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Abstract 

Background CD155 is an immune checkpoint protein that interacts with ligands on natural killer cells to regulate 
the tumor associated immunity. CD155 overexpression has been detected in many human cancer types. CD155 and 
its pathways are promising tumor immunotherapy targets. We aimed to evaluate the immunohistochemical expres-
sion of CD155 in invasive breast carcinomas and to correlate such expression with the pathological parameters of the 
tumors and also with natural killer - tumor infiltrating lymphocytes (NK-TILs) density in breast carcinomas tissue as 
highlighted by CD56 immunostaining. This study included 78 cases of breast carcinomas. Immunohistochemistry was 
performed using antibodies against CD155 which was detected on the tumor cells and CD56 as a marker for stromal 
NK cells.

Results CD155 expression by the tumor cells was detected in 30.8% of the cases and correlated significantly with 
advanced prognostic stage, Estrogen receptor (ER) and Progesterone receptor (PR) negativity, high Ki-67 index and 
Human epidermal receptor 2 (HER2) enriched molecular subtype. High stromal TILs CD56 expression was detected 
in 28.2% of the cases and correlated significantly with high histologic grade, PR negativity, HER2 neu over-expression, 
high Ki-67 index, high stromal TILs and more aggressive molecular subtypes; triple negative breast cancer, HER2 
enriched and Luminal B-HER2 positive. Finally, statistically significant direct correlation was detected between Tumor 
cells CD155 expression and high TILs CD56 expression.

Conclusions Our results support tumor cell CD155 expression and TILs CD56 expression in breast cancers that are 
high grade, TILs rich and hormone receptors negative, highlighting those cases as possible candidates for CD155 
targeted therapy.
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1  Background
Breast cancer (BC) is the most common female malig-
nancy accounting for 37.7% of female cancers in Egypt 
[1]. It carries an unfavorable prognosis with 29% world-
wide mortality [2].

Breast cancers show infiltration by a mixed immune 
cell population [3]. The importance of NK cells as tumor 
associated immune cells is increasingly appreciated in 
BC [4]. Mamessier et al. [5] reported that breast cancers 
are able to escape NK cell immune attack by modulating 
their surface receptors. A process that is associated with 
tumor progression.

CD155 is an immunoglobulin Type 1 transmembrane 
glycoprotein with a molecular weight of approximately 
70 kDA [6]. It functions as an adhesion molecule that is 
involved in cell–cell contact. CD155 is normally located 
on the cell surface of dendritic cells, fibroblasts and 
endothelial cells [7].

CD155 has an immunoreceptor tyrosine based inhi-
bition motif (ITIM), and functions as a ligand for 
DNAX-associated molecule 1 (DNAM- 1), T-cell immu-
noglobulin and ITIM domain (TIGIT), and CD96 
receptors expressed on natural killer cells and T-cells. 
Interaction with DNAM-1 leads to activation of immune 
reactions, in contrast, interaction with CD96 and TIGIT, 
results in immunosuppression. It has been proposed 
that the functions of CD155 are modulated by the tumor 
microenvironment (TME), leading to tumor immune 
suppression; therefore, CD155 has been recognized as a 
potential anti-tumor target therapy [8].

Studies have shown that CD155 is overexpressed in a 
variety of malignant tumors, such as ovarian, colorectal, 
lung, and gastric carcinomas, as well as, neuroblastoma 
and melanoma [9]. The expression of CD155 has been 
also reported in BC [8–10].

Our study aimed to evaluate the immunohistochemi-
cal expression of CD155 in invasive BC, to detect the 
potentiality of targeting it as cancer immunotherapy. We 
tempted to correlate CD155 expression with the patho-
logical parameters of the tumors including molecular 
subtypes. CD155 expression will also be correlated with 
presence and density of NK-TILs in BC tissue. The tumor 
infiltrating NK cells will be evaluated as CD56 positive 
lymphocytes, where, CD56 is the most significant bio-
marker for distinguishing NK cells from others lympho-
cyte populations [11].

2  Methods
This study is a retrospective observational cross-sectional 
one. Approval from research ethics committee (REC) at 
faculty of medicine, Cairo university (REC code: N-62-
2021) was obtained before starting the study.

2.1  Cases collection
A total of 78 formalin fixed, paraffin embedded blocks of 
female breast carcinomas were collected from the archive 
of the Pathology Department at Kasr alainy hospital, fac-
ulty of medicine, Cairo university.

To preserve the patients’ privacy, the names of the 
cases were replaced by an ID number. Only this ID num-
ber was used afterwards on the glass slides, as well as, in 
the data sheet.

