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Abstract

Background The clinical significance of adoptive tumor-infiltrating lymphocyte (TIL) therapy has been demonstrated in
many clinical trials. We analyzed the in vitro reactivity of cultured TILs against autologous breast cancer cells.

Methods TILs and cancer cells were cultured from 31 breast tumor tissues. Reactivity of TILs against cancer cells was
determined by measuring secreted interferon-gamma. Expression levels of epithelial markers, major histocompatibility
complex molecules, and programmed death-ligand 1 (PD-L1) in cancer cells, and T cell markers (memory, T cell activation
and exhaustion, and regulatory T cell markers) in expanded TILs were analyzed and compared between the reactive and
non-reactive groups.

Results In seven cases, TILs showed reactivity to autologous cancer cells. Six of these cases were associated with triple-
negative breast cancer (TNBC). All reactive TNBCs were derived from surgical specimens after neoadjuvant chemotherapy
(NACQ). Higher expression of Ki67 in tumor tissues and lower expression of PD-L1 in cultured cancer cells were associated
with reactivity. Proliferation of reactive TILs was high. High proportions of T cells and PD-1*CD4* and PD1*CD8* T cells
were associated with reactivity in TNBC cases, while other activation or exhaustion markers were not.

Conclusion TILs from approximately half the TNBC cases with NAC showed reactivity against autologous cancer cells. The
proportion of PD-1* T cells was higher in the reactive group. Adoptive TIL therapy combined with PD-1 inhibitors might
be promising for TNBC patients with residual tumors after NAC.
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Introduction

Breast cancer is a heterogeneous disease with various bio-
logic, pathologic, and clinical features. Approximately 70%
of breast cancer cases are hormone receptor-positive (HR*)
tumors that express estrogen receptor (ER) and or proges-
terone receptor (PR) [1]. Hormone therapy is considered
the most effective treatment for these patients. Human epi-
dermal growth factor receptor 2-positive (HER2%) breast
cancer comprises 15-20% of cases, and targeted therapies
such as trastuzumab and pertuzumab are effective. Triple-
negative breast cancer (TNBC) is a subtype that accounts for
approximately 15% of all breast cancers. Since TNBC does
not express hormone receptors or HER2, targeted therapies
such as tamoxifen (used for HR + breast cancer) or trastu-
zumab (used for HER2 + breast cancer) are not available.
Only chemotherapy is used for TNBC. The prognosis of
patients not responding to chemotherapy is very poor. Thus,
effective therapeutic agents are needed for TNBC patients.

Cancer immunotherapy induces an immune response
to cancer cells through immune cell stimulation. Durable
benefit and complete responses are achieved in certain
groups of patients. Cancer immunotherapies include anti-
cancer vaccines, checkpoint inhibitors, and adoptive cell
transfer (ACT). Clinical trials of ACT with lymphokine-
activated killer cells [2, 3], genetically engineered T cells
[4, 5], and tumor-infiltrating lymphocytes (TILs) [6] have
assessed in breast cancer.

TILs are lymphocytes that accumulate around cancer
cells. Unlike peripheral blood lymphocytes, a high pro-
portion of T cells have a memory phenotype [7]. TILs are
present in most breast cancers. More TILs are observed in
TNBC, compared with HR* breast cancer, although the
numbers of TILs vary widely in patients [8]. Increased lev-
els of TILs are reportedly associated with better response
to neoadjuvant chemotherapy (NAC) in all breast cancer
subtypes. In addition, TNBC and HER™" breast cancer
patients harboring more TILs can survive longer.

