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Abstract

Objectives: This study aimed to investigate the protein
expression of programmed death ligand 1 (PD-L1) in
breast cancer (BC) tissues and link this data with estrogen
status, the expression of interferon regulatory factorl
(IRF-1), and CD8+T lymphocyte infiltration by immu-
nohistochemistry (IHC). We also attempted to identify
the association between PD-L1 expression, the cell
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proliferation index marker (Ki67), and lymph node
involvement.

Methods: One hundred and fifty formalin-fixed and
paraffin-embedded (FFPE) blocks of breast tissue were
acquired from Sudanese females via The National Public
Health Laboratory. FFPE blocks were subjected to an-
tigen/antibody detection by IHC with antibodies raised
against PD-L1, IRF1, and CDS8. These data were
analyzed alongside data extracted from medical records
relating to estrogen receptor (ER) status, Ki67 index, and
lymph node (LN) status.

Results: THC analysis revealed a significant association
between PD-L1 and CDS8 (p = 0.010). In addition,
regression analysis indicated the ability of IRF1 to induce
PD-L1 expression levels in IRF1-positive cases that were
two-fold higher than IRF1-deficient cases (odds ratio
[OR]: 2.441 p = 0.035). Analysis also suggested that PD-
L1 exerts impact on cell proliferation, as reflected by the
Ki67 index. An independent t test showed that higher
Ki67 scores were more frequent among PD-LI1-positive
patients than in PD-Ll-negative patients (t = 2.608
p = 0.014). There was an inverse association between PD-
L1 and ER status; ER-positive tumors exhibited negative
PD-L1 expression and vice versa (p = 0.04). Furthermore,
we investigated the prognostic value of PD-L1 by eval-
uating the association between PD-L1 and LNs dispersed
variably with tumor cells; there was no statistically sig-
nificant relationship between these factors (p > 0.05).

Conclusion: The expression of PD-L1 and IRF-1, along
with the infiltration of CD8, represents a potent panel of
biomarkers with which to identify BC patients with the
highest probabilities of achieving an excellent response to
immune therapy, particularly when taking ER status into
account, as ER expression levels are known to be high
when immune checkpoint blockers (ICBs) generate a
poor response.

Keywords: Breast cancer; CDS infiltration; ER; Immuno-
therapy; IRF1; PD-L1

© 2023 The Authors. Published by Elsevier B.V. This is an
open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction

Breast cancer (BC) is the most common cancer in women,
and recent therapeutic advancements have led to the devel-
opment of individualized and targeted medicines that halt
disease progression and prolong the lives of patients.l Cancer
immunotherapy, particularly the use of immune checkpoint
blockers (ICBs), has emerged as a crucial area of research,
with programmed death ligand 1 (PD-L1) garnering
significant levels of research attention due to its association
with different subsets.”

However, immune modulation has shown limited efficacy
in patients with hormone receptor-positive BC, with

significant responses primarily observed in cases of triple-
negative breast cancer (TNBC). In TNBC, single-agent
checkpoint inhibition yielded a response rate of approxi-
mately 5—24%, while patients with estrogen receptor (ER)-
positive breast cancer showed an overall response rate of
12% or less.” ° Therefore, the PD-1/PD-L1 axis is consid-
ered an important target for breast cancer irnmunotherapy.7
Increased levels of PD-L1 expression have been detected in
inflammatory breast cancers (IBCs), ER-negative breast
cancer, PR-negative breast cancer, basal tumors, and triple-
negative breast cancer.”

In addition, survival patterns are known to vary
depending on the type of immune infiltration and ER status.
Tumors with low ER receptor expression but a high infil-
tration of CD8+ T lymphocytes and activated memory T
cells are associated with a lower probability of relapse,
whereas in ER-positive tumors, the presence of macrophages
is correlated with a poor prognosis.q

Tumor growth creates an inflammatory environment that
attracts a variety of immune cells, including CD8-cytotoxic
lymphocytes. These lymphocytes play a key role in the
expression of PD-L1, and this expression is drived by the
release of interferon-gamma (IFN-v) 0" from activated
lymphocytes, such as CD8 and CD4 T cells and natural
killer (NK) cells.'

