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Abstract: Spatial organization of tumor microenvironment (TME) may influence tumor response to immunomodula-
tory therapies. Zeb1 is a driver of epithelial-mesenchymal transition, with several roles in immune cell development,
however its role in shaping of the immune TME is not fully explored. We conducted a pre-multiplex spatial analysis
study to verify whether Zeb1 influences spatial distribution of tumor-infiltrating lymphocytes (TILs) in triple nega-
tive breast cancer (TNBC). We applied single and double immunohistochemistry to analyze spatial relationships
between CD8+, FoxP3+ and CD20+ tumor-infiltrating lymphocytes (TILs) and the cells expressing Zebl in formalin-
fixed, paraffin-embedded surgical specimens of 113 TNBCs. 15.5% of cases had Zeb1+ tumor cells and 72.8% of
cases had stroma rich in Zeb1+ cells. Low density of intratumoral CD8+ TILs was observed in almost all TNBCs with
high or moderate Zeb1+ expression in tumor cells (22/23 cases, 95.6%), and in 90.4% of TNBCs (75/83 cases)
with stroma rich in Zeb1+ cells. On the other side, a majority of TNBCs with stroma rich in Zeb1+ cells had high den-
sity of stromal CD8+ TILs (55/83 cases, 66.3%). These associations were not observed between Zebl-expressing
cells and FoxP3+ or CD20+ TILs. This in situ analysis showed specific spatial relationship between tumor or stromal
Zebl+ cells and CD8+ TILs, which need to be validated in other cohorts. Zeb1 was highlighted both as a marker
of tumor cell EMT and of tumor stroma richness in mesenchymal cells. Several hypotheses about causes of the
observed relationship between Zeb1 and TILs are generated and the approaches to verify them discussed. Zeb1 is
worth further investigation as a potential biomarker of intratumor immunosuppression of TNBC and of its response
to immunotherapies.
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Introduction tion, to promote local tumor invasion, intravasa-

tion and systemic spread during metastatic pro-

Epithelial-mesenchymal transition (EMT) is an
embryonic developmental program which
ensures proper tissue and organ formation [1].
In cancer, EMT is a crucial driver of metastasis
[2]. The EMT program, governed by transcrip-
tion factors Zeb1/2, Slug/Snail and Twist, oper-
ates in malignant tumors because of several
reasons. The neoplasm may be initiated by the
cells naturally in EMT, such as in claudin-low
breast cancers [3]. More frequently, the EMT
program becomes activated after cancer initia-

gression [4].

A growing body of evidence indicates a close
relationship between tumor cell EMT and tumor
microenvironment [5-7]. EMT induction may
trigger immunosuppressive mechanisms based
on activation of the regulatory T-lymphocytes or
inhibition of the dendritic cells [8]. At another
side, inflammation has been shown to be the
most important external EMT inducer and driv-
er of cancer progression [9]. Various inflamma-
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tory cytokines, such interleukin 6 or TNFalpha,
can activate the EMT program through regula-
tion of expression or stability of the EMT-driving
transcription factors [5]. However, how EMT
shapes tumor microenvironment and vice versa
is still not fully explored.

Therapeutic approaches which increase the
immune response against cancer, known as
immunotherapies, represent a new paradigm in
cancer treatment [10]. These treatment modal-
ities offer some patients a significant prolonga-
tion of survival. Unfortunately, many patients
are not responsive to immunotherapies, or
become resistant after an initial good response
[11]. As immunomodulators are expensive and
can have adverse effects, it is of utmost impor-
tance to know all the mechanisms and indica-
tors of cancer response to those drugs [12].

We reported in earlier work that a subclass of
breast cancers with high Zebl expression is
characterized by low frequency of TP53 muta-
tions and low chromosomal instability [13].
These rare cancers, mostly belonging to the
metaplastic triple negative subtype, are initiat-
ed by mammary stem cells resistant to DNA
damage because of the preemptive protective
program driven by Zebl1. We hypothesized that
these tumors would be less immunogenic due
to low number of gene mutations they carry, as
a high frequency of somatic mutations is asso-
ciated with higher immunogenicity in breast
cancer [14]. The question thus arose of wheth-
er increased Zebl expression would be associ-
ated with specific characteristics of immune
microenvironment in metaplastic and non-
metaplastic breast cancers.