The most successful clinical trial of adoptive TIL therapy
revealed that 22% (20/93) of melanoma patients receiving
expanded TILs from autologous cancer showed complete
remission without recurrence in 20% (19/93) patients within
5-10-years of follow-up [9]. The therapeutic effect of TIL
has been consistently demonstrated in preclinical and clini-
cal studies in various cancers including lung cancer, cervi-
cal cancer, ovarian cancer, and colorectal cancer [10-13].
Recently, the adoptive transfer of autologous mutation-spe-
cific TILs in combination with pembrolizumab successfully
regressed metastatic ER™ breast cancer in a patient [6]. How-
ever, this is the only study reported on breast cancer. Further
demonstration of the efficacy of adoptive TIL therapy in
breast cancer is needed.
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Previously, we described the potential properties of TILs
as a source of ACT for breast cancer [14]. Some, but not
all, cases of TILs from breast cancer produced interferon-
gamma (IFN-y) when interacting with autologous cancer
cells and controlled tumor growth in patient-derived xeno-
graft (PDX) models. The characteristics of TILs and cancer
cells that influenced the immune response are still unclear,
which hinders the refinement of TIL therapy. Herein, we
investigated the efficacy of ex vivo-expanded TILs to autolo-
gous tumor cells derived from patients with various types
of breast cancer and analyzed the factors associated with
in vitro reactivity of expanded TILs.

Materials and methods
Patient samples

The study protocols were approved by the Institutional
Review Board of Asan Medical Center (IRB#2015-0438).
We selected 31 breast cancer samples that were successfully
cultured for both TILs and cancer cells, of which twenty-
four samples were collected previously [14] and seven were
newly obtained (Supplementary Table S1). The percent-
age of TILs was estimated as reported previously [15, 16].
Lymphoid aggregation with vessels showing features of high
endothelial venules (plump, cuboidal endothelial cells) with
or without germinal centers was considered a tertiary lym-
phoid structure (TLS). The degree of TLS was determined
as 0 (none), 1 (little), 2 (moderate), and 3 (abundant) [17].
Full available sections were evaluated for histological sub-
type and grade, tumor size, pT stage, pN stage, and lympho-
vascular invasion. Immunohistochemistry was performed to
determine the breast cancer subtypes as described previously
[14]. ER and PR levels were regarded as positive when > 1%
of tumor nuclei were stained. HR* tumors were defined as
ER* and/or PR*. HER2" tumors were defined as those with
immunohistochemistry scores >3 or were determined by
gene amplification using silver in situ hybridization. Histo-
logic types were defined according to the 2012 WHO clas-
sification, and histological grades were evaluated using the
modified Bloom—Richardson classification.

Cell culture

TILs were isolated from tumor tissues and expanded as
previously described [14]. Briefly, breast cancer tissues
were minced into 1-mm-diameter pieces and plated (two
pieces per well) in a 24-well plate containing 2 mL of TIL
culture medium (RPMI 1640 medium; Life Technologies,
New York, NY, USA) supplemented with 10% fetal bovine
serum (FBS; Corning, New York, NY, USA), 1 xZellShield,
50 nM 2-mercaptoethanol (Life Technologies), and 1000 U/
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mL human recombinant interleukin-2 (hrIL-2; Miltenyi Bio-
tec, Bergisch Gladbach, Germany), and incubated at 37 °C
in a 5% CO, incubator for 14 days. Half of the TIL culture
medium was replaced every 2 or 3 days, and the cells were
divided into two wells when the color of the medium turned
from reddish to yellow. After 14 days, the TILs were cryo-
preserved until further experimentation.

For further rapid expansion (REP), TILs were cultured
with irradiated (50 Gy) allogeneic peripheral blood mono-
nuclear cells (PBMCs) from three healthy donors in REP
medium (50% RPMI 1640 and 50% AIM-V medium; Life
Technologies) supplemented every 2 or 3 days with 10%
FBS, 1 xZellShield, 2000 IU/mL hrIL-2, and 30 ng/mL
human anti-CD3 antibody (OKT3, Miltenyi Biotec). After
14 days, the post-REP TILs were collected and cryopre-
served until further experimentation.

