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ABSTRACT
Objective: To determine the prognostic significance of the immunophenotype, density and distribution of
tumor-infiltrating lymphocytes (TILs) in breast cancer samples.
Materials and methods: This was a retrospective study, using paraffin-embedded samples obtained from
43 breast cancer patients, treated at Mahasarakham Hospital between 2012 and 2013. TILs and prognostic
markers were evaluated by immunohistochemical staining of tissue microarray cores, employing monoclonal
antibodies to lymphocyte markers (i.e., CD3, CD4, CD8 and CD20) and markers for breast cancer (i.c., ER,
PR, HER2 and Ki-67). TILs were separated into 2 groups: 1) intratumoral lymphocytes (when found within
tumor cell nests), and peritumoral lymphocytes (when infiltrating into the stroma, adjacent to the invasive front
of tumor). The results of low- or high-density lymphocyte subtype infiltration of TILs in the intratumoral and
peritumoral regions were compared with clinicopathological data.
Results: A positive correlation was found between high density peritumoral infiltrating CD8+ lymphocytes
and breast carcinoma without lymph node metastasis (p=0.044), and an inverse correlation was found between
the density of peritumoral infiltrated CD4+ lymphocytes and estrogen receptor expression (p=0.027). The
density of peritumoral infiltrating CD8+ lymphocytes as well as the number of intratumoral CD20+ lympho-
cytes were independently, positively correlated with tumor size < 5 cm (p=0.027 and 0.004, respectively).
Conclusion: Pathology assessment of TILs subtyping in breast cancer sections could have implications for

patient prognosis.
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INTRODUCTION

Tumor-infiltrating lymphocytes (TILs) are
lymphocytes that have infiltrated tumor tissue, both
within the tumor itself (intratumoral lymphocytes,
ITLs) or in the connective tissue surrounding the
invasive margin of a tumor (peritumoral lympho-
cytes, PTLs)! (Figure 1). TILs are considered to be
a manifestation of the host anti-tumor response to
alterations of tumor cells at the genomic and
proteomic levels, associated with the acquisition of
the neoplastic phenotype'*?. A complex cytokine
and chemokine milieu is present in the tumor
microenvironment, allowing both anti- and pro-tu-
mor immune responses. Such conflicting activities
can often be detected within individual lesions*”.

While anti-tumor immune responses generally

fail to control the growth of primary tumors, the
quantity of infiltration by TILs is well-recognized
as a favourable prognostic factor in various solid
neoplasms®, including subtypes of breast cancer,
with the strongest correlation for the latter observed
in the ER-negative and HER2-positive subtypes’.
Although there is no consensus on the individual
immune cell subsets that consistently mediate
this effect, an important link between pre-existing
anti-tumor immune responses and long-term posi-
tive clinical outcomes has been established'’. Breast
cancer is one of the most common cancers among
Thai women, which prompted us to investigate the
prognostic value of TILs and immunophenotype the
lymphocyte sub-populations using routine pathology

methods on resected breast cancer specimens.

Figure 1 Micrograph of a breast cancer core, stained with H&E, showing tumor infiltrating lymphocytes (TILs)

within an invasive ductal carcinoma (NOS). Peritumoral lymphocytes (PTLs) are seen extensively

at the tumor-stroma boundaries and between the tumor sheets. Intratumoral lymphocytes (ITLs) are

sparse but also evident in tumor nests (in circles). 200x magnification.
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MATERIALS AND METHODS
Study samples :

The study samples were archival paraf-
fin blocks obtained from 43 female breast carci-
noma patients who were diagnosed and underwent
mastectomy at Mahasarakham Hospital between
2012 and 2013. The patient files were reviewed to
source the clinical and pathological data (including
age, tumor size, tumor grade, axillary lymph
node status, and lymphovascular invasion, staged
according to the UICC, 7™ ed., 2009. None of
the patients received preoperative chemotherapy,
radiotherapy, or endocrine therapy. The protocols
(ME 242556) used for human studies were approved
by the Research Ethics Committee of Mahasarakham
Hospital.

Tissue microarrays and immunohistochemistry :
Breast cancer tissue microarrays (TMAs)
with a 0.6-mm diameter x4 cores per case were

prepared from tumor edges as previously described'.