Therefore, we conducted the study presented
here, to verify our hypothesis of association
between tumor cell Zebl expression and
immune response within the tumor bed. We
exploited single and double-staining immuno-
histochemistry (IHC) as convenient methods for
first verification of our hypothesis, before using
more complex methods of tissue analysis. IHC
is the most affordable and widely implanted
method in clinical pathology laboratories which
allows simultaneous visualization of cellular
morphology and protein expression. It can
reveal the spatial distribution of tumor immune
microenvironment components, recently shown
to greatly influence the cancer response to
immunomodulators [12, 15-17].

3371

We first evaluated the expression of Zebl in a
large cohort containing triple negative (TNBC)
and luminal breast cancers. After finding
a much greater proportion of Zeb1+ cases in
triple negative than in luminal B tumors, we
studied the spatial relationship between Zeb1-
expressing cells and subpopulations of tumor-
infiltrating lymphocytes (TILs) in TNBC. In-
terestingly, we observed that not only tumor
cell but also stromal cell Zebl expression was
associated with a particular pattern of TIL spa-
tial distribution. We found that the density of
CD8+ TILs, the main effectors of cellular im-
mune response against cancer, was low in the
areas with tumor cells expressing Zebl, but
high inthe tumor stroma rich in Zeb1-expressing
cells. Finally, we hypothesize about the cause
of this relationship.

Material and methods
Case selection

This study was approved by the Ethics Com-
mittee (CECIC) of the Rhone-Alpes-Auvergne
region (Grenoble, France). The main cohort con-
tained 234 retrospectively included patients,
who had surgery for breast cancer from January
1, 2014 to June 30, 2017, at the Centre Jean
Perrin in Clermont-Ferrand, France. Formalin-
fixed, paraffin-embedded tumor tissue blocks
were retrieved from the Centre archives. Mo-
lecular classification was performed by IHC,
using the 2011 St Gallen criteria [18]. The main
cohort studied included 89 luminal B (LumB)/
HER2-, 42 LumB/HER2+ and 103 TNBCs. Pa-
tients were treated either by first-line surgery,
followed by an adjuvant treatment (n=164), or
by neoadjuvant chemotherapy, followed by sur-
gery (n=70). Owing to a very low number of high-
grade metaplastic tumors (demonstrated to
strongly express Zeb1 [3]) in the main cohort, a
secondary cohort composed of five high-grade
metaplastic TNBCs and five high-grade non-
metaplastic TNBCs, belonging to an already
published cohort, was also included in the
study [13].

Tissue microarrays

The study was performed on breast tumor
specimens obtained at surgery. H&E-stained
sections of all the FFPE blocks containing tumor
cells were reviewed and selected for further
study by four authors (M.OD., M.K., M.D-S., N.R-
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Table 1. Immunohistochemical procedures used to detect Zeb1 and TIL subpopulations

Single labeling

Ab dilution, incubation time,

Ag Ab clone Ab supplier Ag retrieval temperature of incubation Detection system
Zebl EPR17375 Abcam CC1 60 min 1/50, 60 min, 37°C ultraView DAB
CD8 SP16 Thermo Scientific CC1 36 min 1/200, 60 min, 37°C ultraView DAB
CD20 SP32 CellMarque CC1 36 min 1/100, 36 min, 37°C ultraView DAB
FoxP3 SP97 Thermo Scientific CC1 60 min 1/100, 60 min, 37°C OptiView DAB
Double labeling
Ag Ab clone Ab supplier Ag retrieval A:;:q';:;'gﬂ; r'gcc:;?::sgatt'i:: Detection system
Zebl EPR17375 Abcam CC1 60 min 1/50, 60 min, 37°C UltraMap AR HRP + ChromoMap DAB
cb8s SP16 Thermo Scientific CC1 36 min 1/200, 60 min, 37°C UltraMap AR HRP + Purple Kit
CD20 SP32 CellMarque CC1 36 min 1/100, 36 min, 37°C UltraMap AR HRP + Purple Kit
FoxP3 SP97 Thermo Scientific CC1 60 min 1/100, 60 min, 37°C UltraMap AR HRP + Purple Kit

Legend: Ag, antigen; Ab, antibody; CC1, Cell Conditioning 1 (buffer); DAB, 3’, 3'-diaminobenzidine; HRP, horseradish peroxidase.

