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Abstract

Despite significant advancement in the diagnostic and therapeutic aspects of breast carcinoma, the prognosis remains dismal.
Recently, with advances in its understanding, various immune system-based management strategies have been developed.
CTLA-4 suppresses lymphocyte reactivity, IL-2 secretion, and IL-2 receptor expression and triggers cell cycle arrest. PD-L1
inhibits the proliferation and cytotoxicity of T cells and inhibits release of cytokines. Hence, we planned to evaluate the
immunoexpression of CTLA-4 and PD-L1 in invasive ductal carcinoma breast and seek correlation between their immuno-
positivity and the clinicopathological parameters. This was a retrospective study conducted on archival material of 50 cases
of breast carcinoma tissue microarrays. Clinicopathological details were recorded. All cases were evaluated for immunohis-
tochemical expression of CTLA-4 and PD-L1. Cytoplasmic expression of CTLA-4 and membranous expression of PD-L1
were considered positive and staining intensity was recorded as mild, moderate, and intense. Data was recorded and analyzed.
Immunopositivity for CTLA-4 was seen in 92% of cases of breast carcinoma. CTLA-4 staining intensity showed significant
association with TNM staging of breast carcinomas (p =0.036). Age group of the breast carcinoma cases showed a statisti-
cally significant correlation with PD-L1 immunoexpression (p =0.002). No significant correlation was found between all
other clinicopathological characteristics and CTLA-4 or PD-L1 immunostaining. Our study shows that CTLA-4 is a more
important immune checkpoint regulator in breast carcinomas in comparison to PD-L1. Thus, anti-CTLA-4 immunotherapy
might prove to be of immense help in the treatment of invasive ductal carcinoma breast showing overexpression of CTLA-4.
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Introduction in the incidence of breast cancer and associated morbid-
ity and mortality has been reported in the Indian sub-
Breast cancer is the fifth most common cause of death ~ continent [2]. Although significant advancement has
due to cancer and is currently the most common cancer  taken place in the diagnostic and therapeutic aspects
occurring in women globally [1]. A significant increase  of breast carcinoma, yet the prognosis remains dismal.
With the increasing incidence of resistance to traditional
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chemotherapeutic drugs and hormonal therapy, there
is a need to identify new promising prognostic, pre-
dictive, and therapeutic biomarkers [3]. Recently, the
focus of research in carcinomas has shifted to the cross-
talk between cancer cells and the immune system. It is
believed that immune evasion is one of the important
mechanisms in the progression of cancer [4]. Amongst
the immune checkpoint regulators, cytotoxic T lympho-
cyte-associated protein 4 (CTLA-4) and programmed
cell death protein 1 (PD-1) have been found to be the
most reliable targets [5].

Cytotoxic T lymphocyte antigen 4 (also known as
CD152) is a negative regulator of the T cell activation
[6]. It antagonizes signaling of CD28 by competing for
the shared ligands, CD80 and CD86, which are present
on antigen-presenting cells (APCs). These, in turn, sup-
press lymphocyte reactivity, IL-2 secretion, and IL-2
receptor expression and ultimately, trigger cell cycle
arrest [7, 8]. In physiologic conditions, CTLA-4 has a
role in the maintenance of peripheral tolerance [9]. On
the other hand, in tumor patients who have suboptimal
APC function, CTLA-4-mediated inhibition of T cell
activation can prevent the development of antitumor
T cell responses [10]. CTLA-4 has been implicated in
immune dysregulation of various malignancies including
esophageal cancer, breast cancer, lung cancer, and mela-
noma [11-14]. On the basis of this information, thera-
peutic strategies targeted toward blockade of CTLA-4
signaling have been developed in various cancers. Ipili-
mumab is a CTLA-4-targeting drug approved for treat-
ment of various malignancies, while several others are
under development [15].

Programmed cell death-ligand 1 (PD-L1) is a transmem-
brane protein commonly expressed on the surface of APCs
and tumor cells. It specifically binds to its receptor, PD-1,
which is expressed on the surface of immune-related lym-
phocytes, such as T cells, B cells, and myeloid cells, and
also on tumor cell surface in some solid tumors and hema-
tological malignancies [16-20]. The binding of PD-L1 to
PD-1 activates the down-stream signaling of PD-1 receptor
in T cells, thus inhibiting the proliferation and cytotoxicity of
T cells along with inhibition of cytokine release by T cells.
Besides preventing autoimmunity and chronic infection, this
downregulation of immunity also protects many tumor cells
from immune attack, resulting in tumor immune evasion [17].
Inhibition of either PD-1 or PD-L1 enhances T cell responses
to cancer and this approach is known as PD-1/PD-L1-based
immunotherapy. Immune blockade therapy targeting against
PD-1/PD-L1 has been gaining interest in cancer treatment
[21]. Six drugs targeting PD-1/PD-L1 are currently approved
for treatment of various malignancies [15].