Freshly cut 4-micron sections from breast cancer
TMAs were immunostained using the standard
streptavidin-biotin complex method'?. The antibodies
and their sources, optimal dilution and interpretation
sites are shown in Table 1. The mounted sections
were deparaffinized with xylene, rehydrated in a
graded series of ethanol, soaked in 3% hydrogen-
peroxide solution to quench endogenous peroxidase
activity, and blocked with rabbit serum. Antigen
retrieval was performed by microwave treatment
in 10 mmol/L sodium citrate buffer (pH 6.0) for 20
minutes. After blocking the endogenous peroxidase,
the sections were incubated in protein block solution.
The sections were incubated overnight at 4°C with
cach of the primary antibodies. The sections were
then treated with secondary antibodies conjugated
to peroxidase-labeled polymer. Color development
was performed using 3,3’-diaminobenzidine (DAB)
and the sections were counterstained with haema-
toxylin. The negative control was treated in parallel

by omitting the primary antibody.

Table 1 Primary antibodies, dilution and positive staining patterns in this study.

Primary antibodies Distributors Dilution Positive staining patterns

CD3 DAKO® 1:500 T-lymphocytes - Membrane

CD20 DAKO® 1:200 B- lymphocytes - Membrane

CD4 Cell Marque® Ready to use kit T-lymphocytes - Cytoplasm

CD8 DAKO® 1200 T-lymphocytes Membrane and
cytoplasm

ER Roche® Ready to use kit Tumor cells - Nucleus

PR Roche® Ready to use kit Tumor cells - Nucleus

HER2 DAKO® 1:1,000 Tumor cells -Membrane

Ki-67 DAKO® 1:1,000 Dividing Cells - Nucleus
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Immunohistochemical assay :

The immunohistochemistry studies were
interpreted by two pathologists (TP and SK), who
were not apprised of the clinical data. Assessment
of the full-face cores that showed areas of tumor
and stroma were selected while necrotic areas were
avoided. The density of the total lymphocytic
infiltrate and the density of each cell immunophe-
notype were grouped as: (a) intratumoral lympho-
cytes (ITLs) when found within tumor cell nests, and
(b) peritumoral lymphocytes (PTLs) when adjacent
stroma (at tumor effacement and vicinity) infiltration
had occurred (Figure 1). The PTLs were semi-quan-
titatively graded according to Kreike et al., 2007[13]
into: (a) absent, minimal (<10 lymphocytes/high-
power field), (b) moderate (lymphocytes easily iden-
tified but no large aggregates); (Figure 2, B), and (¢)
extensive (large aggregates of lymphocytes in >50%
of the tumor) (Figure 2, C and D). The ITLs were
directly counted under X40 objective magnifica-

tion. For statistical purposes, as suggested by West

et al., 2011", ITLs were individually grouped as
having a low or high number of lymphocyte infil-
tration, using the median value in the individual
categories as cut-off points. PTLs were individually
grouped as having a low density (grade 0 and 1+)
or high density (grade 2+ and 3+) of lymphocyte
infiltration. Expressions of ER, PR and Ki-67 in the
nuclei were regarded as positive: (a) If >10% were
positive for ER and PR, it was considered positive
for the receptors, and (b) if >14% were positive for
Ki-67, it was regarded as having a high labeling in-
dex. For HER2, its immunoreactivity was graded
in each lesion according to ASCO-CAP guidelines,
2014: (a) negative (0, 1+), (b) equivocal (2+) and (c)
positive (3+). In this study the negative and equivo-

cal results were considered negative for HER2.

Statistical analysis :
All data were analyzed using IBM® SPSS
version 19.0 (Khon Kaen University network

license). The statistical tests for the correlation

Figure 2 Micrographs of a representative breast cancer section. Tumor area labeled on H&E staining (A)

and in serial cuts immunostained with lymphocyte markers, labeled at right lower corners (B-E,

counterstained with haematoxylin). Co-localisation of lymphocyte subtypes in TILs are shown at

various densities of lymphocyte infiltration in PTLs (A-D) and at ITLs (B and D, black arrows). 200x

magnification.
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between clinicopathological parameters and lym-
phocyte infiltration within the tumor were the Chi-
squared or Fisher’s exact test. We used the Fisher’s
exact test when 20% of the expected frequencies
were less than or equal to 5. A p-value of <0.05 was

considered statistically significant.

RESULTS
Patient and tumor characteristics :
The clinicopathological characteristics
of the 43 patients with invasive ductal carcinoma

(NOS) of the breast are summarized in Table 2.

