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Abstract The prognostic significance of tumor-infiltrat-
ing lymphocytes and immune signals has been described
previously in triple-negative breast cancer (TNBC). Fur-
thermore, recent studies have shown that immunologic
parameters are relevant for the response to neoadjuvant
chemotherapy (NAC) in breast cancer as well as for out-
comes after adjuvant chemotherapy. However, immune
signals are variable, and which signals are important is
largely unknown. We, therefore, evaluated the expression
of immune-related genes in TNBC treated with NAC. We
retrospectively evaluated biopsy tissue from 55 patients
with primary TNBC treated with NAC (anthracycline,
cyclophosphamide, and docetaxel) against the NanoString
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nCounter GX Human Immunology Panel (579 immune-
related genes). Higher expression of cytotoxic molecules, T
cell receptor signaling pathway components, cytokines
related to T helper cell type 1 (Thl), and B cell markers
was associated with a pathologic complete response (pCR).
Higher expression of NFKBI, MAPKI, TRAF1, CXCLI3,
GZMK, and IL7R was significantly associated with pCR,
higher Miller-Payne grade, and lower residual cancer
burden class. Expression of NFKBI, TRAFI, and
CXCLI13genes, in particular, was significantly correlated
with a longer disease-free survival rate. Conversely, pa-
tients those who failed to achieve a pCR showed increased
expression of genes related to neutrophils. Higher expres-
sion of cytotoxic molecules, T cell receptor signaling
pathway components, Thl-related cytokines, and B cell
markers is correlated with pCR and survival in TNBC
patients treated with NAC. Our results suggest that the
activation status of neutrophils may provide additional
predictive information for TNBC patients treated with
NAC.

Keywords Triple-negative breast cancer - Prognosis -
Tumor-infiltrating lymphocytes - NanoString

Introduction

Triple-negative breast cancer (TNBC) is defined by nega-
tivity of estrogen receptor (ER) and progesterone receptor
(PR) and the lack of human epidermal growth factor re-
ceptor 2 (HER2) overexpression [1]. These cancers account
for 10-15 % of all breast cancers, and they tend to show
visceral metastasis and aggressive clinical behavior [2].
Patients with this breast cancer subtype receive no benefit
from molecularly targeted treatments such as endocrine
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therapy or trastuzumab [3]. In the case of operable TNBC,
only systematic chemotherapy has been shown to be ef-
fective in an adjuvant or neoadjuvant setting; however, a
growing body of evidence suggests that immunotherapy
may show great potential for combating the disease [4].

Patients showing a pathologic complete response (pCR)
to neoadjuvant chemotherapy (NAC) may experience
prolonged disease-free survival [5, 6]. Therefore, investi-
gating the predictive factors associated with response to
chemotherapy in patients with TNBC is important. Pre-
dictive factors for NAC success have been reported by
several investigators, and some factors such as tumor grade
and biology-based tumor type (based on gene expression
profiles) are candidates [7, 8].

Several studies have shown that the presence of tumor-
infiltrating lymphocytes (TILs) in cancer tissue is associ-
ated with an improved outcome [9, 10] and that the im-
mune system participates in elimination of tumor cells and
control of tumor growth [11, 12]. In addition, some in-
vestigators have reported that immunologic parameters are
relevant for response to NAC in breast cancer [13-16] as
well as for outcomes after adjuvant chemotherapy [17-19].
The predictive significance of TILs was proven by histo-
logical evaluation by hematoxylin and eosin (H&E) and
immunohistochemical staining [14, 16]. Furthermore,
Denkert et al. showed at the molecular level that the ex-
pression of T cell-related markers CD3D and CXCL9 was
significantly associated with a pCR [13]. Another study
also revealed that T cell-related genes (CD3D, LCK, CD4S,
SELL, GZMB, and PRFI) were correlated with a pCR in
breast cancer patients with anthracycline-based NAC [15].
These immune signals are particularly strong in HER2-
positive breast cancer and TNBCs [20, 21]. However, not
all breast cancer patients with a high level of TILs or cy-
totoxic lymphocytes showed a pCR. Factors affecting re-
sponse to NAC in these patients are largely unknown.