A single combination drug (ipilimumab plus nivolumab)
targeting both CTLA-4 and PD-1 for treatment of metastatic
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melanoma, renal cell carcinoma, and colorectal cancer has
also been approved with promising results [15].

Therefore, immune checkpoint regulators CTLA-4 and
PD-L1 have emerged as promising new targets for cancer
therapy in different solid and hematological malignancies. In
view of the increasing incidence and high mortality associ-
ated with breast cancer, there is a need to identify new prog-
nostic biomarkers that can be used as potential therapeutic
targets in future. Hence, in the present study, we evaluated
the expression of CTLA-4 and PD-L1 in breast carcinoma to
know whether anti-CTLA-4 and anti-PD-L1 immunothera-
pies can be used with efficacy in treatment of breast carcino-
mas showing overexpression of these immune modulators.

Materials and Methods

This analytical and observational study was conducted in
Multi-disciplinary Research Unit (MRU) UCMS, Depart-
ment of Pathology, and Department of Surgery, UCMS &
GTB Hospital, Delhi, between January 2020 and October
2021. All 72 cases diagnosed as invasive ductal carcinoma
breast on histopathologic examination with available rep-
resentative tumor tissue in mastectomy specimens during
the study duration were evaluated. Of 72 mastectomy speci-
mens, 22 cases with insufficient tumor tissue in mastectomy
specimens (< 500 cells on histology) and post chemo/radio-
therapy cases were excluded. Clinicopathological details of
all 50 cases included in the study were noted. Slides of these
cases were reviewed for confirmation of diagnosis and other
pathological findings.

Manual tissue microarray (TMA) blocks of tumor tis-
sue taken from the corresponding mastectomy specimens
were prepared. Each TMA had 12 tumor tissue cores and
2 control cores (one each for CTLA-4 and PD-L1). Immu-
nohistochemistry using CTLA-4 (mouse monoclonal IgG k
anti-CTLA-4, F-8; sc-376016, Santa Cruz Biotechnology
Inc., Santa Cruz, CA, USA) and PD-L1 (rabbit monoclo-
nal antibody anti-PD-L1 protein antibody, clone IHC411,
GenomeMe, prediluted, ready to use) was done on lysinated
slides prepared from the TMA blocks. Cytoplasmic immu-
noexpression of CTLA-4 in tumor cells and membranous
immunoexpression of PD-L1 in> 1% tumor cells was con-
sidered positive. CTLA-4 and PD-L1 expression was evalu-
ated semi-quantitatively using Tumor Proportion Score
(TPS) based on percentage of positively stained viable tumor
cells, staining localization (tumor cell cytoplasm in the case
of CTLA-4 and complete or partial membranous in the case
of PD-L1), and staining intensity, which was expressed as
mild, moderate, and intense.

Data was entered in MS Excel sheet and analyzed using
SPSS v20 software. For the association between immuno-
expression of CTLA-4 and PD-L1 and clinicopathological
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parameters, Fisher’s exact test and Pearson chi-square test
were used. p value less than 0.05 was considered significant.

Results

The age of the patients ranged from 27 to 75 years with the
mean age of 48 years. The clinicopathological details of the
patients are summarized in Table 1.

CTLA-4 Immunoexpression

Out of 50 breast carcinoma cases, 46 (92.0%) showed cyto-
plasmic immunopositivity for CTLA-4 while the remaining
4 (8.0%) were negative. The percentage cell positivity for
CTLA-4 in cases showing immunoexpression was found to
be 100% in 36 cases, 90% in 4 cases, 80% in 2 cases, 60%
in 1 case, 50% in 1 case, and 40% in 2 cases. Of 46 CTLA-4
positive cases of breast carcinoma, 17/46 (36.9%) showed
mild intensity of CTLA-4 positivity, 21/46 (45.6%) showed
moderate intensity staining, and intense immunostaining for
CTLA-4 was found in 8/46 (17.4%) cases (Fig. 1).