Tumor-infiltrating lymphocytes in breast carci-
noma :

Examination of tumors in H& E-stained sec-
tions revealed that TILs were evident in 42 of the 43
carcinomas (97.7%) while lymphocytes were rarely
seen in the acinar epithelium of normal breast tis-
sue in non-tumorous areas. Subacute inflammatory
reactions were seen in the tumor necrotic foci. The
infiltrating lymphocytes in the tumor-nests (ITLs)
were sparse, but prominent in the tumor stroma at the
edge of the tumor sheets and nearby stroma (PTLs),
(Figure 1). Scoring of the density of PTLs showed
that they were (a) absent in 1 of 43, (b) minimal
(grade 1) in 8 of 43, (c) moderate (grade 2) in 15 of

43, and (d) extensive in 19 of 43 of carcinomas.

T and B lymphocytes :

Immunophenotyping demonstrated that
the majority of cancer cases with TILs were CD3+
(T lymphocytes), which were present in 42 of 43
(97.7%) of the PTLs and 36 of 43 (83.7%) of the
[TLs. Of the carcinoma cases, CD20+ B lympho-
cytes were found in 33 of 43 (76.7%) of the PTLs
and 17 of 43 (39.5 %) of the ITLs. Co-localisation
of T and B lymphocytes was evident in 33 of 42

(78.6%) carcinomas with PTLs and 26 of 36 (72.2%)
carcinomas with ITLs. Notwithstanding, the correla-
tion analysis of the density of T and B lymphocytes
in ITLs and PTLs—compared to the clinicopatho-
logical variables—revealed that an association of
ITLs with high CD20+ infiltration and tumor-size
less than 5 cm (p=0.004) (Tables 2 and 3).

T lymphocyte subtyping :

The subpopulation of T lymphocytes in
PTLs (n=42) included CD4+ T-helper cells (41/42;
97.6%) and CD8+ cytotoxic T cells (37/42; 88.1%).
In the ITLs, 32 of 36 (88.9%) and 27 of 36 (75%)
were CD8+ and CD4+, respectively. The respec-
tive correlation of the degree of CD4+ and CD8+
proliferation in the ITLs and PTLs compared to the
clinicopathological parameters was significant: viz.,
(a) carcinomas with negative estrogen receptors cor-
related with a high density of CD4+ lymphocytes
in the PTLs (p=0.027) (Table 4) and (b) carcinoma
with tumor size less than 5 cm is correlated with high
density of CD8+ lymphocytes in the PTLs (p=0.027)
(Table 5), and (c) a positive correlation was found
between high density peritumoral infiltrated CD8+
lymphocytes and breast carcinoma without lymph
node metastasis (p=0.044) (Table 6).
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Table 3 Correlation between tumor sizes and density of CD20+ lymphocytes at ITLs and PTLs.

Density of lymphocyte

infiltration Tumor size <5 cm Tumor size > 5 cm p-value*
CD20+ (ITLs, median = 2) 0.004
Low, n(%) 13(35.1) 6(100.0)
High, n(%) 24(64.9) 0(0.0)
CD20+ (PTLs) 0.218
Low, n(%) 14(37.8) 4(66.7)
High, n(%) 23(62.2) 2(33.3)

ITLs, intratumoral lymphocytes; PTLs, peritumoral lymphocytes. The low and high categories of ITLs and
PTLs were determined by the median number of infiltrated cells and the density degrees of infiltrated cells
(low-grade 0, 1; high-grade 2, 3), respectively.

* Calculation using chi-square (or Fisher’s exact) test. P-value <0.05 considered statistically significant.

Table 4 Correlation between estrogen receptor status and lymphocyte-subtype densities, infiltrating locations

(ITLs or PTLs) of tumor-infiltrating lymphocytes (TILs).

Dei’:ls;:fr:fig]“s ER<10% ER>10% p-value*
CD20+ (ITLs, median = 2) 0.004
Low, n(%) 13(35.1) 6(100.0)

High, n(%) 24(64.9) 0(0.0)
CD20+ (PTLs) 0218
Low, n(%) 14(37.8) 4(66.7)
High, n(%) 23(62.2) 2(33.3)

[TLs, intratumoral lymphocytes; PTLs, peritumoral lymphocytes. The low and high categories of ITLs and
PTLs were determined by the median number of infiltrated cells and the density degrees of infiltrated cells
(low-grade 0, 1; high-grade 2, 3), respectively.