In this study, we aimed to identify the role of immune-
related genes in TNBC treated with NAC. We used the
NanoString nCounter GX Human Immunology Panel,
which includes 579 immune-related genes. First, we in-
vestigated correlations between immune-related genes and
the TIL level. Second, we evaluated the prognostic and
predictive significance of immune-related genes in TNBC
treated with NAC.

Materials and methods
Patients
One hundred eight TNBC patients diagnosed and treated

with anthracycline- and taxane-based NAC and surgery
between 2010 and 2012 at the Asan Medical Center were
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retrospectively reviewed. We included in this study 55 of
the 108 cases that had available formalin-fixed, paraffin-
embedded tissue samples. All patients received anthracy-
cline and taxane-based regimens that included four cycles
of 60 mg/m* adriamycin and 600 mg/m® cyclophos-
phamide followed by four cycles of 75 mg/m? docetaxel.
Surgery was performed approximately 3—4 weeks after the
last chemotherapy cycle. The occurrence of a pCR was
defined as the absence of residual invasive carcinoma in the
breast and regional lymph nodes (ypT0/Tis, NO). Approval
of the present study was obtained from the Institutional
Review Board of the Asan Medical Center.

The patients’ medical records were reviewed for clinical
information, and histological parameters were evaluated
based on H&E-stained slides and pathology reports. The
clinicopathological parameters evaluated in each case in-
cluded the patient’s age at diagnosis, gender, tumor size,
histological subtype, histological grade, pathological (p) T
stage, lymphovascular invasion, lymph node metastasis,
overall tumor stage, presence or absence of recurrence,
most recent follow-up date, and survival status. Expression
of ER, PR, and HER2 was evaluated in full sections at the
time of diagnosis. ER and PR levels were regarded as
positive if there were at least 1 % positive tumor nuclei
present in the sections [22]. HER2-overexpressing tumors
were defined as those with scores of 3% or 2% after
fluorescence in situ hybridization (FISH) or silver in situ
hybridization amplification [23].

Histological evaluation

The entire tumor bed was submitted for pathologic eval-
uation. Pre-NAC biopsy and post-NAC surgery samples of
the 55 tumors were stained with H&E, and then
histopathologically analyzed to determine the TILs (de-
fined as the mean percentage of the stroma of invasive
carcinoma infiltrated by lymphocytes and plasma cells in
10 % increments; if <10 % of stroma was infiltrated by
TILs, 1 or 5 % criteria were used; all available full sections
were evaluated) [24], histologic subtype and grade, tumor
size, ypT stage, and ypN stage. Histologic type was defined
based on the 2012 WHO classification criteria, and histo-
logic grade was assessed using the modified Bloom-
Richardson classification [25]. Miller—Payne grade and
residual cancer burden (RCB) were also assessed [26].

Gene expression analysis using NanoString
nCounter system

A total of 579 immunology-related human genes and 15
internal reference genes were implemented in the digital
transcript counting (nCounter GX Human Immunology V2
kit assay NanoString, Seattle, WA) [27]. Total RNA
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(100 ng) was assayed on a nCounter Digital Analyzer
(NanoString) according to the manufacturer’s instructions.
Data were normalized by scaling with the geometric mean
of the built-in control gene probes for each sample. Then, a
log transformation (base 2) was performed. The heat map
of gene expression for differentially expressed genes be-
tween pCR and non-pCR tumors was plotted and analyzed
using the GENE-E software, version 3.0.230 (Broad In-
stitute, Cambridge, MA) [28].

Immunohistochemical evaluation

Formalin-fixed, paraffin-embedded whole tissue sections
were stained with an automatic immunohistochemical
staining device (Benchmark XT; Ventana Medical Sys-
tems, Tucson, AZ). An antibody to myeloperoxydase
(MPO, 1:2000, Dako, Glostrup, Denmark) was used. MPO-
positive neutrophils were counted in five high-power fields
(x400) of a hot spot.

Statistical analysis

Mann—-Whitney U tests, Fisher’s exact tests, Spearman’s
correlations, and Cox proportional hazard analyses were
used as appropriate. Statistical significance was set at 5 %,
and all statistical analyses were performed with SPSS
statistical software (version 18; SPSS Inc., Chicago, IL).