CTLA-4 immunopositivity was correlated with patient
age, menopausal status, tumor size, tumor grade, presence
of in situ component, lymph node status, TNM staging, and
molecular subtyping (Table 2). None of the clinicopatho-
logical parameters studied showed statistically significant
correlation with CTLA-4 immunoexpression in breast car-
cinoma. However, statistically significant correlation was
found between staining intensity of CTLA-4 and TNM stag-
ing of breast carcinoma cases (p =0.038) (Table 3).

PDL-1 Immunoexpression

Out of 50 breast carcinoma cases, 4 (8.0%) showed mem-
branous immunopositivity for PDL-1, while the remaining
46 (92.0%) were negative. Of these PD-L1-positive cases of
breast carcinoma, 3/4 (75.0%) showed moderate intensity of
PD-L1 positivity (Fig. 2). Strong intensity of PD-L1 positiv-
ity was found in 1/4 (25%) and none of the cases revealed
mild immunostaining for PD-L1. Immunoexpression of
PD-L1 was correlated with patient age, menopausal status,
tumor laterality, tumor size, tumor grade, presence of in situ
component, lymph node status, TNM staging, and molecular
subtyping. Age group of the breast carcinoma cases showed
a statistically significant correlation with PD-L1 immuno-
expression (p=0.002) while all other clinicopathological
characteristics did not reveal any statistically significant
correlation with PD-L1 immunostaining and these findings
are shown in detail in Table 4.

Table 1 Demographic and clinicopathological details of the patient
population

Demographic details n (%)
Age (years)

20-29 1(2)

30-39 11 (22)

40-49 20 (40)

50-59 8 (16)

>60 10 (20)
Menopausal status

Pre-menopausal 20 (40)

Post-menopausal 30 (60)
Tumor laterality

Right 25 (50)

Left 25 (50)
Clinicopathological details
Tumor size

<2cm 10 (20)

>2-5cm 23 (46)

>5cm 17 (34)
Histological grade

Grade 1 18 (36)

Grade II 15 (30)

Grade 111 17 (34)
In situ involvement

Present 17 (34)

Absent 33 (66)
Lymph node involvement

Absent 19 (38)

pNI1 12 (24)

pN2 12 (24)

pN3 7(14)
TNM staging

Stage 1 6 (12)

Stage 11 19 (38)

Stage II1 25 (50)

Stage IV 0(0)
ER status

Positive 25 (50)

Negative 25 (50)
PR status

Positive 25 (50)

Negative 25 (50)
Her-2/neu status

Positive 24 (48)

Negative 26 (52)
Molecular subtype

Luminal 25 (50)

Her-2/neu enriched 13 (26)

Triple negative 12 (24)

Discussion
Breast carcinoma is a leading cause of cancer death in

the female population. Despite numerous currently avail-
able treatment modalities, there is a need to identify newer
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Fig. 1 Photomicrograph showing (A) mild, (B) moderate, and (C) intense cytoplasmic positivity of CTLA-4 in tumor cells of invasive ductal

carcinoma (IHC: CTLA-4, 400 x)

treatment modalities of breast carcinoma in view of tumor
heterogeneity and the changes in its intrinsic nature during
metastasis.

In the present study, CTLA-4 cytoplasmic positivity
was found in 92% of cases. In previous studies, CTLA-4
positivity in tumor cells of breast carcinoma cases has been
reported to be between 70 and 100% [22, 23].

The intensity of CTLA-4 immunoexpression in our
study showed significant association with the tumor stage
(p=0.036), hence indicating that higher expression is asso-
ciated with poorer prognosis. Similarly, Mao et al. in their
study on 60 breast carcinoma cases found that patients
with greater levels of CTLA-4 mRNA were of significantly
higher clinical stage. They also found significant association
between axillary lymph node involvement and CTLA-4 lev-
els. While in our study, no significant association was found
between axillary lymph node involvement and CTLA-4
immunoexpression. This could be explained by the greater
sensitivity of mRNA detection methods [22].

No association was found between CTLA-4 immunopo-
sitivity and patient age, tumor size, menstrual status, lymph
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node status, presence of in situ component, tumor grade,
tumor stage, ER/PR/Her-2/neu status, or molecular subtype.
Yu et al. in their study on 130 breast carcinoma status also
did not find any correlation between expression of CTLA-4
in tumor cells and age, grade, stage, and ER/PR/Her-2/neu/
Ki-67 status. However, unlike our findings, they reported
that significantly higher expression of CTLA-4 was found
in post-menopausal cases. This could be explained by the
larger sample size, inclusion of other histological tumor
types including invasive lobular, medullary, and mucinous
and other demographic and population-based differences
[12].

