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Background: Interaction between programmed cell death ligand-1 (PD-L1) and its 
receptor PD-1 is a major inhibitory pathway in maintaining an immunosuppressive 
tumor microenvironment. The expression of PD-L1 in various solid tumors is 
proposed to function in preventing T-cell mediated tumor killing, and activating 
tumor -suppressive cell populations through different mechanisms. The B-cell 
Lymphoma-2 (Bcl-2) is a key anti-apoptotic protein has been described as mediators 
of cancer progression. The expression of PD-L1 on activated T-cells supports their 
survival. Objectives: Evaluate the expression of PD-1, PD-L1 in relation to apoptosis 
among patients with breast cancer. All parameters were correlated with each other 
and with the clinicopathological features of the disease. Patients and Methods: This 
case-control study was conducted on 55 breast cancer patients with different stages 
of the disease. In addition, 20 age-matched normal healthy individuals were 
included in the study as a control group. Patient groups divided into early stage 
disease and advanced stage disease. The percentage of PD-1 and PDL-1 were 
measured in blood samples of all subjects using flowcytometry. Quantitative 
detection of Bcl-2 protein was assessed using enzyme linked immunosorbent assay. 
Results: PD-L1 expression was significantly associated with tumor grade, lymph 
node involvement, tumor size, vascular invasion and negative hormonal receptors. 
PD-1 expression was significantly associated only with lymph-node involvement. A 
significant positive correlation was existed between serum Bcl-2 and PD-L1+ 
expressing granulocytes. Conclusions: The direct correlation between PD-L1+ 
expression and serum Bcl-2 concentration may explore a role of apoptotic 
machinery in the pathogenesis of breast cancer. 
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INTRODUCTION 

Breast cancer is the most common malignant 
tumor in women worldwide (Siegel et al., 2017). 
Advances in diagnosis and therapy have 
significantly improved the survival of breast 
cancer patients, however, recurrence and 
metastasis remain the leading cause of breast 
cancer death (Berry et al., 2005). Cancer cells 
can maintain an immunosuppressive 
microenvironment that favors tumor 
progression by expressing immune inhibitory 
signals (Postow et al., 2015).  

The interaction between programmed cell 
death ligand-1 (PD-L1 or CD274) and its receptor 
PD-1 is major inhibitory pathway in maintaining 
immunosuppressive tumor microenvironment. 
Interestingly, inhibition of immune checkpoint 
regulator PD-L1 or PD-1 is a new anticancer 
therapy (Iwai et al., 2002, Brahmer et al., 2012,). 
PD1 is a cell surface membrane protein, 
member of B7 family of immune checkpoints, 
which is activated by its ligands PD-L1 and PD-
L2. PD-1 is expressed on T cells, B cells, natural 
killer T cells, monocytes and dendritic cells (DC) 
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after activation. PD-1 is not present on naive T 
cells, but is induced on CD4+ and CD8+ T cells 
after TCR activation and remains high in case of 
persistent stimulation with antigen ( Bally et al., 
2016).  

In addition, PD-1 induced on T cells by common 
gamma-chain cytokines such as interleukins (IL-
2, IL-7, IL-15 and IL-21), which are important for 
survival and expansion of T cells (Boussiotis et 
al., 2014). PD-L1 plays a significant role in tumor 
evasion by promoting the activation of the PD-1 
/ PD-L1 pathway (Dermaniand Kohlan, 2019). 
The expression of PD-L1 has been observed in 
various solid tumors including breast cancer, 
colon cancer, renal cancer and others. Once 
engaged, the PD1/PD-L1 pathway is proposed 
to function in preventing T-cell mediated tumor 
killing, protecting tumor cells and activating 
tumour-suppressive cell populations through 
different mechanisms (Goodman et al., 2018).  

Apoptosis is a form of programmed cell death 
that is characterized by distinct structural and 
molecular changes resulting in cell death 
without the release of cellular contents (Pfeffer 
and Singh, 2018). Apoptosis is divided into two 
pathways, intrinsic and extrinsic. Both of these 
processes are responsible for cell killing and are 
important for the normal development of an 
organism as well as for the removal of damaged 
cells (Chung, 2018).    

The B-cell Lymphoma-2(Bcl-2) is a member of 
the Bcl-2 family of regulator proteins that 
regulate apoptosis, either by inducing or 
inhibiting apoptotic cell death. Bcl-2 is known to 
be a key anti-apoptotic protein, located at 
position 18q21.33 which is an integral outer 
mitochondrial membrane protein that blocks 
the apoptotic death of some cells such as 
lymphocytes (Warren et al 2019). Bcl-2 proteins 
have been described as fundamental mediators 
of cancer progression. The expression of PD-L1 
on activated T-cells supports their survival such 
that PD-L1 deficient T-cells express lower Bcl-xl, 
which is an antiapoptosis gene, than wild type 
cells and are more sensitive to apoptosis in vivo 
(Pulko et al., 2011). Tumor cells exploit this 
pathway by the expression of PD-L1 to survive 
immune surveillance. Antitumor T-cells can 
upregulate PD-L1 on tumor cells through the 
production of IFN-γ that is a dual-edged 

cytokine capable of inducing apoptosis and also 
facilitating tumor dormancy (Liu et al., 2017).   

Tumor cells co-opt the PD1/PD-L1 axis results in 
suppression of anti-tumor adaptive responses 
through mechanisms involving induction of 
cytotoxic T-lymphocyte (CTL) suppression, 
exhaustion, apoptosis and decreased cytokine 
production (Black et al., 2016). In addition to 
interfering with CTL function, engagement of 
PD-1 with PD-L1 increase tumor cell resistance 
to pro-apoptotic signals including those 
delivered by cytotoxic immune effectors (Fas 
ligation) ( Lin et al., 2018). However, until now 
only few studies have reported a possible link 
between PD-1/PD-L1 and apoptosis among 
breast cancer patients. Therefore, 
understanding the role of PD/PD-L1 and 
apoptosis in breast cancer may provide new 
strategies in the development of new 
therapeutic approaches to manage the disease.  

This study aimed to evaluate the expression of 
the programmed death-1 receptor, 
programmed death-1 ligand in relation to 
apoptosis among patients with different stages 
of breast cancer. In addition, all parameters 
were correlated with each other and with the 
clinicopathological features of the disease. 

PATIENTS AND METHODS 

This case-controlled study was conducted on 55 
breast cancer patients with different stages of 
the disease who presented to the Surgery 
Department outpatient clinic and Cancer 
Management and Research Department, 
Medical Research Institute, Alexandria 
University, Alexandria, Egypt, from April 2017 to 
November 2018.  

An informed written consent was taken from all 
subjects included in this study according to the 
rules approved by the ethical committee of the 
Medical Research Institute IORG#: 
IORG0008812 and according to the Helsinki 
declaration (World medical declaration of 
Helsinki, 2014) Patients with autoimmune 
diseases or any diseases affecting the immune 
system were excluded from the study. Also, 20 
age-matched normal healthy individuals who 
are comparable to the control group.  
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Patients, Characteristics 

Patient groups comprising breast cancer 
patients were divided into two groups: early-
stage (stages I-II) and advanced stage (stages III-
IV) of the disease (Giuliano et al., 2018). Clinical 
data of the studied groups were collected 
prospectively. These data included history 
tracking, clinical examination to detect the site 
of the tumor and the presence of enlarged 
lymph nodes. Radiological investigations 
including mammogram, abdominal ultrasound 
and chest x-ray.  

The diagnosis of invasive breast cancer was 
made by fine-needle aspiration cytology (FNAC) 
or core-needle biopsy of the breast tumor. The 
patients with the early-stage disease were 
operated by modified radical mastectomy or 
breast conservative surgery. Pathological 
evaluation of the tumor included histologic 
subtype of the tumor, grading, size of the 
tumor, axillary lymph node status, presence or 
absence of vascular invasion. The metastatic 
disease was proved by radiological studies or 
pathological assessment or both. Blood samples 
were collected from breast cancer patients at 
the presentation before starting chemotherapy. 