Inclusion criteria for our study included female patients 
undergoing conservative or radical mastectomy and not 
receiving any neoadjuvant therapy.

Exclusion criteria included male patients, cases with 
any missing data, cases subjected to incisional or exci-
sional biopsies without axillary dissection or at least 
sentinel lymph node biopsy, cases of pure ductal carci-
noma in situ (DCIS), patients who received neoadjuvant 
therapy and finally cases showing equivocal HER2 immu-
nohistochemistry (IHC) results, with no available DISH 
(Dual in Situ Hybridization) report.

2.2  Data collection
The data collected from the pathology reports for each 
case included tumor size, and lymph node status, as well 
as, ER, PR, HER2 and Ki-67 results. A DISH report was 
obtained for equivocal HER2 cases (class 2 +) by IHC.

2.3  Histopathologic examination
The collected paraffin blocks were serially sectioned at 
4 μm thickness and stained with Hematoxylin and Eosin 
(H&E) stains for histopathological examination. The 
tumors were histologically typed according to the World 
Health Organization (WHO) 2019 criteria. Histologi-
cal grading was performed according to the Nottingham 
Grading System [12]. For further statistical evaluation, 
Grade one and two cases were grouped as low grade, 
while grade three cases were considered as high grade 
[13].

Lympho-vascular invasion (LVI) was defined by the 
presence of tumor cells within an endothelial lined space 
(lymphatic and/or blood vessel) [14].

2.4  Tumor infiltrating lymphocytes assessment
Tumor Infiltrating Lymphocytes were scored following 
the recommendations of the International TILs Work-
ing Group 2014. All mononuclear immune cells (lym-
phoplasma and histiocytes) in the stroma of the invasive 
tumor were evaluated and reported as a percentage of 
the stromal area (i.e. stromal area occupied by mononu-
clear cells) and not as a percentage of the stromal cells. 
TILs around DCIS and normal breast tissue or outside 
of the tumor border, as well as in areas of hyalinosis and 
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necrosis were not included in the scoring. The working 
group recommended full assessment of average TILs in 
the tumor area rather than ‘hot spots’ [15].

As the working group didn’t recommend a relevant 
threshold(s) for TILs assessment [15], we stratified our 
cases into Low (< 10%) and High (≥ 10%) TILs (Fig.  1) 
[16].

2.5  Staging and molecular subtyping
Tumors staging was performed using the TNM stag-
ing system. Anatomic and prognostic staging were per-
formed according to the latest edition of the American 
Joint Committee on Cancer (AJCC) staging manual 
[17]. Concerning the prognostic staging, nine cases 
were excluded as their prognostic stages were miss-
ing in the AJCC classification. For statistical purposes, 
tumor stages (whether anatomic or prognostic) were 
classified into early; stages I and II and advanced; stages 
III and V [18].

Regarding the BC subtyping, we classified our cases 
following the St. Gallen International Expert Consen-
sus 2013 recommendations: luminal A like; ER posi-
tive, PR positive, HER2 negative and low Ki-67, luminal 
B like-HER2 negative; ER positive, HER2 negative and 
either low PR or high Ki-67, Luminal B like-HER2 posi-
tive; ER positive, HER2 positive, any Ki-67 and any PR, 
HER2 positive–non luminal; HER2 positive and hor-
mone receptor negative and Triple Negative; ER, PR 
and HER2 negative [19]. A cut point of 20% was used 
to stratify Ki-67 index into low and high. Luminal cases 
showing high histologic grade were considered as Lumi-
nal B rather than A according to St. Gallen International 
Expert Consensus 2017 recommendations [20].

2.6  Immunohistochemical staining
For immunostaining, two additional sections on posi-
tive charged slides were prepared from each paraffin 
block. Immunostaining was performed using a Ventana 

BA

Fig. 1 Cases showing low stromal TILs A and high stromal TILs B (H&E, Original magnification 100× (A) and 200× (B)

A B C
Fig. 2 CD155 IHC expression in breast carcinoma cells with strong (A), moderate (B) and weak (C) intensities (Original magnification 200×)
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Fig. 3 A label, low expression for CD56, while B label, high expression for CD56

Benchmark Ultra immunostainer. For CD155 immu-
nostaining, a CD155 (D8A5G) Rabbit monoclonal anti-
body (#81254: Cell Signaling Technology; Danvers, MA, 
USA) was used. NK cell assessment was performed using 
an anti- CD56 (MRQ-42) Rabbit monoclonal antibody 
(760-4596: Roche Diagnostics; USA).