* Calculation using chi-square (or Fisher’s exact) test. P-value <0.05 considered statistically significant
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Table 5 Correlation between tumor sizes and density of CD8+ lymphocytes at different locations (ITLs or
PTLs) of tumor-infiltrating lymphocytes (TILs).
Density of TILs

. . Tumor size <5 cm Tumor size > 5 cm p-value*
infiltration
CD8+ (ITLs, median = 5)
Low, n(%) 10(71.4) 4(28.6) 0.077
High, n(%) 27(93.1) 2(6.9)
CD8+ (PTLs)
Low, n(%) 18(75.0) 6(25.0) 0.027
High, n(%) 19(100.0) 0(0.0)

[TLs, intratumoral lymphocytes; PTLs, peritumoral lymphocytes. The low and high categories of ITLs and
PTLs were determined by the median number of infiltrated cells and the density degrees of infiltrated cells
(low-grade 0, 1; high-grade 2, 3), respectively.

* Calculation using chi-square (or Fisher’s exact) test. P-value <0.05 considered statistically significant.

Table 6 Correlation between lymph node status and lymphocyte-subtype densities, infiltrating locations
(ITLs or PTLs) of tumor-infiltrating lymphocytes (TILs).

Density of TILs

Lymph node Positive =~ Lymph node Negative p-value*

infiltration
CD3+ (ITLs, median = 10) 0.172
Low, n(%) 11(52.4) 7(31.8)
High, n(%) 10(47.6) 15(68.2)
CD3+ (PTLs) 0413
Low, n(%) 2(9.5) 4(18.2)
High, n(%) 19(90.5) 18(81.8)
CD20+ (ITLs, median = 2) 0.864
Low, n(%) 9(42.9) 10(45.5)
High, n(%) 12(57.1) 12(54.5)
CD20+ (PTLs) 0.625
Low, n(%) 8(38.1) 10(45.5)
High, n(%) 13(61.9) 12(54.5)
CD4+ (ITLs, median = 5) 0.094
Low, n(%) 13(61.9) 8(36.4)
High, n(%) 8(38.1) 14(63.6)
CD4+ (PTLs) 0.495
Low, n(%) 5(23.8) 6(27.3)
High, n(%) 16(76.2) 16(72.7)
CD8+ (ITLs, median = 5) 0.159
Low, n(%) 9(42.9) 5(22.7)
High, n(%) 12(57.1) 17(77.3)
CD8&+ (PTLs)
Low, n(%) 15(62.5) 9(37.5) 0.044
High, n(%) 6(31.6) 13(68.4)

ITLs, intratumoral lymphocytes; PTLs, peritumoral lymphocytes. The low and high categories of ITLs and
PTLs were determined by the median number of infiltrated cells and the density degrees of infiltrated cells
(low-grade 0, 1; high-grade 2, 3), respectively.

* Calculation using chi-square (or Fisher’s exact) test. P-value <0.05 considered statistically significant.
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DISCUSSION

In the current study, we observed a high
frequency of TILs in invasive breast carcinomas.
The presence of lymphocyte infiltration in tumors
is consistent with previous reports comparing TILs
in benign breast lesions, DCIS and lobular car-
cinoma'® %, The presence of these lymphocytes is,
moreover, considered an expression of an antitumor
immune response, capable of preventing progression
and metastasis'. In cancer progression, the key
factors for recruitment of TILs are soluble factors
(i.e., proteases, growth factors, cytokines and
chemokines) locally-secreted by stromal and tumor
cells'” 8. Our findings suggest that T and B lympho-
cytes were co-recruited in 72.2% and 75.8% of ITLs
and PTLs, respectively. This could be evidence of
chemokine mediation as well as a local inflammatory
reaction’®. ITLs principally comprised of CD4+ and
CD8+ T cells, and B cells? (Figure 2, B-D). CD4+ T
cells perform critical roles in recruiting, activating,
and regulating many facets of the adaptive immune
response; with their helper functions for B cells and
CD8+ cytotoxic T cell-mediated responses being
well-documented!?.  Our observation of a high
density of peritumoral infiltrated CD8+ lympho-
cytes as well as the number of intratumoral CD20+
lymphocytes were independently, positively corre-
lated with tumor size < 5 cm (p=0.027 and 0.004,
respectively). CD8+ cytotoxic T cells are considered
a key component of an effective antitumor immu-
nity*; so the observation of an increase in CD8+
cytotoxic T cells only at a certain size likely therefore
represents the balance between anti- and pro-tumor
immune responses, which fail to control the growth
of primary tumors®. Similarly, but independently
observed, are the increasing number of B lympho-
cytes at ITLs, indicating that TILs generate mem-
ory cells of intratumoral CD20+ lymphocytes that