Assessment of estrogen, progesterone receptors 

Assessment of estrogen, progesterone 
receptors (ER, PR) and human epidermal growth 
factor receptor-2(Her-2) status was carried by 
immunohistochemistry. Formalin-fixed, 
paraffin-embedded tissue blocks with tumour 
were used for immunohistochemical staining. 
Antigen recovery, imunocytochemistery was 
performed after epitope retrieval with a 
polymer-based detection system (Envision plus, 
Dako, Carpinteria, CA) using mouse monoclonal 
antibodies for ER and PR. Nuclear staining in 
more than 10% of tumor cells was considered 
positive for ER and PR (Williams et al., 2009).  

Assessment of Her-2 

The HER2 protein expression in paraffin sections 
was detected by immunostaining using 
Herceptin kit (HercepTest, Dako, Carpinteria, 
CA) according to manufacturer's instructions. 
Immunostaining was performed by incubation 
with rabbit anti-human monoclonal anti-HER-2 
(Maixin Biotech., Fuzhou, China). HER-2 results 
were determined based on the maximum area 

of staining intensity, according to the package 
insert and ASCO/CAP guidelines (Williams et al., 
2009). Cases with equivocal Her-2 were 
confirmed by fluorescent in situ hybridization 
FISH was performed using the US FDA approved 
PathVysion. HER2 DNA probe kit (Abbott 
Molecular Inc., USA), a dual coloured probe 
comprising locus-specific identifier (LSI) HER2 
was used to detect HER2 gene amplification 
status (Press et al .,2016).  

Sampling Technique 

Peripheral venous blood samples (5ml) were 
obtained from all subjects under the study. 
Three ml in EDTA coated vacutainers for 
measurement of PD-1 and PDL-1 expression. 
Two ml of venous blood in plain vacutainers for 
serum separation that was allowed to clot for 20 
minutes at 37 °C followed by one hour at 4°C. 
Serum was then separated by centrifugation at 
1500 rpm for 10 minutes and preserved at -80°C 
until use for Bcl-2 measurement. 

Assessment of PD-1and PDL-1 serum level  

The percentage of PD-1 (CD279) and PDL-1 
(CD274) expressing on lymphocytes, monocytes 
and granulocytes were measured in EDTA blood 
samples of all subjects under the study using 
flowcytometry (BD FACS Calibur) according to 
manufacturer's instructions. 

Peripheral blood mononuclear cells (PBMC) 
isolation and flowcytometric analysis: 

The gating strategy was used in the analysis of 
intracellular signaling pathway in PBMCs. Blood 
was collected in polystyrene tubes and PBMCs 
were isolated by density gradient centrifugation 
before cryopreservation for 15 minutes. The 
stains used for the two markers were as follow; 
CD279 PE (Phycoerythrin), and CD274 FITC 
respectively (Fluorescein isothiocyanate) (BD 
Biosciences). Samples were washed to remove 
excess dye and stained with fluorochrome-
conjugated antibodies. The detection was done 
by using CD279 and CD274 monoclonal 
antibodies respectively. All tubes were analyzed 
by flow cytometer. Cell subtypes were identified 
based on their scattering properties as either 
monocytes or lymphocytes or granulocytes  
(Dey, 2018). 
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Assessment of Bcl-2 serum level using (ELISA) 
technique 

Anti-apoptotic protein (Bcl-2) levels were 
measured using commercially available ELISA kit 
for hematological and biochemical 
investigations. The assay was used for 
quantitative detection of B-cell 
leukemia/lymphoma-2 (Bcl-2) protein using 
biotin double antibody sandwich technology, 
detection range (0.3ng/ml - 90ng/ml) (Human 
B-cell leukemia/lymphoma 2 ELISA kit, Bioassay 
Technology Laboratory) (Kosacka et al., 2016).  

Bcl-2 molecules present in serum samples were 
absorbed to the microwells which were coated 
with anti-Bcl-2 monoclonal antibody. Then a 
biotin-conjugated monoclonal anti-Bcl-2 
antibody was added to bind to Bcl-2 captured by 
the first antibody. Following incubation time, 
unbound biotin-conjugated anti-Bcl-2 was 
removed by washing, and then streptavidin-
horseradish peroxidase (HRP) was added to 
bind to the biotin-conjugated anti-Bcl-2. A 
colored product which proportional to the 
amount of human Bcl-2 present in serum that 
terminated by acid and optical absorbance was 
measured at 450 nm according to the 
manufacturer's recommendation. 

Statistical Analysis  

Statistical analysis was carried out using Graph 
pad 7software (Prism, La Jolla, USA). The sample 
size was calculated using t-test (Kelsey et al., 
1996). A Student’s T-test was used to compare 
between two groups, while for more groups, 
ANOVA test was used and Chi-Square test for 
proportion data. The test performed was 
unpaired and two-tailed. Results are expressed 
as mean ± SEM or SD. P values were considered 
significant when p ≤ 0.05. 

RESULTS 

This study included 75 age-matched females; 20 
normal healthy females as a control group and 
55 breast cancer patients. The patients were 
classified into two groups: early-stage (I-II) 
included 24 patients and advanced stage (III-IV) 
included 31 patients. The mean age of all 
patients was 46.24±9.85 years; ranged 32-70 
years, while in healthy individuals, it was 
41.4±10.54 years ranged 30-65 years.  

Age distribution of the studied groups is shown 
in (Table 1). There was no difference between 
the studied groups.  

Clinicopathological characteristics of the 
studied patients are summarized in (Table 2). 
There was a statistically significant difference 
between the early and advanced stages 
regarding tumour grade and tumour size. While, 
there was no statistically significant difference 
between the two groups regarding lymph node 
involvement, histologic subtype of the tumor 
and vascular invasion. Concerning the hormonal 
status in all patients, 41/55 patients (74.54%)   
were negative for Her-2 relative to 14/55 
patients (25.45%) were positive for Her-2. 
Regarding positivity and negativity of ER and PR 
39/55 patients (70.9%) were positive for both 
ER and PR and 16/55 patients (29.09%) for both 
ER and PR were negative.  

Immunological investigations  

The positivity and negativity of PD-1 and PD-L1 
expressing lymphocytes, monocytes and 
granulocytes were determined for all subjects 
under study using flowcytometry of all subjects 
under study using relevant monoclonal 
antibodies (Table 3). 

Regarding PD-L1 positivity showed a non-
significant difference between the patient 
groups (52.72%) and control group (40%) 
(p=.086). The expression of PD-L1 has been 
studied in different leukocytes. In lymphocytes, 
the mean % of PD-L1+in all positive patients (29 
patients) was 24.38±12.25 compared to that of 
control individuals which were 5±2.67 (range 
1.3-9). 

In early and advanced stages the mean PD-L1+ 
%was 20.4±7.51(range 11-37) and 25.95±13.69 
(range 12-60) respectively, there was significant 
increase in the mean % of PD-L1+between 
different groups (P= <0.0001) (Figure 1B). 

