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Prediction of breast cancer response to Neoadjuvant Chemdterapy (NACT) is an urgent
need to promptly direct non-responder patients to alternate therapies. In ltrating T
lymphocytes, namely cytotoxic T lymphocytes (CTLs) have le@ appointed as predictors
of response. However, cancer cells have the ability to dampe CTLs' activity and
thus, the prognostic value of the CTLs,per se, is debatable. Here, we disclose that
more than the occurrence of CTLs, it is their activation stat revealed by HLA-DR
expression, that can accurately predict response to NACT. IBw cytometry analysis of
breast cancer biopsies showed that the frequency of CTLs andther lymphocytes were
similar regardless disease stage and between NACT responds and non-responders.
However, only breast cancer patients without axillary lymp node metastasis and
NACT responders have HLA-DIR CTLs. Interestingly, HLA-DR levels in tumor CTLs
is correlated with HLA-DR levels in systemic CTLs. These H:EBRC CTLs produce
IFN-g and Granzyme B, enlightening their effector and probable aitumor activity pro le.
Moreover, the level of HLA-DR in CTLs is negatively corre&ad with the level of HLA-DR in
T regulatory lymphocytes and with immunosuppressive and prtumor molecules in the
tumor microenvironment. Hence, HLA-DR levels in CTLs is adtily sensitive and speci ¢
potential predictive factor of NACT-response, which can bessessed in blood to guide
therapeutic decisions.

Keywords: breast cancer, cytotoxic T lymphocytes, HLA-DR, p rediction, neoadjuvant chemotherapy

INTRODUCTION

Breast cancer remains one of the main causes of canceedetigaths in women worldwide
(1). The disease can be divided in three di erent subtypes—hamapositive (estrogen and/or
progesterone—ERand/or PRC), human epidermal growth factor receptor 2 (HER2) positive and
triple negative breast cancer (TNBC), which lacks the threationed markers. In the past years,
advances in breast cancer treatment have been made, naitteth&introduction of preoperative
neoadjuvant chemotherapy (NACT) in selected cases of agdaimmors (with tumor size larger
than 2 cm and/or disease extension to axillary lymph node)ncarnmatory breast cancer. This
treatment is e ective in reducing the size of the primary tumaHowing breast conservation in
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selected cases, and some patients achieve a pathological EBbmpisBLE 1 | Characteristics of patients enrolled in this study (age, ity mass
response (pCR)Zj. However, this only happens in less thanindex, and menopause).
50% of the patients3( 4) and residual disease after NACT is a,
strong predictor of relapse(5). Hence, it is essential to nd a
good marker of response to NACT, in order to promptly direct
patients to alternative therapies, therefore avoiding theusé of
: " . . ERC (PR -C) 68%

resources and the potential toxicity associated with NACT. N .

. . . HERZ2C including triple positive 16%

Increasing evidence suggests that anti-cancer chemagifieray ..« cancer

is inuenced by the immune systen®). Indeed, tumors can 1y gc 16%
be heavily inltrated by immune cells, in particular, tumor . G1-8.26%
in Itrating lymphocytes (TILs), which have been associated

Median 58 (range: 35-87)
Body mass index (BMI) Median 26.03 (range: 17.04-39.74)
Post-menopause 62.30%

] N k ’ ‘ G2-58.68%
with good prognosis in various cancers, including breast G3-33.06%
cancer 6). Several reports have been advocating that TILS,67 Median 21.75% (range: 2-98.4%)
especially cytotoxic T lymphocytes (CTLs), due to their anti-Dimension (m) Median 25 (range: 7_96)

tumor cytotoxic activity, could serve as a robust marker/_\xillary lymph node invasion status  Negative51.09%
for predicting pCR rate after NACT 7). However, even Positive 48,919
with an eort to standardize TILs evaluation 8), data Response (if NACT) Good resp'onse“ 3%
are still conicting, and other reports describe that TILs i
. .. Bad response 56.67%
and their subsets could not show any predictive value,
particularly in hormone-positive subtyped), possibly because Cciinical data, such as subtype of breast cancer, grade, Ki67, tumor dimensiomode status
these patients are further treated with endocrine therapy fofnd response to treatment are aiso described.
years. Furthermore, T regulatory cells (Tregs), by supprgssi
the e ector immune response, are normally associated with poor
prognosis. However, they are still described to have an anobig) Therefore, we propose that HLA-BIRR CTLs have the
role (9). potential to be used in clinical settings to predict breastosan
Actually, tumor cells have mechanisms to escape the immungatients' response to NACT, with the advantage of being easily
system, and the activity of CTLs can be hampered by thenaccessed in blood.
For instance, tumors may express inhibitory molecules like
programmed death-ligand 1 (PD-L1) which bind the inhibitory MATERIALS AND METHODS
receptor programmed death 1 (PD-1) in CTLs, inducing negative
regulatory pathways that limit the activity of these cells),( Patient Samples
11). Other inhibitory immune checkpoints, such as cytotoxicForty-eight fresh biopsies and ninety-six non-matched
T-lymphocyte-associated protein 4 (CTLA-4) and the secretio surgical samples of breast cancer (BC) patients were collected
of immunosuppressing molecules, such as IL-10, TGBF  saline solution. Matched peripheral blood from 31 BC patients
Indoleamine 2, 3-Dioxygenase (IDO), could also directly omvas collected in Vaccutainer tubes with EDTA (BD Bioscishce
indirectly (by recruiting and activating Tregs), negativenpact Whole blood from 13 healthy donors was also collected for
CTLs' activity (L0, 11). comparison studies. Foin vitro studies, patients' peripheral
Considering the aforementioned, the presence of Cpes blood mononuclear cells (PBMCs) were isolated by a Ficoll
seprovides limited information regarding NACT outcome, and gradient (Merck Milipore) and PBMCs from buy coats of 5
the activation level of these cells, as a result of the dverabr  healthy donors, donated by Instituto Portugués do Sangue e da
immune status, should be taken into account in order to kette Transplantacdo, were used for control purposes. Formalin- xed
predict response to NACT. para n embedded (FFPE) tissue was collected from 12 matched
HLA-DR is recognized as a marker of T cell activatid,(13)  patients divided according to the axillary lymph node invasio
and has been shown to be increased in CTLs in autoimmunstatus and response to neoadjuvant chemotherapy (NACT). A
diseasesl) and in patients with HIV infection {5). summary of the patients characteristics are giveMahle 1
In this work, by ow cytometry analysis of fresh samples, Fresh samples were handled within 1-day post collection.
we demonstrated that a subset of CTLs expressing HLAFresh tumors and biopsies were mechanically dissociatddawit
DR is enriched in breast cancer without axillary lymph nodeBD Medicon (BD Bioscience), Itered and washed once with PBS
metastasis comparing with breast cancer with axillary lympHX. PBMCs after isolation were cryopreserved in 90% fetahieov
node metastasis, although the average frequency of CTLsssrum (FBS, Biowest) and 10% dimethyl sulfoxide (DMSO, Sigma
similar between groups. Furthermore, biopsies from NACTAIdrich) until further use.
responders also have HLA-DRCTLs, while no dierences Samples were gathered from Hospital CUF Descobertas,
were observed concerning the density of CTLs between NACHospital Prof. Doutor Fernando Fonseca and Hospital de Vila
responders and non-responders. Interestingly, the prole ofFranca de Xira. For each patient, written informed consent and
HLA-DR" CTLs was negatively correlated with high levels ofpproval by the Ethical Committee of the hospitals and of the
pro-tumor and immunosuppressive molecules in the tumorNOVA Medical School were obtained. The study is in compliance
immune microenvironment. with the Declaration of Helsinki.