IFN-y-stimulated cells express high levels of interferon
regulatory factor-1 (IRF-1), a potential transcription factor
responsible for PD-L1 expression (IRF-I).12 Moreover, the
involvement of IFN-y in the expression of PD-L1 is trig-
gered by activation of the JAK/STAT]1 pathway, thus lead-
ing to the release of IRF-1.1371

IRF-1, a potent transcription factor, binds to the pro-
moter region of PD-L1, thus resulting in mRNA synthesis
and subsequent protein expression in the A549 human lung
carcinoma cell line within 45 min of treatment with IFN-v. 10
In addition, the JAK/STATI1/IRF-1 pathway has been
correlated with prognosis and the levels of immune infiltra-
tion levels in breast cancer. However, there is a need to
describe the tumor microenvironment fingerprint of breast
cancer and investigate whether ER status affects this
signaling cascade (15).

This study aimed to use immunohistochemistry (IHC) to
investigate the expression levels of PD-L1 and IRF-1, along
with the infiltration of CD8 lymphocytes, in cases of breast
cancer with a known ER receptor status. In addition, we
attempted to shed light on the impact of PD-L1 expression
on cell proliferation, as reflected by the Ki67 index.
Furthermore, we attempted to verify the potential of PD-L1
to enhance metastasis by studying its association with LNs.

Materials and Methods

This was a retrospective case study conducted in the
National Public Health Laboratory, Khartoum, Sudan, be-
tween January 2019 and December 2021.

In total, 150 formalin-fixed and paraffin-embedded
(FFPE) breast tissue blocks were acquired from Sudanese
females who visited medical facilities and were diagnosed
with breast cancer. The blocks were sectioned into 3 pm
thickness ribbons and stained with Hematoxylin and Eosin.
Additional sections were used for subsequent THC tests with
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an anti-CD8 mouse monoclonal antibody (Dako 32-M4), an
anti-PD-L1mouse monoclonal antibody (73-10, Abcam,
UK), and an anti-IRF-1 rabbit polyclonal antibody
(A15842, AbClonal). Positive PD-L1 expression in the
cytoplasm and/or cellular membrane was evaluated and
correlated with previously available data relating to lymph
node metastasis and Ki67 scores.

Immunohistochemistry

The positivity of PD-L1 was determined by a system that
quantified the proportion and intensity of positivity using the
histo-scoring system (H-score), a system that classifies cells
by staining intensity and cellular density. Using this system,
expression levels were classified into two groups according to
a cut-off point of 100: scores of 0—99 represented negative
expression while scores of 100—300 represented positive
expression.'® Scoring was assessed virtually using QuPath
0.3.2 software. Qu-Path0.3.2: https://qupath.github.io.

Samples were screened and relevant fields were captured
by a Leica microscope; then, the images (or events) were
imported into Qu-path0.3.2 software which sorted the
stained cells according to DAB intensities (+1, +2, and +3);
then, the software calculated the H-score for each event.

For CD8 T cell scoring, five randomly selected fields were
scored; cells with a score of up to 25 were classified as +,
those with a score of 26—50 were classified as ++, and those
with a score >51 were classified as +++. A score of 25
represented low TILs infiltration while a score of >25 was
considered as high TILs infiltration.

IRF-1 staining was qualitatively validated as either posi-
tive or negative. In addition, data relating to ER status,
Ki67, and LN metastasis were collected from the primary
medical records accompanying each case.

Statistical tests

Data were analyzed by SPSS-version 20 (IBM, New
York, United States), including cross-tabulation, regression,
independent T-tests, and one-way analysis of variation
(ANOVA). In all analyses, a two-tailed P value < 0.05 was
deemed statistically significant.

In this study, we aimed to identify the pattern of associ-
ation between PD-L1 expression and the ER receptor. In
addition, we hypothesized that mean PD-L1 scores were
variably distributed between ER + BC cases; for these ana-
lyses, we used one-way ANOVA.

With regards to immune cell infiltration into the tumor
milieu, we investigated the association between CDS8 T-
lymphocytes and IRF-1 levels, ER status, Ki67 index and
PD-L1; for these tests, we used Pearson’s correlation with a
significance value < 0.05.

In addition, the effect of IRF1 on PD-L1 expression was
validated by a binary regression test with 95% confidence
intervals (CIs). When EXP (B) or the odds ratio (OR) was
<1, then an increase in the variable corresponded to a
reduction in the odds of the event’s occurrence, and vice versa.

