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High CTLA-4 gene expression is an
independent good prognosis factor in breast
cancer patients, especially in the HER2-
enriched subtype
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Abstract

Background Breast cancer (BC) is the most common cancer in women and the leading cause of cancer-related
death worldwide. This heterogeneous disease has been historically considered a non-immunogenic type of cancer.
However, recent advances in immunotherapy have increased the interest in knowing the role of the immune
checkpoints (IC) and other immune regulation pathways in this neoplasia.

Methods In this retrospective study, we evaluated the correlation of mMRNA expression of CTLA-4, PDCD1 (PD1), CD274
(PD-L1), PDCD1LG2 (PD-L2), CD276 (B7-H3), JAK2, and FOXO1 with clinicopathological factors and BC patient’s outcome
by real-time quantitative polymerase chain reaction (qPCR).

Results Our results showed that immunoregulatory gene expression depends on BC immunophenotype

being CTLA-4 and PDCD1 (PD1) overexpressed on triple-negative/basal-like (TN/BL) and luminal B/HER2-positive
phenotypes, respectively, and CD276 (B7-H3), JAK2 and FOXO1 associated with both luminal A and luminal B/HER2-
negative tumors. In addition, we found that these genes can also be related to aggressive and non-aggressive
clinicopathological characteristics in BC. Finally, survival analysis showed that CTLA-4 expression levels emerge as a
significant independent factor of good prognosis in BC patients, especially in the HER2-enriched subtype.

Conclusion Considering all these data, we can conclude that the expression of immunoregulatory genes depends
on tumor phenotype and has potential clinical implications in BC patients.
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Introduction

Breast cancer (BC) is the most common female cancer
in both developed and developing countries, represent-
ing the leading cause of cancer-related deaths among
women worldwide [1]. This neoplasia is a heterogeneous
disease of subgroups with different molecular features
and clinical outcomes. Classically, BC has been classi-
fied into four major molecular subtypes based on the
immunohistochemistry expression of estrogen receptor
(ER), progesterone receptor (PR), and human epidermal
growth factor receptor 2 (HER2): luminal A (ER+/PR+/
HER2-), luminal B (ER+/PR+/HER2-/+), HER2-enriched
(ER-/PR-/HER2+) and triple-negative/basal-like (TN/
BL) (ER-/PR-/HER2-) [2-4]. Although significant prog-
ress has been made in the diagnosis and treatment, clini-
cal outcomes still depend on the patient and the intrinsic
tumor subtype. Therefore, new therapeutic and prognosis
biomarkers are needed to develop novel targeted thera-
pies and improve patient survival.

Under normal conditions, the immune system recog-
nizes and eliminates malignant cells through an active
anti-neoplastic response, inhibiting carcinogenesis and
maintaining cellular homeostasis [5]. However, during
neoplastic transformation, malignant cells develop dif-
ferent strategies to avoid attacks from the immune cells.
One of these strategies is the expression of immune
checkpoints (IC), a set of inhibitory proteins that physi-
ologically restrict the immune response to maintain
immune homeostasis and self-tolerance, protecting host
tissues from unnecessary damage and developing autoim-
mune disorders due to excessive inflammation. However,
cancer cells can exploit these pathways to evade immune
surveillance and avoid immune-mediated destruction [6].
IC molecules and the pathways that regulate the immune
response have emerged as promising therapeutic targets
for different neoplasia, including BC.

Historically, BC has been considered a non-immuno-
genic type of cancer. Nevertheless, recent breakthroughs
with immune checkpoint inhibitors (ICI) in other can-
cers, coupled with the association of tumor-infiltrating
lymphocytes (TILs) [7, 8] and immune gene signatures
with better clinical outcomes in BC [9, 10], have led to
the development of clinical trials to evaluate the efficacy
of ICI, particularly on the TN/BL subtype. Some trials
have yielded promising results, while others have demon-
strated limited efficacy. For example, the IMpassion130
trial demonstrated the effectiveness of combining atezoli-
zumab with nab-paclitaxel in locally advanced or meta-
static TN/BL BC patients that expressed programmed
cell death ligand-1 (PD-L1) on immune cells, improving
the progression-free survival (PFS) and overall survival
(OS) compared to the placebo group [11-14]. Similarly,
the KEYNOTE-355 trial reported improved PES in previ-
ously untreated patients with locally recurrent inoperable
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or metastatic TN/BL BC that expressed PD-L1 when
treated with pembrolizumab combined with chemother-
apy [15]. Promising results were also found in the KEY-
NOTE-522 trial, which showed an increase in event-free
survival (EFS) in previously untreated stage II or III TN/
BL BC who received pembrolizumab in combination
with neoadjuvant chemotherapy [16]. However, not all
the clinical trials have been positive. The IMpassion131
trial did not improve PFS or OS in patients treated with
atezolizumab plus paclitaxel compared to paclitaxel
alone [17]. Based on these results, atezolizumab plus
nab-paclitaxel and pembrolizumab in combination with
chemotherapy were approved by the Food and Drug
Administration (FDA) for the treatment of metastatic
TN/BL BC.