PD-1,89.09% of patients (49/55) were positive, 
while 100% of the control group were positive 
for PD-1. There was no statistically significant 
difference between the two groups (p=0.117). 
The mean % of PD-1+expressing lymphocytes in 
all positive patients (49patients) was 17.02 
±7.14compared to that of control individuals 
which were 6.26±6.57 (range 2.7-26). 
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Table 1. Age distribution and relation between the studied groups (n=75) 

Age 
(year)  

 

Total patients(n = 55) Early 
(n= 24) 

Advanced 
(n=31) 

Control 
(n = 20) 

F  P 

No % No % No % No %   
≤ 40 21 38.18 9  

 

37.5 12 38.7 12 60 1.68 
 

0.302 
>40 34   61.81 15  62.5 19 61.29     8 40 
Min-Max      32-70     32-67    33-70       30-65 
Mean± SD. 46.24±9.85 46.33±11.35 46.16±8.73 41.4±10.54 
Median 44 43.5 44 38 

F: F for ANOVA test , P: value for among the groups , *: Statistically significant at p ˂ 0.05 

Table 2. Clinicopathological parameters of the studied patients (n=55) 

Parameter Total patients (n=55) Early-stage (n=24) Advanced-stage (n=31) X2 P 
 No % No % No %  

 
3.766 
 

 
 
0.023* 

Grade 
II 
III 

 
41 
14 

 
74.54 
25.45 

 
3 
21 

 
12.5 
87.5 

 
5 
26 

 
16.12 
83.87 

Lymph node Involvement 
N0 
N1  
N2  
N3  

 
 
13  
17  
18  
7  

 
 
23.62  
30.90  
34.54  
10.90  

 
 
10 
9  
5  
0  

 
 
41.66  
37.5 
20.83  
00.00  

 
 
3  
8  
13  
7 

 
 
9.67  
25.80  
41.93  
22.58  

 
 
 
3.47  

 
 
 
0.324  

Type of tumor 
IDC 
Mixed type 

  ILC  

 
51  
3  
1  

 
92.72  
5.45  
1.81  

 
22  
1  
1  

 
91.66  
4.16  
4.16  

 
29  
2  
0  

 
93.54  
6.45  
0.00  

 
 
1.404  

 
 
0.495  

Vascular invasion 
No 
Yes 

 
6  
 
49  

 
10.90  
 
89.09  

 
3  
 
21  

 
12.5  
 
87.5  

 
3  
 
28  

 
9.67  
 
90.32  

 
 
0.1109 

 
 
0.7391  

Size of tumor 
T1  
T2  
T3  

 
7 
38 
10 

 
12.72 
69.09 
18.18 

 
6  
15  
3  

 
25  
62.5  
12.5  

 
1  
23  
7  

 
3.22  
74.19  
22.58  

 
6.063  

 
0.048*  

Her-2 status 
Negative  
Positive  

 
41  
14  

 
74.54  
25.45  

 
20  
4  

 
83.33  
16.66  

 
21  
10  

 
67.74  
32.25  

 
1.733  

 
0.188  

ER 
Negative  
Positive  

 
16  
39  

 
29.09  
70.9  

 
6  
18  

 
25  
75  

 
10  
21  

 
32.25  
67.74  

 
1.483  

 
0.223  

PR 
Negative  
Positive  

 
16  
39  

 
29.09  
70.90  

 
6  
18  

 
25  
75  

 
10  
21  

 
32.25  
67.74  

 
1.483  

 
0.223  

X2: Chi-square test    IDC: invasive ductal carcinoma, ILC : invasive lobular carcinoma, N0 negative axillary lymph nodes, N1 (1-3 positive 
axillary lymph nodes), N2 (4 – 9 positive axillary lymph nodes), N3 (≥ 10 positive axillary lymph nodes), T1 ( ≤ 2cm), T2 (> 2 – 5cm), T3 (> 
5cm), ER: estrogen receptors, PR: progesterone receptors, Her2: human epidermal growth factor receptor-2, P: p value for comparing 
between the two groups, *: Statistically significant at p ˂ 0.05 

Table 3. Distribution of positivity and negativity of PD-1 and PD-L1 among the studied groups (n=75) 

 Total patients(n=55) Early-stage  
(n= 24) 

Advanced-stage(n=31 ) Control 
(n=20) 

Test of 
significant 

P 

No  % No % No  % No  % 
PD-1  

PD-1-  
PD-1+  

 

 
6 
49 

 
10.9 
89.09 

 
4 
20 

 
16.66 
83.33 

 
2 
29 

 
6.45 
93.5 

 
0.0 
20 

 
0.0 
100 

 
c2=4.28  

 

 
0.117  

 

PDL-1 
 PDL-1-  
PDL-1+ 

 
26 
29 

 
47.27 
52.72 

 
15 
9 

 
62.5 
37.5 

 
11 
20 

 
35.4 
64.5 

 
12 
8 

 
60 
40 

 
c2=4.9  

 
0.086 

c2: Chi-square test, P: p value for comparing among the studied groups, *: Statistically significant at p ˂ 0.05 
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In early and advanced stages the mean PD-1+ 
%was 17.01±5.84(range8.71-30)and 17.03±8.02 
(range10-41) respectively, with non-significant 
difference between different groups (P= 0.919) 
(Figure 1C). Bcl-2 level was assessed using the 
enzyme-linked immunosorbent assay (ELISA) 
technique (Table 4) The mean Bcl2 serum 
concentration in all patients was 
60.22±39.45U/ml; while its level in control 
individuals was 27.56±1.172U/ml . There was a 
significant increase in the mean Bcl-2 serum 
concentration in the advanced-stage group 
compared to the early stage-group (p <0.0001) 
and also between the advanced- stage and 
control group. We carried out a χ2 analysis to 
determine the association between several 
clinicopathological parameters and PD-1/PD-
L1percentage.There were no significant 
associations were found between the positivity 
of PD-1 and different clinicopathological 
characteristics (Age, tumor stage, tumor grade, 
tumor size, vascular invasion, ER, PR and Her-2). 
PD-1 was significantly associated only to lymph-
node involvement (Table 5). 

The presence of PD-L1 positivity was 
significantly associated with tumor grade II 
(58.62%), lymph node involvement N2 
(41.37%), tumor size T2 (58.62%), positive 
vascular invasion (100%), negative ER (51.72%) 
and negative PR (51.72%). Although it was 
associated with advanced -age and negative 
Her-2, there was no significant difference. 
(Table 6). 

Correlation studies 

The results revealed a significant negative 
correlation between serum Bcl-2 and early-
stage and lymph node involvement. While the 
correlation between serum Bcl-2 and other 
clinicopathological parameters as age, tumor 
grade, type of tumor, vascular invasion or 
hormonal status did not show any statistical 
significance. (Table 7). Statistical analysis of the 
studied factors showed a significant positive 
correlation between serum Bcl-2 
concentrations and PD-L1+ expression. (Table 
8). Otherwise, the correlation between Bcl-2 
serum levels and PD-1+ expression didn't show 
any statistical significance (Table 9). 

 
 

Table 3. Distribution of positivity and negativity of PD-1 and PD-L1 among the studied groups (n=75) 

 Total patients(n=55) Early-stage  
(n= 24) 

Advanced-stage(n=31 
) 

Control 
(n=20) 

Test of 
significant 

P 

No  % No % No  % No  % 
PD-1  

PD-1-  
 
PD-1+  

 

 
6 
 
49 

 
10.9 
 
89.09 

 
4 
 
20 

 
16.66 
 
83.33 

 
2 
 
29 

 
6.45 
 
93.5 

 
0.0 
 
20 

 
0.0 
 
100 

 
���4.28  

 

 
0.117  

 

PDL-1 
 PDL-1-  
 
PDL-1+ 
 

 
26 
 
29 

 
47.27 
 
52.72 

 
15 
 
9 

 
62.5 
 
37.5 

 
11 
 
20 

 
35.4 
 
64.5 

 
12 
 
8 

 
60 
 
40 

 
c2=4.9  

 
0.086 

c2: Chi-square test, P: p value for comparing among the studied groups, *: Statistically significant at p ˂ 0.05 
 
 

Table 4. Serum levels of Bcl-2 in breast cancer patients and control group(n=75) 

Bcl-2 level (U/ml) Control 
(n =20) 

Total 
(n =55) 

