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Abstract Triple-negative breast cancer (TNBC) is a subtype of breast cancer with unmet

medical needs. Several studies have proved that high levels of tumor infiltrating lymphocytes

(TILs) at diagnosis of TNBC confer better prognosis and patients respond better to specific

chemotherapies. Nonetheless, current evidence suggests that only 15% of TNBC patients have
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very high levels of TILs, and another 15% lacks TILs. One possible reason to explain why pa-

tients have low TILs at diagnosis is that lymphocytes might be deactivated by an immune

checkpoint in local lymph nodes, provoking their retention in there as they are unresponsive

to other immune stimuli.

We have identified 15 high TILs (�50%) and 20 low TILs (�5%) TNBC patients with loca-

lised tumour (T1c-T2N0M0) and compared the protein expression of five immune checkpoints

in lymph nodes. We have also performed a customised 50-immune gene NanoString expres-

sion panel, the NanoString 360 Breast Cancer panel, and whole exome sequencing for muta-

tion and neoantigen load analyses.

In low TILs, we observed higher expression of CTLA-4 in local lymph nodes, which could

explain why lymphocytes get retained in there and do not migrate to tumour. These patients

have also higher neoantigen load and higher expression of B7.H3 and B7.H4 in the tumour. In

high TILs, we observed more PD-L1þ tumour cells and more expanded humoral response.

These results could provide a strategy to revert low tumour immune infiltration at diagnosis

of TNBC, improving their prognosis.

ª 2021 Elsevier Ltd. All rights reserved.
1. Introduction

Triple-negative breast cancer (TNBC) is a poor prog-

nosis breast cancer subtype, with chemotherapy being

the backbone of treatment. However, over the last years,

immune checkpoint inhibitors have demonstrated to

play a significant role in the treatment of metastatic

TNBC. Atezolizumab (an antiePD-L1 monoclonal

antibody) and pembrolizumab (an anti-PD-1 mono-

clonal antibody) have shown to improve progression-
free survival in patients with PD-L1 positive tumours

[1e3]. In early TNBC, pembrolizumab added to neo-

adjuvant carboplatin and taxane-based therapy has

shown a significant improvement in pathological com-

plete responses, irrespective of PD-L1 expression [4].

Thus, PD-L1 is a predictive biomarker used to select

immune-based treatment in patients with metastatic

TNBC, but not in the early setting.
Tumor infiltrating lymphocytes (TILs) is one of the

strongest potential biomarkers for TNBC patients. The

first studies usually established a cut-off of 50% or

higher [5,6] as a good prognosis marker, but a recent

pooled analysis published in 2019 [7] demonstrated a

great benefit with TILs �30% in localised, node-negative

TNBC. Many studies have proved that the presence of

TILs predicts response to neoadjuvant [7e11] treat-
ments, and that patients have better prognosis in terms

of higher PFS and OS [5e13]. Unfortunately, only 15%

of TNBC patients present �50% of TILs at diagnosis,

and around 15% lacks TILs [14].

Lymph nodes (LN) are secondary lymphoid organs

of the immune system. They are removed during breast

cancer surgery to study for potential metastasis, as they

are usually the first place of tumour dissemination. Their
function is to provide a specific immune response to

infections or tumour growth that occur in the sur-

rounding tissues. Only a few researchers have studied
the immune cell population in LN of breast cancer pa-

tients and correlated with prognosis [15e18]. One of

these studies, done by Kohrt et al. [15], observed a

decrease of CD4 and CD8 and an increase of CD1a in
tumour-free axillary and sentinel LN of breast cancer

patients in comparison to controls, and that increased

levels of axillary CD4 T cell and CD1a dendritic cell

population levels highly correlated with better disease-

free survival.

However, why some breast tumours are infiltrated by

immune cells while others do not is not well known.

Understanding this lack of tumour immune infiltration
in some patients at the time TNBC is diagnosed might

be of great help to optimise therapeutic strategies. In

this study, we hypothesised that lymphocytes could be

deactivated or not fully activated at the tumour-draining

LN by one or several immune checkpoints, provoking a

retention of anergic lymphocytes because they are un-

able to migrate to the tumour. In addition, we explored

gene expression and mutational and neoantigen load
status in these patients.