Several IC pathways have already been documented.
The most extensively studied pathways involve the
interactions between cytotoxic T lymphocyte antigen
4 (CTLA-4) and CD80/CD86 and the binding of pro-
grammed cell death protein 1 (PD-1) to PD-L1/PD-L2
on neoplastic cells. Numerous promising IC molecules
have recently been identified, including inhibitory ligands
belonging to the B7 proteins family, such as B7-H3 [18].
These proteins inhibit cell proliferation, cytokine produc-
tion, and cytotoxic activity of effector T cells, leading to
immune evasion [19, 20]. Recent studies have also dem-
onstrated the intrinsic expression of CTLA-4 and PD-1
in different neoplasm and cancer cell lines [21-23], sug-
gesting that these ICs may be involved in other func-
tions beyond the immune system regulation. PD-L1 and
PD-L2 not only modulate the immune response but also
participate in tumor-intrinsic functions such as neoplas-
tic cell proliferation, migration, and invasion [24, 25],
epithelial-to-mesenchymal transition (EMT) regulation
[25, 26], stem cell properties acquisition [26—-28], apop-
tosis inhibition, and chemotherapy resistance [29]. At the
same time, B7-H3 has also been associated with some of
these non-immunological functions, such as cell invasion
and migration [30-33], regulation of angiogenesis [34],
and cellular glucose metabolism [35-37], the EMT pro-
cess and the maintenance of stem cell properties [38—40]
and resistance to apoptosis [41] and antineoplastic treat-
ments [37, 42—44].

Together with IC molecules, JAK2 and FOXO1 modu-
late the active anti-neoplastic response. Thus, JAK2 is a
tyrosine kinase protein that, along with signal transducer
and activator of transcription (STATs) proteins, plays a
crucial role in initiating the transcription of various tar-
get genes involved in multiple cellular processes [45]. Its
expression in neoplastic cells has been associated with
cell proliferation, migration and invasion, angiogenesis,
treatment and apoptosis resistance, and maintenance
of stemness and EMT characteristics, which have been
linked to poor prognosis and clinicopathological features
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[46—50]. On the other hand, FOXOL1 is a transcription
factor belonging to the FOXO subfamily, which also par-
ticipates in the transcription of various genes related to
multiple immunological processes [51]. These processes
include dendritic cell migration [52], production of
inflammatory factors [53], B lymphocytes, and T regu-
latory cell maturation [54], as well as the formation and
functioning of memory T cells [55].

Additionally, the expression of FOXO1 in neoplas-
tic cells is an independent factor of good prognosis,
restricting the migration and invasion of neoplastic cells
by inhibiting the EMT process [56, 57]. Consequently,
many authors widely recognize it as a tumor suppressor
protein. Nevertheless, conflicting data exists, as depend-
ing on the tumor microenvironment (TME), it may also
function as an oncogene, promoting cell proliferation and
drug resistance in several cancer types [58, 59].

All the above data suggest that the expression of dif-
ferent IC molecules and pathways related to immune
response regulation may play distinct roles in BC. There-
fore, this has raised our interest in investigating clinico-
pathological and prognostic value of CTLA-4, PDCDI,
CD274, PDCDI1LG2, CD276, JAK2, and FOXOI1 genes
in BC patients. We hypothesize that their expression in
BC depends on tumor phenotype and may have clinical
implications in patients with this neoplasia. To confirm
these questions, we conducted a retrospective study on
a large clinical series of BC patients (n=250) previously
stratified by immunophenotypes, and mRNA expression
results were correlated with clinicopathological factors
and prognosis.

Methods

Patients and tumor samples

We studied a retrospective cohort of 250 non-con-
secutive patients with primary invasive BC diagnosed
between 1994 and 2021. Samples and data from patients
included were provided by the Dr. Balmis University
General Hospital (DBUGH) and the HUB-ICO-IDIBELL
Biobanks (PT17/0015/0024), both integrated into the
Spanish National Biobanks Network. Samples were pro-
cessed following standard operating procedures with the
appropriate approval of the Ethics and Scientific Com-
mittees. Eligibility criteria were histological diagnosis of
invasive BC, stages I-1II, and follow-up data at least one
year after surgical treatment. Patients with tumors in
stage IV or treated with neoadjuvant therapy and samples
with insufficient tissue or low quality/quantity RNA were
excluded.

The clinical and pathological variables were: patient
age, tumor size, histological grade according to Scarff-
Bloom-Richardson classification modified by Elston and
Ellis [60], vascular invasion, necrosis, lymph-node status,
cell proliferation index determined by Ki-67 staining,
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stromal tumor-infiltrating lymphocytes (sTIL) percent-
age, hormone receptor (HR) status, defined as ER and/
or PR positive/negative, and immunophenotypes. Patient
follow-up data were obtained from clinical reports. OS
was defined as the time from surgery to patient death,
and disease-free survival (DFS) as the time from surgery
to local and/or distant recurrence.

The study followed the Declaration of Helsinki, and the
Institutional Ethics Committees approved the project
(ethics code PI2019/058 and PI2020-242). Patient data
were anonymized, and informed consent was obtained
from all participants in this study. The manuscript has
been written following the reporting recommendations
for tumor marker prognostic studies (REMARK) criteria
[61] and the MIQE guide for the publication of results
obtained by real-time polymerase chain reaction (QPCR)
[62].