R.; the last three are board-certified breast
pathologists). At least one tumor area, at least
10 x 10 mm in size, containing the tumor inva-
sive front, was selected for TMA construction.
Whenever possible, and especially in cases
of cytologically/architecturally heterogeneous
tumors, up to three different tumor areas, with
at least 200 tumor cells, were selected. The
areas to be sampled for TMAs were marked by
two researchers (M.O-D., N.R-R.). From each
tumor, at least one 0.6 mm-diameter cylinder
was sampled at the tumor invasive front and in
the tumor interior (the area at distance of 5-10
high-power fields/HPFs, x 40, field diameter
0.55 mm/from the invasive front, toward tumor
center). TMAs were constructed by a tissue
microarrayer (MiniCore® 3, Excilone, Elancourt,
France). In all, 187 tumors were sampled and
integrated into TMAs.

Whole tumor tissue sections

Fifty-seven breast tumors were analyzed using
whole tissue sections. All the blocks containing
tumor tissue were cut and the sections stained
by IHC. At least one section was analyzed, at
least 10 x 10 mm in size, containing the tumor
invasive front and at least 200 tumor cells.

Immunohistochemistry

All IHC single labelings were performed in
Benchmark XT or Ultra automated systems.
Double labelings were done in a Benchmark
Discovery automated system (Ventana/Roche
Diagnostics, Meylan, France). Details of the
procedures are given in Table 1.
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The stained sections were first scanned at x 4
and x 10 magnification with a Nikon Eclipse Ci
microscope, to roughly evaluate spatial hetero-
geneity of Zebl expression and TIL distribution.
A detailed analysis of each case (at x 20 and x
40) was done on a 30-inch monitor, connected
to the microscope by a digital photography sys-
tem (NIS-Elements D, Nikon France SAS,
Champigny-sur-Marne, France).

Tumor cell expression of Zebl was assessed
semi-quantitatively and scored as follows: a)
low (present in <5% of tumor cells), b) moderate
(in 5-49% of tumor cells), ¢) high (in 250% of
tumor cells). The cut-off for tumor positivity for
Zebl was arbitrarily chosen to be 5% (<5%,
negative; >5%, positive).

Tumor stroma was considered rich in Zebl-
expressing cells (sZebl1™") if >20 Zebl+ cells
were observed in one HPF, and poor in those
cells (sZeb1r°*) if one HPF contained <20
Zebl+ cells. Any intensity of the Zebl1 nuclear
expression was considered as Zebl positivity.

TILs were considered CD8+ or CD20+ if any
intensity of the membranous IHC signal was
observed, and FoxP3+ if any intensity if the IHC
signal was observed in the nucleus. Tumors
were classified, for the purpose of this research,
into high-density cases (with 210 CD8+, CD20+
or FoxP3+ TILs within a HPF) and low-density
cases (with <10 TILs per HPF, respectively).

Statistical analysis

Statistical analysis was performed using Fis-
her’s exact test using the R software.
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Table 2A. Expression of Zeb1 in triple negative and luminal breast cancers (main cohort)

TNBC (n=103)

LumB (n=131)

tZebl high (+) moderate (+) low (-) high (+) moderate (+) low (-)

sZebl rich rich rich poor rich rich rich poor
n 2 14 59 28 0 1 56 74
% 1.9 13.6 57.3 27.2 0 0.8 42.7 56.5

Table 2B. Expression of Zebl in triple negative breast
cancers (secondary cohort)

TNBC (n=10)
tZebl high (+) moderate (+) low (-)
sZebl rich rich rich  poor
n 4 3 1 2
metaplastic n 3 2 0 0
non-metaplastic n 1 1 1 2

Legend: TNBC, triple negative breast cancers; LumB, luminal B
breast cancers; tZebl, tumor cell Zeb1 expression; sZebl, stromal
richness in cells expressing Zeb1.

Results

Zeb1 expression rate is significantly higher in
triple negative than in luminal B breast cancer

We first evaluated Zebl expression in a con-
secutive series of 234 breast cancers (103
TNBCs and 131 luminal B tumors, main cohort).
As shown in Table 2A, 16/103 TNBCs (15.5%)
had high or moderate tumor cell Zebl expres-
sion (tZeb1+, 1.9% high and 13.6% moderate,
respectively). The expression rate of tZebl was
much lower in luminal B cancers than in TNBC
(only 1/131 cases, 0.8%). This difference was
highly statistically significant (P=0.0001). In a
secondary cohort, added to enrich the study
population in high-grade metaplastic breast
cancers, 7 out of 10 tumors had high (n=4) or
moderate (n=3) tZebl expression. All high-
grade metaplastic tumors (n=5) were tZebl-
positive (Table 2B).