Frontiers in Immunology | www.frontiersin.org 2 November 2018 | Volume 9 | Article 2605


https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org
https://www.frontiersin.org/journals/immunology#articles

Saraiva et al. HLA-DR" CTLs Predict NACT Response

Antibodies Stimulation was performed during 4 h (or overnight for HLA-
For ow cytometry analysis, tumor and blood samples wereDR expression) with 35ng/mL of phorbol 12-myristate 13-
stained with a cocktail of monoclonal mouse anti-humanacetate (PMA, Sigma Aldrich) andvg/mL of ionomycin (Merck
conjugated antibodies (mAbs): anti-CD45-PercP (clone®)3 Milipore). Brefeldin A (Biolegend) was added for 4h to stop
anti-CD3-PercP (HIT3a), anti-CD3-APC (UCHT1), anti-CD19- the extracellular transport. Cells were collected and sthimi¢h
PE (HIB19), anti-CD15-PE (HI98), anti-CD161-FITC (HP- mAbs and analyzed by ow cytometry.
3G10), anti-CD4-FITC (OKT4), anti-CD8-PE (HIT8a), anti-
HLA-DR-APC (L243), anti-CD127-PE-Cy7 (A019D5), anti- |mmuno uorescence
CD1c-APC-Cy7 (L161), anti-CD163-PE (GHI/61), anti-CD206 \mmuno uorescence was performed in formalin- xed para n
APC-Cy7 (15-2), anti-PD-1-FITC (EH12.2H7), anti-PD-L1-empedded tissues (FFPE). Paran was removed in xylene
APC (29E2A3), anti-CTLA4-PE (L3D10), anti-CD69-APC-(10min) and passed through a gradient of alcohol (100, 96,
Cy7 (FN50), anti-Tim3-APC (F38-2E2), anti-IL-8-APC (E8N1 ang 70%) and dwO. Antigen retrieval was performed in 2
anti-IFN-g-PE  (4S.B3), anti-IFN-APC-Cy7 (4S.B3), anti- cycles of 15 mins each with 1 mM EDTA (Sigma Aldrich) with
Granzyme B-FITC (QA16A02), anti-ILBtFITC (JK1B-1), anti- 0,050 Tween-20 (Sigma Aldrich) in the microwave (900W).
IL-2-PE-Cy7 (MQ1-17H12), anti-IL-6-APC (MQ2-13A5), anti- The slides were permeabilized with PBS €X0.3% Triton
IL-17-FITC (BL168), anti-IL-23/IL-12-PE (C11.5), antGFb- %100 (ACROS Organics) and blocked with PBS @X0.1%
APC (TW4-6H10), all from Biolegend; anti-IDO-PE (eyedio) Tyiton X-100C 1% bovine serum albumin (BSA, Sigma Aldrich)
and anti-IL-10-FITC (BT-10), both from eBioscience; anti-c 1.5 goat serum (Sigma Aldrich). Staining with primary
CD25-PE (MEM-181) and anti-CD11b-FITC (LT11) from gntibody (1:100) was performed overnight atCG4followed by
ImmunoTools. the incubation with secondary antibody for 2h in the dark at
The antibodies used for immuno uorescence were: Mousgyom temperature. Counterstaining was performed withe4
monoclonal anti-human CD8 (32-M4) from Santa Cruz diamidino-2-phenylindole (DAPI; 0.001 mg/mL in PBS, Sigma-
Biotechnology and rabbit polyclonal anti-human HLA-DRA A|drich) and the slides were mounted in Fluorescent Mounting
from Sigma Aldrich. Media (DAKO). Images were taken in a confocal microscope
(LSM710, Zeiss) and analyzed in Fiji softwal@)(

Flow Cytometry
BC samples were stained with BD HoriZ8nFixable Viability ELISA
Stain 450 (BD Biosciences) and with the cocktail of antibedi The patients' plasma was isolated from whole blood and frozen
xed and permeabilized with Fix/Perm kit (eBiosciences)for further cytokine analysis. The quantity of secreted kirtes
followed by intracellular staining. For whole blood, stagpwith ~ was measured using ELISA technique, namely human IL-10
antibodies was followed by a step of red blood cells lystsRBC  (ImmunoTools) and IFNg (Biolegend) kits were used according
lysis bu er (Biolegend). to the manufacturer's instructions. Cytokine concentratiovas