2. Methods

2.1. Patients and samples

Samples and data from patients included in this study

were obtained from the Pathological Anatomy Depart-

ment of Vall d’Hebrón Hospital and the BioBank

Hospital Ramón y Cajal-IRYCIS (PT13/0010/0002),

integrated in the Spanish National Biobanks Network,

and they were processed following standard operating

procedures with the appropriate approval of the Ethical
and Scientific Committees. The inclusion criteria were

TNBC patients with localised tumours (>10 and

�50 mm) with no LN or other organ affected (T1c/

T2N0M0), who did not receive neoadjuvant treatment.
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The exclusion criteria were patients with intermediate

TILs (>5% and <50%, scored following the latest

published guidelines [19]), and the unavailability of tu-

mours or LNs in formalin-fixed paraffin-embedded

(FFPE). Why we decided to select more than 50%

compared to lower than 5% was to include both ex-

tremes from the TILs spectrum (something like enriched

versus null TILs). In patients who underwent lympha-
denectomy, we chose a LN from the first level with the

largest number of germinal centres (GCs). We consider

that the most active LN was the closest to the tumour,

and counting GCs was a simple approach to measure

immune activity. Informed consent was obtained only in

patients whose surgery was performed after 2007 or

when a blood sample was needed for whole exome

sequencing (WES), according to local institutional re-
view board requirements.

We cut slides from tumour and LN for immunohis-

tochemistry (IHC) and gene expression. For WES, we

selected tumour samples of all patients, and asked for a

fresh blood sample as a normal control. For patients

unable to give a blood sample, we used their LN because

it did not have metastases. We assessed the quality and

quantity of DNA to evaluate patients’ eligibility for this
test, and only 13 patients of each group were included.
2.2. Immunohistochemistry

We used the following antibodies: CTLA-4 (F-8, Santa

Cruz Biotechnology, dilution 1/75), PD-1 (NAT105,

Roche-Ventana, prediluted), PD-L1 (SP263, Roche-

Ventana, prediluted), PD-L2 (D7U8C, CellSignaling

Technology, dilution 1/50), OX-40 (H-10, Santa Cruz

Biotechnology, dilution 1/500) and CD8 (SP57, Roche-

Ventana, prediluted). PD-L2, CTLA-4 and OX-40 were
run in Benchmark XT platform using UltraView Uni-

versal DAB (Ref: 760-500); CD8 in BenchMark ULTRA

using UltraView Universal DAB (Ref: 760-500) de Ven-

tana Medical Systems; and PD-1 and PD-L1 in Bench-

mark XT using OptiView DAB IHC Detection Kit (Ref:

760-700). We used OptiView Amplification Kit for CD8

and PD-L1 to facilitate the assessment. All kits and

platforms were from Ventana Medical Systems.
In LN, wherever possible, we tried to score only

lymphocytes when we were able to distinguish their

staining from other cells. CTLA-4 distinctively stains

lymphocytes (surface membrane) from macrophages

(cytoplasmic), and PD-1 only stains the surface of

lymphocytes, so in these two biomarkers, we only scored

lymphocytes. For PD-L1, PD-L2 and OX-40, it was not

possible to distinguish the different cells, so we scored
the LN as a whole. For the assessment of GCs, we did a

mean of different percentages for those LN that had

several GCs. We did not include in the analysis LN with

no GC, to distinguish those GCs with no stain (scored

0%).
In tumour, all antibodies stained the immune infil-

trate, but only PD-L1 and OX-40 stained tumour

cellsdwith the exception of two high TILs samples with

PD-L2 tumour stain. Since the difference between two

groups was precisely the presence of immune infiltrate,

we scored exclusively tumour cells to compare those two

antibodies. In the high TILs group, we also scored PD-

L1 in the immune infiltrate to compare as a binary
variable. The cut-off for PD-L1þ was �1% in tumour

cells, and �10% in immune infiltrate, following the same

methodology as O. Tawfik et al., that used the SP263

PD-L1 clone [20].

2.3. Statistical analysis

A descriptive analysis of the variables included in the

study was performed. Continuous variables were

expressed as median and range, and categorical vari-
ables were expressed as absolute values and percentages.

Non-parametric methods were used to compare

expression levels after rejecting the null hypothesis of

normality with the ShapiroeWilk test. The

ManneWhitney and the Fisher’s exact tests were used

for pairwise comparison. Data analysis was carried out

using R statistical software, version 3.5.1.