Zebl was also expressed in stromal cells. Most
of the stromal Zeb1+ cells had fusiform mor-
phology. Some stromal Zebl1+ cells were more
round than fusiform and typically localized in
close proximity to the tumor islands (Figure 1).
Stroma was rich in Zeb1+ cells (sZeb1"™") in sig-
nificantly more TNBCs than luminal tumors
(72.8% vs 43.5%, respectively, P=0.0001,
Table 2A).

We then analyzed combined tumor cell/stromal
expression of Zebl and found 3 categories of

3373

tumors: tZebl+/sZeblm", tZebl-/sZeblreh
and tZebl-/sZebl1P®. Interestingly, no
luminal or triple negative tumor was
tZeb1+/sZeblr°*. As shown in Table 2A,
the main TNBC cohort contained 16
tZebl1+/sZebl1"*" cases (15.5%), 59 tZebl-/
sZebl™" cases (57.3%) and 28 tZeb1-/sZe-
b1reor cases (27.2%). The luminal tumor
cohort was composed of 56 tZebl-/sZe-
brich (42.7%) and 74 tZeb1-/sZebl1r°* cases
(56.5%). The only tZebl+ luminal tumor
was sZebl1™". The proportion of tZebl+/
sZebl™ cases was thus significantly
greater in the triple negative than in the luminal
tumors (P=1.04 x 107%), whereas the luminal
tumors had significantly greater proportion of
tZebl-/sZeb1P* cases (P=1.01 x 107%). The
proportion of tZeb1-/sZeb1"" cases was also
greater in the triple negative than in the luminal
cohort (P=0.035).

Overall, we conclude that TNBCs are markedly
richer in Zebl-expressing cells than luminal
tumors, whether in the tumor islands or in the
stroma. Figure 2 shows a representative exam-
ple of each tZebl/sZebl category.

Spatial relationship between CD8+ TILs and
Zeb1+ cells in TNBC

Since our TNBC cohorts contained many more
tumors with Zeb1+ tumor cells and with stroma
rich in Zeb1+ cells, and since TNBCs have been
reported to have higher rates of the ‘hot”/
‘inflamed’ tumors than luminal B breast can-
cers [19], we chose TNBC subtype to study spa-
tial relationship between Zeb1-expressing cells
and TILs.

We first observed that all TNBCs with high
expression of Zeb1 in tumor cells had low intra-
tumoral CD8+ TIL density (6/6 cases, 2 in the
main and 4 in the secondary cohort, Table 3A
and 3B). Similarly, almost all TNBCs with mod-
erate tZeb1 expression (16 out of 17 cases in
two cohorts considered together) had little
intratumoral CD8+ TILs (Table 3A and 3B). In
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Figure 1. Zebl-expressing cells in breast cancer in-
tratumoral stroma. A. Triple-negative breast cancer
with Zeb1-expressing cells in the stroma. B. Luminal
breast cancer with Zeb1-expressing cells in the stro-
ma. White arrows = Zebl-expressing non-fusiform
stromal cells. Black arrows = tumor cells. Bar =100
pm.

addition, low density of intratumoral CD8+ TILs
characterized 89.8% (53 out of 59 main cohort
cases) of TNBCs not expressing Zebl in their
tumor cells but having stroma rich in Zebl+
cells (Table 3A).

We then focused on the relationship between
stromal richness in Zeb1+ cells and the density
of intratumor infiltration by CD8+ TILs, irrespec-
tive of the tumor cell Zeb1 expression. In the
main cohort, significantly more tumors with
stroma rich in Zeb1+ cells had a low density of
intratumoral CD8+ TlLs (68/75 cases, 90.7%)
than tumors with stroma poor in Zeb1+ cells
(18/28 cases, 64.3%), P=0.0027 (Table 4A).
Similarly, in the secondary cohort, 7 out of 8
cases with stroma rich in Zeb1+ cells had a low
density of intratumoral CD8+ TILs (Table 4B).

Figure 3 shows representative examples of
TNBCs with different expressions of Zebl in
tumor and stromal cells and the corresponding
patterns of CD8+ TIL infiltration revealed by
single IHC labeling.
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Figure 2. Tumor categories according to Zebl ex-
pression in tumor and stromal cells. Representa-
tive examples of three tumor categories, according
to Zebl expression in tumor and stromal cells. A.
tZebl+/sZeb1 tumor. B. tZeb1-/sZeb1" tumor. C.
a tZebl-/sZeb1’°°" tumor. Bar =100 ym.