Early (n=24) Advanced (n=31) F P 

Min – Max 25.75- 29.8 28.14-200 28.14-43.87 44.26-200  
29.68 

 
<0.0001* Mean ±SD 27.56±1.172 60.22±39.45 33.94±5.051 80.75±42.45 

P1=0.7259, P2= <0.0001*, 
P3= <0.0001* 

F: ANOVA test, p: p value for comparing between the different groups, *: Statistically significant at p ˂ 0.05, P1: p Value 
for comparing between Early and Control, P2: p Value for comparing between Advanced and Control, P3: p Value for 
comparing between Early and Advanced 
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Table 5. Comparison between percentages of PD-1 (PD-1+/ PD-1–) expression according to the 
clinicopathological parameters in breast cancer patients. (n=55) 

Clinicopathological parameters Breast cancer patients (n=55) Test of sig. ( c2) P 
PD-1+(n =49 ) PD-1– (n = 6 ) 
No % No % 

Age (year) 
≤ 40 
>40 

 
18 
31 

 
36.73 
63.26 

 
3 
3 

 
50 
50 

 
0.3985 

 
0.5279  

 

Tumor stage 
Early  
Advanced  

 
20 
29 

 
40.81 
59.18 

 
4 
2 

 
66.66 
33.33 

 
1.452 

 
0.2282 

Tumor grade 
II 
III 

 
35 
14 

 
71.42  
28.57 

 
6 
0 

 
100 
0.00 

 
2.3 

 
0.1294 

Lymph node involvement 
N0 
N1 
N2 
N3 

 
 
12 
12 
18 
7 

 
 
24.48 
24.48 
36.73 
14.28 

 
 
1 
5 
0 
0 

 
 
16.66 
83.33 
0 
0 

 
 
 
9.188 

 
 
 
0.0269* 

Tumor size 
T1 
T2 
T3 

 
7 
33 
9 

 
14.28 
67.34 
18.36 

 
0 
6 
0 

 
0 
100 
0 

 
 
2.763 

 
 
0.2512 

Vascular invasion 
Yes 
No 

 
44 
5 

 
89.79 
10.20 

 
5 
1 

 
83.33 
16.66 

 
0.2297 

 
0.6317 

ER 
Negative 
Positive 
PR  
Negative 
Positive 
Her-2  
Negative 
Positive 

 
15 
34 
 
15 
34 
 
35 
14 

 
30.61 
69.38 
 
30.61 
69.38 
 
71.42 
28.57 

 
0 
6 
 
0 
6 
 
6 
0 

 
0 
100 
 
0 
100 
 
100 
0 

 
2.459 
 
 
2.459 
 
 
2.3 

 
0.1169 
 
 
0.1169 
 
 
0.129 

c2: Chi-square test, P: p value for comparing between the studied groups 
 
DISCUSSION 

 Programmed cell death-1 (PD-1) and 
programmed cell death ligand-1 (PD-L1) axis 
play a key role in physiological immune 
homoeostasis and represent a mechanism of 
immune escape (Dong et al., 2017). Several 
studies have focused on PD-1/PD-L1 expression 
in various malignancies; however, few studies 
have investigated the expression of PD-1 and 
PD-L1 in breast cancer patients (Jiang et 
al.,2019). B-cell lymphoma-2 (Bcl-2) is the 
founding member of the Bcl-2 family of 
regulator proteins that regulate apoptosis, 
either by inducing or inhibiting apoptotic cell 
death (Campbell and Tait, 2018).   

The role of Bcl-2 differs depending on its 
interaction with other members of the Bcl-2 
family. Pro-apoptotic and anti-apoptotic signals 
are tightly regulated in normal breast epithelial 

cells. Dysregulation of this balance is required 
for breast tumorigenesis and increases of 
acquired resistance to treatments. (Warren et 
al., 2019). Therefore, this study aimed to 
evaluate the role of programmed death-1 
receptor and programmed death ligand-1 (PD-
1/PD-L1) expressing lymphocytes, monocytes 
and granulocytes, as a potential mechanism of 
immune escape in breast cancer patients. Also, 
serum levels of Bcl-2 were analyzed among 
patients with different stages of breast cancer. 
In addition, all parameters were correlated with 
each other and with clinicopathological 
parameters of the disease.  

The study was conducted on a total of seventy-
five females; fifty-five of them represented the 
breast cancer patients at early (24 patients) and 
advanced (31 patients) stages and 20 age-
matched female represented the control group.  
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Table 6. Comparison between percentages of PD-L1 (PD-L1+/ PD-L1–) expression according to the 
clinicopathological parameters in breast cancer patients. (n=55). 

Clinicopathological parameters Breast cancer patients (n=55) Test of sig. ( c2) P 
PD-L1+ (n =29 ) PD-L1– (n = 26 ) 
No % No % 

Age (year) 
≤ 40 
>40 

 
11 
18 

 
37.93 
62.06 

 
10 
16 

 
38.46 
61.53 

 
0.0016 

 
0.9678 

 

Tumor stage 
Early  
Advanced  

 
9 
20 

 
31.03  
68.96 

 
15 
11 

 
57.96 
42.30 

 
3.961 

 
0.0466* 

Tumor grade 
II 
III 

 
17 
12 

 
58.62 
41.37 

 
23 
3 

 
88.46 
11.53 

 
6.155 

 
0.013* 

Lymph node involvement 
N0 
N1 
N2 
N3 

 
5 
5 
12 
7 

 
17.24 
17.24 
41.37 
24.14 

 
8 
12 
6 
0 

 
30.76 
46.15 
23.07 
0 

 
 
12.45 

 
 
0.006* 

Tumor size 
T1 
T2 
T3 

 
3 
17 
9 

 
10.34 
58.62 
31.03 

 
4 
22 
0 

 
15.38 
84.61 
00.00 

 
 
9.649 

 
 
0.008* 

Vascular invasion 
Yes 
No 

 
29 
0 

 
100 
00 

 
20 
6 

 
76.93 
23.07 

 
7.512 

 
0.0061* 

Hormonal status 
ER 
Negative 
Positive 
PR 
Negative 
Positive 
Her-2  
Negative 
Positive 

 
 
15 
14 
 
15 
14 
 
24 
5 

 
 
51.72 
48.27 
 
51.72 
48.27 
 
82.75 
17.24 

 
 
0 
26 
 
0 
26 
 
17 
9 

 
 
0 
100 
 
0 
100 
 
65.38 
34.61 

 
 
18.49 
 
 
18.49 
 
 
2.18 

 
 
<0.0001* 
 
 
<0.0001* 
 
 
0.139 

c2: Chi-square test, P: p value for comparing between the studied groups 

 

The results showed that the mean age of all 
patients was 46.24±9.85 years and that of the 
control group was 41.4±10.54years. There was 
no significant difference between the studied 
groups regarding age.  Botti G et al. (2017) have 
included 238 TNBC samples and the age of 
patients ranged 24–93 years, with an average 
age of 57 years. This difference is due to larger 
studied samples and a wider range of age. 

Regarding the clinicopathological parameters of 
patients in this study, we noticed that the 
majority of patients (36.36%) were stage III 
followed by stage II (30.9%), stage IV (20%) and 
stage I (12.72%). According to the tumor grade, 
the results revealed that the grade II was the 
commonest among our patients, represented 
by 87.5%  in early-stage and 64.51%  in an 
advanced- stage with a statistically significant 
difference between the two groups.  

Wang et al. (2016)  found that 36% (36 breast 
cancer patients out of 100 patients) were grade 
II. The discrepancy between findings concerning 
tumor grade may be due to the variability in 
case numbers and also to ethnic differences. 
Concerning lymph node involvement, the 
present study showed that the lymph node 
involvement (N2) was the commonest among 
all breast cancer patients.  

The present study showed that the majority of 
studied cases had large-sized tumors (>2-5 cm), 
since 23/31 patients (74.19%) of advanced stage 
and 15/24 patients (62.5%) of early-stage, were 
allocated to this tumor size. Regarding 
hormonal status, our results showed no 
significant difference between early and 
advanced-stage breast cancer patients 
regarding Her-2, ER and PR status.  
 