RNA isolation and complementary DNA synthesis

Three 1-mm thick punches of formalin-fixed paraffin-
embedded (FFPE) tissue (=4 mm deep) from preselected
areas of each tumor sample, with at least 30% tumor cell
content, and normal breast tissue from reduction mam-
moplasties were used for the RNA extraction. Briefly,
the punches were manually cut into smaller pieces with
a scalpel, deparaffinized using mineral oil (Ref. M5940,
Sigma-Aldrich, Darmstadt, Germany), and further dis-
rupted using proteinase K (Ref. 19131, Qiagen. Hilden,
Germany). The RNA isolation was later carried out with
the RNeasy FFPE Kit (Ref. 73604, Qiagen, Hilden, Ger-
many) following the manufacturer’s instructions incorpo-
rating DNase I treatment to yield DNA-free RNA. RNase
inhibitor (Ref.: N8080119, Applied Biosystems, Forster
City, CA, USA) was added to avoid sample degradation.
NanoDrop 1000 spectrophotometer (Thermo Fisher Sci-
entific, Waltham, MA, USA) was used to measure RNA
concentration and purity concerning 260/230 nm and
260/280 nm ratios. RNA samples were also subjected to
a second quality control using the TapeStation 4200 sys-
tem (Agilent Technologies, Waldbronn, Germany). Apart
from the concentration, this equipment also provides two
values to evaluate the quality of the samples: the RINe,
which measures RNA integrity based on a numerical
range from 1 (totally degraded RNA) to 10 (intact RNA),
and the DV200, defined as the percentage of RNA frag-
ments above 200 nucleotides for the total number of
fragments. Since it has been shown that RINe values of
FFPE tumor tissue samples are not a sensitive measure of
RNA quality, only DV200 values were used as a quality
criterion in this study. Thus, and following Illumina’s rec-
ommendations, all those samples that obtained a DV200
value equal to or higher than 30% were included [63].
Finally, the isolated RNA was stored at —80 °C until its
reverse transcription.
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Reverse transcription reactions were performed from
2 pg of total RNA using random hexanucleotides and the
High-Capacity cDNA Reverse Transcription Kit (Ref.:
4368814, Thermo Fisher Scientific) following the manu-
facturer’s instructions. The synthesized cDNA was then
diluted to a final concentration of 20 ng/ul and stored at
-20 °C until its analysis.

Gene expression analysis

qPCR was performed using a 7500 Fast Real-Time PCR
System (Thermo Fisher Scientific) according to the
manufacturer s instructions. We used TagMan Fast Uni-
versal PCR Master Mix (Ref.: A44360, Thermo Fisher
Scientific) and assays based on hydrolysis probes (Taq-
Man® Gene Expression Assays, Thermo Fisher Scientific)
for specific cDNA retrotranscripted from mRNA since
these assays do not detect genomic DNA. Gene expres-
sion was performed for CTLA-4 (Hs00175480_ml),
PDCDI1 (Hs00169472_m1), CD274 (Hs00204257_m1),
PDCDILG2 (Hs00228839_m1l), CD276 (Hs00987207_
ml), JAK2 (Hs01078136_m1) and FOXO1 (Hs01054576_
ml). We used ACTB (Hs99999903_ml) and PUMI
(Hs00472881) to normalize gene expression as reference
genes. As reference calibrator samples, we used a pool
of RNA from normal breast tissue obtained from breast
reduction of healthy patients. No template controls were
included in each reaction, and all experiments were
done by duplicates. Relative changes in gene expression
were calculated as the fold change by the 2744¢ method
[64] and were analyzed using the 7500 software v2.0.6
(Thermo Fisher Scientific).

Statistical analyses

For the study, a relative quantification (RQ) value of 1.5
was taken into account as a cut-off point to differentiate
between normal-low expression (RQ<1.5) versus over-
expression (RQ=>1.5), as described in previous studies
[65, 66]. All statistical analyses were performed using the
SPSS version-23 statistical software package (SPSS Inc,
Chicago, IL, USA). The Kolmogorov—Smirnov test was
used to identify the distribution of quantitative variables.
These variables were represented by the averagetstan-
dard deviation or the median and interquartile range
(25-75th), depending on whether they followed a para-
metric or non-parametric distribution. The frequency
percentage of each group defined qualitative variables.
Chi-square or Fisher tests were used to measure the asso-
ciation between qualitative variables. To evaluate the
magnitude of each of these associations, the Odds Ratio
(OR) was also calculated, with a 95% confidence inter-
val (CI). The variables with more than two categories
were analyzed using logistic regressions to complete the
bivariate analysis. Survival curves were plotted using the
Kaplan—Meier method and compared using the log-rank
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tests. Univariate and multivariate survival analyses were
performed using Cox’s proportional hazard model. Mul-
tivariate analysis included all molecular and clinico-
pathological variables of significant value in univariate
analysis. In all cases, p-values<0.05 were considered sta-
tistically significant, while p-values>0.05 but <0.15 were
interpreted as trends toward significance.

Results

Patients and tumor characteristics

Our clinical series included 250 patients diagnosed with
invasive BC. Patients were predominantly older than
50 years (64.8%; 162/250), with a mean age of 58 (range
30-94) years. Tumors were predominantly invasive
ductal carcinoma (90.4%; 226/250), larger than 20 mm
(50.4%; 126/250), with histological grade 3 (58.8%;
147/250), low sTIL infiltration (92.4%; 230/250) and high
proliferative rate (52.4%; 131/250). Vascular invasion
and necrosis were present in 36.8% (92/250) and 23.2%
(58/250) tumors, respectively. Lymph nodes were posi-
tive in 53.2% (133/250) cases. Regarding the immunophe-
notype, all molecular subtypes were equally represented
(20%; 50/250). However, looking at the HR expression,
luminal tumors were the most abundant (60%; 150/250)
(Table 1).