For immunophenotyping we classied cytotoxic T calculated using the speci c standard curves.
lymphocytes as CD4YCD3C/CD8C; helper T lymphocytes as
CD43C/CD3C/CDAC; regulatory T lymphocytes as CD85  Cell Sorting
CD3C/CDAC/CD28"/CD127°; B lymphocytes as CD&3  ppMCs were stained with the viability dye followed by the
CDILC; NK cells as CDAG/CD161C; M2 macrophages as maps anti-CD3-PercP, anti-CD8-PE and anti-HLA-DR-
CD4SC/CD11KC/CD16X/CD206C; M1 macrophages as ApC. Cells were sorted in CO3CD8C/HLA-DRC and
CD45C/CD11kC/CD163negative/CD206negative; dendriticCD30/CD8C/HLA—DRnegative in a FACS Aria Il (BD
cells as CD45/CD1cC; and neutrophils as CD45/CD15C. Biosciences) with an e ciency of 98%igure S3J.

Data was acquired in BD FACS Canto Il cell analyzer
with  FACSDiva Software v8.0.1 (BD Biosciences) and th RT-PCR
results were analyzed using FlowJo software v10. The d
is presented as percentage of the populations in respe
to the gate of single cells, following the gate strateg
represented inFigure S1 To analyze the expression levels
of HLA-DR in CTLs or Tregs, we considered the median

uorescent intensity of positive population and normalized Master Mix (Roche). Cyclic conditions were: @for 10 min,

'_It_ht: ntggat?veszg\;iIgt(i)g:l\;avtall(;néuzzi?T:?)\cl)ls?gosllzvi&etshC;Zigéinef llowed by 45 ampli cation cycles, each consisting of 10s at
control 5C, 10s at 56C, and 20s at 7Z, and nally a melting step
' of 10s at95C, 60s at 65C, and 1s at 9TC.

The relative mRNA levels were normalized against the values
Ex vivo Stimulation Assay obtained for the housekeeping gene RPL13A and calculated by
Isolated PBMCs were cultured in 96 well-plates with U bottomthe formula 2 1€ 1000 that gives us the number of mRNA
(Sigma Aldrich) with RMPI-1640 (Gibco) supplemented withmolecules of the gene of interest per 1000 molecules of the
10% FBS and 1% Penicillin/Streptomycin (GE Healthcaregndogenous controll(7, 18).

tal RNA of sorted cells was extracted using RNeasy Micro Kit
iagen) and reverse transcribed with Transcriptor HigheHity

DNA synthesis kit (Roche). Quantitative real-time PCR (gRT
PCR) was performed with several primers, describetaible 2
using Roche LightCycler 480 and FastStart Essential DNA Green
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TABLE 2 | Genes assessed with gqRT-PCR and the primers used. H LA-DR-eXpreSSing T Lymphocyte

Gene Forward primer Reverse primer Populations Can Distinguish Breast Cancer
Axillary Lymph Node Invasion Status

TNFa AGATGATCTGACTGCCTGGG ~ CTGCTGCACTTTGGAGTGAT |n the rst phase of the study, and to get insight into the

Granzyme B GGGGGACCCAGAGATTAAAA - CCATTGTTTGGTCCATAGGAG composition and the role of immune in ltrate in breast cancer

Perforin GCAATGTGCATGTGTCTGTG ~ GGGAGTGTGTACCACATGGA (BC), we used a ow cytometry multipanel and analyzed several

Eomes CAGCACCACCTCTACGAACA CGCCACCAAACTGAGATGAT jmmune populations (gate strategy iRigure SJ in 137 BC

RPL13A TGCGTCTGAAGCCTACAAGA  TCCGTAGCCTCATGAGCTGTT patients prior to treatment implementation (48 biopsies and 89

surgical specimens). First, these patients were divided@diocp

to the axillary lymph node invasion status. Patients without
. axillary lymph node metastasis had a similar immunophenotype
In vitro Co-culture Assay when compared with patients with axillary lymph node
HS 578T cell line was maintained for 4 days in DMEMmetastasis Rigures 1A-Q. Indeed, although there was high
(Biowest) with 10% FBS and 1% Penicillin/Streptomycin. Afteheterogeneity in the degree of immune in ltration between
that period, the supernatant and cells were harvested for thgatients, the average value of the frequency of T lymphocites,
co-culture. The supernatant was further centrifuged at 200@mphocytes, NK cellsHigure 1A), neutrophils, dendritic cells,
rpm for 5min to eliminate cellular debris and possible cellular\1 and M2 macrophage${gure 1B) in Itrating the tumor, were
antigens. PBMCs were plated on a 96 well plate U bottom in 4imilar between the two groups of patients. Additionally, the
conditions: monoculture, with the addition of the supernata ayerage value of the frequency of T lymphocyte populations—
ionomycin, and in co-culture on a ratio of 20:1 (PBMCs:HSgjmjlar between these two grouggigure 10).

578T). PBMCs were collected 48h after and analyzed by ow Then, we considered the activation state of T lymphocyte

cytometry. populations, by the analysis of established T cell activation
o ) markers, CD69 and HLA-DR. Interestingly, this analysis
Statistical Analysis revealed signi cant di erences between patients withoutlary

Statistical analysis was performed in GraphPad Prism v6 anigmph node invasion and patients with axillary lymph node
statistical signi cance was considered fox 0.05. Comparison invasion, regarding the expression of HLA-DR. Namely, HLA-
between samples was performed by a nonparametric MantbR expression level was higher in CTlps[¥ 0.008) and lower
Whitney test and correlations were calculated with Spearmaim Tregs p D 0.001) in patients without axillary lymph node
r-test. ROC curves were performed to assign a threshold tmetastasis when compared to patients with axillary lymph node
divide NACT responders from non-responders. This analysisnetastasisRigures 1D,H. Furthermore, the expression of HLA-
was executed for both HLA-DR expressing CTLs and Treg®R in CTLs was negatively correlated with the expression ef thi
The determined area under the curve, sensitivity and spégi ¢ marker in TregsD 0.54,p< 0.0001Figures 1E6).

were taken into account. The cut-o point for the HLA-DR No di erences were observed between patients of the two
expression level in CTLs was a parameter also determinggfoups regarding HLA-DR expression in Th cells, but we did
by ROC curve analysis, considering the expression value thabt discriminate between Th subsets (e.g., Thl, Th2, THha),
corresponded to the maximum of sensitivity and speci city.might in uence cancer di erently.