To confirm in situ the specific associations of
tumor or stromal cell expression of Zebl and
infiltration of these areas by CD8+ TILs, we per-
formed double IHC for Zeb1l and CDS8, where
the first antigen was visualized by a brown and
the second by a purple precipitate. Figure 4
shows several representative areas with Zeb1+
or Zebl1- tumor cells and the corresponding
CD8+ lymphocytic infiltration. The double IHC
for Zeb1 and CD8 confirmed that the areas with
tumor cells expressing Zeb1 were poor in CD8+
TILs, whereas the stromal areas rich in Zebl+
cells were highly infiltrated by CD8+ TILs.

After analyzing a total of 113 TNBCs (main and
secondary cohort) we conclude that Zebl
expression by TNBC tumor cells is associated
with a low density of intratumoral CD8+ TILs. In
addition, TNBCs with stroma rich in Zebl-
expressing cells have a high density of stromal

Am J Cancer Res 2020;10(10):3370-3381
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Table 3A. Zeb1 expression and density of CD8+ TILs in TNBCs, main cohort

TNBC, n=103
tZeb1 high (tZebl+) tZebl moderate (tZeb1+) tZeb1 low (tZeb1-)
sZeb1men sZeblen sZeb1h sZeb1roor

n 2 14 59 28

itCD8+ TILs high density n 0 1 6 10
% 0 7.1 10.2 35.7

itCD8+ TILs low density n 2 13 53 18
% 100 92.9 89.8 64.3

sCD8+ TILs high density n 1 10 40 5
% 50.0 714 67.8 17.9

sCD8+ TILs low density n 1 4 19 23
% 50.0 28.6 32.2 82.1

Table 3B. Zeb1 expression and density of CD8+ TILs in TNBCs, secondary cohort

TNBC, n=10
tZeb1 high (tZeb1+) tZebl moderate (tZeb1+) tZeb1 low (tZeb1-)
sZeb1rih sZebrien sZebreh sZeb1roor
n 4 3 1 2
itCD8+ TILs high density n 0 0 1 1
itCD8+ TILs low density n 4 3 0 1
sCD8+ TILs high density n 1 2 1 2
sCD8+ TILs low density n 3 1 0 0

Legend: TNBC, triple negative breast cancers; tZebl, tumor cell Zeb1 expression; sZeb1™", stroma rich in cells expressing Zebl;
sZeb1P°", stroma poor in cells expressing Zeb1; itCD8+ TILs, intratumoral CD8+ tumor-infiltrating lymphocytes; sCD8+ TILs,

stromal CD8+ tumor-infiltrating lymphocytes.

Table 4A. Stromal richness in Zeb1-expressing
cells and the density of intratumoral CD8+ TILs
(main cohort)

TNBC
sZeb1P  sZeblreh

itCD8+ TILs high density n 10 7

% 35.7 9.3
itCD8+ TILs low density n 18 68

% 64.3 90.7
Total n 28 75

% 100 100

Table 4B. Stromal richness in Zeb1-expressing
cells and the density of intratumoral CD8+ TILs
(secondary cohort)

TNBC
sZeb1P  sZeblreh
itCD8+ TILs high density n 1 1
itCD8+ TILs low density n 1 7
Total n 2 8

Legend: TNBCs, triple negative breast cancers; TILs, tumor-
infiltrating lymphocytes; sZeb1"°*, stroma poor in Zeb1-
expressing cells; sZeb1™", stroma rich in Zebl-expressing
cells.
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CD8+ TILs and a low density of intratumoral
CD8+ TlLs.

Tumor or stromal cell expression of Zeb1
does not influence the infiltration by FoxP3+
T-lymphocytes or CD20+ B-lymphocytes

After finding that Zebl expression, by either
tumor or stromal cells, is associated with spe-
cific patterns of tumor infiltration by CD8+ TILs,
we looked for a similar relationship between
Zeb1 expression and tumor infiltration by other
TIL subtypes. We focused on the FoxP3+ regu-
latory T-lymphocytes (Tregs) and the CD20+
B-lymphocytes, each playing an important role
in the immune response to cancer. Each of
these two cell types was found in both the
tumor islands and the stroma, but the density
of these cells was almost universally low. The
B-cells were mostly localized outside the
tumors. We could not establish any significant
association between the density of CD20+ or
FoxP3+ TILs and the Zebl expression by either
tumor or stromal cells. Figure 5 shows repre-
sentative examples of spatial relationships
between TNBC tumor or stromal Zebl and
FoxP3+ or CD20+ cells.