2.4. Gene expression by NanoString

We extracted RNA usingMaxwell� 16 LEV RNA FFPE

kit (Promega), and prepared the samples following the

nCounter XT CodeSet Gene Expression protocol. We run

the samples in two NanoString panels: a customised 50-

immune panel in tumour and LN (see Table S1 for the

list of genes), and the 360 Breast Cancer panel [21] only

in tumour. We analysed the data using Student t test and
Pearson’s c2 or analysis of variance (ANOVA) for the

association between two variables. To identify genes

whose expression was statistically significant, we used

significance of microarrays (SAM) test with false dis-

covery rate <5% to compare between the two groups.

We used software R, version 3.5.1, for the analysis.

2.5. Whole exome sequencing

For mutation calling, we selected MuTect2, which is a

somatic single nucleotide polymorphism (SNP) and

indel caller that combines the DREAM challenge-

winning somatic genotyping engine of the original

MuTect [22] with the assembly-based machinery of

Haplotype Caller (Call germline SNPs and indels via

local re-assembly of haplotypes).

For neoantigen prediction, we used pVACseq, which
is a cancer immunotherapy pipeline for the identification

of personalised Variant Antigens by Cancer Sequencing

using netMHCpan algorithm [23,24]. NetMHCpan

predicts binding of peptides to any major histocompat-

ibility complex (MHC) molecule of known sequence
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using artificial neural networks. The method was trained

on a combination of more than 180,000 quantitative

binding data and mass spectrometry (MS) derived

MHC-eluted ligands. The binding affinity data covers

172 MHC molecules from human. The MS-eluted ligand

data cover 55 human leucocyte antigens (HLA) and

mouse allele and is able to analyse peptides of any

length.
3. Results

A total of 787 pathology reports of TNBC patients be-

tween 1998 and 2009 were identified at Hospital Vall

d’Hebrón in Barcelona, and Hospital Ramón y Cajal in

Madrid, Spain. Patients diagnosed after 2010 did not

have LN available in paraffin blocks, because both

hospitals implemented one-step nucleic acid amplifica-

tion (OSNA) for the assessment of LN metastasis in
primary surgeries and, therefore, they were ineligible for

further inclusion.

As described in Fig. 1a, we included 35 patients in the

study, 15 high TILs (�50%) and 20 low TILs (�5%). We

excluded patients with intermediate TILs to better

discriminate patients with high versuslow TILs. Based

on their histology, high TIL patients had immune
Fig. 1. Study schematics. a) Samples; b) methods. H&E, haematoxyli

lymphocytes; TNBC, triple-negative breast cancer.
inflamed phenotype; for low TILs cohort, we considered

patients with both the immune excluded and dessert

phenotypes. Patient characteristics were similar in both

groups, although age was slightly lower in the high TILs

cohort compared with the low TILs (median age,

55versus61 years, respectively;Table 1). We followed the

study workflow described in Fig. 1b, in which we could

only include 13 patients of each group for WES.
All samples were classified as basal subtype by

PAM50 signature, except two low TILs that were

considered luminal A, which is probably anecdotal. By

TNBC signature, 15 of 15 high TIL patients were basal-

like immune activated (BLIA); however, low TILs were

more heterogeneous: 9 of 18 were BLIA, 1 of 18 was

basal-like immune suppressed (BLIS), 4 of 18 were

luminal/androgen receptor (LAR) and 4 of 18 were
mesenchymal (MES); 2 patients were unable to be

analysed. It is interesting to highlight that were some

BLIA among the low TIL tumours, even though they

have very low counts of TILs.

3.1. CTLA-4 is more expressed in lymphocytes from LNs

of low TIL patients

A higher expression of CTLA-4 by IHC in axillary

lymphocytes was observed in patients with low TILs
n and eosin; IHC, immunohistochemistry; TIL, tumor infiltrating



Table 1
Patient’s clinical and anatomopathological characteristics.