PDCD1 (PD1), CD274 (PD-L1), and CD276 (B7-H3) were
overexpressed in the majority of BC tumors

Tumor samples were classified according to the RQ value
into two groups: overexpression (RQ=>1.5) and normal-
low expression (RQ<1.5). Based on this, we found that
CTLA-4 was overexpressed in 113 (45.2%), PDCD1 (PD1)
in 142 (56.8%), CD274 (PD-L1) in 175 (70%), PDCDILG2
(PD-L2) in 123 (49.2%), CD276 (B7-H3) in 179 (71.6%),
JAK2 in 98 (39.2%) and FOXOI in 79 (31.6%) samples
(Fig. 1). When grouping the immune checkpoint genes,
we observed that at least one was overexpressed in most
cases analyzed (95.2%). Interestingly, simultaneous over-
expression of five or four immune checkpoint genes was
observed in 38 (15.2%) and 67 (26.8%) samples. Tumors
with only one overexpressed immune checkpoint gene
accounted for 16.8% (42/250). As for JAK2 and FOXOlI,
it was observed that approximately half of the cases
(123/250; 49.2%) were either normal or underexpressed
at the same time, whereas only 20% (50/250) were char-
acterized by overexpression of both genes.

CTLA-4, PDCD1 (PD1), CD274 (PD-L1), and PDCD1LG2 (PD-
L2)mRNA overexpression was associated with unfavorable
clinicopathological variables

We evaluated the distribution of clinicopathological
variables based on the mRNA expression levels of each
gene. These results were compiled in Tables 2, 3, 4 and
5 and Tables S1-S4 in supplementary materials. Our
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Table 1 Descriptive analysis of the clinicopathological variables
and patient characteristics. sTIL, stromal tumor-infiltrating
lymphocytes,; HR, hormone receptor
Clinicopathological

Patients (n=250)

variables % (n)

Age

<50 years old 35.2% (88)
> 50 years old 64.8% (162)
Tumor size

<20 mm 49.6% (124)
>20 mm 50.4% (126)
Histological Grade

1 6.8% (17)

2 34.4% (86)
3 58.8% (147)
Histological Type

Invasive ductal carcinoma 90.4% (226)
Invasive lobular carcinoma 9.6% (24)
Vascular Invasion

Present 36.8% (92)
Absent 63.2.% (158)
Necrosis

Present 23.2% (58)
Absent 76.8% (192)
Ki67 Index

Low (< 15%) 26.4% (66)
Intermediate (15-19%) 21.2% (53)
High (> 19%) 52.4% (131)
% sTIL

Low (<30%) 92% (230)
High (=30%) 8% (20)
Molecular Subtypes

Luminal A-like 20% (50
Luminal B/HER2-negative 20% (50

(50)
(50)
Luminal B/HER2-positive 20% (50)
(50)
(50)

HER2-enriched 20% (50
Triple-negative 20% (50
Lymph Nodes Status

Positive 53.2% (133)
Negative 46.8% (117)
HR Status

Negative 40% (100)
Positive 60% (150)

results showed a significant association between CTLA-
4 overexpression and HR-negative tumors (p=0.022).
In addition, high levels of CTLA-4 and CD274 (PD-
L1) were related to histological grade 3 and positive
lymph nodes samples, respectively, but only as a trend
(p>0.05). We also observed high sTIL density in tumors
with CTLA-4, PDCD1 (PD1), and CD274 (PD-L1) over-
expression (p<0.012), whereas middle/high prolifera-
tion rates were significantly related to CTLA-4, PDCDI
(PD1), PDCDILG2 (PD-L2) and JAK2 overexpression
(p<0.040). Conversely, opposite results were obtained for
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Fig. 1 Percentage of BC patients overexpressing immunoregulatory
genes. RQ, relative quantification value

CD276 (p=0.026 and 0.048, respectively). Furthermore,
we found JAK2 and FOXOI overexpression in HR-pos-
itive tumors (p<0.008). The increase in FOXOI expres-
sion was also associated with tumors smaller than 20 mm
(p=0.016), with histologic grade 2 (p=0.002), low/inter-
mediate proliferative rate (p<0.004), and absence of
lymphovascular invasion (p=0.004). A trend toward sig-
nificance was observed between FOXO1 expression and
low sTIL density (p=0.096), and negative lymph node
status (p=0.055).

Regarding the intrinsic BC subtypes, high CTLA-4 and
PDCDI (PD1) mRNA levels were correlated with TN/
BL and luminal B/HER2-positive phenotypes, respec-
tively (both p=0.046), whereas CD276 (B7-H3), JAK2
and FOXOI overexpression were significantly associ-
ated with luminal A and luminal B/HER2-negative
tumors (p<0.024). A trend towards significance was
also observed between PDCDI (PD1) overexpression
and luminal B/HER2-negative and TN/BL tumors (both
p=0.072). No significant associations were found for
CD274 (PD-L1) and PDCD1LG2 (PD-L2).

CTLA-4 overexpression is an independent favorable
prognostic factor for DFS

The prognostic value of several clinicopathological and
molecular variables was evaluated with univariate and
multivariate analyses. Median follow-up was 66 months
(range 12-281 months), and the average OS and DFS
were 47 (range 1-269) and 38 months (range 1-132),
respectively. Of our patients, 25 (10%) had a relapse and/
or distant metastasis, whereas 38 (15.2%) died of the dis-
ease or other causes at the last follow-up.
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Univariate analyses showed that patients older than 50
years (p=0.003), with larger tumor size (p<0.0001), his-
tological grade 3 (p=0.007), vascular invasion (p=0.032),
necrosis (p<0.0001), intermediate proliferative rate
(p=0.023) and HR-negative status (p=0.001) showed
shorter OS (Fig. 2 and Supplementary Table S5), espe-
cially in HER2-enriched and TN/BL phenotypes (both
p<0.033) (Fig. 3). However, there was no significant
association between the molecular variables and OS. We
only observed that patients with FOXOI overexpressing
tumors had a trend to longer OS (p=0.097) (Fig. 2 and
Supplementary Table S5). Considering these results, a
second analysis was performed with gene expression
data in each BC phenotype. We performed Kaplan-Meier
curves for OS and observed that patients with luminal
B/HER2-positive overexpressing CD274 (PDL1) showed
higher OS, but the differences did not reach statistical
significance (p=0.120) (Figure S1). In contrast, HER2-
enriched patients with lower CTLA-4 expression signifi-
cantly decreased OS (p=0.033) (Fig. 4).