For primary cancer cell culture, breast cancer tissues
were digested as previously described [14]. Dissociated
cells were cultured 1:1 in DMEM/F12 (Life Technologies)
supplemented with 2% FBS, 5 ng/mL human recombinant
epidermal growth factor (Invitrogen, Carlsbad, CA, USA),
0.3 pg/mL hydrocortisone, 0.5 ng/mL cholera toxin, 5 nM
3,3',5-triiodo-L-thyronine, 0.5 nM B-estradiol, 5 pM isopro-
terenol hydrochloride, 50 nM ethanolamine, 50 nM O-phos-
phorylethanolamine (all from Sigma-Aldrich, St. Louis, MO,
USA), 1 xinsulin/transferrin/selenium, and 1% penicillin/
streptomycin on 100 mm collagen I-coated plates (Corning)
at 37 °C in a 5% CO, incubator until confluent. The cells
were sub-cultured at least twice before cryopreservation.

IFN-y production

To investigate TIL reactivity against autologous cancer cells,
4% 10° TILs were co-cultured with 1 x 10> autologous breast
cancer cells in 96-well plates for 24 h. The supernatant was
collected, and the IFN-y produced by TILs was quantified
with an enzyme-linked immunosorbent assay kit (Koma Bio-
tech, Seoul, Korea).

Flow cytometry

Antibodies used are listed in Supplementary Table S2. To
analyze the molecules expressed on cell surfaces, cells were
stained with antibodies for 30 min at 4 °C in the dark. After
washing with fluorescence-activated cell sorting (FACS)
buffer, the cells were stained with 4',6-diamidino-2-phe-
nylindole solution to distinguish dead cells. For intracellular
staining, the cells were fixed in 2% paraformaldehyde and
permeabilized using 90% methanol. The cells were washed
and stained with antibodies at 4 °C in the dark. After stain-
ing, the cells were washed and resuspended with FACS
buffer. Flow cytometry was performed using the FACS
Canto II device (BD Biosciences, Santa Clara, CA, USA).

Data were analyzed using FlowJo software (Tree Star, Ash-
land, OR, USA).

Statistical analyses

All statistical analyses were performed using SPSS sta-
tistical software version 20 (IBM, Armonk, NY, USA).
The Mann—Whitney U test was used to compare differ-
ences between two independent groups. Correlation was
assessed using Spearman’s rank correlation analysis. All
tests were two-sided, and p <0.05 was considered statisti-
cally significant.

Results
Clinicopathologic characteristics of patients

Breast cancer tissues obtained from 31 patients (13 h*/
HER2™, one HR"/HER2", and 17 TNBC; Table 1) were used
to isolate TILs and cancer cells. All tumor samples were
derived from the breast, except one from a lymph node with
breast cancer metastasis. Nineteen patients underwent NAC
prior to surgery (NAC group), while 12 did not (non-NAC
group). The NAC samples were resistant to systemic ther-
apy. Median tumor size was 2.4 cm (range, 0.8—14.6 cm).

Expansion of TILs from cancer tissues

TILs in ex vivo cultures are derived from within tumors
and tumor-adjacent tissues. TIL and TLS levels were esti-
mated by hematoxylin and eosin staining of cancer tis-
sue sections. Varied levels of TILs (HR*/HER2™ and
HR /HER2*: median, 10%; range, 0-80%; TNBC: median,
10%; range, 0-90%) and TLS were observed. Culturing
yielded more than 1x 10* immune cells per tumor fragment
(median, 3 10°; range, 4.0x 10° to 4.6 x 10°) and 1 x 10°
cells per tumor (median, 148 X 10%; range, 1-2000 % 105).
As expected, the numbers of cultured TILs were positively
correlated with the levels of TILs (Fig. 1a, b) and TLS score
(Fig. 1d, f) histologically estimated from cancer tissue sec-
tions. For functional analysis and characterization, the TILs
were further expanded for 2 weeks with hrIL.-2, allogeneic
PBMCs, and anti-human CD3 antibody. Median fold-change
of expanded T cells from the initial number of TILs was
1205 (range, 13—-6700). Unlike the initially cultured TILs,
the fold-change of REP TILs was not significantly corre-
lated with TIL and TLS levels of tumor tissues (Fig. 1c, f).
We also previously reported the proliferation ability of TILs
from more than 100 breast cancer tissues [14]. Therefore,
it is expected that TILs from breast cancer patients could
be expanded to a sufficient number for ACT, which usually
involves 1 x 10°—1x 10! cells.
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Table 1 Clinicopathologic