Variables High TILs (�50%)

15 patients

Low TILs (�5%) 20

patients

Age at diagnosis (years)

Median (range) 56 (26e79) 62 (38e79)

Type of surgery (%)

Tumourectomy 9 (60%) 16 (80%)

Mastectomy 6 (40%) 4 (20%)

Tumour size (mm)

Mean 22,5 20,1

Median 22 18

Range 11e50 11e35
TNM (%)

T1cN0M0 6 (40%) 12 (60%)

T2N0M0 9 (60%) 8 (40%)

Histology (%)

Invasive ductal 12 (80%) 15 (75%)

G2 - 0 - 1

G3 - 12 - 14

Medullary G3 3 (20%) 0 (0%)

Metaplastic G3 0 (0%) 2 (10%)

Mucinous 0 (0%) 1 (5%)

Lobular G2 0 (0%) 1 (5%)

Undifferentiated G3 0 (0%) 1 (5%)

Lymph node resection (%)

Lymphadenectomy 9 (60%) 5 (25%)

Selection of Sentinel

lymph/s node/s

6 (40%) 15 (75%)

TIL, tumor infiltrating lymphocytes; TNM, tumour-node-metastasis.
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status, in comparison to that of high TILs (median 7%

versus 4%, respectively, pZ 0.01); OX-40 staining in the

whole LN was higher in low TILs (median 30% versus

15%, respectively, p < 0.01) (Fig. 2a). PD-1, PD-L1 and

PD-L2 comparisons were not statistically significant,

but PD-L2 showed a trend to be more expressed in low

TILs group; the vast majority in antigen presenting

cells of the paracortical area.
We designed a customised NanoString gene expres-

sion panel with the 50 most important markers for the

study (Table S1). When we run this panel in the LN

samples, they clustered in two groups, but it was inde-

pendently of the immune infiltration of the matching

primary tumour (data not shown). With SAM analysis,

we observed only two genes differentially more

expressed in LN of high TILs patients: CD68 (t score
1.72) and CD8A (t score 1.28). However, by ANOVA

test, CD68 and CD4 (but not CD8A) reached statistical

significance (p Z 0.01 and 0.03, respectively). CD8A

and CD3 showed a trend to have more expression in LN

of high TILs (p Z 0.054 and 0.07, respectively). None of

the genes highly expressed in LN of low TILs patients

were statistically significant.

3.2. High TIL patients have more tertiary lymphoid

structures and more and larger germinal centres

We then evaluated the five biomarkers in GCs by IHC,

and the presence of tertiary lymphoid structures (TLSs)
in tumour haematoxylin and eosin slides to study the

humoral response in patients of both groups. We per-

formed IHC comparison of the GCs between the two

groups, which are shown in Fig. S1.

There were differences in shape, number and size of

GCs between patients. In both groups, we found well-

formed (circular) and irregular GCs, being this last

usually associated with impaired humoral responses. To
assess the quantity, based on the number of GCs

observed in all samples, we considered �3 GCs as a

limited humoral response and �100 mm (mean diameter)

as a small GC. We observed that high TILs patients

usually had more and larger GCs than low TILs patients

(median 80% versus 35%, p Z 0.02). However, with the

50-immune gene expression panel, we did not see any B

cell markers differentially expressed between patients.
In tumour, we observed almost twice as many pa-

tients with TLS in high TILs group than in low (47%

versus 25%, p Z 0.28). TLS of high TILs patients were

usually more numerous and larger, whereas low TILs

patients had very fewdone or two at the mostdand

smaller. Most of them were extratumoural (at the pe-

riphery of the tumour area), but in some high TILs

patients, they were present within the tumour.

3.3. High TIL patients have higher presence of PD-L1þ
tumour cells but lower number of neoantigens

We observed that all five biomarkers stained immune
cells but only PD-L1 and OX-40 stained tumour cells

(with the exception of two samples PD-L2þ in tumour

cells). Therefore, they were the only ones comparable

between high and low TILs samples. PD-L1 was more

expressed in tumour cells of high TILs (median 0.0%

versus 0.5%, respectively, p < 0.001) and OX-40 in

tumour cells of low TILs (median 35% versus 15%,

respectively, p < 0.01) (Fig. 2b). All high TILs patients
showed PD-L1 staining in immune cells (median

15% [3%e60%]).