Similarly, DFS was significantly affected by larger
tumor size (p=0.004), histological grade 3 (p=0.010),
presence of necrosis (p<0.0001), low CTLA-4 expres-
sion (p=0.037) and HR-negative status (p=0.003) (Fig. 2
and Supplementary Table S5), especially in the HER2-
enriched subtype (p=0.013) (Fig. 3). Through Kaplan-
Meier curves, we also observed that patients whose
tumors had low levels of CTLA-4 showed shorter DFS
(p=0.037) (Fig. 5). Furthermore, after stratifying the
analysis by phenotypes, it was observed that decreased
CTLA-4 expression was also significantly associated with
lower DFS in HER2-enriched tumors (p=0.011) (Fig. 4).

By multivariate analyses, we demonstrated that older
age (p=0.023) and the presence of necrosis (p=0.021)
were independent prognostic factors for OS. Regarding
DFS, the presence of necrosis (p=0.025), HER2-enriched
phenotype (p=0.033), and CTLA-4 expression (p=0.031)
emerged as significant independent predictors of relapse
(Fig. 2 and Supplementary Table S5).

Discussion

Our study extensively analyzed several ICs and immu-
noregulatory pathways in a clinical series of 250 BC
patients. Most tumors overexpressed CD276 (B7-H3),
CD274 (PD-L1), and PDCDI (PD-1), while CTLA-4,
PDCDILG2 (PD-L2), JAK2, and FOXOI showed lower
expression. These results partly agree with Fang et al.
[67], who analyzed the gene expression of 50 different ICs
in BC compared to healthy tissue. They observed an over-
expression of CD276 (B7-H3) and PDCD1 (PD-1) and an
underexpression of PDCDILG2 (PD-L2), which is con-
sistent with our results. However, opposite results were
found in CTLA-4 and CD274 (PD-L1) expression. These
discordances may be due to the lack of a reference or
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standard cut-off point to define the presence or absence
of overexpression. Regarding JAK2 and FOXOI expres-
sion, our data agree with those from Liu et al. [68] and
Lallemand et al. [69], who demonstrated that both genes
were underexpressed. Therefore, our results suggest that
the expression profiles of the immunoregulatory genes
are complex and highly variable in BC.

Here, we also evaluated the association between gene
expression and clinicopathological features and phe-
notypes. Our results showed that CTLA-4 was overex-
pressed in tumors with intermediate-high proliferation
index, a high percentage of sTIL, and negative HR sta-
tus. Similarly, PDCDI (PD-1) overexpression was asso-
ciated with tumors exhibiting intermediate proliferation
and a high sTIL content. Regarding CD274 (PD-L1)
and PDCDILG2 (PD-L2), both were associated with a
high percentage of sTIL and intermediate proliferation,
respectively. JAK2 overexpression was also associated
with an intermediate proliferation index. On the con-
trary, CD276 (B7-H3) overexpression was associated
with tumors exhibiting low cell proliferation and sTIL
content. In contrast, FOXO1 overexpression correlated
with smaller tumors with histological grade 2, no lym-
phovascular invasion, and low-to-intermediate prolifera-
tive index. These findings suggest that CTLA-4, PDCDI
(PD-1), CD274 (PD-L1), and JAK2 are related to unfa-
vorable clinicopathological features in BC and that their
expression may be influenced by the presence of immune
cells in the TME.

After analyzing gene expression across different BC
phenotypes, we found significant CTLA-4 and PDCDI
(PD-1) overexpression in TN/BL and luminal B/HER2-
positive phenotypes, respectively. Additionally, luminal
A and B/HER2-negative phenotypes showed elevated
CD276 (B7-H3), JAK2, and FOXOI levels. However, no
significant differences were observed for CD274 (PD-L1)
and PDCDI1LG2 (PD-L2) compared to other phenotypes.

These results are consistent with existing literature in
BC. Initial studies by Contardi et al. [70] demonstrated
CTLA-4 expression in invasive ductal carcinomas by
immunohistochemistry. Subsequently, Mao et al. [71] and
Kassardjian et al. [72] revealed elevated levels of CTLA-
4 mRNA and protein in neoplastic tissue, as well as an
association with axillary metastases and advanced clini-
cal stages [71]. Similarly, a recent immunohistochemical
study associated CTLA-4 expression with lymph node
involvement, histological grade 3, larger tumor size, and
high proliferation index [73]. However, our clinical series
did not fully replicate these results, except for increased
Ki-67 expression. There is controversy regarding the
relationship between CTLA-4 expression and BC cell
proliferation, as reported by Navarrete-Bernal et al. [74].
Recent literature, however, supports our findings, show-
ing CTLA-4 overexpression in HR-negative tumors [75]
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Table 4 Correlation between CD276 (87-H3) and JAK2 mRNA expression and clinical-pathological variables. Chi-Square test; ‘logistic
regression