T . Clinicopathologic Primary tumor Primary tumor Metastasis
characteristics of patients variables Did not . Received L h nod
id not receive eceive ymph node
neoadjuvant therapy neoadjuvant therapy
(n=12) (n=18) n=1)

Age (years)

Median (range) 43 (33-61) 47 (34-88) 62
Tumor size (cm)

Median (range) 2.1(0.8-3.2) 3.7 (1.5-14.6) 25
Subtype

HR*/HER2™ 5 (42%) 8 (44%) 0 (0%)

HR*/HER2* 0 (0%) 0 (0%) 0 (0%)

HR/HER2* 1 (8%) 0 (0%) 0 (0%)

TNBC 6 (50%) 10 (56%) 1 (100%)
Histological type

IDC, NOS 12 (100%) 18 (100%) 0 (0%)

Metaplastic carcinoma 0 (0%) 0 (0%) 1 (100%)
Histological grade

2 3 (25%) 4 (22%) 1 (100%)

3 9 (75%) 14 (78%) 0 (0%)
LVI

Absent 10 (83%) 5 (28%) NA

Present 2 (17%) 13 (72%)
TNM stage

I 5 (42%) 2 (11%) NA

I 7 (58%) 8 (44%)

I 0 (0%) 8 (44%)

v 0 (0%) 0 (0%)
Miller—Payne grade

1 8 (44%)

2 6 (33%)

3 4 (22%)
RCB class

I 7 (39%)

11 11 (61%)

HR hormone receptor, HER2 human epidermal growth factor receptor 2-positive, IDC invasive ductal car-
cinoma, LVI lymphovascular invasion, NA not available, NOS not otherwise specified, RCB residual cancer
burden, TNBC triple-negative breast cancer

Characteristics of expanded TILs

Next, we analyzed the composition of immune cells within
the REP TILs. T cells (CD3*CD567) were predominant
(median, 86.3%; range, 53.7-98.7%; Fig. 1c). In this study,
we designated CD3*CD56™ cells as natural killer T (NKT)-
like cells because cytotoxic T cells as well as NKT cells
express CD56 [18]. The proportion of NKT-like cells var-
ied among samples (median, 13.7%; range, 1.3-46.2%).
The proportions of natural killer (NK) cells (CD3-CD56%)
and other types of cells (CD37CD567) were <0.1% in all
REP TILs (Fig. 1g). CD8* T cells (median, 70.7%; range,
8.6-94.7%) were more abundant than CD4" T cells (median,
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19.6%; range, 3.2-88.4%) in 64% of REP TILs. In all REP
TILs, the majority of the CD4" and CD8* T cells showed
effector memory phenotypes (CD45RO*, CCR77, Fig. 1h).
Since the degree of TILs and TLSs and the characteris-
tics of cultured TILs may vary depending on the subtype
of cancer cells and chemotherapy, we compared these fea-
tures between groups. There was only one sample with the
HR /HER2* subtype, so we divided the tumors into two
groups: non-TNBC and TNBC. The degree of TLSs was
significantly higher in the TNBC group (p =0.036). How-
ever, the levels of TILs in the tumor tissues and features of
cultured TILs were not significantly different between the
TNBC and non-TNBC groups (Fig. 1i-n). The levels of TILs
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Fig. 1 Characteristics of expanded TILs derived from breast cancer
tissues according to TNBC and NAC. Correlation between tissue lev-
els of TIL and TLS and the number of cultured TILs per fragment (a,
d), per sample (b, e), and the fold-change after REP (c, f). Composi-
tion of immune cells (g) and T cell subsets (h) of REP TILs, includ-
ing naive like T cells (Tn-like), central memory T cells (Tcm), effec-

and TLSs in the tumor tissues and the number of 2 weeks
cultured TILs were significantly lower in the NAC group
than in the non-NAC group (Fig. li-1). As expected, cancer
cells and immune cells in the tumor tissues were affected by
chemotherapy, as were the compositions of expanded TILs.
No significant differences were evident in the fold-change of
REP TILs between the NAC and non-NAC groups.