When we examined the staining of the different an-

tibodies in the same area, we observed that, in high TILs

patients, PD-L1 and OX-40 usually stained intra-

tumoural and stromal lymphocytes adjacent to the

tumour (Fig. 3aec). Using CD8 to identify cytotoxic T

lymphocytes, we observed that CD8 staining overlapped
with PD-L1 and OX-40 (Fig. 3d). In these patients, we

also performed a binary correlation of PD-L1 between

tumour cells (PD-L1þ TC � 1%) and immune cells (PD-

L1þ IC � 10%). This was statistically significant (p ˂
0.01), in which we did not observe any patient who were

PD-L1þ in tumour cells and PD-L1‒ in the immune

infiltrate.

We noticed that tumour samples clustered almost
perfectly in two groups depending on the presence of

TILs when we run the NanoString 50-immune panel.

Using SAM analysis, we discovered that B7.H4, B7.H3

(CD276), VEGF, CD73 and CD56 were overexpressed



Fig. 2. Box plots comparing, between high and low TILs, the expression of: a) CTLA-4 (only lymphocytes), OX-40; PD-1 (only lym-

phocytes), PD-L1 and PD-L2 in lymph nodes; b) PD-L1 and OX4 in tumour cells of the primary tumour.

Fig. 3. Tumour sample of a high TILs patient stained with PD-L1, CD8 and OX-40. a) PD-L1 staining in tumour cells (4�); b) detail of

PD-L1 staining in TILs (20�); c) OX-40 (20�); d) CD8 (20�).
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Fig. 4. NanoString results of the two panels. a) SAM analysis of the 50-immune gene panel run in tumour samples; b) volcano plot of the

Breast Cancer 360 gene panel in high TILs patients compare to low; c) Forest Plot of the Breast Cancer 360 gene panel in high TILs

patients compare to low. FDR, false discovery rate.
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in low TILs, and all the other genes were more expressed

in high TILs patients, as shown in the heatmap of

Fig. 4a. By ANOVA analysis, only the first three

reached statistically significance. We also realised that,

unlike other immune checkpoint inhibitors, B7.H4 and

B7.H3 were statistically more expressed in tumour in

comparison with LN (data not shown).
When we run the NanoString 360 Breast cancer

panel, we could observe that most of the immune sig-

natures were significantly more expressed in high TILs

patients: Tumor Inflammation Signature (TIS), Antigen

Presenting Machinery (APM) and several immune

checkpoint inhibitors (LAG3, PD-1, PD-L1/2, IDO1),

among others (Fig. 4b). Non-classical HLA class I

HLA-E, a common altered HLA phenotype in tumours,
was also more expressed in high TILs. Although the

forest plot showed a trend of TGF-beta signature to be

more expressed in the tumour of high TILs, we noticed

that low TILs had several TGF-beta signature genes

significantly more expressed in the SAM analysis

(TGFB2, BMPR1B, COMP, THBS2, THBS4, BAMBI,

ID4, INHBB and FST) and none from this signature
was downregulated in these patients. The customised 50-

immune panel only had TGFB1, and it was significantly

more expressed in LNs than tumours, and in high TIL

tumours in comparison with low TIL tumours. No dif-

ferences were seen between the LNs of the two groups.

In low TIL samples, only stromal signature was signif-

icantly more expressed. The upregulated genes were
KRT14 and KRT17 (keratin); COL11A1 and COL9A3

(collagen); COMP, ASPN and VCAN (extracellular

matrix proteins); and CLDN1, SPP1, LAMB3, CDH2,

SNAI2 and ITGB3 (cell to cell, and cell to extracellular

matrix adhesion), which probably increase the stiffness

of the stroma. We only found FGFR2 (fibroblast

growth factor receptor 2), a gene directly related to fi-

broblasts, to be overexpressed in low TILs. Other sig-
natures like hypoxia, proliferation and mast cell showed

a tendency to more expression (Fig. 4c).

We then proceeded to sequence the tumour samples

to investigate the mutation and neoantigen load. We

identified 519 non-synonymous mutations with the po-

tential to generate neoantigens, 50 of which are dis-

played in Fig. 5a. Mean neoantigen per sample was



Fig. 5. Results of whole exome sequencing analysis. a) Point mutations with potential to generate neoantigens (displayed 50 of 519); b)

mutations, neoantigens and neoantigen mean of high TILs and low TIL patients; c) mutation and neoantigen load comparison between

high and low TIL patients. FS, frame shift; inframe_ins/del, inframe insertion/deletion.
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20.12 � 24.78; high TILs had 10.20 � 8.64 and low TILs