Am J Cancer Res 2020;10(10):3370-3381
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Figure 3. Representative examples of Zeb1 expression by tumor or stromal
cells and infiltration by CD8+ TILs in triple negative breast cancer (single IHC
labeling). (A) Tumor with high Zeb1 expression in tumor cells. (B) The same
tumor as under (A), low density of intratumoral CD8+ TILs. (C) Tumor with
no Zebl expression in tumor cells. (D) The same tumor as under (C), high
density of intratumoral CD8+ TILs. (E) Tumor with stroma rich in Zeb1+ cells.
(F) The same tumor as under E, high density of stromal CD8+ TILs. (G) Tumor
with no Zebl1+ tumor or stromal cells. (H) The same tumor as under (G), low
density of intratumoral and stromal CD8+ TILs. Bar =100 ym.

Discussion

Zebl is best known as a major transcription
factor governing EMT. Our team has recently
shown that Zebl also protects breast stem
cells from oxidative stress and this way inhibits
DNA damage which generates chromosomal
instability [13]. Several recent studies have
revealed Zeb1 roles in multiple immune cell lin-
eages (T, B, NK lymphocytes, macrophages,
dendritic cells) [20]. Therefore, it can be hypoth-
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esized that Zebl influences
the immune response to can-
cer in multiple ways, directly
or indirectly.

Here we show that expression
of Zeb1 in TNBC tumor or stro-
R mal cells is associated with
: specific spatial distribution
of CD8+ T-cells, the main type
of anti-tumor TILs. Spatial
aspects of tumor immune infil-
tration have been demonstrat-
ed to be of high importance
both for general prognosis of
cancers and for their response
to immunomodulators such as
immune checkpoint inhibitors
[21, 22].

According to our best knowl-
edge, our study is the first th-
at explored the relationship
between Zebl expression and
the immune infiltrate of breast
cancer using an in situ meth-
od. Alkatout et al investigated
the expression pattern of
another EMT-driver, Snail, and
the quantity of CD3+, CD8+
and FoxP3+ TILs in a cohort of
o 352 breast cancers [23]. They
found that high tumor cell
expression of Snail and higher
numbers of FoxP3 TILs were
associated with longer dis-
ease-free patient survival, but
they did not investigate the
spatial relationship between
tumor Snail+ cells and the
three TIL subtypes.

Other authors investigated only EMT transcrip-
tion factor expression in breast cancer. In a
cohort of 173 TNBCs, Jang et al found similar
frequency of cases expressing Zebl in tumor
cells as we found in our main cohort [24].
Karihtala et al studies Zeb1 expression in tumor
cells and stroma in a cohort of 231 breast can-
cers, among which 51.5% TNBCs, however our
results cannot be compared to theirs because
of different scoring systems exploited and cor-
relations performed [25].

Am J Cancer Res 2020;10(10):3370-3381
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Figure 4. Representative images of spatial relationship between tumor or
stromal Zeb1+ cells and CD8+ TILs in triple negative breast cancers (double
IHC labeling; brown, Zebl1; purple, CD8). A. Tumor with an area composed
of cells highly expressing Zebl and low density of intratumoral CD8+ TILs
(bottom), and an area composed of cells without Zeb1 expression, highly in-
filtrated by CD8+ TILs (up). B. Another tumor, with similar spatial relationship
between Zebl-expressing cells and CD8+ TILs as the one under A (Zeb1+
cells on the left and CD8+ TILs on the right). C. Tumor with no Zeb1 expres-
sion by tumor cells and high density of intratumoral CD8+ TILs. D. Tumor with
two different areas: the area at the left contains a zone rich in Zeb1+ tumor
cells which is devoid of CD8+ TILs even outside the Zeb1+ zone; the area at
the right contains less Zeb1+ tumor cells and much higher density of CD8+
TILs. E. Tumor with stroma rich in Zeb1+ cells and high density of stromal
CD8+ TILs. F. Tumor with no stromal Zeb1+ cells and with low density of both
stromal and intratumoral CD8+ TILs. Bar =100 um.

mm

Figure 5. Representative exam-
ples showing spatial relation-
ship between Zebl+ cells and
CD20+ or FoxP3+ TILs in triple-
negative breast cancers (double
IHC; brown, Zebl; purple, CDS8).
A. Tumor with Zeb1+ cells and low
density of intratumoral CD20+
TILs. B. Tumor with no Zebl+
tumor cells and low density of
intratumoral CD20+ TILs. C. Tu-
mor with Zeb1+ tumor cells and
with low density of intratumoral
FoxP3+ TILs. D. Tumor with no
Zebl1+ tumor cells, high density
of stromal Zebl+ cells and low
density of intratumoral or stromal
FoxP3+ TILs. Bar =100 um.