Next, we ascertained whether Ki67 scores would vary
among PD-L1 groups (+/—); we hypothesized that PD-L1
expression would increase cell proliferation indices (as re-
flected by Ki67 scores) and accelerate tumor growth, whereas

PD-L1-deficient tumors would predominantly exhibit low
Ki67 scores. To test this hypothesis, we performed an inde-
pendent sample T-test, estimated the mean difference (M)
with a 95% CI, and classified the tumors into two groups
based on PD-L1 expression verified against Ki67 levels.

Finally, we investigated nodal involvement with tumor
cells to identify further relationships that might link PD-L1
expression to the prognosis of disease. This relationship
was statistically verified by cross-tabulation (the X? test) on
70 instances with comprehensive descriptions of nodal status;
relevant clinical data were extracted from patient medical
records.

Abbreviations: BC, Breast cancer; ER, Estrogen receptor; HER2,
Human epidermal growth factor receptor-2; ICB, Immune check
blockers; ICIs, Immune Checkpoint Inhibitors; IDC, Invasive
ductal carcinoma; ILC, Invasive lobular carcinoma; FFPE,
Formalin-fixed paraffin-embedded; PD-1, Programmed death-1;
PD-L1, Programmed death ligand-1; PR, Progesterone receptor;
TILs, Tumor infiltrating lymphocytes; TNBC, Triple Negative
Breast Cancer.

Results

Of the 150 breast cancer cases; 85 patients were negative
for estrogen receptor (56.7%) while 65 patients were positive
(43.3%). Forty-three of the 150 patients showed positive PD-
L1(CD274) expression in their tumor cells (28.7%; 43/150).
In addition, we identified an association between these two
markers in that there was a significant negative correlation
between ER and PD-L1 expression, thus highlighting the
possible antagonizing effect of upregulation of the ESRI
gene on the expression of PD-L1 within the ER+ subset of
BC patients. Table | shows the distribution and correlations
between PD-L1 and ER expression. Figure 1 presents optical
and density differences in PD-L1 expression according to
different ER + BC subtypes.

Moreover, we identified a significant difference in the
distribution of PD-L1 scores between ER + BC patients
(p = 0.026). Mean difference analysis showed that the lower
the ER expression, the higher the PD-L1 expression; this
may point towards the antagonizing effects of ER on PD-L1.
Figure 2 shows the negative association between ER status
and PD-L1 scores. It is apparent that the PD-L1 score was
reduced in ER-positive cases. The highest PD-L1 scores were
detected in negative ER cases while the lowest PD-L1 scores
were detected in positive ER cases.

With regards to the associations between CD8 and other
biomarkers, we found that CDS8 infiltration, IRF-1

Table 1: Association between the ER subset and PD-L1 in BC.

PD-L1 P-value
Negative Positive
ER Negative 55 (64.7%) 30 (35.3%) 0.040
Positive 52 (80%) 13 (20%)
Total 107 (71.3%) 43 (28.7%)
Spearman’s roh —0.168
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Figure 1: Expression of PD-L1 in Different Subsets of Breast Cancer according to Estrogen Receptor Status. A: PD-L1 expression in ER-
negative Breast Cancer. B: PD-L1 expression in ER-positive Breast Cancer.
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Figure 2: Reduction in the Mean PD-L1 Scores in the ER-positive Subset of BC Patients when Compared ER-negative Patients.

Table 2: Correlations between CD8 and PD-L1, IRF-1, ER
and Ki67.

IRF1 PD-l11 ER Ki67

CD8 Spearman’s-rho Correlation 0.299° 0.209* —0.039 0.110
Significance (2-tailed) 0.005 0.010 0.632 0.549
Number 150 150 150 32

# Correlation is significant at the 0.05 level (2-tailed).
® Correlation is significant at the 0.01 level (2-tailed).

expression, and PD-L1 expression, were in consensus, while
ER exhibited a non-significant negative correlation. Ki67
presented with a non-significant association with lympho-
cytic infiltration. Table 2 presents the correlations between
CDS8 and these markers.

A binary regression test was used to investigate the effect
of IRF1 on PD-L1 expression. We found that patients who

Table 3: IRF1 as a risk factor for PD-L1 expression.