2.7  Immunohistochemical evaluation
CD155 immunoreactivity was evaluated in the tumor 
cell membrane. We used an immunoreactivity (IR) score 
(Values 0–12) calculated as follows; IR = staining inten-
sity × percentage of positive tumor cells, where inten-
sities were scored as follows: 0; negative staining, one; 
weak staining, two; moderate staining and three; strong 
staining. The percentages of positive tumor cells were 
scored as follows: zero; no staining of cells, one; < 25%, 
two; 25–50%, three; 50–75% and four; > 75%. An IR score 
of two or above was considered positive (Fig. 2) [21].

CD56 immunoreactivity was evaluated only in stro-
mal TILs. CD56 was examined in ten randomly selected 
areas. Density of NK cells was considered as high if there 
were more than five CD56 positive stromal TILs per ten 
high power fields (HPFs) (Fig. 3).

2.8  Statistical analysis
All collected histopathological and immunohistochemi-
cal data were transferred to the Statistical Package of 
Social Science (SPSS) Software program, version 25 for 
statistical analysis. Comparison between groups was 
performed using Chi square test. A P value of ≤ 0.05 was 
considered statistically significant.

2.9  Slides screening and imaging
All slides were examined using an Olympus light micro-
scope (model BX53F2). Images were obtained by digital 
Olympus high definition camera (model EP50) connected 
to the same microscope.

3  Results
This study included 78 cases of BC obtained from modi-
fied radical mastectomy and conservative breast surgery 
specimens. The pathological data of the cases are sum-
marized in Table 1.

The pathologic characteristics of the studied cases 
stratified by CD155 and TILs- CD56 expression are 
summarized in Table  2. A statistically significant 
direct correlation was detected between Tumor cells 
CD155 expression and high TILs CD56 expression [P 
value = 0.004].

4  Discussion
CD155, an immune checkpoint transmembrane glyco-
protein, is expressed on the tumor cells of many cancer 
types [6]. The receptors for CD155 are located on the NK 
cells, as well as, T lymphocytes and other cell types [8].

In this study, we investigated the immunohistochemi-
cal expression of CD155 and CD56 in BC tumor cells and 
BC TILs respectively. Such expressions were correlated 
to each other and also to the pathological parameters of 
the tumors.

CD155 expression was detected in 30.8% of our cases. 
This figure was close to the results of most of the stud-
ies targeting CD155 immunohistochemical expression. A 
study using the same CD155 clone as ours reported 38% 
CD155 positivity in BC 10. The reason for other studies 
reporting slightly higher rates of CD155 expression in BC 
may be related to different study populations; Yoshikawa 
et  al. [8] reported 41% CD155 positivity in triple nega-
tive breast cancer cases or possibly to the used antibody 
clone; Yong et al. [9] reported 52.3% CD155 positivity in 
breast cancer cases using a polyclonal antibody.

In our study, CD155 showed an increased expression in 
high grade cases with a statistically significant correlation 
with high Ki-67 proliferation index. There was a wide 
agreement for such findings in the literature, suggesting 
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a possible role for CD155 in increasing cell proliferation 
and loss of differentiation.

We reported statistically insignificant higher CD155 
expression with advanced T stage, advanced anatomic 
stage and lymph node positive cases. Although many 
studies agreed with such finding [7, 9, 22]. One study 
reported statistically insignificant higher CD155 expres-
sion in T1 node negative cases [8].

Regarding the prognostic staging incorporating the ER, 
PR and HER2 status, as well as, the histologic grade in 
addition to the TNM, we reported statistically significant 
higher CD155 expression in advanced prognostic stage 
cases, however to our knowledge; no studies in the litera-
ture investigated such correlation.

In our study, CD155 expression showed slightly higher 
expression in LVI positive cases compared to LVI nega-
tive cases in keeping with our results of higher expression 
in lymph node positive cases. Some controversy existed 
in the literature regarding correlation of CD155 expres-
sion with LVI; while Yoshikawa et al. [8] reported higher 
CD155 expression in LVI negative cases, Trikia et al. [9] 
reported higher membranous CD155 expression in LVI 
negative cases and statistically significant higher cyto-
plasmic CD155 expression in LVI positive cases.

CD155 expression in our study showed statistically sig-
nificant correlation with hormone receptor (ER and PR) 
negative cases and statistically insignificant correlation 
with HER2 overexpressing cases. This agreed with most 
of the studies in the literature [7, 9, 22].