Programmed Death-1 Receptor, ligand and Apoptosis in Breast Cancer Patients..  
 

 

 

IJCBR Vol. 4(2): 107-120.  115 

Table 7. Correlation between serum Bcl-2 levels and 
clinicopathological parameters in breast cancer patients. 
(n=55). 

Clinicopathological 
parameters 

Bcl-2 (U/ml) 

      rs       P 
Age (year) 0.1035 0.4522 
Tumor stage 
Early  
Advanced  

 
-0.5499 
0.3096 

 
<0.0001* 
0.0215*  

Tumor grade 
II 
III 

 
-0.167 
0.2230 

 
0.167 
0.2230 

Lymph node involvement 
N0 
N1 
N2 
N3 

 
>0.9999 
-0.3284 
0.2686 
0.07716 

 
00 
0.0144* 
0.0474* 
0.5755 

Vascular invasion 
Yes 
No 

 
0.07532 
-0.07532 

 
0.5847 
0.5847 

ER 
Negative 
Positive 
PR 
Negative 
Positive 
Her-2  
Negative 
Positive 

 
0.243 
-0.243 
 
0.243 
-0.243 
 
-0.0106 
0.0106 

 
0.0728 
0.0728 
 
0.0728 
0.0728 
 
0.439 
0.439 

*: Statistically significant at p ˂0.05, rs: Spearman coefficient. 
 
Table 8. Correlation between PD-L1+ expression and 
serum Bcl-2 level in breast cancer patients (n=55). 

*: Statistically significant at p ˂ 0.05, rs: Spearman coefficient 

MFI: Mean fluorescent intensity 
 
Table 9. Correlation between Bcl-2 serum concentration 
and PD-1expression in breast cancer patients (n = 55). 

PD-1+ Bcl-2 serum 
concentration 
  rs   P 

Lymphocytes Percentage - 0.141 0.331 
MFI -0.175 0.227 

Monocytes Percentage 0.431 0.007* 
MFI -0.048 0.775 

Granulocytes Percentage -0.157 0.406 
MFI -0.043 0.818 

*: Statistically significant at p ˂ 0.05.  
rs: Spearman coefficient. 
MFI: Mean fluorescent intensity 

 
Figure 1A. Gating of lymphocytes, monocytes and 
granulocytes. 
 

  
Figure 1B. Percentage of PD-L1+ (CD274) expressing 
lymphocyte in breast cancer patients and control group. n 
of early-stage = 9, advanced stage = 20 and control = 8. The 
means of PD-L1 are significantly different when P˂ 0.001.  
 

 
Figure 1C. Percentage of PD-1 (CD279) expressing 
lymphocyte in breast cancer patients and control group. n 
of early-stage = 20, advanced stage = 29 and control=20. 
There is no significant difference among the means. 
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PD-L1+ Bcl-2 serum 
concentration 
  rs   P 

Lymphocytes Percentage 0.082 0.571 
MFI -0.021 0.882 

Monocytes Percentage 0.291 0.889 
MFI -0.179 0.389 

Granulocytes Percentage 0.503 0.033* 
MFI 0.303 0.221 
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Regarding the positivity and negativity of PD-
1/PD-L1, PD -L1positivity showed a non-
significant difference between the patient 
groups and control group, although the mean % 
of PD-L1+ in lymphocytes was significantly 
different among the studied groups. 

Moreover, PD-1 showed no statistically 
significant difference between the patients and 
control groups. The mean % of PD-1+expressing 
lymphocytes showed also a non-significant 
difference between different groups.  

Consistent with our results, Schalper et al. 
(2014) reported PD-L1 mRNA expression in 58% 
of their breast cancer specimens. Similar results 
were reported by Shen and Zhao (2018) showed 
that 54% of breast cancer patients were 
positive. In agreement with our results. Li et al. 
(2018) showed that the positive expression of 
PD-L1 was significantly higher in cancerous 
tissues than that of in tumour-adjacent normal 
tissues. Zang et al. (2017) also showed that the 
PD-1 expression level on CD4+ and CD8+ T cells 
was significantly increased in cervical cancer, 
compared with that in healthy control. In 
contrast, Muenst et al. (2014) reported that the 
expression of PD-L1 was present in 23.4% of 
breast cancer patients and its expression 
associated with poor prognosis in breast cancer.  

The divergent results obtained could be at least 
partially related to study population ethnicity 
and number of patients or specimens. In 
addition, the variations could be related to 
technical methods and data scoring. The precise 
mechanisms driving PD-L1 upregulation in 
breast cancer remain elusive. Several studies 
suggested that multiple factors present in the 
tumor microenvironment may promote 
increased PD-L1 expression by tumors (Kinter et 
al., 2008). This is likely a mechanism whereby 
tumor cells evade the anti-tumor immune 
response of tumor-specific T-cells. Therefore, it 
has become very clear that malignant cells must 
be able to successfully evade immune 
surveillance to progress and metastasis. Tumor 
cells use a variety of different pathways to 
achieve this goal (Lisiecka and Kostro , 2016). 

PD-L1 upregulation can reflect either lack or 
presence of antitumor immunity in the specific 
tumor microenvironment. Therefore, 
theoretically, higher PD-L1 expression can be 

correlated with either worse or improved 
prognosis across different tumor types (Xiang et 
al., 2018).  

However, in breast cancer patients the 
relationship between PD-L1 expression and 
prognosis remains unclear. Some studies have 
shown that positive PD-L1 was associated with 
significantly poor survival (Lisiecka and Kostro, 
2016), but other studies could not confirm these 
findings ( Park et al., 2016). These discrepancies 
may be due to different thresholds were used to 
determine expression positivity and because 
the studies included populations of different 
races. Comparisons of different studies 
reporting PD-L1 expression in various cancers 
are hindered by the use of different 
methodologies, different thresholds, different 
antibodies and specimens from different areas. 
Thus, future studies should make an effort to 
use standardized quantitative assays to 
measure PD-L1 expression ( Ilie and Hofman, 
2017).  

In this study, we investigated the relationship 
between PD-L1 expression and 
clinicopathological parameters. According to 
our results, patients with positive lymph node, 
advanced tumor stage, histological grade II, 
tumor size T2, ER, PR and Her-2 negativity had 
higher PD-L1 expression levels. These results 
are consistent with other studies, Zhang et al. 
(2017) indicated that PD-L1 expression was 
associated with positive lymph node metastasis, 
higher histological grades, estrogen receptor 
(ER) negativity and triple-negative breast cancer 
(TNBC). Li et al (2018) showed that PD-L1 
positive expression was not related with the 
patients’ age, menopausal history, family 
history, tumor size, and tumor location (p 
>0.05), but it was related with the clinical stage, 
lymph node metastasis and histopathological 
grade. 

Regarding the relation between positivity and 
negativity expression of PD-1 and clinico-
pathological parameters, the results showed 
that PD-1 expression was associated with lymph 
node involvement only (p˂0.0269). Otherwise, 
correlation between PD-1+/PD-1¯expression 
and other clinico-patholgical parameters did not 
show any statistical significance (p > 0.05).  
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Ghebeh et al. (2008) found that PD-1 was 
expressed in up to 70% of tumor-infiltrating 
lymphocytes compared to 30% in normal breast 
tissue and its expression was associated with 
histological grade, ER and PR status. Muenst et 
al., (2013) observed that the presence of PD-1 
TIL was significantly associated with tumor size, 
tumor staging system (TNM), tumor grade and 
lymph node status. Also, the same authors 
found that the presence of PD-1+ TIL was 
negatively associated with ER and PR but with 
no significant association with Her-2 expression.  