Paired t-test was used for the analysis of the co-culture The analysis of CD69 expression in T lymphocyte populations

assay. did not lead to the same result obtained by the analysis of HLA
DR (data not shown). This may be due to the fact that CD69 is
an early, transiently expressed, activation marker of T célis (
RESULTS while HLA-DR is increased later in the activation process of T
Clinical and Pathological Characteristics cells (L9), remaining in the cell surface.

For this study, 144 fresh samples (137 pre-treatment - 48 Besides dividing the patients regarding the presence or

biopsies and 89 surgical specimens - and 7 post-NACT surgicabsence of axillary lymph node invasion, we have also divided

specimens) were collected prospectively. Data from thesenpmtie them regarding breast cancer subtype (ERIERZ, or TNBC),

are displayed ifTable 1 Most patients have estrogen receptorgrade (G1, G2, or G3), age §0 years old or 50 years old),

(ER) positive breast cancer, have high body mass index and dt#mnor dimension & 20 or>20 mm) and body mass index (low,

post-menopausal. normal or overweight). HLA-DR expression in T cell populations
These samples, except the post-NACT specimens, were us&ds not signi cantly di erent in these other comparisons (réisu

in the rst phase of the study for a global analysis of tumornot shown).

in ltrating immune populations. Then, aiming to nd an Thus, independently of BC subtype, expression of HLA-DR

adequate biomarker of response to NACT, from these samplei distinct T cell populations can di erentiate patients with

we used the rst consecutive biopsies D 30) of patients that ~axillary lymph node metastasis (HLA-DRTregs) from patients

were selected for NACT and related the activation statuseift Wwithout axillary lymph node metastasis (HLA-BDRCTLS).

lymphocytes with their response to treatment. These results suggested that more than simply the presence

Frontiers in Immunology | www.frontiersin.org 4 November 2018 | Volume 9 | Article 2605


https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org
https://www.frontiersin.org/journals/immunology#articles

Saraiva et al. HLA-DR" CTLs Predict NACT Response

-
® o
e o
1 ]

N
a
1
ee o o

% in whole tumor
% in whole tumor
% in whole tumor

SRR

N\
2 2 & o
RN S
& AT AT 0 ¥ &
¥ ¥ S
& &P
AN 4

D E
o 100+
o
'
=
£
x
Q
<
- |
T
L3
o
(]
]
()
J 1
100
Levels of HLA-DR in CTLs
F gated on CTLs gated on Tregs
A Node - Node + Node - Node +
10° o 10° 4 > 10°
3 49.9% 3 6.3% 3 14.2% E
10 9 1'J4 - 104- 10 9
< ] ;
Q
% 10° 10° N I
o 3 o q o3 o g
10 7 103' 103- 103'
10 o 10 10 10 1D:'l 1] 10 10 10 -10 0 10 10 10 10 '] 10 10 10
A -
7
HLA-DR

FIGURE 1 | HLA-DR expression in CTLs and Tregs can distinguish betweepatients without axillary lymph node metastasis (N-) and piants with axillary lymph node
metastasis (NC) contrarily to the percentage of distinct cell populations(A) Percentage of leukocytes, T cells, B cells and NK cells in theimor bulk from patients
without axillary lymph node metastasis (N—, gray triangles D 70, mean) and patients with axillary lymph node metastasidNC, black dots, n D 67, mean).

(B) Percentage of dendritic cells (DCs), Neutrophils, M1 and Méhacrophages in the same populations(C) Percentage of distinct T cell populations (helper T cells -
Th, cytotoxic T cells - CTLs and regulatory T cells - Tregs) ithe tumor from both groups of patients. The percentage of eah population was obtained in respect to
the gate in single cellsEigure S1). (D) Level of HLA-DR in Th, CTLs and Tregs in the tumor from patiesitvith and without axillary lymph node invasion, expressedsa
the median uorescent intensity of positive population norralized relatively to negative population @*< 0.01). (E) Correlation between HLA-DRC CTLs and
HLA-DRC Tregs in breast cancer samples (SpearmanD 0.54, p < 0.0001). (F) Representation of a ow cytometry analysis of HLA-DR expressn gated on CTLs
and Tregs and differences between a tumor from a patient witbut axillary lymph node metastasis and a tumor from a patienwith axillary lymph node metastasis.

Frontiers in Immunology | www.frontiersin.org 5 November 2018 | Volume 9 | Article 2605


https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org
https://www.frontiersin.org/journals/immunology#articles