On BC subtyping, we reported statistically significant 
highest CD155 expression in HER2 positive-non lumi-
nal cases followed by TNBC then luminal B and finally 
Luminal A cases. Trikia et al. [9] agreed with our results 
reporting highest rates of membranous CD155 expres-
sion in HER2 enriched cases, while others reported high-
est rates of CD155 expression in TNBC cases [10 and 22]. 
Notably, all studies agreed that the expression was higher 
in non-luminal than luminal cases highlighting such poor 
prognosis cases as possible candidates for CD155 target-
ing therapy.

In our study, CD155 expression was higher in cases 
with high stromal TILs compared to those with low stro-
mal TILs. This was compatible with many others [7, 8, 22] 
keeping with the suggested immunologic role of CD155.

Regarding NK cell density among the stromal TILs, it 
was highlighted in our study using CD56 immunostain-
ing. We detected high Stromal TILs CD56 expres-
sion in 28.2% of our cases. This figure was close to 
that reported by Trikia et al. [7] and Bouzidi et al. [23] 
who reported 23.8% and 25.2% cases with high CD56 

Table 1 The pathological data of the collected cases

IDC-NST Invasive duct carcinoma of no special type; ILC Invasive lobular 
carcinoma

Parameter Number [%]

Histological type

IDC-NST 65 [83.3]

ILC 7 [9]

Mixed duct and lobular 3 [3.8]

Mucinous carcinoma 2 [2.6]

Tubulo-cribriform carcinoma 1 [1.3]

Histological grade

Low 48 [61.5]

High 30 [38.5]

T stage

Early (T1and T2) 68 [87.2]

Advanced (T3 and T4) 10 [12.8]

Lymph node metastasis

Negative 36 [46.2]

Positive 42 [53.8]

Anatomic stage

Early [I and II] 58 [74.4]

Advanced [III and IV] 20 [25.6]

Prognostic stage

Early [I and II] 41 [59.4]

Advanced [III and IV] 28 [40.6]

ER

Positive 66 [84.6]

Negative 12 [15.4]

PR

Positive 57 [73.1]

Negative 21 [26.9]

HER2

Positive 14 [17.9]

Negative 64 [82.1]

Ki-67 index

Low 33 [42.3]

High 45 [57.7]

BC Subtypes

Luminal A like 22 [28.2]

Luminal B like-HER2 negative 34 [43.6]

Luminal B like-HER2 positive 10 [12.8]

HER2 positive-non luminal 4 [5.1]

Triple negative 8 [10.3]

LVI

Positive 40 [51.3]

Negative 38 [48.7]

Stromal TILs

Low 59 [75.6]

High 19 [24.4]
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Table 2 The pathologic characteristics correlated with CD155 and CD56 proteins expression

Bold values indicate the strong significant correlation

Parameter CD155 P value CD56 P value

Positive [% within 
parameter]

Negative [% within 
parameter]

High [% within 
parameter]

Low [% within 
parameter]

Histological Type

IDC-NST 20 [30.8] 45 [69.2] 0.362 19 [29.2] 46 [70.8] 0.402

ILC 1 [14.3] 6 [85.7] 1 [14.3] 6 [85.7]

Histological grade

Low 12 [25] 36 [75] 0.163 8 [16.7] 40 [83.3] 0.004
High 12 [40] 18 [60] 14 [46.7] 16 [53.3]

T Stage

Early (T1 + T2) 20 [29.4] 48 [70.6] 0.498 18 [26.5] 50 [73.5] 0.375

Advanced (T3 + T4) 4 [40] 6 [60] 4 [40] 6 [60]

Lymph node metastasis

Negative 8 [22.2] 28 [77.8] 0.13 11 [30.6] 25 [69.4] 0.669

Positive 16 [38.1] 26 [61.9] 11 [26.2] 31 [73.8]

Anatomic Stage

Early [I and II] 16 [27.6] 42 [72.4] 0.3 17 [29.3] 41 [70.7] 0.712

Advanced [III and IV] 8 [40] 12 [60] 5 [25] 15 [75]

Prognostic stage

Early [I and II] 8 [19.5] 33 [80.5] 0.003 10 [24.4] 31 [75.6] 0.187

Advanced [III and IV] 15 [53.6] 13 [46.4] 11 [39.3] 17 [60.7]

ER

Positive 16 [24.2] 50 [75.8] 0.003 16 [24.2] 50 [75.8] 0.068

Negative 8 [66.7] 4 [33.3] 6 [50] 6 [50]