Patients CD276<1,50 CD276>1,50 OR(CI95) P JAK2<1,50 JAK2>1,50 OR(CI95) P
(n=250) (n=71)% () (n=179)% (n) (n=152)% (n) (n=98) % (n)
Ki67 Index
Low (< 15%) 66 21.2% (14) 78.8% (52) 20(1.0-40) 0.048" 57.6% (38) 42.4% (28) 16(08-29) 0.153
Intermediate (15-19%) 53 20.8% (11) 79.2% (42) 21(1.0-44) 0059°  47.2% (25) 52.8% (28) 24(12-46) 0.009"
High (> 19%) 131 35.1% (46) 64.9% (85) 1 67.9% (89) 32.1% (42) 1
% sTIL
Low (<30%) 230 26.5% (61) 73.5% (169) 04(0.1-09) 0.026 60.4% (139) 39.6% (91) 0.8(0.3-2.1) 0.688
High (=30%) 20 50% (10) 50% (10) 65% (13) 35% (7)
Molecular Subtypes
Luminal A-like 50 18% (9) 82% (41) 30(1.2-76) 0.018" 54% (27) 46% (23) 7(1.1-63) 0.023
Luminal B/HER2- 50 18% (9) 82% (41) 30(12-76) 0.018  50% (25) 50% (25) 2(13-74) 0.008"
Luminal B/HER2+ 50 40% (20) 60% (30) 10(04-22) 1.000°  58% (29) 42% (21) 3(1.0-54) 0058
HER2-enriched 50 26% (13) 74% (37) 19(0.8-44) 0.139°  66% (33) 34% (17) 6(0.7-39) 0272
Triple-negative 50 40% (20) 60% (30) 1 76% (38) 24% (12) 1
HR Status
Negative 100 33% (33) 67% (67) 1.5(0.8-25) 0.188  71%(71) 29% (29) 2.1(1.2-36) 0.007
Positive 150 25.3% (38) 74.7% (112) 54% (81) 46% (69)

Table 5 Correlation between FOXOT mRNA expression and clinical-pathological variables. Chi-Square test; logistic regression

Patients FOX01<1,50 FOX01>1,50 OR (CI95) P
(n=250) (n=171) % (n) (n=79) % (n)
Tumor size
<20 mm 124 61.3% (76) 38.7% (48) 0.5 (0.3-0.9) 0.016
>20mm 126 754% (95) 24.6% (31)
Histological grade
1 17 58.8% (10) 41.2% (7) 2.2(0.8-6.3) 0128
2 86 57% (49) 43% (37) 24(14-43) 0.002"
3 147 76.2% (112) 23.8% (35) 1
Vascular invasion
Present 92 79.3% (73) 20.7% (19) 04 (0.2-0.8) 0.004
Absent 158 62% (98) 38% (60)
Ki67 Index
Low (< 15%) 66 57.6% (38) 42.8% (28) 2.7 (14-52) 0.002"
Intermediate (15-19%) 53 56.6% (30) 43.4% (23) 2.8(14-56) 0.003"
High (> 19%) 131 78.6% (103) 21.4% (28) 1
% sTIL
Low (<30%) 230 67% (154) 33% (76) 04(0.1-1.3) 0.096
High (=30%) 20 85% (17) 15% (3)
Molecular Subtypes
Luminal A-like 50 50% (25) 50% (25) 3(.1-134) 0.001"
Luminal B/HER2- 50 56% (28) 44% (22) 1(1.6-106) 0.003"
Luminal B/HER2+ 50 70% (35) 30% (15) 3(0.9- 59) 0.101"
HER2-enriched 50 82% (41) 18% (9) 2(04-33) 0.790"
Triple-negative 50 84% (42) 16% (8) 1
Lymph Nodes Status
Positive 133 73.7% (98) 26.3% (35) 0.6 (0.3-1.0) 0.055
Negative 117 62.4% (73) 37.6% (44)
HR Status
Negative 100 83% (83) 17% (17) 34(1.9-64) <0.0001

Positive 150 58.7% (88) 41.3% (62)
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Fig. 3 Survival analysis in BC molecular subtypes for OS and DFS (Kaplan-Meier method; log-rank test)

and the presence of TILs [76], especially intratumoral
Treg lymphocytes [77, 78]. These studies agree with
the direct association of CTLA-4 expression with genes
involved in leukocyte differentiation and T-cell activation
[75]. Nevertheless, Catacchio et al. [79] found no correla-
tion between CTLA-4 levels and the TIL presence (stro-
mal vs. intratumoral), reflecting BC heterogeneity. Our
findings are corroborated by our previous in vitro studies,
which show intrinsic expression, particularly in TN/BL
cell lines [23]. Furthermore, some authors have proposed
that CTLA-4 activation in neoplastic cells correlates with
cell adhesion, drug metabolism, and ion and amino acid
transport [74]. Considering all these data, CTLA-4 may
be a crucial IC in the etiopathogenesis of TN/BL tumors.