Reactivity of expanded TILs against cancer cells

Expanded TILs were co-cultured with autologous primary
cancer cells for 24 h and IFN-y secretion was analyzed.
Reactivity to autologous tumor cells was defined as IFN-y
secretion more than twice that in control cultures without
cancer cells. Seven cases of TILs displayed significant
reactivity upon autologous cancer cell interaction (median
fold-change, 0.5; range, 0-135.8 of total samples, median
fold-change, 9.5; range, 3.0-135.8 of reactive TILs; Fig. 2a,
b). Most of the reactive TILs were from TNBC (6/7). All
TNBCs showing in vitro reactivity were derived from resec-
tion specimens in the NAC group (six of 11 cases, with five
cases derived from primary tumors and one case derived

tor memory T cells (Tem), and effector T cells (Teff). Comparisons of
levels of TILs (i) and TLS (j) in tumor tissues, number of expanded
TILs per fragment (k), total number (1), fold-change after REP (m),
and immune cell composition of REP TILs (n) between TNBC and
non-TNBC samples, and NAC and non-NAC samples including HR*/
HER2* patients. *p <0.05, *#p <0.01, ***p <0.001

from metastatic lymph node). The remaining case with
in vitro reactivity was derived from HER2* breast cancer
without NAC. Levels of Ki67 were higher in the reactive
group than in the non-reactive group (p =0.05). Other
clinicopathologic factors were not significantly different
between the reactive and non-reactive groups (Fig. 2c-1).

Cancer factors associated with in vitro reactivity

To characterize the cultured cancer cells, the morphology
and expression levels of epithelial cell markers, such as epi-
thelial cell adhesion molecules (EpCAMs) and cytokerat-
ins (CKs), were evaluated with flow cytometry. Although
EpCAM and CK positivity (percentage of cells expressing
EpCAM, CK, or both) were significantly higher in the NAC
group (p=0.022, Supplementary Fig. S1d), their expres-
sion levels were not significantly associated with reactiv-
ity in the total, TNBC, and NAC samples (Fig. 3a). Can-
cer cells down-regulate major histocompatibility complex
(MHC) class I molecules to evade tumor surveillance by
immune cells. Accordingly, the expression level of MHC
class I molecules was < 1% in 28% (7/25) of cancer cells

@ Springer
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Fig.2 Reactivity of REP TILs against autologous cancer cells and
clinicopathologic factor comparison according to reactivity. Com-
parison of IFN-y production of expanded TILs after co-culture with
autologous cancer cells between TNBC and non-TNBC samples (a)

(Supplementary Fig. S1b). However, down-regulation of
MHC class I was not correlated with reactivity (Fig. 3b).
Some cancer cells express PD-L1 and PD-L2 to evade tumor
surveillance by immune cells. Presently, most of the cul-
tured cancer cells expressed PD-L1 (median, 88.3%; range,
0.4-100%), but expression was significantly lower in the
TNBC group than in the non-TNBC group (Supplementary
Fig. S1c). PD-L1 expression was not correlated with chem-
otherapy (Supplementary Fig. S1f). Analysis of the asso-
ciation of PD-L1 expression levels with reactivity revealed
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T T
non-reactive reactive

) )
non-reactive reactive

and between NAC and non-NAC samples (b). Comparison of age (c),
tumor size (d), TIL level (e), TLS level (f), histologic grade (g), and
percentages of Ki67 (h) between non-reactive (white bar) and reac-
tive (grey bar) groups

significantly lower expression levels of PD-L1 in total and
NAC samples in the reactive group (Fig. 3c).