Saraiva et al. HLA-DR" CTLs Predict NACT Response

and/or the quantity of immune cells within the tumor immune responders) and in Tregs (5.655 - value beneath which patients
microenvironment, the quality (i.e., the activation sfatef are NACT responders). For HLA-DR-expressing CTLs, the area
certain immune cells, namely CTLs and Tregs, might be releva under the ROC curve was 0.959, the sensitivity was 94.12% and
for cancer progression. the speci city was 100%. For HLA-DR-expressing Tregs, the area
under the ROC curve was 0.849, the sensitivity was 81.25% and
hi . . the speci city was 75%. These results highlighted that, ryainl
HLA-DR™ CTLs Are Associated With HLA-DR-expressing CTLs evaluated in biopsies could predict
Response to Neoadjuvant Chemotherapy response to NACT with accuracy. To clarify the few borderline
Considering that the HLA-DR expression in T lymphocyte cases, the analysis of HLA-QRTregs can also be useful, since
populations allows the distinction of axillary lymph node there is a strong negative correlation between both markers
invasion status, we asked if this trait could also be useful t(Figure 1B.
predict patients' response to NACT. NACT was identical in It has been reported that chemotherapeutic agents are able to
all patients and was composed of 4 cycles of anthracyclinedter the immune context of breast cancer, usually boosting ant
(doxorubicin) and cyclophosphamide, followed by 12 weeks dumor CTLs' activity 0). Thus, post-NACT surgical samples,
paclitaxel. Only the addition of trastuzumab during paclgéax non-matched with the pre-NACT samples, were analyzed by ow
administration di ered in HER2 patients. Biopsies from 30 cytometry. These specimens revealed that non-respondees hav
patients that underwent NACT were here analyzed (prein Itrating CTLs with low levels of HLA-DR pD 0.04) and Tregs
treatment) by ow cytometry and, after the treatment, patien with high levels of HLA-DR (non-statistical) when compared to
were divided in responders and non-responders, according teespondersKigure S9, similar to specimens collected before the
their radiological and pathological outcome. NACT resporgder treatment.
were classi ed as patients that achieved a pathological complet Other immune signatures of cancer immune status, namely
response (pCRy D 6) or that had a pathological partial responsePD-1, PD-L1, CTLA4, T cell immunoglobulin and mucin
with less than 10% of the initial tumor still present afterdtment  domain 3 (Tim3), IDO and IL-10, that potentially could be
and without axillary lymph node involvement(D 7). NACT used as biomarkers of NACT response were analyzed in the
non-responders included patients that still maintained morepre-treatment biopsies. Although di erences could be observed
than 50% of the initial tumor mass after treatmemt D 6), between biopsies of NACT responders and non-responders,
or patients that developed brain, liver and/or lung metagtasinone of them was statistically signi cant, as was HLA-DR in
during NACT (n D 3) or patients that had an early relapse afterCTLs. Moreover, we did not observe a segregation of these
NACT (n D 8). Patients considered NACT responders were eithegroups of patients according to the level of expression in any
ERC (30.77%), HER2 (38.46%), or TNBC (30.77%). Interestinglypf these molecules in the tumor environmerigure 2D). This
NACT responders showed higher levels of HLA-DR in CTLsemphasizes that HLA-DR CTLs (with HLA-DR above the
(p D 0.0003) and lower levels of HLA-DR in Tregs® 0.009) threshold value) could potentially be implemented in the clinic
when compared to the non-respondefSidure 2B). Again, the to distinguish NACT responders from non-responders.
percentage of T lymphocyte populations was not statistically

di erent between the two groupsHigure 2A). This nding is HLA-DR-expressing CTLs Are Located
independent of BC subtypd-igure S3. Indeed, the percentage . . .
of CTLs, per sewas not su cient to discriminate responders Preferably In Intraeplthellal Tumor

from non-responders, across all three BC subtypes, while HLAStUCtures Than in the Surrounding Normal
DR expression levels in CTLs can segregate both group§jssue
especially in ER and TNBC Figure S3. In HER2 breast Besides the frequency and the type of immune cells in the tumor
cancer, HLA-DR levels in CTLs was still higher in respondergjssue, their location could also be important to predict patsen
comparing with non-responders, although not statisticallyclinical outcome 21). For instance, it was found that disease-
signi cant. This may be explained by the fact that we onlyfree survival time is statistically shorter in colorectat@noma
have 3 samples from non-responders, including the only sampleatients without TILs in the center of the primary tumor mass
where the HLA-DR' in CTLs did not correspond to a NACT (22).
responder. Therefore, we have assessed, by immuno uorescence,
In order to verify the predictive value of HLA-DR expressionselected formalin- xed para n embedded (FFPE) tissue samples
in CTLs for NACT response, in general, we plotted the levelmatched with the previously analyzed by ow cytometry, and
of HLA-DR in CTLs and Tregs, of the total 30 biopsies in oneevaluated where the HLA-DR CTLs are mainly located. We
single column, regardless of the resporisig(re 20). Excitingly, observed that either in surgical samples from patients withou
even with a small sample size, a robust separation of respondexsillary lymph node metastasis and in biopsies of patients
(black triangles) and non-responders (gray dots) was ofeserv with good response to NACTHigure 3), HLA-DR-expressing
according to the expression level of HLA-DR, especially in €TLCTLs were mainly present in intraepithelial tumor structures
(Figure 20. Representative images iRigure 3 show a co-localization of
Additionally, ROC curve analysis was performed, leading t@anti-CD8 and anti-HLA-DR within the tumor, while no co-
a statistically valid cut-o point for the HLA-DR expression localization between these two markers was observed in the
level in CTLs (8.943 - value above which patients are NACTumor surrounding normal tissue. Indeed, outside the tumor
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FIGURE 2 | HLA-DR level in CTLs is a predictive factor of patients' regmse to neoadjuvant chemotherapy (NACT)A) Percentage of CTLs and Tregs in biopsies
from breast cancer patients that responded to NACT (R, blackar, n D 13, mean SD) and that had no response (NR, gray ban D 17, mean SD). The
percentage of each population was obtained in respect to thegate in single cells Figure S1). (B) Level of HLA-DR in CTLs and Tregs in responders and
non-responders, expressed as the median uorescent intengy of positive population normalized relatively to negativpopulation (*p < 0.01, ***p < 0.001).
(C) HLA-DR expression in CTLs and Tregs with data for responderand non-responders plotted in a single column (black trianigs and gray dots, respectively).
(D) The same analysis as if(C) was performed for other markers that theoretically could beised in the clinic: PD-L1, PD-1, CTLA4, IL-10, IDO and Tim3.