32.38 � 29.6 (Fig. 5b). Low TILs had more non-

significant median mutation load (p Z 0.76) and sig-

nificant neoantigen load (p Z 0.03) (Fig. 5c).
4. Discussion

Understanding how the immune system interacts with

tumour cells is key to develop successful therapeutic
strategies. In TNBC, high levels of TILs have been

correlated with prognosis and response to chemotherapy

[5e13]. However, the reason why some tumours have a

large lymphocyte infiltration and others do not is a

matter of in-depth research. It is well known that inhi-

bition or activation, proliferation and migration of im-

mune cells is controlled through immune checkpoints,

cytokines and other molecules [25]. If we could under-
stand the mechanisms underlying poor immune infil-

tration, we could apply treatments to interfere with it

and provoke the migration of the immune cells to the

tumour to exert their action.

We have demonstrated that, in a group of TNBC

patients with very low or zero TILs, T cells seem to be

deactivated and get retained in local LN by, at least,

CTLA-4, in comparison to a group of patients with high
levels of TILs. We also found that these patients over-

express B7.H3 and B7.H4 in the tumour. In high TILs,

we observed more expanded humoral response, more

PD-L1þ tumour cells and less neoantigen load.
Only few researchers have previously analysed the

immune cell subtypes in LN of breast cancer patients

[15e18]. LN have mostly been studied to correlate with

tumour progression as they are usually the first place of

metastasis. In addition, LNs are of extreme importance

in cancer immunity because it is where antigen presen-

tation and lymphocyte proliferation occur to respond to

tumour first appearance. As commented before, we have
observed higher expression of CTLA-4 in TNBC pa-

tients with low numbers of TILs, that may cause anergy

in axillary lymphocytes, preventing their response to

immune attraction and migration to tumour bed.

CTLA-4 is an immune checkpoint with a key role in

early inhibition of cellular responses. We also observed

higher expression of OX-40 in the LN of these patients,

which is a co-stimulatory molecule that appears later in
the immune response to maintain lymphocyte activa-

tion. These results suggest that we could use anti-CTLA-

4 drugs to revive and “liberate” those lymphocytes that

have recognised tumour antigens and induced their

migration to the tumour. This is something that in our

opinion should be explored in future clinical studies.

Only the ULTIMATE phase II trial (NCT02997995) is

exploring this strategy, but in ERþ/HER2- (estrogen
receptor þ/human epidermal growth factor receptor 2�)

patients.

OX-40 was expressed in the cytoplasm and mem-

brane of tumour cells, and low TIL patients overex-

pressed this protein in compare to high TIL patients.
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OX-40 expression has been mainly studied in TILs, so

their role in tumour cells is unclear and we could not

conclude anything from this finding. Gene expression

results revealed that B7.H3, B7.H4, VEGF, CD56 and

CD73 were highly expressed in low TILs. We thought

that B7.H3 and B7.H4 were probably present on tumour

cells as these patients lack immune infiltration. Another

group has recently published similar results when
measuring B7.H3 and B7.H4 not only by gene expres-

sion but also by RNAscope ISH (in situ hybridisation)

and IHC [26]. They saw an inverse correlation between

these two genes and stromal CD3 and CD8 infiltration;

and that these markers were mainly expressed in tumour

cells as seen by IHC. Both receptors are from the B7

family, like PD-L1 (B7.H1) and PD-L2 (B7-DC), but

their ligands are unknown [27]. We hypothesised that
tumour cells of low TIL patients may be using these

immune checkpoint inhibitors to avoid immune infil-

tration, although B7.H3 have a co-stimulatory role also.

As they have precisely low immune infiltration, it is

difficult to think how they may inhibit T cells, as it is

necessary direct contact between receptors and ligands.

They may be inhibiting natural killer cells (CD56þ),

which are very important cells for the innate response to
control tumours, and were overrepresented in low TILs

patients. Higher expression of VEGF in low

TIL patients may indicate a rapid formation of new

vessels because their tumour cells grow faster than in

high TILs patients, which may be due to the lack of

immune surveillance over them. CD73 is an ectonu-

cleotidase with immunosuppressive effects that is usu-

ally expressed together with CD39.
The 50-immune gene panel showed that LN of high

TILs patients had an overrepresentation of CD68 and

CD8 or CD4 cells based on two different statistical

analysis. It might suggest more antigen presentation by

macrophages (probably apoptotic rests of tumour cells

due to cytotoxic T cell activity), and more T cell pro-

liferation in those patients, which can provide a larger

specific response to tumour neoantigens. We could infer
that the immune response has been partially effective,

and the problem may lie in the in-situ deactivation of

lymphocytes by PD-L1, which is expressed in tumour

cells and adjacent stromal lymphocytes of high TILs.