Results
Clinicopathological characteristics of the cases

Patient ages ranged from 23 to 68 years (mean,
41.4 years). All patients were women. Of the cases ana-
lyzed, 4 were cT1 tumors, 31 were cT2, 18 were cT3, and 2
were cT4. The nodal statuses included 1 ¢NO tumor, 27
cNI tumors, 11 ¢cN2 tumors, and 16 cN3 tumors. Twenty-
one tumors were clinical stage II, and thirty-four were
stage III. The overall rate of pCR was 30.9 % (17 of 55
tumors). The median patient follow-up was 38 months
(range, 12—-60 months). Patients with pCR and non-pCR
showed no significant difference in age, clinical T or N
stage, histologic type, or grade (Table 1).

Genes significantly correlated with TIL level

We analyzed the correlation of gene expression with TILs
evaluated based on the H&E staining (Table 2). Genes
associated with T cell surface molecules (CD96, CD?2,
IL2RG, IL2RB, CD3D, CD8A, CD3E, CD28, and IL7R), T
cell receptor and cytokine signaling pathway components
(STAT4, TRAF1, JAK2, and NFKBI), cytotoxic molecules

Table 1 Comparison of clinicopathologic characteristics of triple-
negative breast cancer patients according to neoadjuvant chemother-
apy response

Non-pCR group pCR group p

Age (year) 40.5 £ 9.7 432 +£9.6 0.283

Clinical tumor stage 0.282
Tl 1 (2.6) 3 (17.6)

T2 22 (57.9) 9 (52.9)
T3 13 (34.2) 5(29.4)
T4 2(5.3) 0 (0.0

Clinical nodal status 0.586

NO 1 (2.6) 0 (0.0)
N1 17 (44.7) 10 (58.8)
N2 7(18.4) 4 (23.5)

N3 13 (34.2) 3 (17.6)

Histologic type 0.544
Invasive ductal carcinoma 35 (92.1) 17 (100.0)
Metaplastic carcinoma 3(7.9) 0 (0.0)

Histologic grade 0.386
2 19 (50.0) 6 (35.3)

3 19 (50.0) 11 (64.7)

pCR Pathologic complete response, 77L tumor-infiltrating lymphocyte

(GZMB, GNLY, GZMA, PRF1, and KLRDI), T helper 1
(Th1) molecules (IFNG, CXCLIO, TBX21, CXCLS9,
CXCLI1, and CCL4), immunosuppressive markers (LAG3,
IDOI, CTLA-4, TIGIT, BTLA, and FOXP3), B cell markers
(BLNK and CD79A), and pattern recognition receptors
(GBP5, CXCR6, ILISRAP, ILI1S, TLR4, and TLR7) were
significantly correlated with the TIL level.

Genes differentially expressed between pCR
and non-pCR tumors

We compared the gene expression of pCR and non-pCR
tumors to discover genes that were differentially expressed
between the two groups (Supplementary Table 1). Higher
expression of cytotoxic molecules, T cell receptor signaling
pathway components, cytokines related to Thl, and B cell
markers [CR2, CD19, and MS4A1 (a gene related to CD20
protein)] was associated with a pCR (Fig. 1). Higher ex-
pression of NFKBI, MAPKI, TRAFI, CXCLI3, GZMK,
and IL7R was also significantly associated with a higher
Miller-Payne grade and a lower RCB class. Refer to the
supplementary file as Online Resource 1.

Genes associated with patient survival outcome

Patients with pCR experienced no disease recurrence dur-
ing the follow-up period. In contrast, half of the patients
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Table 2 Genes significantly correlated with the TIL level

Table 2 continued

Gene Rho )4 Gene Rho P Gene Rho )4 Gene Rho P
GBP5 0.734  <0.001 BLNK 0496  <0.001 TAPBP 0.498 <0.001 EBI3 0436  <0.001
GZMB 0.706  <0.001 ILI5 0495 <0.001 CD80 0.498 <0.001 PRKCD 0435 <0.001
CXCR6 0.700  <0.001 SELL 0.494  <0.001 CLEC4A 0.498  <0.001 CASPS 0434  <0.001
ILISRAP 0.693  <0.001 SELPLG 0493  <0.001 IF116 0.498  <0.001
CDY%6 0.687 <0.001 BTLA 0493  <0.001
GNLY 0678 <0001 HLA-DMA 0491 <0.001 without pCR (n = 38) experienced a disease recurrence
CXCLI3 0.678  <0.001 PTPN2 0.491 <0.001 . .