Few studies have evaluated the significance of PDCD1
(PD-1) in BC. They reported elevated PDCDI (PD-1)
mRNA levels in neoplastic tissue compared to healthy
tissue and associations with a lower clinical stage [80, 81],
a minimal expression in neoplastic cells without appar-
ent correlation with other clinicopathological character-
istics [82], or a relation with histological grade 2—3 [83].
Additionally, the high mRNA expression observed in
the peripheral blood of BC patients [80, 84] may reflect
an active systemic anti-neoplastic response. Most stud-
ies have focused on analyzing its expression in TILs,
showing association with larger tumors, higher grade,
lymph node involvement, absence of ER, and elevated
Ki67 expression [85]. Our results align with those of Ren
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et al. [25] and Muenst et al. [85], who observed a direct
relationship between increased proliferation, no distant
metastasis, and a higher percentage of PD-1-positive
TILs in luminal B/HER2-positive tumors. Similarly, Fang
et al. [84] reported increased PDCDI (PD-1) expression

in samples with a higher proportion of PD-1-positive
TILs in luminal B/HER2-positive tumors. Interestingly, in
peripheral blood samples from patients with PR-positive
tumors, PDCD1 (PD-1) levels were higher than HER2-
positive tumors. It is known that hormones induce PD-1
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expression in various immune cells, including macro-
phages, dendritic cells, and B lymphocytes [86]. The rela-
tionship between PD-1 expression and TILs in the TME,
as described by other authors [79, 87, 88], was expected,
given its involvement in lymphocyte activation and leu-
kocyte migration [88]. Indeed, several investigators have
demonstrated the association of PD-1 with intratumoral
and stromal CD8+T cells, neutrophils, and fibroblasts
[79, 88]. Although the intrinsic expression of PDCDI
(PD-1) in BC has not been extensively studied in clinical
series, existing data suggest stability across different BC
cell lines [23] and overexpression in HER2-enriched and
TN/BL phenotypes [89]. Discrepancies arise regarding its
correlation with ER levels, with some studies showing no
association [81]. These discrepancies may be due to the
limited number of cases analyzed by these authors, as the
methodology applied was similar. In addition, it is plausi-
ble that our results might be influenced by immune cells
within the TME.

Regarding CD274 (PD-L1) expression, literature is
scarce and contradictory. Uhercik et al. [81] found no
association between mRNA levels and clinicopathologi-
cal features. In contrast, Schalper et al. [90] observed
an association with a high percentage of TILs, consis-
tent with our findings. Conversely, Sabatier et al. [91]
reported overexpression in larger tumors, histological
grade 3, HR-negative status, and high Ki-67 expression.
PD-L1 protein expression revealed associations with
younger age, larger tumor size, and high Ki-67 expres-
sion. Furthermore, several researchers noted associations
with a high percentage of TILs [79, 92-95]. However,
contradictions exist regarding associations with histo-
logical grade, lymph node involvement, necrosis, and HR
expression [92, 93, 96—-98]. These discrepancies may be
due to subjective interpretation, differences in statistical
cut-off points, or technical problems. Additionally, it is
noteworthy that the anti-PD-L1 antibody used in these
studies (E1L3N - Cell Signaling Technology) is not FDA-
approved for BC.

Currently, the only FDA-approved anti-PD-L1 antibod-
ies as companion tests in metastatic TN/BL BC are SP142
(Ventana/Roche) and 22C3 (Dako/Agilent), which select
patients for treatment with atezolizumab and pembroli-
zumab, respectively. These antibodies are based on differ-
ent clones, staining protocols, detection platforms, and
scoring algorithms, with distinct cut-off points for result
interpretation. They also vary in sensitivity, targeting
tumor cells (22C3) or immune cells (SP142) and recog-
nizing specific PD-L1 epitopes, resulting in unique stain-
ing patterns. Therefore, considering all of these, there are
questions about whether the tests can further influence
PD-L1-positive cell identification or whether it can be
independently selected when making treatment decisions
involving PD-1 and PD-L1 inhibitors [99]. Therefore,
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quantifying gene expression might offer an alternative
approach. However, robust studies and clinical trials are
needed to validate the use of molecular technology for
evaluating PD-L1.

On the other hand, PDCD1LG2 (PD-L2) has been rela-
tively underexplored in BC compared to CD274 (PD-L1).
Only one study has examined its expression by immu-
nohistochemistry. The authors observed an association
with younger patients (<50 years), positive lymph node
status, and ER-negative tumors [96]. However, these find-
ings were not observed in our clinical series, likely due to
methodological differences, which made the results not
comparable.

Previous molecular studies have also highlighted
CD276 (B7-H3) overexpression in neoplastic tissue com-
pared to healthy counterparts, with some expression also
observed in stromal cells [100]. Immunohistochemical
studies have detected expression in the membrane and
cytoplasm of neoplastic cells [100-103]. Additionally,
this IC is expressed in circulating neoplastic cells of BC
patients, regardless of disease stage [104]. In accordance
with our results, Kim et al. [105] found an association
with lower sTIL density, mainly CD8+T lymphocytes.
However, there are still contradictory results, as other
studies showed an association with larger tumor size,
lymphovascular invasion, lymph node involvement, and
advanced clinical stages [100, 106], correlations with
smaller tumor size and low microvascular density [101]
or no significant association [102].

Regarding the BC subtype, our data agree with other
authors who reported a correlation between HR-positive
status and the absence of HER2. However, this associa-
tion was not significant, probably because of the limited
number of cases analyzed [100]. Recently, we reported
intrinsic expression of CD276 (B7-H3) in luminal cell
lines [23]. Conversely, Kim et al. [105] reported signifi-
cant B7-H3 overexpression in the TN/BL phenotype.
These discrepancies could be explained by the existence
of two isoforms of the protein, potential post-transla-
tional modifications, or the ability to bind to different
receptors, which remains unknown [107, 108]. Hence,
the role of B7-H3 in BC may vary depending on the
pathophysiological context. Therefore, further studies
with more extensive series are necessary to better define
its role among BC subtypes.