mediate anticancer immunosurveillance' which also

fails to eliminate malignant cells at later stages of
tumorigenesis®. Another example when B lympho-
cyte infiltration fails to contain breast cancer growth
is medullary breast carcinoma: a rare subtype of
high-grade invasive ductal carcinoma characterized
by dense infiltration of B lymphocytes and plasma
cells both around and within the tumor. Earlier
studies suggested that the lymphocytic response may
be the key factor associated with a better prognosis
over against conventional ductal carcinomas?'.
In a study done after re-defining the histological
criteria of 104 cases of medullary carcinoma (a series
of 1,411 breast cancers with similar staging), deaths
due to the carcinoma were reportedly rare after 5
years, while the unsuccessfully-treated medullary
carcinoma patients died fastest of all groups®. The
authors concluded that medullary carcinomas are
essentially aggressive malignancies, as indicated by
their tumor grade, but that their biological potential
is countered to a considerable extent by the host’s
immune response?. Importantly, a recent gene ex-
pression profiling study linked a poorer prognosis
among the subset of medullary breast carcinomas
carrying the BRCA1 mutation® **. Studies of
human breast carcinomas indicate the immuno-
genic intrinsic nature of the tumor, as several auto-
antigens have been identified (i.e., the HER2/neu
protein, p53, CEA, c-Hras, ¢c-myc and MUC-1)%.
We observed that a high density peritumoral infiltrat-
ed CD4+ lymphocytes was inversely correlated with
estrogen receptor expression (p=0.027), linking TILs
to the intrinsic properties of the cancer cells. Estro-
gen is a steroid hormone involved in regulating the
differentiation and proliferation of breast epithelial
cells. Estrogen influences cells by interacting with
the ER in the nucleus, eliciting a cascade of tran-
scriptional regulatory activity directly modulating
the expression of cell-cycle regulatory and growth

factor receptor pathways®. It is well-recognized
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that ER-positive and ER-negative breast cancers
are two different disease entities?’. Generally,
ER-negative tumors tend to be of a high grade, are
more frequently p53 mutation, and have a worse
prognosis than ER-positive disease*’. A high
immune signal has been linked with improved
patient outcomes in subtypes of breast cancers that
are ER-negative and HER2-positive’?.

One of the most important independent
prognostic factors in breast carcinoma is evidence
of axillary lymph node metastasis. Laguens et al.
(2012) identified and quantified CD4+ and CD8+
T cells in the stroma of human breast cancer and
correlated them with the presence of CXCL9%. The
CXCL9 is amonokine induced by interferon gamma
(MIG) that targets lymphocytes'” . They demon-
strated that the number of CD4+ and CD8+ T cells
in breast cancer tissue was significantly increased
with a clear predominance of CD8+ T cells, while
MIG/CXCLY levels were significantly elevated
with respect to normal breast tissue?®. Actually, this
chemokine correlated with the number of CD8+ T
cells only in non-metastatic tumors®®. These data
suggest that MIG targets cytotoxic T cells and can
play a critical role in malignant progression. Evi-
dence in support of their hypothesis is found in
our observation of a positive correlation between
high-density peritumoral infiltration of CD8+ lym-
phocytes and breast carcinoma without lymph node
metastasis (p=0.044). The underlying mechanism
is possibly inhibition of micro-metastasis®. We
observed a histopathological association between
the immune subtypes of TILs at the tumor edges and
have shown how these are implicated in tumor
prognosis. The study was limited by the small
number of available samples, and the options for
an appropriate statistical analysis. The TILs count
represent continuous variables (ITLs), and the PTLs

count were ordinal outcomes. We therefore have

to converted the continuous ITLs data and ordinal
PTLs data into categorical data before applying a
univariate analysis and nonparametric testing
(Chi-square or Fisher exact). The data modification
may have weakened the correlation analysis, i.c.,
after trying repeated multiple comparisons of tumor
size, grade and stage with continuous variable (ITLs)
using an ANOVA and post-hoc test for Bonferroni
correction, a significant association was only found
for B-cells with tumor size (but not T-cells). More
cases plus functional studies are needed, then an
analysis of the relationship between the density and
specific subtypes of TILs can be tested and the cor-
relation determined between the manifestation of a
host anti-tumor reaction and predictive tumor grad-

ing and staging.

CONCLUSION
We provided confirmation that TILs are a
common manifestation in ductal breast cancer® and
that breast cancer is immunogenic for recruitment of
T and B lymphocytes. The individual immuno-sub-
types of TILs may be a further prognostic indicator

of use in routine pathological staging of the tumor.
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