(recurrence-free survival: 1.5-19.7 months). Many im-
CCL5 0.677 <0.001  PTGER4 0.491 <0.001 .

mune-related genes showed prognostic significance. Refer
SLAMF7 0.676  <0.001 TNFRSF14 0.490 <0.001 .

to the supplementary file as Online Resource 2. Among the
TAPI 0.671  <0.001  /L2RA 0490 <0.001 genes significantly associated with a tumor’s response to
LAGs 0.669  <0.001  CXCLY 0489 <0.001 NAC, expression of NFKBI [hazard ratio (HR) = 0.177,
Ibo1 0660 <0.001 BATF 0488 = <0001 95 ¢, confidence interval (95% CI) 0.059-0.533,
Icos 0652 <0.001  TRAFI 04835 <0001, _ 0.002], TRAFI (HR = 0.469, 95 % CI 0.241-0.912,
LILRBI 0.650  <0.001 ILIS 0481 <0001 _(0026) and CXCLI3 (HR = 0.602, 95% CI
GZMA 0650 <0.001" KIRZDLI" 0480 <0.001 " 419.0.864, p = 0.006) genes was independent better
IFNG 0646 <0.001  CD79A 0479 <0.001 prognostic factors for disease-free survival.
PRFI 0.645 <0.001 MAP4KI 0.479  <0.001
CXCLIO 0645 <0.001 KIR2DL3 0475 <0001  Differentially expressed genes between pCR
IRF1 0.642  <0.001  FCGRIA/B 0475 <0001  apd non-pCR tumors with high-level CDSA
KLRCI 0641  <0.001  CXCLII 0474 <0001  expression
NCRI 0.641 <0.001 LILRA4 0473  <0.001
CCR5 0.640  <0.001  IFIHI 0472 <0.001  Some tumors had increased cytotoxic T cell infiltration, but
KLRD! 0639 <0.001 CD28 0471  <0.001  not all of those tumors achieved a pCR (Fig. 1). To de-
SLAMF6 0.635 <0.001 TNFSFI3B 0470  <0.001  termine the significant genes affecting pCR status of these
CD2 0.634  <0.001 CCI4 0469  <0.001 tumors, we first divided all tumors into two groups based
CD45RO 0.634 <0.001 (2 0469  <0.001 on their median CD8A expression. Among the patients
IL2RB 0.633  <0.001 TNFRSFI3B 0468  <0.001 with a high level of CDS8A expression (n = 28), a pCR was
CCR2 0.633  <0.001 CCRL2 0461 <0.001  achieved in 11 patients (39.3 %). Tumors without pCR
CTLA4TM  0.633 <0.001 JAK2 0461  <0.001 showed higher expression of several genes associated with
IL2RG 0.633 <0.001 FCERIG 0461  <0.001 neutrophils (DEFBI, DEFBI03A, DEFB4A, and FCAR)
KLRC3 0.632 <0.001 IL7R 0.459  <0.001 than tumors with pCR (Fig. 2). Also, refer to the supple-
CD3D 0.628 <0.001 VCAMI 0.458 <0.001 mentary file as Online Resource 3. The correlation among
PSMB9 0.624 <0.001 CDI63 0458  <0.001 the genes which show higher expression in the non-pCR
LILRB4 0622 <0.001 CSF3R 0457  <0.001 group is summarized in supplementary file as Online Re-
CSF2RB 0622 <0.001 FOXP3 0.457  <0.001 source 4. Expression of other genes that show higher ex-
CDSA 0.620 <0.001 NFKBI 0.456 <0.001  pression in the non-pCR group was positively correlated
IL2IR 0.620 <0.001  IRFS 0451 <0.001  With neutrophil-related genes except six genes (TRAF5,
CD3E 0.619 <0001 TNFSF8 0450 <0001 MAPKI, CR2, PTK2, CASP3, and CCLIS).
LILRB2 0.618  <0.001 CCLI8 0.447  <0.001
STAT4 0615 <0001 CD7M 0445 <0001 Neutrophil counts in tumors with high-level CD8A
TIGIT 0615 <0.001 IL2] 0445 <0001  expression
CMKLRI1 0.614  <0.001  HLA-DRB3 0.441 <0.001
CTIA4 all 0610 <0001 HLA-DOB 0439  <0.001 To further define neutrophils’ role in NAC response of
ITGAL 0609 <0001 CASP3 0439 <0.001 tumors \.Vith high-level' CDSA éxpressio.n, we counted
TBX21 0608 <0001 ILI6 0437 <0.001 neutrophils u51ng.MPO 1mmun9hlstochemlstry. Th? num-
[CAM3 0500 <0.001 CARDY 0437  <0.001 bfar of MPO-positive neutrophils was (?Valuated in five
GBPI 0500 <0001 TLR4 0437  <0.001 h.1gh.—power ﬁel.ds of a hot spot. Neutrophil counts were not
TAKS 0500 <0001 TLR7 NP significantly different between pCR (31.2 + 45.1) and
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Fig. 1 Expression of differentially expressed genes between pCR versus non-pCR tumors