margins, CTLs were found, but no co-localization with HLARD responders comparing with non-responders and healthy donors
occurred, as HLA-DR staining was more spread throughoutFigure 4B, p < 0.05), therefore allowing the distinction between
the tissue. These results indicate that HLAORCTLs are responders and non-respondersFigures 4B,3. Curiously,
located in intraepithelial tumor structures rather than iheg non-responders have even lower levels of HLA-DR in circogati
surrounding normal tissue. This may suggest that the presencCTLs than healthy donorg{gure 4B p< 0.01).

of HLA-DRC CTLs in a high proximity with tumor antigens IFN-g and IL-10 levels in pre-treatment patients' plasma,
and tumor-released soluble factors, could lead to a moréent  assessed by ELISA, revealed that patients without axijfergh

anti-tumor activity. node invasion, as well as NACT responders, had higher levels
] ] o of IFN-g (p D 0.004,p D 0.01, respectivelyFigures 4D,H

Circulating CTLs Maintain HLA-DR of and lower levels of circulating IL-1(p@© 0.02, non-statistical,

Tumor In Itrating CTLs in BC Patients respectively,Figures 4E,3, which is in agreement with the

To verify an association between the tumor immunepresence of more activated or less activated circulatingsCTL
microenvironment and peripheral blood, blood samplescorrespondingly.

were also collected from 31 patients, prior to treatment Peripheral blood mononuclear cells (PBMCs) were isolated
implementation, and immunophenotyped by ow cytometry. from the blood of NACT responders and non-responders, at
Intriguingly, we observed that the expression of HLA-DR inthe time of biopsy, and cultured under a canonical stimulus,
tumor in ltrating CTLs correlated with HLA-DR expression in to clarify if they could recapitulate the characteristics tbé

circulating CTLs £ D 0.58,p D 0.001) Figure 4A). Moreover, tumor in Itrating immune cells ex vivg when exposed exactly
circulating CTLs have higher levels of HLA-DR in NACT to the same conditions. PBMCs isolated from healthy donors
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FIGURE 3 | HLA-DR-expressing CTLs are localized in intraepithelialmor structures of patients without axillary lymph node metstasis and in NACT responders.
Representative images of immuno uorescence experimentsy(D 6) performed in slices of paraf n tissue of surgical BC sampkof patients without axillary lymph
node metastasis (Node negative) and biopsies of NACT respdiers (Responders) for CTLs (greerl,eft panel ) and HLA-DR (red Middle panel ). Nuclei are stained in
blue with DAPI and the three staining were mergedRight panel ). Images from the tumor structures and from the tumor-surronding tissue were acquired. Scale
bars: 20 mm.
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FIGURE 4 | The pro le of HLA-DR expression and cytokine production of itratumor CTLs is maintained in systemic CTLS(A) Correlation between expression of
HLA-DR in systemic CTLs and tumor in Itrating CTLs (SpearmanD 0.58, p < 0.001). (B) HLA-DR expression in systemic CTLs in healthy donors (HD, ay bar,
nD 13, mean SD), NACT responders (R, white bam D 4, mean SD) and non-responders (NR, black barn D 5, mean  SD), assessed by ow cytometry and
representing the median uorescent intensity of positive ppulation normalized relatively to the negative populatiorfC) Representative ow cytometry analysis of
HLA-DR in systemic T cells from blood collected at the time dbiopsy of responders and non-responders. IFNg (D) and IL-10 (E) levels assessed by ELISA in plasmal
of patients without axillary lymph node metastasis (gray san D 9, mean SEM) and with axillary lymph node metastasis (black ban,D 12, mean SEM). IFNg (F)
and IL-10 (G) levels assessed by ELISA in plasma from responders (R, whiteabn D 4, mean SEM) and non-responders (NR, black bam D 6, mean SEM).(H)
Expression of HLA-DR, assessed by ow cytometry, and represeting the median uorescent intensity of positive populatia normalized relatively to the negative
population, in CTLs and Tregs ofex vivostimulated PBMCs isolated from healthy donors (HD, gray ban D 5, mean  SEM), from responders (R, white bam D 4,
mean SEM) and from non-responders (NR, black bam D 5, mean SEM). P < 0.05, **p < 0.01, ns, non-statistical.

were used as control. Interestingly, the expression of HIRA-D HLA-DR-expressing CTLs Have Increased
in CTLs was higher in stimulated PBMCs of NACT respondergxpression Levels of Effector Immune
regarding stimulated PBMCs of non-responders @ 0.02, Response-ReIated Molecules

Flgure 4'}0' :[I'hls observafu(;n.fur(;her fupporltls tha(; tt:e tg'gorlTo corroborate that HLA-DRC CTLs are activated lymphocytes
immune feafures are maintained systemicatly and blood®oull, uy, - 4 anti-tumor activity prole, we assessed in pre-

be used to spe(_:i cally assess HLADR:TLS’ which is a major treatment samples, in Itrated HLA-DR CTLs and HLA-DR
advantage for its potential use as a biomarker of response hoegative CTLs, the expression, by ow cytometry, of other