Regarding the relationship between positivity of 
PD-1/PD-L1 expression in breast cancer 
patients, the results showed a highly significant 
association between PD-1 and PD-L1 expression 
in early and advanced breast cancer patients.In 
agreement with these results, Gatalic et al. 
(2014) PD-L1 and PD-1 were expressed 
concurrently in various tumors. It was also 
reported that the rate of concurrent PD-L1 and 
PD-1 expression in breast cancers regardless of 
tumor subtypes was 29%; however, the rate in 
TNBCs was significantly higher than that in non-
TNBCs (45% vs 13%-17% respectively). In breast 
cancer, Bcl-2 has been reported to be favorable 
prognostic factor, especially in the luminal A 
subtype ( Escórcio-Dourado et al. 2017).  

The present study showed a significant increase 
in the mean Bcl-2 serum concentration in 
patients compared to healthy individuals. These 
results are in agreement with Hwang et al. 
(2012) who demonstrated that the expression 
of Bcl-2 was frequent in breast cancer patients 
compared to healthy control. It has been 
reported that Bcl-2 is up-regulated by estrogen 
in breast cancer, through a direct consequence 
of transcriptional induction. Also, Chen et al. 
(2015) observed that the engagement of PD-1 
with its ligand leads to inhibition of T-cell 
activation via mechanisms that include blocking 
of proliferation, induction of apoptosis and 
regulatory T-cell differentiation and therefore 
immune inhibition. Therefore, it’s not surprising 
that increased expression of pro-survival Bcl-2 
protein is found in many cancer types. 

In this study, there was a significant increase in 
the mean of serum Bcl-2 concentration in the 
advanced stage and lymph node involvement 
N2. While the correlation between serum Bcl-2 

and other clinicopathological parameters did 
not show any statistical significant (p= > 0.05). 
In agreement with our result, Cecka et al. (2008) 
reported that there was an association between 
Bcl-2 protein expression and stage of breast 
cancer. 

On the contrary, Eom et al. (2016) observed that 
Bcl-2 level was increased in early stages of 
breast cancer and its upregulation was related 
to favorable prognosis. In addition, Hwang et al. 
(2018) observed that the expression levels of 
Bcl-2 and mRNA were strongly associated with 
the status of ER, PR and Her-2. This discrepancy 
between our results and previous results may 
be due to the number of subjects was relatively 
small which considered as a limitation of our 
study. Moreover, different methods used in the 
analysis was another factor, in our study the 
serum samples were employed to measure the 
serum concentration of Bcl-2 using ELISA while 
other investigators performed their studies on 
tissue samples using immunohistochemistry 
and the statistical analysis might be limited, 
especially in the subgroup analyses. 

Finally, our results showed that Bcl-2 serum 
concentration correlated positively with 
positive PD-L1+ expressing granulocytes 
(r=0.503, p=0.033). While the correlation 
between serum Bcl-2 and PD-1+ expressing 
lymphocytes, monocytes and granulocytes did 
not show any statistical significance. However, 
till now only a few studies have reported a 
possible link between PD-1/P-L1 and apoptosis 
among breast cancer patients.  

CONCLUSIONS & RECOMMENDATIONS 

The direct correlation between PD-L1+ 
expression and serum Bcl-2 concentration may 
explore the role of apoptotic machinery in the 
pathogenesis of breast cancer. Understanding 
the regulation of PD-1/PD-L1 in cancer will be 
one of the utmost importance for defining their 
roles as predictive markers and for optimizing 
strategies for cancer immunotherapy. Future 
studies should make an effort to use 
standardized quantitative assays to measure 
PD-L1/PD-1 expression to solve the 
discrepancies between different results.  



 Abdel-Hamied et al., 2020 
 

 

 

 IJCBR Vol. 4(2): 107-120. 118 

Acknowledgements 

All authors made a significant contribution to 
this job. The research was carried out according 
to Helsinki's statement and endorsed by the 
authors ' institution's ethical commission. 

Conflicts of interest 

The authors have no conflict of interest to 
declare 

References  

 Bally APR, Austin JWand Boss JM (2016). Genetic 
and epigenetic regulation of PD-1 expression. 
J Immunol,196(6):2431–7.  

 Berry DA, Cronin KAPlevritis SK FrybackDG, Clarke L, 
Zelen M, Mandelblatt JS,   Yakovlev AY, 
Habbema JD and Feuer EJ (2005).Effect of 
screening and adjuvant therapy on mortality 
from breast cancer. N Engl J Med ,353:1784–
92. 

Boussiotis VA, Chatterjee Pand Li L (2014). 
Biochemical signaling of PD-1 on T cells and its 
functional implications. Cancer J, 20(4):265–
71. 

Black M, Barsoum IB, Truesdell P, Cotechini T, 
Macdonald-Goodfellow SK Petroff M     
Siemens DR, Koti M, Craig AW, Charles H and 
Graham CH (2016). Activation of the PD-1/PD-
L1 immune checkpoint confers tumor cell 
chemoresistance associated with increased 
metastasis. Oncotarget, 7(9):57–105. 

Brahmer JR, Tykodi SS, Chow LQ, Hwu WJ, Topalian 
SL Hwu PDrake CG, Camacho LH, Kauh J, 
Odunsi K, Pitot HC,  Hamid O,  Bhatia 
S,  Martins R, Eaton K, Chen S,  Salay 
TM,  Alaparthy S,  Grosso JF,  Korman 
AJ,  Parker SM,  Agrawal S,  Goldberg 
SM,  Pardoll DM,  Gupta A, and  Wigginton JM 
(2012). Safety and activity of anti-PD-L1 
antibody in patients with advanced cancer. N 
Engl J Med, 366:2455–65,   

 Botti G ,  Collina F , Scognamiglio G, Rao F,  Peluso V 
De Cecio R  Piezzo M ,Landi G, Laurentiis MD, 
Cantile M and Bonito MD (2017). 
Programmed Death Ligand 1 (PD-L1) Tumor 
Expression Is Associated with a Better 
Prognosis and Diabetic Disease in Triple 
Negative Breast Cancer Patients. Int. J. Mol. 
Sci. 18(2):459. 

Campbell KJand Tait SWG (2018). Targeting BCL-2 
regulated apoptosis in cancer. Open Biol, 
8(5):1800–37.  

Čečka F, Hornychová H, Ryška A and Urminská H 
(2008).  Expression of bcl-2 in breast cancer: 
correlation with clinico-pathological 

characteristics and survival. Acta Medica 
51(2):107–12. 

Chen J, Jiang CC, Jin Land Zhang XD (2015).  
Regulation of PD-L1: a novel role of pro-
survival signalling in cancer. Ann Oncol 
,27(3):409–16. 

Chung C. (2018) Restoring the switch for cancer cell 
death: Targeting the apoptosis signaling 
pathway. Bull Am Soc Hosp Pharm, 
75(13):945–52. 

Dermani FKand Kohlan AK (2019).  PD-1/PD-L1 
immune checkpoint: Potential target for 
cancer therapy. J Cell Physiol, 234(2):1313–
25. 

Dey P. (2018) Flow Cytometry: Basic Principles, 
Procedure and Applications in Pathology. In: 
Basic and Advanced Laboratory Techniques in 
Histopathology and Cytology. Springer, 171–
83. 

Dong Y, Sun Qand Zhang X (2017). PD-1 and its 
ligands are important immune checkpoints in 
cancer. Oncotarget. , 8(2):2171–96. 

Eom YH, Kim HS, Lee A, Song BJandChae BJ (2016). 
BCL2 as a subtype-specific prognostic marker 
for breast cancer. J Breast Cancer, 19(3):252–
60.  

Escórcio-Dourado CS, Martins LM, Simplício-
Revoredo CM, Sampaio FA, Tavares CB da 
Silva-Sampaio JP  Borges US, Alves-Ribeiro 
FA , Lopes-Costa PV, Lima-Dourado JC and Da 
Silva BB (2017). Bcl-2 antigen expression in 
luminal A and triple-negative breast cancer. 
Med Oncol. ,34(9):161–230.  