And it seems that the negative feedback first starts in the

immune infiltrate, and after in tumour cells, as seen in

the binary PD-L1 comparison and in other studies

[20,28]. We noticed OX-40þ TILs were mostly sur-
rounding tumour nests, which could be tumour-specific

T helper cells as previously described [18,28]; the same

occurred with PD-L1þ and CD8þ T cells, which were

adjacent to tumour. Based on this, we could hypothesise

that the cytotoxic T cells may be receiving a negative

feedback from T regulatory cells near the tumour.

Therefore, in high TILs, we could apply antiePD-(L)1

drugs to activate those lymphocytes already present
within the tumour. Other ICIs like anti-LAG3 or anti-
TIM3 may be also considered as they were overex-

pressed based on gene expression results. We also

noticed that HLA-E was overrepresented in high TILs,

which is a characteristic of the altered HLA tumour

phenotype VII, together with low or null expression of

classical HLA class I molecules [29]. This phenotype

allows tumour cells to escape T cell and NK immune

attack as they have reduced ability to present tumour
antigens in their surface. In low TILs, stroma signature

was upregulated, being extensive and stiff stroma, a

defensive way to evade immune infiltration, allowing

tumour cells to grow faster and, therefore, achieving a

hypoxia state that requires angiogenesis. Although

TGF-beta signature in the forest plot showed a trend to

be more expressed in high TILs (being one of those

TGFB1), the SAM analysis showed that low TILs had
several upregulated genes of this signature (including

TGFB2) and none downregulated in comparison to high

TIL patients.

We performed WES analysis to analyse the correla-

tion between number of TILs with tumour mutations

and neoantigens. Interestingly, we observed that high

TILs had lower median mutations and statistically sig-

nificant less neoantigens. Karn et al. [30] obtained
similar results, suggesting that immune cells may elimi-

nate immunogenic tumour clones (immune surveil-

lance), resulting in lower clonal tumour heterogeneity of

high TILs patients and, therefore, less neoantigens.

However, we could not rule out that if higher number of

neoantigens might induce a potent immune response

with highly effective lymphocyte activation first and

important inhibition by CTLA-4 after in LN of low
TILs. This is why we also hypothesised that, in high

TILs, several immunogenic tumour clones may have

been in the beginning at higher numbers, inducing a

fully T cell response and being completely eliminated.

Low TILs may have had more immunogenic different

clones but under-represented in quantity, not being able

to complete a fully activation of the T cells. We also

consider the possibility that T cells present in the tumour
of high TIL patients might have encountered those

neoantigens before from a previous microscopic and less

heterogenic tumour that was completely eradicated; or if

those neoantigens share the sequence with other non-

tumour antigens that previously elicited an immune

response in the patient.

The study of the GC and TLS shed some light about

the role of humoral response in cancer. We observed
that high TILs tended to have more presence of TLS in

the tumour, which was similar to other studies [31], and

were more numerous and larger, providing a specific and

faster in situ humoral response to cancer growth. But, it

was also surprising that some low TIL patients, with no

tumour immune infiltration, were able to develop a

specific humoral response at the periphery of the

tumour. In LN of high TIL patients, we observed more
and larger GCs by IHC, but we did not see a statistically
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significant overexpression of B cell markers with the

NanoString panel. This may be due to the difference in

the technique, or because of the presence of the

GCdspecially the smaller onesddepends on the cut

section.