Immune cell factors associated with in vitro
reactivity

The number of cultured TILs was not significantly associ-
ated with the reactivity, but fold-change after REP was sig-
nificantly higher in the reactive groups in total, TNBC, and
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(white bar) and reactive (grey bar) groups within the samples as a
whole (left) and within the TNBC (center) and NAC samples (right).
*p<0.05, **p <0.01

NAC samples (Fig. 4a—c). A higher ratio of T cells and lower
portion of NKT-like cells were associated with reactivity in
TNBC samples, but not in total and NAC samples (Fig. 4d,
e). The ratio of CD4% and CD8* T cells did not correlate
with in vitro reactivity (Fig. 4f).

Since the reactive group showed high expansion propensity,
TCR sequences were analyzed to investigate whether a higher
fold-change of TILs after REP in the reactive group reflected
the clonal expansion of specific T cells. We compared the
TCR clonality (number of clonotypes) and richness (number

of reads) between the reactive and non-reactive groups. TCR
clonality and richness of REP TILs were not significantly asso-
ciated with the reactivity (Supplementary Fig. S2).

High tumor levels of TILs are correlated with better clini-
cal outcomes in the majority of patients, but not for all cases
[19-24], implying the additional importance of the tumor
microenvironment and the state of TILs. Characterization
of TILs with antitumor reactivity to autologous tumor cells
is needed. As the activation state of T cells is important to
induce anticancer immunity, we examined the expression of
markers that are increased during T cell activation, including
CD107a (LAMP-1), CD134 (0X40), and CD137 (4-1BB).
None of the activation markers showed significantly dif-
ferent expression between the reactive and non-reactive
groups (Fig. 5a—c). Analyses of the expression of immune
checkpoint molecules KLRG1, LAG3, TIGIT, TIM3, CD39,
and PD-1 revealed higher expression of PD-1 on CD4" and
CD8* T cells in the reactive groups than in the non-reactive
groups in TNBC samples (p =0.008 for CD4* and p=0.05
for CD8" T cells; Fig. 5¢). Higher expression of PD-1 in the
reactive groups likely reflects the upregulation of immune
checkpoint molecules on the surface of activated T cells
upon interaction with their ligands. PD-1 expression lev-
els were higher in NAC samples than in non-NAC samples
(Supplementary Fig. S3f), and all reactive TNBC samples
were derived from tumors with NAC. Thus, higher expres-
sion of PD-1 in the reactive group may reflect the release of
tumor antigens during chemotherapy, and the greater inter-
action of T cells with their antigens in patients with NAC,
resulting in PD-1 expression upregulation.

Regulatory T cells (Tregs) are the major population that
inhibits immune responses in tumor sites. Increased numbers
of Tregs are observed in the blood, tumor site, and tumor-
draining lymph node in cancer patients, which is associated
with poor clinical outcome [25]. To determine whether the
proportion of Tregs in expanded TILs is correlated with
reactivity, we analyzed FOXP3* T cells and CD25"FOXP3*
Tregs. Approximately 20% of T cells of expanded TILs
expressed FOXP3 (median; 22.6%; range, 10.8—41.2% in
CD4* T cells; median; 22.4%; range, 10.0-47.4% in CD8"
T). However, CD25 and FOXP3 double positive cells, which
are considered conventional Tregs, were present only in low
proportions (median; 1.4%; range, 0.3-11.8% in CD4% T
cells; median; 0.2%; range, 0-9.1% in CD8" T cells) and
most expanded TILs did not express CD25 (Supplementary
Fig. S4).