Our data on JAK2 agree with those of Liu et al. [68],
who described its underexpression in BC compared to
that of healthy tissue and other neoplasms. This study
also reported a correlation between high mRNA lev-
els and age<50, smaller tumor size, early clinical stage,
and PR expression. Immunohistochemistry studies have
confirmed its association with a higher density of TILs,
mainly T and B lymphocytes, macrophages, neutrophils,
and dendritic cells [109, 110]. The published data are



Montoyo-Pujol et al. Cancer Cell International (2024) 24:371

also consistently associated with luminal B/HER2-nega-
tive tumors [68, 111]. These results are congruent, given
the association of JAK2 signaling through the prolactin
receptor (PLR) with an increased risk of developing lumi-
nal tumors [112-114]. Indeed, the PLR/JAK2/STAT5
pathway plays a significant role in the pathogenesis of
some neoplasms in murine models [115].

Furthermore, JAK2 has been involved in the mecha-
nisms of resistance to tamoxifen, a selective ER modula-
tor used in treating luminal phenotypes [50]. Collectively,
these data suggest that JAK2 plays a crucial role in the
development of luminal tumors and the acquisition of
resistance to hormone treatment. However, since our
findings have only been partially corroborated and there
is limited published data, further studies are necessary.

Finally, FOXO1I expression in BC exhibits variability
[69], with inconsistent association across different BC
subtypes. While some studies, including ours, show a
significant correlation with smaller tumor size, negative
lymph nodes, HR-positive status, and HER2-negative
expression [56, 116], other studies show associations only
with negative PR, HER2 expression, and elevated Ki-67
[69]. Furthermore, FOXO1 may promote or repress ER
and PR functions in BC, depending on the cellular con-
text [117-120]. Recent findings suggest that FOXOI
expression is modulated by the transcription factor E2F1
[121], associated with tamoxifen resistance [122]. There-
fore, these data highlight the complex role of FOXOI in
the pathogenesis of luminal phenotypes and emphasize
the need for further research to define its role in this
molecular subtype.

Regarding patients’ outcomes, none of the genes of
interest showed significant association with OS in our
study. However, we observed a trend suggesting that
patients with tumors overexpressing FOXOI had longer
OS, consistent with its correlation with favorable clinico-
pathological features. Nonetheless, while several studies
indicated that FOXO1I expression may modulate progres-
sion and metastasis in BC [123, 124], this has not been
confirmed by Lallemand et al. [69].

Concerning DFS, we observed fewer recurrences when
tumors overexpressed CTLA-4, which was shown as an
independent prognostic factor in BC patients. Our results
agree with a recent molecular study [67], although oppo-
site results have been published [73, 125, 126]. These dis-
crepancies may be partially attributed to methodological
differences (mRNA vs. protein expression) or data inter-
pretation. For instance, Yu et al. [125] evaluated CTLA-4
protein expression in tumor cells and TILs. They found
that high CTLA-4 expression in TILs correlated with a
better prognosis, whereas its positivity in tumor cells was
associated with a worse outcome. Therefore, our results
might be influenced by CTLA-4-positive TILs in TME.
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The analysis of OS and DFS based on CTLA-4 expres-
sion levels, stratified by phenotype, revealed an asso-
ciation with favorable prognosis in patients with
HER2-enriched tumors. Similarly, it has also been asso-
ciated with improved survival, particularly in TN/BL
tumors [67, 75]. On the contrary, CTLA-4 overexpres-
sion, at both mRNA and protein levels, has been linked to
poorer OS and DFS [125, 127]. These contrasting results
suggest a significant role for CTLA-4+TILs in this tumor
subtype. Nonetheless, further independent studies are
necessary to confirm these findings.

Studies in animal models have demonstrated that anti-
CTLA-4 treatment promotes T-lymphocyte activation
and neoplastic cell eradication [128, 129]. Consequently,
investigation into two humanized monoclonal antibodies
targeting CTLA-4 (ipilimumab and tremelimumab) have
been undertaken in different clinical trials. In a phase I
trial, tremelimumab was evaluated with exemestane in 26
patients with advanced luminal BC, where 42% (11/26)
exhibited stable disease for at least 12 weeks [130]. More-
over, increased levels of CD4+and CD8+ T-lymphocytes
and reduced Treg were observed peripherally [130].
Similar results were noted in a pilot study combining ipi-
limumab with cryoablation in 19 patients with early BC
[131].

In contrast, the phase II clinical trial NCT02536794
(registration date 2015-Sept-01) assessed the efficacy
of the combined durvalumab (anti-PD-L1) and treme-
limumab treatment in 18 patients with luminal or TN/
BL metastatic BC [132]. Preliminary results indicated
clinical benefit in 71% of patients with TN/BL tumors,
although the study was discontinued because the objec-
tive response rate (ORR) did not meet the required cri-
teria. Currently, several clinical trials are ongoing in
patients with TN/BL tumors, exploring the combination
of nivolumab (anti-PD-1) and ipilimumab with cryoab-
lation, radiotherapy, or oncolytic viruses, as well as dur-
valumab and tremelimumab alone or in combination
with nab-paclitaxel and neoantigen vaccines. However,
their preliminary results are awaited.

Conclusions

In conclusion, our findings suggest that CTLA-4, PDCDI
(PD-1), CD274 (PD-L1), and PDCDILG2 (PD-L2)
expression correlates with unfavorable clinicopatho-
logical characteristics, while CD276 (B7-H7), JAK2 and
FOXO1I expression may not directly contribute to BC
aggressiveness. Paradoxically, our data indicate that
CTLA-4 expression is a significant independent favorable
prognostic factor for DFS in BC patients, particularly in
the HER2-enriched subtype. These results support the
hypothesis that the expression of immunoregulatory
genes depends on tumor phenotype and may hold clini-
cal implications in BC patients.
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