NACT. )
e ector immune response-related molecules, such as ¢gFnd
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Granzyme B, which are the most important players of activatedells Eigure 6). Namely, HLA-DR expression level in CTLs
CTLs. Interestingly, only HLA-DR CTLs expressed high levels was negatively correlated with the expression level of BGF-
of IFN-g and Granzyme B Kigure 5A), substantiating their (r D 0.45,p < 0.01), which increases the metastatic pro le;
immune competent pro le. Furthermore, we have analyzed thé®D-L1 { D 0.44,p < 0.0001), that inhibits in Itration and/or
expression level of these molecules also in HLASDRTLs  activation of CTLs 23 24); IL-6 (r D 0.51,p < 0.001), IL-8
and HLA-DR negative CTLs from patients PBMCs (isolatedr D 0.56,p < 0.001) and IL-b (r D 0.49,p < 0.001) that
from pre-treatment blood). Similar to tumor, circulating -  are in ammatory cytokines that may act as growth factors to
DRC CTLs express more IFg-and Granzyme B than HLA- sustain cancer cell proliferation and invasidibE27). It was also
DR negative CTLsHigure 5A). Even if HLA-DR negative CTLs negatively correlated with IL-23/IL-12 © 0.56,p < 0.0001)
from PBMCs had a higher level of Granzyme B expression wheihat is pro-in ammatory but can also impair CTLS' activity
compared to HLA-DR negative CTLs from tumor, the percentagéhrough the activation of Tregs2@) (Figure 6). On the other
of HLA-DRC CTLs from PBMCs that express Granzyme B, anchand, the expression level of HLA-DR in Tregs was positively
the corresponding median uorescent intensity, is signintly  correlated with the expression of these pro-tumor molecules -
higher than in HLA-DR negative CTLs from PBMCg € 0.01, IL-1b (r D 0.47,p < 0.01), IL-23/IL-12 ( D 0.43,p < 0.01),
data not shown). IL-6 (r D 0.48,p< 0.01) and IL-8 D 0.47,p < 0.001) — and,
Additionally, to further understand di erences between HLA additionally, IL-10 ¢ D 0.44,p < 0.0001) and IL-17r(D 0.45,
DRC CTLs and HLA-DR negative CTLs, CTLs with and withoutp < 0.01), which could also undermine the activation of CTLs
HLA-DR expression isolated from the blood were studied byand lead to tumor progressior2, 30) (Figure 6).
gRT-PCR. In this case, the expression@anzyme B, Perforjn When the same analysis was performed with CTLs or Tregs
TNF and Eomeswere assessed. HLA-BRCTLs expressed without accounting for HLA-DR expression, there was no
higher levels of the cytolytic proteirdranzyme Bp D 0.02) and  signi cant correlation between these cells and these mdésoof
Perforin(p D 0.03);Eomegp D 0.03), involved in di erentiation  the tumor milieu (results not shown).

of e ector CTLs and the in ammatory cytokingNF (pD 0.03), To better understand the contribution of cytokines or other
which also has anti-tumor properties, in comparison with HLA- soluble factors present in the tumor milieu in the activatioh
DR negative CTLsHigure 5B). CTLs, we used a co-culture assay of HS 578T breast cancer cell

Also, ex vivo stimulated PBMCs of responders (shownline with peripheral blood mononuclear cells (PBMCs) isolated
to express more HLA-DR in CTLs than PBMCs of non-from patients. The assay was performed in several conditions:
responders-Figure 4H) have increased levels of IFN- PBMCs with HS 578T cell line, PBMCs with the supernatant
(pD 0.01) in CTLs and lower levels of IL-10D 0.01), produced of the cell line alone, PBMCs plus a canonical stimulus, which
by Th cells and/or Tregs respectivelfFigures 5C,D, than served as a positive control, or just PBMCs. Curiously, the
stimulated PBMCs of non-responders. supernatant of the cell line alone increased the expression of

Altogether, these results suggest that CTLs with expresdgion HLA-DR in CTLs (Figure S5.

HLA-DR are active and e ector lymphocytes that might have Altogether, these data are in agreement with the supposition
a protective anti-tumor e ect, which is in accordance to theirthat CTLs (and Tregs) bearing HLA-DR re ect the overall
higher prevalence in BC without axillary lymph node metastasiimmune status of the BC milieu.

and/or in NACT responders.

HLA-DR Expression Level in CTLs DISCUSSION

Negatively Correlf’ﬂes With the Chemotherapy failure is the main reason for disease progmessio
Immunosuppressive and Pro-Tumor recurrence and cancer-related death. In the case of braasec
Features of the Tumor Milieu (BC), less than 50% of the patients have a pathological complete
An anti-tumor or a pro-tumor immune response is elicited not response to neoadjuvant chemotherapy (NAC3,}4). Although

only by the immune cells within the tumor and their bioe ector some e orts have been made in the past years, such as the
molecules, but also by tumor antigens and the expression dfitroduction of tumor in Itrating lymphocytes (TILs) as podsie
cytokines, chemokines and other immune mediators releasdaiomarkers of response, especially in TNBC and HERZ (7),

by the cancer tissue. Thus, the stimulation of anti-tumorthere is still no validated biomarker being routinely usedtie
CTLs' activity should, at least in part, rely on the moleculelinic.

present in the tumor milieu. Interestingly, we have observed The beliefthat NACT outcome may depend on the presence of
by ow cytometry analysis of pre-treatment BC samples,TILs is related to the fact that chemotherapy leads to theassde
that CTLs expressing HLA-DR were inversely correlated witlof immunogenic signals, promoting immunogenic cell death,
immunosuppressive activated Tregs (also expressing HLA-DRyhich can potentially boost an anti-tumor immune response
Figures 1E 6). Moreover, they were also negatively correlated31). However, TILs are functionally heterogenic. For ins&nc
with the expression of molecules from the non-immunecytotoxic T lymphocytes (CTLs) have been strongly associated
compartment that may co-opt the expression of typically innatewith patient survival and response to therapy);(regulatory
immune system-associated molecules to squelch the ametu T cells (Tregs) have been associated with both good and bad
immune program and/or enhance growth and survival of canceprognosis 6, 9); T helper 1 (Th1l) cells have been related with
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FIGURE 5 | HLA-DR in CTLs re ects their activation and functional stats. (A) Representation of a ow cytometry analysis of Granzyme B and I¥-g expression in
HLA-DRC CTLs and in HLA-DR negative CTLs from pre-treatment tumor saples and from PBMCs isolated from patients(B) mRNA level ofTNF , Granzyme B
(GranzB), Perforinand Eomesin HLA-DRC CTLs (black bars) and HLA-DR negative CTLs (white bars). mRNevel is expressed as the permillage4) of the
expression of the endogenous positive control( D 4). (C) Percentage of CTLs expressing IFNy and (D) percentage of CDAC T cells expressing IL-10, assessed by
ow cytometry, and representing the median uorescent intensty of positive population normalized relatively to the negive population, in stimulated PBMCs isolated
from healthy donors (HD, gray bam D 5, mean SEM), from NACT responders (R, white ban D 4, mean SEM) and from non-responders (NR, black bam D 5,
mean SEM). p < 0.05.