Our main finding is that TNBC
areas that contain Zebl-ex-
pressing tumor cells are very
poor in CD8+ TILs, which gen-
erates several hypotheses
to verify in further work. The
Zeb1+ TNBC cells might have
phenotypic, genotypic or TIL-
repelling characteristics that
make them nonpermissive for
direct contact by CD8+ lym-
phocytes.

The first plausible hypothesis
is that the Zeb1+ tumors have
low numbers of intratumoral
CD8+ TILs because of a gen-
erally low immunogenicity due
to a low mutation/neoantigen
burden. This mechanism mi-
ght be operating in a subset of
metaplastic TNBCs like those
we have previously charac-
terized [13]. To confirm this
hypothesis, it would be neces-
sary to perform mutational
or neoantigen profiling of the
analyzed cases.

Deciphering the mechanisms
behind tumor repellency of
TILs is only beginning. A recent
elegant study by Li et al. dem-
onstrated the existence of a
possible chemorepellent in-
side TNBC cell clusters that
prevents CD8+ TlLs from com-
ing into direct contact with the
tumor cells [26]. The authors
also showed that the repelling
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entity is not desmoplasia, i.e. a physical barrier
to TIL traffic toward the tumor islands made by
an excess of collagen fibers. Several chemical
entities or tumor molecular features have been
demonstrated to be negative regulators of the
immune response within the tumor site and
reported as possible TIL repellents. The main
ones are hypoxia, intratumoral hypoglycemia
and some chemokines, cytokines and growth
factors, such as CCL5, CXCL12, IL-8 or TGF(3
[27-32]. In situ studies of tumor secretome
could confirm whether the Zebl+ TNBC cells
are surrounded by molecules with lymphocyte-
repelling properties.

One of the mechanisms of Zebl-induced can-
cer immunosuppression is induction of PD-L1.
Zebl relieves miRNA-200 repression of the
PD-L1 promoter, as shown by genomic analy-
ses of lung cancer [33]. PD-L1 expression plays
a key role in exhaustion of CD8+ TILs, thus
inhibiting their function [34]. However, data
showing the relationship between tumor PD-L1
expression and the amount of tumor-infiltrating
CD8+ cells are conflicting. In a series of 477
lung cancers, Kim et al. found that the tumors
with EMT features and PD-L1 expression had
most CD8+ cells [35]. Elsewhere, Tsutsumi et
al. demonstrated that co-expression of Zebl
and PD-L1 at the invasive front of esophageal
squamous carcinoma correlated with less
CD8+ lymphocyte infiltration [36]. Among
breast cancers, those of metaplastic histotype
have been shown to have the highest rate of
EMT marker and PD-L1 expression [3, 37, 38].
However, the level of their infiltration by lym-
phocytes is variable [38]. Our metaplastic
breast cancers (n=6) were all characterized by
high grade, high Zebl1 expression in tumor cells
and low intratumoral TILs (data not shown sep-
arately for this histotype). Future work should
be directed towards a fuller exploration of the
relationship between Zebl, PD-L1 and TILs
in metaplastic and non-metaplastic breast
cancers.

Zebl expression in cancer cells has been
shown to be associated with the molecular fea-
tures of stem cells (stemness). In a recent
study, Miranda et al. have shown a strong nega-
tive association between cancer stemness and
anti-cancer immunity, using genomic, transcrip-
tomic and clinical parameters across 21 solid
cancers [39]. This negative association was
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particularly clear for CD8+ lymphocytes, and
then for NK and B-cells, whereas it was more
variable for CD4+ cells, Tregs and neutrophils,
indicating that the influence of cancer stem-
ness on tumor infiltration by the immune cells
might be cell-specific. Our findings are partially
concordant with those of Miranda et al. We also
demonstrated a strong negative association
between tumor cell expression of the stemness
marker Zeb1 and the number of CD8+ TILs, but
no such association was found for B-cells or
Tregs. Moreover, we used an in situ method
able to show the tumor tissue zones infiltrated
by a specific immune cell type, whereas
Miranda et al. analyzed gene expression of bulk
tumor tissue. In this way we were able to show
that the feature associated with low CD8+ cell
infiltration was indeed tumor and not stromal
cell expression of Zeb1, supporting the hypoth-
esis of malignant cell stemness as their intrin-
sic immunosuppressive feature.