Discussion
Although many preclinical and clinical trials have demon-

strated the anticancer effects of ACT, it is effective in only
a few cancer types with high mutational burden. ACT is
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Fig.4 Comparison of expan-
sion ability and immune cell
composition of TILs according
to reactivity. Comparison of the
numbers per fragment (a) and
total number (b) of 2 weeks
cultured TILs, fold-change after
REP (c¢), and the ratio of NKT-

like cells (d) and T cells (e, f) of

REP TILs between non-reactive
(white bar) and reactive (grey
bar) groups within the samples
as a whole (left) and within

the TNBC (center) and NAC
samples (right). *p <0.05

Fig.5 Activation and exhaus-
tion markers on T cells within
expanded TILs. Comparison of
the expression levels of activa-
tion markers (41BB, CD107a,
and OX40) and exhaustion
markers (KLRG1, LAG3,
TIGIT, Tim3, CD39, and PD-1)
of T cells between reactive
(white bar) and non-reactive
(black bar) groups within the
samples as a whole (a, d) and
within the TNBC (b, e) and
NAC samples (c, f). **p <0.01
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not beneficial in many patients. To increase the efficiency
of immunotherapy, the characteristics of cancer cells and
immune cells in the tumor microenvironment of responders
must be clarified.

We analyzed the in vitro reactivity of cultured TILs
against autologous breast cancer cells. Seven of 31 cases
showed reactivity defined by increased IFN-y production.
IFN-y-producing TILs were able to kill the cancer cells
directly after being co-cultured with autologous cancer cells
(Supplementary Fig. S5a). Because of an insufficiency in
cultured autologous cancer cells, we could not perform a
second experiment to confirm the results. However, tests
using different target and effector cell ratios of 1:1 and 1:4
showed consistent results. In addition, as we have previ-
ously reported [14], tumor growth was inhibited after injec-
tion of TILs showing IFN-y response in two PDX models,
whereas tumor growth was not decreased in the group of
mice injected with TILs not displaying the IFN-y response
(Supplementary Fig. S5b). The findings indicate the pos-
sibility that TILs displaying an IFN-y response are also
able to kill cancer cells directly. However, this needs to be
conclusively demonstrated in more samples. To identify the
factors involved in cancer reactivity of TILs, we analyzed
the differential expression of surface proteins on cancer
cells and cultured TILs between reactive and non-reactive
groups. PD-L1 expression on cancer cells was lower in the
reactive group, consistent with previous reports that cancer
cells express PD-L1 to evade immunosurveillance, which
is closely associated with poor prognosis in non-small cell
lung cancer, hepatocellular carcinoma, and colorectal cancer
[26-29].

Since six of seven reactive TILs were from TNBC cases,
we analyzed the cancer cells and TILs between the reactive
and non-reactive groups of TNBC samples. The TNBC reac-
tive group displayed significantly more T cells and fewer
NKT-like cells than did the non-reactive group. NKT cells
possess the features of T cells and NK cells and can thus
modulate innate and adaptive immunity [30]. Type I and
type II NKT cells are differentiated by TCR characteristics
and show different immune responses in tumors. A low
NKT-like cell ratio was associated with antitumor reactivity
in this study. Thus, it is possible that the NKT-like cells in
cultured TILs featured suppressive activity. It will be neces-
sary to study the detailed characteristics of NKT-like cells
using markers such as CD1d and to analyze the cytokine
profiles. Additionally, direct reactivity of NKT-like cells to
autologous tumor cells should be demonstrated.

PD-1 expression on T cells of REP TILs was higher in
the reactive group than in the non-reactive group in TNBC
samples. PD-1 is a marker of exhausted T cells, and high
expression of PD-1 is associated with poor prognosis in
certain types of cancer [26, 31]. However, infiltration of
PD-1-expressing CD8™ T cells in tumors is associated with

good prognosis in human papilloma virus-associated head
and neck cancer, follicular lymphoma, colorectal cancer, and
TNBC [32-35], supporting the hypothesis that PD-1-ex-
pressing T cells are cancer-specific. PD-1-expressing CD8™*
T cells in TILs and PBMCs display neoantigen specificity
and kill autologous tumor cells in melanoma [36]. Since a
higher ratio of PD-1-expressing T cells in REP TILs was
presently correlated with reactivity, the anti-cancer response
of antigen-specific PD-1-expressing T cells can likely be
increased using PD-1 inhibitors.