Gatalica Z, Snyder C, Maney T, Ghazalpour A, 
Holterman DA Xiao N,  Overberg  P , Rose I 
,  Basu GD, Vranic S,  Lynch  HT ,  Von Hoff  DD 
and Hamid O (2014).  Programmed cell death 
1 (PD-1) and its ligand (PD-L1) in common 
cancers and their correlation with molecular 
cancer type. Cancer Epidemiol Prev 
Biomarkers. ,23(12):2965–70.      

Ghebeh H, Barhoush E, Tulbah A, Elkum N, Al-
Tweigeri Tand Dermime S(2008).  FOXP3+ T 
regs and B7-H1+/PD-1+ T lymphocytes co-
infiltrate the tumor tissues of high-risk breast 
cancer patients: Implication for 
immunotherapy. BMC Cancer, 8(1):57–105.  

Giuliano AE, Edge SBand Hortobagyi GN (2018). 
Eighth Edition of the AJCC Cancer Staging 
Manual: Breast Cancer. Annals of Surg Oncol  
25(6797)·  

Goodman AM, Piccioni D, Kato S, Boichard A, Wang 
HY, Frampton G, Lippman SM, Connelly C, 
Fabrizio D, Miller V , Sicklick JK and Kurzrock 
R (2018). Prevalence of PDL1 Amplification 
and Preliminary Response to Immune 



Programmed Death-1 Receptor, ligand and Apoptosis in Breast Cancer Patients..  
 

 

 

IJCBR Vol. 4(2): 107-120.  119 

Checkpoint Blockade in Solid Tumors. JAMA 
Oncol , 658(9):1237–44. 

Hwang KT, Woo JW, Shin HC, Kim HS, Ahn SK Moon 
HG Han W, Park IA and Noh DY (2012). 
Prognostic influence of BCL2 expression in 
breast cancer. Int J cancer ,131(7):1109–19.  

Hwang K, Kim K, Chang JH, Oh S, Kim YALee JY,Jung 
SH and Choi IS (2018).  BCL2 regulation 
according to molecular subtype of breast 
cancer by analysis of the cancer genome atlas 
database. Cancer Res Treat,50(3): 658–74. 

 Iwai Y, Ishida M, Tanaka Y, Okazaki T, Honjo Tand 
Minato N (2002). Involvement of PD-L1 on 
tumor cells in the escape from host immune 
system and tumor immunotherapy by PD-L1 
blockade. Proc Natl Acad Sci USA , 99: 12293–
7. 

Jiang C, Cao S, Li N, Jiang Land Sun T (2019). PD-1 and 
PD-L1 correlated gene expression profiles and 
their association with clinical outcomes of 
breast cancer. Cancer Cell Int 19:233 

Kelsey JL, Whittemore AM,  Thompson WDand Evans 
AS (1996). Methods in observational 
Epidemiology (Book 26). Oxford University 
Press; 2 edition  

Kinter AL, Godbout EJ, McNally JP, Sereti I, Roby 
GAO’Shea MA, and Fauci AS et (2008). The 
common γ-chain cytokines IL-2, IL-7, IL-15, 
and IL-21 induce the expression of 
programmed death-1 and its ligands. J 
Immunol. ,181(10):6738–46. 

Kosacka M, Porębska I, Korzeniewska A, Rubinsztajn 
R, Grabicki M Jankowska R, Batura-Gabryel H 
and Chazan R(2016). Serum levels of 
apoptosis-related markers (sFasL, TNF-a, p53 
and bcl-2) in COPD patients.  Adv Res Med  , 
84: 11–15  

Li F, Ren Y and Wang Z (2018).  Programmed death 1 
Ligand 1 expression in breast cancer and its 
association with patients’ clinical parameters. 
J Cancer Res Ther. ,14(1):150–230. 

Lin H, Wei S, Hurt EM, Green MD, Zhao LVatan L, 
SzeligaW , Herbst R, Harms PW, Fecher LA, V
ats P, Chinnaiyan AM,  Lao  CD, Lawrence TS,  
Wicha M, Hamanishi  J,  Mandai  M, Kryczek I 
and Zou W (2018).  Host expression of PD-L1 
determines efficacy of PD-L1 pathway 
blockade–mediated tumor regression. J Clin 
Invest,128(2):123–89.  

Lisiecka U and Kostro K (2016). Mechanisms of 
tumour escape from immune surveillance. J 
Vet Res, 60(4):453–60. 

Liu Y, Liang X, Yin X, Lv J, Tang K, Ma J, Ji T, Zhang 
H,Dong W,Jin X,Chen D,Li Y,Zhang S,Xie HQ, 
Zhao B, Zhao T, Lju J, Hu ZW, Cao X, Qin XF and 
Huang B-et al (2017). Blockade of IDO-
kynurenine-AhR metabolic circuitry 

abrogates IFN-γ-induced immunologic 
dormancy of tumor-repopulating cells. Nat 
Commun ,8(1):15207–89. 

Ilie Mand Hofman P (2017). Reproducibility of PD-L1 
assessment in non-small cell lung cancer—
know your limits but never stop trying to 
exceed them. Transl lung cancer Res. ,6(l 1): 
51–84. 

Muenst S, Soysal SD, Gao F, Obermann EC, Oertli 
Dand Gillanders WE (2013).  The presence of 
programmed death 1 (PD-1)-positive tumor-
infiltrating lymphocytes is associated with 
poor prognosis in human breast cancer. 
Breast Cancer Res Treat. ,139(3):667–76. 

Muenst S, Schaerli AR, Gao F, Däster S, Trella E, 
Droeser RA, Muraro MG, Zajac P, Zanetti R, 
Gillanders WE, Weber WP and Soysal SD. et al 
(2014). Expression of programmed death 
ligand 1 (PD-L1) is associated with poor 
prognosis in human breast cancer. Breast 
Cancer Res Treat. ,146(1): 15–24. 

Park IH, Kong S-Y, Ro JY, Kwon Y, Kang JH Mo HJ, Jung 
SY,Lee S,Lee KS ,Kang HS, Lee E,Joo J and Ro J 
(2016 Prognostic implications of tumor-
infiltrating lymphocytes in association with 
programmed death ligand 1 expression in 
early-stage breast cancer. Clin Breast Cancer, 
16(1):51–8. 

Pfeffer Cand Singh A (2018). Apoptosis: a target for 
anticancer therapy. Int J Mol Sci,19 (2):448-
76.  

Postow MA, Callahan MK and Wolchok JD (2015). 
Immune checkpoint blockade in cancer 
therapy. J Clin Oncol ,33: 1974–82. 

 Press M,  Sauter G,  Buyse M,  Fourmanoir H,  
Quinaux E Tsao-Wei DD, Eiermann W, 
Robert  N, Pienkowski T Crown J, Martin 
M  Valero V,  Mackey JR  Bee V Ma Y, 
Villalobos I,Campeau A, Mirlacher M, Lindsay 
MA and Slamon DJ(2016) HER2 Gene 
Amplification Testing by Fluorescent In Situ 
Hybridization (FISH): Comparison of the 
ASCO-College of American Pathologists 
Guidelines With FISH Scores Used for 
Enrollment in Breast Cancer International 
Research Group Clinical Trials. J Clin Oncol. 
34(29): 3518–3528.  

Pulko V, Harris KJ, Liu X, Gibbons RM, Harrington 
SMKrco CJ, Kwon ED and Dong H et (2011). 
B7-h1 Expressed by Activated CD8 T Cells Is 
Essential for Their Survival  J Immunol. 
,187(11): 5606–14.  

Schalper KA, Velcheti V, Carvajal D, Wimberly H, 
Brown Jand Pusztai Land  Rimm DL  (2014). In 
situ tumor PD-L1 mRNA expression is 
associated with increased TILs and better 



 Abdel-Hamied et al., 2020 
 

 

 

 IJCBR Vol. 4(2): 107-120. 120 

outcome in breast carcinomas. Clin Cancer 
Res, 20(10):2773–82. 