Spitzer et al. [32] studied the local and systemic im-

munity in mice treated with an effective immunotherapy

(alloIgG þ anti-CD40 þ IFN-g) in comparison to an
ineffective therapy (antiePD-1) or no treatment. The

authors observed an increase of CD4 and CD8 T cells in

LN during priming and tumour rejection, which is the

same effect observed in the high TIL group. They also

noticed an expansion of activated naı̈ve B cells

expressing immunoglobulin M but low levels of immu-

noglobulin D. We did not detect an increase of B cell

gene counts: they were equally and highly expressed in
the LN of both groups. Other important finding of their

study was the activation of the systemic immune

response and in organs that are far from the tumour,

like the spleen, during priming; and with a decrease

during tumour rejection, which may reflect immune cells

moving into the tissues. We agree that, after antigen

presentation and activation in nearby LNs, those T cells

are released systemically; not only to migrate to the
tumour site but also to look for potential cancer cells

that have entered in the blood stream or settled down in

another organ.

Finally, we noticed that high TILs patients tended to

be younger. If it was by chance, because of the low

number of patients analysed, or it was because the im-

mune system in young people is more reactive, cannot be

demonstrated with this study. However, this has been
observed in other studies with a larger sample size [33].

This study has several limitations. First, the

sample size was very limited; however, high

TIL patients are approximately 15% of all TNBC

patients, and TNBC patients usually have one or

more LN with metastases at diagnosis. In addition,

many of these patients receive neoadjuvant chemo-

therapy. Second, we cannot be sure about the
sentinel LN in patients who underwent lymphade-

nectomy, so we had to decide that choosing one

from the first level and with the highest number of

GCs was a fair approximation. Third, in some LN,

it was difficult to distinguish the different parts, so

in those antibodies that stained different cells, it was

not possible to score only lymphocytes in the para-

cortex. We could score lymphocytes only with
CTLA-4 and PD-1 antibodies, which were the prin-

cipal immune checkpoints to test the main hypoth-

esis. Forth, it would have been interesting to have

LN of healthy women as controls, to assess how

these two groups behave in comparison to normal

physiological conditions, as done in other studies

[15].

In conclusion, we demonstrated that lymphocytes
could be deactivated by, at least, CTLA-4 in tumour-
draining LN of TNBC patients with low number of

TILs, which prevents them to respond to other immune

stimuli and, therefore, they get retained in the LN. Thus,

exploring new strategies to revive and release these

lymphocytes might have important clinical implications.

Author contributions

J.C. conceived the experimental design and designed the
inclusion and exclusion criteria for the study, identified

research subjects and obtained samples. A.Q., E.M.-C.

and A.P. provided input into the experimental design.

A.Q. and V.P. identified research subjects, obtained

samples, optimised antibodies, evaluated TILs and an-

tibodies under the microscope, and interpreted the data.

T.M. assisted with antibody optimisation, sample

preparation and processing. G.V. and R.D. provided
input for sample size, analysed and interpreted the data

and designed figures. J.C. and A.Q. designed the 50-

immune gene NanoString panel and contracted vendors

to run this panel and WES. A.P., L.P. and P.G. run the

360� NanoString Breast Cancer panel, analysed and

interpreted the data from both NanoString panels and

designed figures. J.B.-H., C.A., M.V. and L.M.-A.

developed the pipelines for mutation calling and neo-
antigen prediction, analysed and interpreted the

sequencing data and designed figures. A.Q., L.M.-A and

J.C. wrote the manuscript. P.S., G.C., M.M. and J.P.-G.

assisted with manuscript writing.

Financial support

This project was supported by a grant from INTHEOS
Foundation, thanks to the donation received from

Pompadour, and from FERO Foundation.
Conflict of interest statement

The authors declare the following financial interests/

personal relationships, which may be considered as po-

tential competing interests: A.Q. received transportation

and accommodation fees from MSD outside the sub-

mitted work. V.P. has received fees as consultant,
participated in advisory boards or received travel grants

from Sysmex, Roche, MSD, AstraZeneca and Genomic

Health. A.P. has received personal fees from Roche,

Pfizer, Novartis, Amgen, BMS, Nanostring Technolo-

gies and Daiichi Sankyo; fees as a consultant from

Roche, Pfizer, Novartis, Amgen, BMS, Puma, Onco-

lytics Biotech, MSD and Lilly; grants from Boehringer,

Novartis, Roche, Nanostring, Sysmex Europa GmbH,
MedSIR, Celgene, Astellas and Pzifer; is a member of

the executive board of Reveal Genomics, SL, Beast In-

ternational Group (BIG) and SOLTI cooperative group;

and in the patronage committee of SOLTI Foundation

and Actitud Frente al Cáncer Foundation. R.D. has
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