Of the 12 TNBC cases in our study, 11 showed CTLA-4
expression, of which 5 showed mild, 5 showed moderate,
and 1 showed intense staining. Out of the 25 luminal cases,
only 3 did not show CTLA-4 expression. The majority (40%)
showed moderate staining intensity. All of the Her-2/neu-
enriched cases showed CTLA-4 immunopositivity. But none
of these findings was statistically significant. Kim et al., on
the other hand, found that higher tumor cell expression of
CTLAA4 was significantly associated with negative hormone
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Table 2 Correlation between
CTLA-4 immunoexpression
and clinicopathological
characteristics

Table 3 Correlation between
intensity of CTLA-4
immunoexpression and TNM
staging of breast carcinomas

Parameters CTLA-4 inference p value
Positive (n=46) Negative (n=4)
Age 0.840"
21-29 years 1(2.17%) 0 (0%)
30-39 years 11 (23.9%) 0 (0%)
40-49 years 18 (39.1%) 2 (50.0%)
50-59 years 7 (15.2%) 1 (25.0%)
> 60 years 9 (19.5%) 1 (25.0%)
Menstrual status 0.1407
Pre-menopausal 20 (43.47%) 0 (0%)
Post-menopausal 26 (56.52%) 4 (100.0%)
Size 0.078'
<2cm 10 (21.73%) 0 (0%)
>2-5cm 19 (41.30%) 4 (100.0%)
>5cm 17 (36.95%) 0 (0%)
Lymph node 0.385!
Absent 17 (36.95%) 2 (50.0%)
pN1 12 (26.08%) 0 (0%)
pN2 10 (21.73%) 2 (50.0%)
pN3 7 (15.21%) 0 (0.0%)
In situ component (present) 16 (34.78%) 1(25.0%) 1.000?
Histological grade 0.828!
I 16 (34.78%) 2 (50.0%)
I 14 (30.43%) 1(25.0%)
I 16 (34.78%) 1(25.0%)
TNM staging 0.709!
I 6 (13.04%) 0 (0.0%)
I 17 (36.95%) 2 (50.0%)
I 23 (50.0%) 2 (50.0%)
ER status (positive) 22 (47.82%) 3 (75.0%) 0.609°
PR status (positive) 22 (47.82%) 3 (75.0%) 0.609°
Her-2/neu status (positive) 23 (50.0%) 1(25.0%) 0.611%
Molecular subtype 0.433!
Luminal 22 (47.82%) 3 (75.0%)
Her-2/Neu enriched 12 (26.08%) 1(25.0%)
Triple negative 11 (23.9%) 1 (25.0%)
“**Significant at p <0.05. 'Pearson chi-square test. *Fisher’s exact test
TNM staging ~ CTLA-4 expression Pearson
chi-square
test
Negative Mild Moderate Intense Total p value
I 0 (0.0%) 1(5.88%) 1 (4.76%) 4 (50.0%) 6 (12.0%) 0.036
I 2 (50.0%) 7 (41.17%) 8 (38.09%) 2 (25.0%) 19 (38.0%)
I 2 (50.0%) 9 (52.94%) 12 (57.14%) 2 (25.0%) 25 (50.0%)
Total 4 (100.0%) 17 (100.0%)  21(100.0%) 8 (100.0%) 50 (100.0%)
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Fig.2 Photomicrograph showing diffuse membranous PD-L1 immunopositivity (A) 400 x and focal membranous PD-L1 immunopositivity (B)

200 %

receptor expression, which is not in line with the present
study findings [24]. Hence, further population-specific eval-
uation in a larger sample size is required for validation of
these findings.

We found only 8% positivity of PD-L1 in breast carci-
noma cases. No association was found between PD-L1
immunoexpression and menopausal status, tumor lateral-
ity, tumor size, tumor grade, presence of in situ component,
lymph node status, TNM staging, and molecular subtyping.
The reported positivity of PD-L1 in literature has ranged
between 19 and 50%; however, these include mRNA-based
studies on large sample sizes with various tumor histological
types, mainly including TNBCs [25-27]. Further, PD-L1
has also been reported to have an association with greater
tumor size, higher grade, ER-negative, PR-negative, Her-2/
neu-positive status, higher proliferation, and basal and
Her-2/neu-enriched subtype, which is contrary to our study
results. The reason for this may also be the same as men-
tioned above [25]. In our study, 1 TNBC and 1 luminal case
showed intense PDL-1 immunopositivity, while 2 Her-2/
neu-enriched cases showed moderate intensity of PDL-1
expression. PD-L1 immunopositivity is known to be seen
mainly in TNBCs [25] and our sample size included only a
small number of such cases, hence explaining the probable
discrepancy in our study results. In our study, PD-L1 immu-
noexpression showed significant association with patient age
(»=0.002). We could not find any other study in literature
that has found such an association.