Discussion

This is the first study to investigate the correlation between
expression of diverse immune-related genes and TIL level
in breast cancer tissue samples. TILs evaluated by H&E
staining were well correlated with T cell surface molecules
(CDY%6, CD2, IL2RG, IL2RB, CD3D, CD8A, CD3E, CD28,
and IL7R), T cell receptor and cytokine signaling pathway
components (STAT4, TRAFI, JAK2, and NFKBI), cyto-
toxic molecules (GZMB, GNLY, GZMA, PRFI, and
KLRDI), and Thl molecules (/IFNG, CXCLI0, TBX21,
CXCL9, CXCLI11, and CCLA4). Recently, the International
TIL Working Group reported guidelines for the evaluation
of TILs in breast cancer [29]. They recommended assess-
ment of TILs with a microscopic examination of whole
tissue sections on H&E staining for routine pathology
practice. Using immunohistochemistry to assess the clin-
ical importance of the lymphocyte sub-typing is not cur-
rently recommended. We evaluated expression of the
immune-related genes and found several genes (NFKBI,
TRAFI, and TCXCLI3), which have a predictive value for
NAC response and prognostic significance in TNBC
patients.

While most studies define TILs as CD3* lymphocytes,
some reports have tried to identify the lymphocytic subsets
that comprise TILs. Denkert et al. showed that T cell-re-
lated markers CD3D and CXCL9 expression were sig-
nificantly associated with a pCR [13]. A pCR to NAC was
shown to be associated with an immunologic profile
combining the absence of immunosuppressive FOXP3"
regulatory T cells and the presence of a high number of
CDS8™ T cells and cytotoxic TIA1- and granzyme B-posi-
tive cells [30]. Follicular helper T cell (Tth) and Thl gene
expression signatures defined by Gu-Trantien et al. have
also been shown to predict a pCR after NAC in breast
cancer [19]. Similar to previous studies, our study showed
that higher expression of cytotoxic molecules, T cell re-
ceptor signaling pathway components, cytokines related to
Th1 cell markers, and Tth marker CXCLI3 was associated
with pCR.

Most TILs are T lymphocytes [19, 31, 32]. B lympho-
cytes are less numerous in lymphocytic infiltrates of ma-
lignant tumors [33]. Consequently, less is known about the
role of B lymphocytes (CD20") as TIL components. The
expression of immunoglobulin kC that is produced by
plasma cells has been associated with the prognosis of

@ Springer
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Fig. 2 Boxplots for genes with higher expression in tumors without pCR than those with pCR in patients with a high level of CD8A (0; non-

pCR, 1; pCR)

patients with breast cancer [17]. A recent study revealed
that B cells/plasma B cells (B/P) and monocytes/dendritic
cells (M/D) metagenes provide the most robust therapy-
predictive performance among the immune metagenes
[34]. The spatio-temporal dynamics of 28 different immune
cell types infiltrating colorectal carcinomas were analyzed
previously [35]. The study showed that markers of the Tth
cell, which has been known to help the generation of B
cell-mediated immune responses, have a strong correlation
with B cell markers [36]. Our study also showed that higher
expression of B cell markers and CXCLI3 was associated
with a pCR. This result may be evidence for a significant
role of B cells as TIL components. Further studies are
necessary to prove the beneficial role of B cells in breast
cancer.