Variable EXP(B). 95% CI P-value
Or (Odd ratio) Lower T —
IRF1 2.441 1.063 5.603 0.035

EXP(B): Exponential Value or the Odds Ratio; CI: Confidence
Interval.

were positive for IRF1 were 2.441-fold more likely to express
PD-L1 than patients who were negative for IRF1, with a
95% CI of 1.063—5.603. These findings are shown in Table 3.

With regards to the mean difference in the distribution of
Ki67 scores among PD-L1 groups, we identified a significant
difference in the mean scores of Ki67 in the PD-L1-negative
group of tumors when compared to PD-L1-positive tumors
(p = 0.014); the ¢ value was —2.608, thus implying that the
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Table 4: Mean Ki67 scores among PD-L1-negative/positive
groups.

PD-L1 Number M SD t df P-value
Ki67 Negative 27 222 21.0 -2.608 30 0.014
Positive 5 48.0 14.8

M (Mean), SD (standard deviation), t (the computed test sta-
tistic), df (degrees of freedom).

Table 5: Distribution of PD-L1 expression according to nodal
status in breast cancer.

PD-L1 Total P value
Negative Positive
LN NO Count 10 11 21 0.13
% Within LN 47.6% 52.4%  100.0%
N1 Count 18 5 23
% Within LN 78.3% 21.7%  100.0%
N2 Count 9 4 13
% Within LN 69.2% 30.8%  100.0%
N3 Count 10 3 13
% Within LN 76.9% 23.1%  100.0%
Total Count 47 23 70
% Within LN 67.1% 32.9%  100.0%

NO: No regional lymph node metastasis.

N1: Metastases in 1—3 axillary lymph nodes.

N2: Metastases in 4—9 axillary lymph nodes.

N3: Metastases in 10 or more axillary lymph nodes.

mean Ki67 score in the PD-L1-positive group was 2.608-fold
higher than that in the PD-L1-negative group. Thus, tumor
populations lacking PD-L1 expression had lower Ki67 scores
than the PD-L1-positive group. Table 4 shows Ki67 scores
according to PD-L1 groups.

In the context of lymph node status and PD-L1 expres-
sion, the highest expression rates of PD-L1 were detected in
11 nodes with free metastasis; there was frequent (but non-
significant) reduction in PD-L1 expression when nodes
were more involved with tumor cells. Thus, there was no
significant association between PD-L1 expression and nodal
involvement. Table 5 shows the distribution of PD-LI
expression according to nodal status. Table 5 shows the
distribution of PD-L1 expression between lymph nodes.

Discussion

Breast cancer (BC) is a leading cause of cancer-related
deaths in women worldwide. The classification of different
subtypes of invasive breast cancer are defined by expression
levels of the estrogen receptor (ER), progesterone receptor
(PR), human epidermal growth factor (HER2), and Ki67
levels.'”

In this study, we compared PD-L1 expression in ER-
positive patients with ER-negative breast cancer patients
and evaluated the correlation between dual expression. We
found that ER expression was inversely associated with PD-
L1 expression, thus indicating the antagonizing effect of ER
expression on the upregulation of CD274. These findings are
consistent with the findings of a previous study conducted by
Shuai et al.,, who reported that a high degree of estrogen
receptor expression reduced PD-1/PD-L1 expression and

CD8+ T cell infiltration by reducing Th17 cell infiltration
and IL-17 signaling transduction.'’

PD-L1 expression is regulated by numerous signaling
pathways via transcription and mRNA synthesis; the tran-
scription factors IRF1 and IFN have been identified as the
primary drivers of PD-L1 expression.'® When considering
the cross talk between IRF-1 and PD-L1, we detected
rhythmic co-expression in the tumor milieu; this finding was
consistent with previous findings reported by Yan et al., who
found that IFN-gamma upregulated IRF-1 which subse-
quently increased the expression levels of PD-L1 mRNA and
protein in both mouse and human hepatocellular carcinoma
(HCC). Although the pivotal role of IRF-1 is to upregulate
PD-L1, IRF-1 can also prevent IRF-2 from binding to the
interferon regulatory element IRE promoter element in PD-
L1, thus increasing regulatory activity of the PD-L1 pathway
and generating therapeutic effects in HCC."