PR

Positive 11 [19.3] 46 [80.7] 0.000 11 [19.3] 46 [80.7] 0.004
Negative 13 [61.9] 8 [38.1] 11 [52.4] 10 [47.6]

HER2

Positive 5 [35.7] 9 [64.3] 0.658 7 [50] 7 [50] 0.045
Negative 19 [29.7] 45 [70.3] 15 [23.4] 49 [76.6]

Ki-67 index

Low 6 [18.2] 27 [81.8] 0.039 4 [12.1] 29 [87.9] 0.007
High 18 [40] 27 [60] 18 [40] 27 [60]

BC Subtypes

Luminal A Like 2 [9.1] 20 [90.9] 0.01 0 [0] 22 [100] 0.007
Luminal B like-HER2 negative 12 [35.3] 22 [64.7] 11 [32.4] 23 [67.6]

Luminal B like-HER2 positive 2 [20] 8 [80] 5 [50] 5 [50]

HER2 positive-non luminal 3 [75] 1 [25] 2 [50] 2 [50]

Triple negative 5 [62.5] 3 [37.5] 4 [50] 4 [50]

LVI

Positive 12 [31.6] 26 [68.4] 0.88 10 [26.3] 28 [73.7] 0.718

Negative 12 [30] 28 [70] 12 [30] 28 [70]

Stromal TILs

Low 15 [25.4] 44 [74.6] 0.071 10 [16.9] 49 [83.1] 0.000
High 9 [47.4] 10 [52.6] 12 [63.2] 7 [36.8]
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TILs expression respectively. However, another study 
reported higher figures; 40% cases with CD56 posi-
tive stromal TILs and 45.5% cases with positive intra-
tumoral TILs [11].

CD56 positivity in stromal TILs correlated signifi-
cantly with the high histologic grade and high Ki-67 
proliferation index in our study. This agreed with what 
was reported by many others [7, 11, 23, 25].

Although CD56 stromal TILs expression in our study 
was higher in more advanced T stage cases, it showed 
higher expression in lymph node negative, LVI negative 
and early anatomic stage cases, yet, all those relations 
were statistically insignificant. These findings agreed with 
what was reported by Bouzidi et al. [23].

Those findings can suggest a possible role for NK cells 
in preventing vascular dissemination of tumor cells and 
metastasis keeping with the previously reported asso-
ciation of high NK cell density with better outcome in 
some cancers [24]. Regarding Trikia et al. [7], they also 
reported highest CD56 TILs expression in LVI negative 
cases and in T3 cases, yet, they reported higher expres-
sion in N1 compared to N0 followed by N2 and N3 
cases.

Although our cases showed higher stromal CD56 
expression in early anatomic stage cases, they conversely 
showed higher expression in advanced prognostic stage 
cases owing to the higher positivity in high grade, ER 
negative, PR negative and HER2 positive cases.

In our study, Stromal CD56 expression was higher in 
ER negative cases and showed statistically significant 
association with PR negativity and HER2 overexpression. 
This was consistent with what was reported by Trikia 
et al. [7] and Bouzidi et al. [23]. Muntasell et al. [25] also 
reported high stromal NK cells in ER negative cases.

Regarding the BC subtypes, Stromal CD56 expres-
sion in our study showed statistically significant 
higher expression in more aggressive subtypes triple 
negative breast cancer (TNBC), HER2 positive-non 
luminal and Luminal B HER2 positive) compared to 
Luminal HER2 negative cases. Similarly, Trikia et  al. 
[7] and Bouzidi et  al. [23] reported highest Stromal 
CD56 positivity in HER2 enriched carcinomas and 
TNBC respectively.

In this study, high stromal CD56 correlated signifi-
cantly with high density of stromal TILs, which agreed 
with Bouzidi et  al. [23]. Finally, we detected a statisti-
cally significant correlation between CD155 expression 
by the tumor cells and CD56 expression by stromal 
TILs. Similarly Trikia et  al. [7] reported statistically 
significant association of NK cell density with membra-
nous but not cytoplasmic expression of CD155 by the 
tumor cells.

5  Conclusion
Our results supported CD155 expression by BC tumor 
cells and detected a strong correlation of such expression 
with the stromal NK density. We agreed with others that 
such expression is higher in a subset of tumors that are 
high grade, rich in stromal TILs and lacking hormone 
receptors, suggesting a possible role for CD155 targeted 
therapy in such cases. Possible limitation is the lack of 
correlation with the patient’s survival and cancer related 
morbidity.
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