In our study not only pro-immune markers (CCLS5,
CD45R0O, CD80, CXCL9, and CXCLI3), but also im-
munosuppressive markers such as LAG3, IDOI, CTLA-4,
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TIGIT, BTLA, and FOXP3 showed a positive correlation
with increased TILs. Our results are concordant with a
recent study by Denkert et al., who showed that increased
mRNA expression of PD-1, PD-L1, CTLA-4, and FOXP3
was positively correlated with increased TILs as well as
treatment response [37]. Additionally, the positive corre-
lation of immunosuppressive markers with better outcome
and improved response to various therapies has been de-
scribed in recent studies [38—41]. These results suggest a
feedback activation of immunosuppressive pathways as
part of the immune reaction. Various immune checkpoint
inhibitors (i.e., inhibitors of CTLA-4, PD-1, or PD-L1)
have been developed and used in tumors including malig-
nant melanoma, renal cell carcinoma, and non-small cell
carcinoma [42]. Biomarker studies for these therapeutic
agents are ongoing, and the expression level of PD-1 and
PD-L1 themselves is suggested as predictive biomarkers
for those agents.
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We found that the expression of genes associated with
pattern recognition receptors (GBP5, CXCR6, ILISRAP,
IL18, TLR4, and TLR7) was significantly correlated with
TIL level. Pattern recognition receptors such as toll-like
receptors (TLRs) and NOD-like receptors (NLRs) recog-
nize pathogen-associated molecular patterns (PAMPs) or
danger-associated molecular patterns (DAMPs) and acti-
vate inflammasomes, which generate inflammatory cy-
tokines such as IL-1 and IL-18 [43]. Various expression
patterns of TLRs have been reported in breast cancer and
breast cancer cell lines, but the exact role of pattern
recognition receptors and their downstream signaling effect
are not clear [44]. Therefore, further studies exploring the
relationship between TILs, pattern recognition receptors,
downstream signaling molecules, and their role in breast
cancer prognosis and treatment response are warranted.

The peripheral blood absolute neutrophil count/absolute
lymphocyte count ratio (ANC/ALC) or the neu-
trophil/lymphocyte ratio (NLR) at diagnosis is also a
prognostic indicator in malignant tumors including breast
cancer [45—-48]. Furthermore, recent studies have revealed
that NLR is a negative predictive factor of advanced eso-
phageal cancer [49], stage III-IV gastric cancer [50], and
breast cancer with ER/PR-positivity and HER2-negativity
in the NAC setting [51]. However, the prognostic or pre-
dictive significance of neutrophils in tissues has not been
extensively investigated. In patients with a high level of
CD8A expression tumors that did not achieve a pCR
showed higher expression of several genes directly or
indirectly related to neutrophils. These genes encode cy-
totoxic and chemoattractant peptides made by neutrophils
(DEFBI, DEFBI03A, and DEFB4A) and a cell surface
receptor molecule (FCAR). However, the number of neu-
trophils was not significantly different between tumors with
PCR and non-pCR. These results propose the possibility of
the activation status of cancer tissue neutrophils as a pre-
dictive factor of pCR in breast cancer treated with NAC.
Further studies exploring the role of neutrophils in response
to NAC in TNBC are warranted.

In conclusion, higher expression of cytotoxic molecules,
T cell receptor signaling pathway components, cytokines
related to Th1l and Tfh cells, and B cell markers is corre-
lated with pCR and survival in TNBC patients treated with
NAC. Our results suggest that the activation status of
neutrophils may provide additional predictive information
for TNBC patients treated with NAC.
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