Similar expression patterns were previously reported by
Shao et al., who reported the potential of CDS8 cells to reduce
tumor growth in IRF1-deficient tumor cells in MC38 and
CT26 colon carcinoma and a mouse model of B16 mela-
noma. IRF1-deficient tumor cells lost their ability to upre-
gulate PD-L1 and showed no expression in vitro or in vivo,
making them more vulnerable to T cell-mediated cell death;
the induced restoration of PD-L1 expression rescued this
situation and restored tumor growth.ls‘20

Usually, patients with PD-L1-positive CD8+ T cells and/
or tumors with a high mutational burden are considered
suitable candidates for PD-1/PD-L1-targeted therapy.’ Since
CDS plays a crucial role in responses to ICB, most probably
by controlling the expression of PD-L1, we attempted to
explore the association between CDS8 and other biomarkers,
including IRF1, ER, and Ki67. Pooled data extracted from
1084 studies from the cBioPortal-TCGA and the PanCancer
Atlas’"?* were used to investigate the correlations between
CDS8, IRF1, Ki67, and ER mRNA. Analysis detected a
significant positive correlation between CD8 and IRF1
(p = 0.01); this was in agreement with our present findings.
The same data repository identified a significant negative
correlation between CD8 and ER; a similar result was
reported by Shuai et al. in 2020 who detected the high
expression of CDS8 in cases of ER-negative BC with
advanced grades, a feature that contributed to high survival.'”
Our analysis also identified a negative correlation between
CDS8 and ER status, although this was not significant; this
may be due to the small sample size in our study.

A previous study by Spathas et al. investigated the linkage
of TILs to clinical outcomes in BC and found that the infil-
tration of CD8 was correlated to a higher Ki67 index.”>**
Our present analysis found no evidence to support this
correlation; this contradiction might be justified by the
small number of samples with Ki67 data that were
available for analysis.

In an attempt to investigate the variation in proliferation
index according to different PD-L1 expression levels in BC
tissues, we detected a significant association and correlation
between PD-L1 expression and the Ki67 index, as well as a
significant and variable distribution of Ki67 scores among
PD-L1-positive and PD-L1-negative samples. Furthermore,
we determined that tumors with prominent PD-L1 expres-
sion exhibited high levels of proliferation and vice versa, thus
indicating that PD-L1 expression can exacerbate tumor
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growth, thus necessitating the use of ICB regimens. Our
findings concur with those of Evangelou et al’%
furthermore, Rubino et al. reported that patients with
tumors that are Ki67+4/PD-L1+ have a lower overall sur-
vival rate when compared to patients with other tumors with
variable Ki67/PD-L1 expression levels.”

With regards to nodal involvement, tumor cells and PD-
L1 expression, we found no association between the num-
ber of nodes infiltrated with cancer cells and PD-L1; this
finding did not agree with the previous findings of Yuan
et al., who reported that PD-1/PD-L1 positivity in metastatic
lymph nodes was correlated with a poor prognosis, including
a high Ki-67 index, a higher TNM stage, numerous meta-
static lymph nodes, and a high histological gralde:.24’2(”27

Conclusion

To the best of our knowledge, this is the first study to
report PD-L1 expression levels in Sudanese women with
breast cancer. We focused on a local population in order to
identify the best candidates who might benefit from ICB
therapy whenever it is accessible.

Based on the findings presented herein, we realize that the
primary subsets of breast cancer with prominent estrogen
levels may limit the efficacy and potential of ICBs, particu-
larly those targeting PD-L1, simply because estrogen tends to
antagonize the upregulation of PD-L1. On the other hand,
the tumor milieus characterized by an abundance of CDS§
cells, which subsequently triggers the expression of IRF1 and
PD-L1, appear to be sufficient to assign patients for ICB
therapy, particularly when the patient is deficient of ER but
has a high mitotic index.

It is very common for primary subsets of BC patients to
have a good prognosis, but it is also very common for these
primary subsets to change drastically and aggressively over
very short periods of time. This may be underlined by PD-L1
expression, which on the one hand would facilitate tumor
cells to evade immune surveillance and maintain their mitotic
activity; however, on the other hand, this may increase the
mutational burden of the disease. Further research with
larger sample sizes needs to investigate the specific associa-
tions between PD-L1 and lymph nodes. In addition, based
on what we have observed in the present research, molecular
studies targeting PD-L1 mutational levels are required as
some tumors were negative for PD-L1 despite being infil-
trated by CD8 and being positive for IRF1.
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