Despite the small number of studies on the expression of
CTLA-4 in breast carcinomas, there has been evidence of
the association of CTLA-4 expression in the breast cancer
microenvironment and its association with poor prognosis,
regardless of the molecular subtype [28]. Recent evidence
also suggests that anti-PD1/PD-L1 agents show promising
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results when delivered as monotherapy or in combination
with conventional treatment options in breast cancer. A
combination of these two biomarkers has been found to
be appealing due to the underlying rationale suggesting a
synergistic mechanism of their actions [29]. Thus, CTLA-4
expression in breast cancer has immense clinical signifi-
cance and must be considered a promising therapeutic target
for immunotherapy. Further research is needed to allow for
development of effective synergistically acting CTLA-4- and
PDL-1-based therapeutic agents.

Limitations

Our study was a retrospective study limited by a small sam-
ple size and lack of uniformity of tumor molecular subtypes.
Further, we could not evaluate the combined positive score
in our samples as we had only representative limited avail-
able tumor tissue in the TMA. There was also a lack of fol-
low-up of our patients after surgery due to the outbreak of
the COVID-19 pandemic. Hence, disease-free survival and
overall survival could not be calculated.

Conclusions

This study results show immunopositivity for CTLA-4 in
a significant number of breast carcinomas (92%). How-
ever, PD-L1 immunostaining was identified in only few
cases of invasive ductal carcinomas (8.0%), thus indicating
CTLA-4 to be more important immune checkpoint regu-
lator in breast carcinomas in comparison to PD-L1. The
study findings suggest that anti-CTLA-4 immunotherapy
might prove to be of immense help in the treatment of
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Table 4 Correlation between

. . Parameters PD-L1 inference p value
PD-L1 immunostaining
and clinicopathological Positive (n=4) Negative (n=46)
characteristics
Ageti 0.002!
21-29 years 1(25.0%) 0 (0%)
30-39 years 0 (0%) 11 (23.9%)
40-49 years 0 (0%) 20 (43.47%)
50-59 years 2 (50.0%) 6 (13.04%)
> 60 years 1(25.0%) 9 (19.5%)
Menstrual status 0.6412
Pre-menopausal 1(25.0%) 19 (41.30%)
Post-menopausal 3 (75.0%) 27 (58.69%)
Size 0.413!
<2cm 0 (0%) 10 (21.73%)
>2-5cm 3 (75.0%) 20 (43.47%)
>5cm 1 (25.0%) 16 (34.78%)
Lymph node 0.385!
Absent 2 (50.0%) 17 (36.95%)
pN1 2 (50.0%) 10 (21.73%)
pN2 0 (0%) 12 (26.08%)
pN3 0(0%) 7 (15.21%)
In situ component (present) 0(0%) 17 (36.95%) 0.285>
Histological grade 0.661"
I 1 (25.0%) 17 (36.95%)
I 2 (50.0%) 13 (28.26%)
I 1 (25.0%) 16 (34.78%)
TNM staging 0.268!
I 0 (0%) 6 (13.04%)
I 3 (75.0%) 16 (34.78%)
I 1 (25.0%) 24 (52.17%)
ER status (positive) 1 (25.0%) 24 (52.17%) 0.609?
PR status (positive) 1 (25.0%) 24 (52.17%) 0.609?
Her/Neu 2 status (positive) 2 (50.0%) 22 (47.82%) 1.0007
Molecular subtype 0.470"
Luminal 1(25.0%) 24 (52.17%)
Her-2/Neu enriched 2 (50.0%) 11 (23.9%)
Triple negative 1 (25.0%) 11 (23.9%)

“**Significant at p <0.05. 'Pearson chi-square test. *Fisher’s exact test

CTLA-4-positive invasive ductal carcinoma breast. How-
ever, more studies with a larger sample size are required to
validate our study results and trial of anti-CTLA-4 immu-
notherapy in invasive ductal carcinoma breast to see the
patient outcome.
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