FOXP3 was expressed on approximately 20% of expanded
T cells. The supplemented IL-2 and anti-CD3 antibody in
the medium would have induced FOXP3™" T cells during
expansion of TILs [37]. Most of the FOXP3* T cells did not
express CD25, while only a small proportion of FOXP3* T
cells co-expressed CD25. CD4TFOXP3+tCD25°% T cells
are reportedly increased in cancers [38]. CD4*CD25""
FOXP3" cells showed increased expression of PD-1 and
Ki-67, and reduced expression of FOXP3 and CTLA-4, com-
pared to CD4+*CD25"#" FOXP3* conventional Tregs. They
were less suppressive, suggesting that they represent the late
stage Tregs derived from CD4*CD25"e" FOXP3* cells [39]
or precursors of Tregs cells [40] that could be converted to
Tregs. Additionally, some of the cells produced more IL-2
and IFN-y than conventional Tregs and more IL-10 than
CD4%CD25" effector cells showing intermediate phenotypes
of regulatory cells and effector cells, implying that they are
a heterogenous population [38]. Helios could be a marker to
distinguish the heterogenous population [41]. Because there
are no differences in FOXP3* T cell and FOXP3*CD25* T
cell percentage between reactive and non-reactive groups,
further characterization of FOXP3" cells with markers such
as Helios is needed.

Although CD25"FOXP3* cells are less suppressive than
CD25"FOXP3* T cells, they are less effective than effector
cells and have the potential to convert to Tregs. Thus, it is
important to reduce this population to enhance the efficacy
of TIL therapy. Some chemotherapeutic agents, neutralizing
antibodies targeting receptors expressed on Tregs, and epi-
genetic modifiers can reduce Treg levels or convert suppres-
sive Tregs to immune activating cells, leading to anti-cancer
immunity augmentation [42]. Thus, TIL cultured with such
agents or antibodies targeting Tregs could be promising
strategies to reduce the FOXP3" population in expanded
TILs.

In vitro reactivity was evident in TNBC samples, and
all reactive samples were derived from surgical speci-
mens after NAC. Whether this is due to factors involved
in breast cancer subtypes or caused by chemotherapy must
be considered. TNBC is a tumor with a higher mutation
burden than other subtypes of breast cancer [43]. There-
fore, TNBC has a relatively high level of neoantigens,
and TILs in TNBC might have a greater chance to contact
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neoantigens, leading to expansion of cancer-specific TILs
in the tumor microenvironment. MHC class I expression
levels are also different in the breast cancer subtypes. We
found that MHC class I expression was negatively corre-
lated with ER expression levels and positively correlated
with TIL levels [44]. Thus, the high expression of MHC
class I in TNBC might increase immune cell infiltration to
the tumor site. Additionally, the release of tumor antigens
during NAC might recruit antigen-specific T cells to the
tumor site, and they were expanded upon interaction with
the tumor antigens.

The collective results implicate TILs as a promising ther-
apy for breast cancer patients, especially for TNBC patients
with residual tumors after NAC. Additionally, the combina-
tion of TILs with immune checkpoint blockade and chemo-
therapy, culturing TILs with neoantigens to enrich antigen-
specific T cells, or using antigen-specific T cell markers for
sorting might increase treatment efficacy. These approaches
should be evaluated in the treatment of breast cancer.

Conclusions

We analyzed the in vitro reactivity between cancer cells
and TILs and characterized the patient-, cancer-, and
immune cell-related factors associated with reactivity.
Seven of 31 cases (including 35% of TNBC cases) showed
reactivity against autologous cancer cells. For TNBC sam-
ples, the reactive group displayed lower PD-L1 expres-
sion on cancer cells and a higher ratio of PD-1-expressing
T cells. All reactive TNBCs were NAC-resistant tumors,
which have a higher risk of tumor recurrence and high
mortality rates. Five of six patients with tumor-reactivity
had tumor recurrence within 23 months of follow-up.
These results implicate adoptive TIL therapy combined
with PD-1 inhibitors as a promising therapeutic modality
for TNBC patients, especially when NAC therapy fails.
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