favorable clinical outcomes3®); whereas Th2 cells have been In this study, we went beyond immunohistochemistry
reported to be associated with dampening of the anti-tumorevaluation of TILs in BC and analyzed, by ow cytometry,
responsedd). Therefore, itis controversial that simply the degreeT lymphocyte immune signatures, that could show their
of lymphocyticin ltration, assessed by immunohistochetrnysn  activated/exhausted or anergic state and molecules prastre
sections of para n embedded tissue, has a predictive valug®f Btumor environment that are representative of the global tumor
patients' response to NACT. Even in ltrating CTLger selack  immune status.
the robustness that a predictive biomarker should have,lmxa We found that CTLs expressing high levels of HLA-
their function can be hampered by tumor cells, through selveraDR, mainly located in intraepithelial tumor structures, are
mechanisms. For instance, by expressing inhibitory mokscul characteristic of BC without axillary lymph node metastasis
like PD-L1 or by secreting immunosuppressive molecules sucind are strongly associated with good response to NACT
as IL-10, TGHy and IDO. treatment, contrasting with CTLs with low or null expression
Thus, it is still crucial to establish a more accurate BOf this molecule. HLA-DR is an antigen presenting molecule
“immunological status” that re ects the overall strengtf o expressed at high levels on professional antigen presenting
individual patients' anti-tumor immune response that will cells, but its expression on eector T lymphocytes upon
ultimately in uence NACT e ciency. their activation has also been intensively described in
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FIGURE 6 | HLA-DR expression level in CTLs and Tregs is differentiatigrrelated with the immunosuppressive and pro-tumor feattes of the tumor environment. Heat
map of Spearman correlations between the expression levelfd¢HLA-DR in CTLs and the expression level of HLA-DR in Tregsnd between the expression level of
HLA-DR in both of these cells and the expression level of predumor or immunosuppressive molecules from the tumor envirement, namely PD-L1, TGF-b, IL-6, IL-1b,
IL-8, IL-23/IL-12, IL-10, and IL-17. The expression level of each wlecule was assessed by ow cytometry and represents the medin uorescent intensity of positive
population normalized relatively to the negative populatn. The heat map is represented as a gradient from blue (negae correlations) to red (positive correlations).
Numbers in italic represent statistical signi cance op < 0.01, numbers underlined represenip < 0.001 and numbers in italic and underlined represenp < 0.0001.

some diseases, such as auto-immune diseases and vmall metastasis26-28). HLA-DR in CTLs was also inversely
infections (L4, 15). correlated with the level of PD-L1 and TG#-which are,

In the context of HIV patients, it has been described thatrespectively, a well-known inhibitory immune checkpoint and
these HLA-DFC CTLs exhibit a decreased proliferative potentialan anti-in ammatory cytokine, which coordinately work to
although retaining their cytolytic potentiaBg, 35). Additionally, dampen CTLs' activity, directly or through the activation of
in severe aplastic anemia, an elevated number of HLASDR Tregs @3, 24). Likewise, HLA-DR expression in Tregs positively
CTLs detected in patients' peripheral blood are responsible farorrelated with all the aforementioned molecules from theabr
the excessive apoptosis of hematopoietic cely. (However, milieu and, additionally, with IL-10 and IL-17, which also leav
a suppressive e ect of a subset of HLA-DRCTLs was also immunosuppressive function&§, 30, 39).
reported 37). Here we con rmed that HLA-DRC CTLs express In vitro experiments, with the supernatant of BC cell lines,
immune signatures of functionally activated, and not suppies  highlighted the fact that soluble factors released by tucelts
CTLs, such as the production of IFd-Granzyme B, Perforin, are importantto increase HLA-DR in CTLs, suggesting thasthe
TNFa, and Eomes. Thus, the in ltrating CTLs bearing HLA-DR tumor microenvironment molecules can modulate the immune
found in the analyzed samples should have an active partiocipati response and in uence the activation state of CTLs, withdnet t
in the anti-tumor response, in conformity with the fact that requirement of contact with tumor cells.
they were more elevated in patients without axillary lympheod In the other way around, we may say that the HLA-
metastasis and with a better capacity to respond to NACT. DR expression in CTLs is a re ection of the general tumor

Tregs are recognized blockers of CTLs' function and it iSmmune status. Indeed, an immunosuppressed environment will
known that HLA-DR also identi es functionally mature Tregs be unable to stimulate an appropriate immune response and
(13. Thus, not surprisingly, HLA-DR expression level in Tregsshould not give rise to HLA-DR CTLs. As cell-to-cell contact
negatively correlates with its expression level in CTLs and iand tumor-speci ¢ antigen presentation by antigen presenting
associated with BC with axillary lymph node metastasis ancemo molecules are required to elicit a speci c cytotoxic T celpa@sse
abundant in biopsies of NACT non-responders. against the tumor cells, we may infer that,vivo, the antigens

In line with these former results, we also presented datpresented by tumor cells, alongside with the soluble factors
that negatively correlate the level of HLA-DR in CTLs withcontribute to CTLs' e ector function.
the level of IL-6, IL-b, IL-8, and IL-23/IL-12, which are The increase of HLA-DR at CTLs' surface, upon stimulation,
in ammatory cytokines that, at certain level in the tumor could also be required to boost the anti-tumor immune response
microenvironment, could help the anti-tumor immune respens Indeed, HLA-DRC CTLs were found to have the machinery
(39), but whose upregulation might also favor tumor progressiomeeded for antigen processing and loading on HLA-DR
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