PD-1þ TILs is
associated with higher proliferative activity
of BC, and an increased number of PD-1-

TILs is associated with an epithelial pheno-
type of BC. PD-1/PD-L1 blockade is a

potential strategy for BC treatment, and
further studies are warranted.
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