Another major finding of our study is retention
of CD8+ T-cells in the tumor stroma rich in
Zebl-expressing cells. Most of these cells are
benign cells of mesenchymal origin, so Zeb1 is
a mere marker of their lineage [40]. Some of
the stromal Zeb1+ cells might be the tumor
cells in EMT that started invading. Irrespective
of the nature of the Zeb1+ cells in TNBC stro-
ma, increased richness in Zebl1+ stromal cells
could be considered as an indicator of reduced
intratumoral infiltration by CD8+ lymphocytes
due to their accumulation outside the tumor
islands. The reasons for this accumulation are
likely multiple and need to be better explored.
In addition, it would be necessary to determine
whether the tumor stroma rich in Zebl-
epressing cells only impairs the traffic of CD8+
TILs toward tumor cell clusters or also inhibits
their cytolytic capacity. Cancer mesenchymal
stromal cells (MSCs) can inhibit CD8+ T-cell
function by secretion of exosomes, which pro-
mote Treg differentiation [41], however we
could not demonstrate an increased accumula-
tion of Tregs in the TNBC stroma rich in Zeb1+
cells. Another mechanism of CD8+ T-cell inhibi-
tion in stroma might be secretion of various
immunomodulatory cytokines by MSCs or
depletion of metabolites critical for T-cell func-
tions [42]. A recent study in a mouse model of
ovarian cancer showed that Zeb1 is required
for tumor-promoting and immunosuppressi-
ve action of tumor-associated macrophages
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(TAMSs) [43]. TAMSs are also numerous in breast
cancer microenvironment, so they likely repre-
sent an important part of the Zeb1-expressing
stromal cells in our cohort of TNBC. Future
studies simultaneously evaluating macroph-
age markers (CD68, CD163), Zeb1 and lympho-
cyte markers would better explore the relation-
ship of Zeb1+ stromal TAMs and CD8+ TILs
within breast cancer stroma.

Interestingly, expression of Zebl, by either
tumor or stromal cells, does not seem to influ-
ence the spatial distribution of B-type TILs.
There is increasing evidence for the importance
of this lymphocyte population for anti-cancer
immune response and the cancer response to
immunotherapies [44, 45]. More work is neces-
sary to better understand the interplay between
B-TILs and tumor cells in EMT or the benign
stromal cells of mesenchymal lineage.

We also observed some cases neither express-
ing Zebl in tumor cells nor rich in stromal Zeb1+
cells. Those tumors were poor in tumor-infiltrat-
ing lymphocytes and had the ‘cold/‘immune
desert’” immunophenotype [46]. The mecha-
nisms inducing weak or absent immune res-
ponse in their tumor sites likely do not involve
the interaction between Zeb1+ cells and TILs.

One limitation of our study is presentation only
of the correlations between biological features
S0 no conclusion about causality can be drawn.
However, our intention was, indeed, to perform
a preliminary study of spatial relationships
between a molecule (Zebl) with a potential role
in cancer immune microenvironment shaping
and the elements of that environment (TILs).
Several methods have been recently developed
for high multiplex, spatially resolved gene/pro-
tein expression cancer profiling [47]. These
methods allow deep exploration of cancer tis-
sue content, however need a careful experi-
mental design in order to evaluate the features
of a researcher’s interest without generating a
number of potentially confusing data. In this
line, defining smaller panels of molecules of
interest maintains, in our opinion, a valuable
basis for more extensive research. According to
the results of this study, Zebl, as a reflector of
tumor cell EMT/stemness and tumor stroma
richness in the immunosuppressive cells of
mesenchymal origin, could be included in the
‘screening’ panels for tumor microenviron-
ment immunophenotyping, together with CDS8,
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FoxP3, CD20, CD68/163, PD-L1. Evaluation of
expression of the panel members in several
regions of interest in various tumor tissues
might rapidly generate biomarkers of potential
clinical interest.

In conclusion, our study visually documents
specific associations between Zebl-express-
ing cells and CD8+ TILs, in a tumor type for
which immunotherapeutic approaches are
being increasingly developed [48]. We hypoth-
esize that the observed relationships might be
provoked, at least partially, by TIL-repelling
properties of Zebl+ tumor cells and TIL-re-
taining properties of stromal Zeb1+ cells. Zebl
therefore needs further investigation as a puta-
tive biomarker of intratumoral immunosuppres-
sion, and, potentially, of cancer response/resis-
tance to immunotherapies.
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