Shen Xand Zhao B (2018). Efficacy of PD-1 or PD-L1 
inhibitors and PD-L1 expression status in 
cancer: meta-analysis. BMJ. ,362(10): 1–26. 

Siegel RL, Miller KD and Jemal A (2017). Cancer 
Statistics. CA Cancer J Clin ,67:7–30. 

Wang X, Teng F, Kong Land Yu J (2016). PD-L1 
expression in human cancers and its 
association with clinical outcomes. Onco 
Targets Ther. ,9(2):5023–45. 

 Warren CF, Wong-Brown MWand Bowden NA 
(2019).  BCL-2 family isoforms in apoptosis  
and cancer. Cell Death Dis, 10(3):177–220. 

 Williams SL, Birdsong GG, Cohen C and Siddiqui MT 
(2009). Immunohistochemical Detection of 
Estrogen and Progesterone Receptor and 
HER2 Expression in Breast Carcinomas: 

Comparison of Cell Block and Tissue Block 
Preparations Int J Clin Exp Pathol, 2(5): 476–
480. 

Xiang X, Yu P-C, Long D, Liao X-L, Zhang SYou XM 
,Zhong JH and Li LQ (2018). Prognostic value 
of PD–L1 expression in patients with primary 
solid tumors. Oncotarget. ,9(4): 5058–70.  

Zhang M, Sun H, Zhao S, Wang Y, Pu H, Wang Y and 
Zhang Q (2017). Expression of PD-L1 and 
prognosis in breast cancer: a meta-analysis. 
Oncotarget. ,8(19): 31347–54. 

Zhang Y, Zhu W, Zhang X, Qu Q, Zhang L (2017). 
Expression and clinical significance of 
programmed death-1 on lymphocytes and 
programmed death ligand-1 on monocytes in 
the peripheral blood of patients with cervical 
cancer Oncology Letters ,14 (6) 7225-31. 

 

 



 
 
 
 
Egyptian Association for Cancer Research (EACR) 
http://eacr.tanta.edu.eg/ 
 
EACR is an NGO society that was declared by the Ministry of Social Solidarity (Egypt) No. 1938 
in 19/11/2014 based on the initiative of Prof. Mohamed Labib Salem, the current Chairman of 
EACR. EACR aims primarily to assist researchers, in particular young researchers in the field of 
cancer research through workshops, seminars and conferences. Its first international annual 
conference entitled "Anti-Cancer Drug Discovery" was successfully organized in April 2019 
(http://acdd.tanta.edu.eg). Additionally, EACR aims to raise the awareness of the society about 
the importance of scientific research in the field of cancer research in prediction, early diagnosis 
and treatment of cancer. EACR is also keen to outreach the scientific community with 
periodicals and news on cancer research including peer-reviewed scientific journals for the 
publication of cutting-edge research. The official scientific journal of EACR is "International 
Journal of Cancer and biomedical Research (IJCBR: https://jcbr.journals.ekb.eg) was 
successfully issued in 2017 and has been sponsored by the Egyptian Knowledge Bank (EKB: 
www.ekb.eg). 
 
 
 
 
EACR Chairman, 
Prof. Mohamed Labib Salem, PhD 
Professor of Immunology 
Faculty of Science, Tanta Universiy, Egypt 
 
 

  



 
International Journal of Cancer & Biomedical Research 
(IJCBR) Online ISSN 2682-2628 

 
 
 

Editor-in-Chief 

Mohamed Labib Salem, PhD 
Tanta University, Egypt 
 

 
Managing Editor 

Nehal Elmashad, MD 
Tanta University, Egypt 

Nabil Mohy Eldin, PhD 
Kafrelsheikh University, Egypt 

Doaa Al-Ghareeb, PhD 
Alexandria University, Egypt 

Abdel-Aziz Zidan, PhD 
Damanhour University, Egypt 

Wesam Meshrif, PhD 
Tanta University, Egypt 

Rasha Eraky, MD 
Tanta University, Egypt 
 
 

Associate Editor 

Hesham Tawfik 
Tanta University, Egypt 

Mostafa El-Sheekh 
Tanta University, Egypt 

Yousry Albolkiny, PhD 
Tanta University, Egypt 

Gamal Badr 
Assuit University, Egypt 

Elsayed Salim 
Tanta University, Egypt 

Essam Elshiekh 
Tanta Cancer Center, Egypt 
 
 

Editorial Board 

Alberto Montero 
Taussig Cancer Center, 
Cleveland, USA 

Marcela Diaz 
Cleveland Clinic Foundation, USA 

Yi Zhang 
Zhengzhou University, China 

Shengdian Wang 
Chinese Academy of Sciences, 
China 

Faris Alenzi 
Prince Sattam bin Abdulaziz 
University, KSA 

Mark Robunstein 
Medical University of South 
Carolina, USA 

Mamdooh Ghoneum, DSc 
Charles Drew University of 
Medicine & Science, USA 

Natarajan Muthusamy, DVM 
The Ohio State University, USA 

Hideki Kasuya MD, PhD, 
FACS 
Nagoya University, Japan 

Sherif El-Khamisy, MD 
Sheffield University, UK   

Mohamed Abou-El-Enein, 
MD 
Charité Universitätsmedizin 
Berlin, Germany 

Alaa Eldin Almostafa, MD 
McGill University, Canada 

Amr Amin 
United Arab Emirates 
University, UAE 

AbdelRahman Zekri 
National Cancer Institute, Egypt 

Mohamed Attia, MD 
Tanta University, Egypt 

Mohamed Elshanshory, MD 
Tanta University, Egypt 

Hussein Khamis 
Alexandria University, Egypt 

Magdy Mahfouz 
Kafr Elsheikh University, Egypt 

Ehab Elbedewey 
Tanta University, Egypt 

Abeer Badr 
Cairo University, Egypt 

Nadia Hamdy, PharmD 
Ain Shams University, Egypt 

Ibrahim El-Sayed 
Menoufia University, Egypt  

Tarek  Aboul-Fadl, PharmD 
Assiut University, Egypt 

Mohamed Noureldin 
Banaha University, Egypt 

Haiam Abou Elela 
National Institute of 
Oceanography and Fisherie, 
Egypt 

Sameh Ali, MD 
Nationa Liver Institute, Egypt 

Maha EL-Demellawi 
City for Scientific Research & 
Technology Applications, Egypt 

Desouky A Abd-El-Haleem 
City for Scientific Research & 
Technology Applications, Egypt 

Ashraf Tabll 
National Research Center, Egypt 

Wael Lotfy, MD 
Alexandria University, Egypt 

Olfat Gadallah, MD 
Tanta University, Egypt 

Nahla Shoukry 
Suez University, Egypt 

Medhat Eldenary 
Tanta University, Egypt 

Nagla Sarhan, MD 
Tanta University, Egypt 

Naglaa Fathy, MD 
Zagazik University, Egypt 

Azza Hasan Mohamed 
Menufia University, Egypt 

Nanees Gamal Eldin 
Tanta University, Egypt 

Mohamed Mansour, UK 

Sabbah Hammoury 
Alexandria Ayadi Almostaqbal 
Oncology Hospital, Egypt 

Nehal Aboulfotoh 
Zewail City for Science and 
Technology, Cairo, Egypt 

Amir Elkhami 
Galaxo, San Francisco, USA 

Rabab Khairat 
National Research Center, 
Giza, Egypt 

Ahmed Alzohairy 
Zagazi University, Egypt 

Wgady Khalil 
National Research Center, Egypt 

Sayed Bakry 
Alazhar University, Egypt 

Mohamed Ghanem, MD 
Kafr Elshikh University, Egypt 

Mohamed Salama, MD 
Mansoura University, Egypt 

Mona Marie, MD 
Alexandria University, Egypt 
 
 

For more information, contact 

Hamdi Kandil 
Tanta University, Egypt 
Email: Ijcbr100@gmail.com

 
 


