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Triple-negative breast cancer (TNBC) refers to cancers that are low in expression of the estrogen receptor (ER),
progesterone receptor (PR), and human epidermal growth factor receptor 2 (HER2). TNBC tends to behave more
aggressively than other types of breast cancer. Unlike other breast cancer subtypes (ie, ER-positive, HER2-
positive subtypes), there are no approved targeted treatments available, other than the administration of che-

motherapy. Inmunotherapy is a new kind of treatment approach for TNBC when compared with the surgical
treatment, chemotherapy, endocrine therapy, and molecular targeting therapy. The present article reviews the
research progresses of immunotherapy for TNBC in recent years. The full text structure covers molecular clas-
sification of TNBC, active immunotherapy of TNBC, passive immunotherapy of TNBC, oncolytic immunotherapy
and the prospect of immunotherapy for TNBC.

1. Introduction

According to the UpToDate which is a clinical decision support
system based on evidence-based medicine (http://www.uptodate.cn/),
TNBC accounts for approximately 20% of breast cancers diagnosed
worldwide, amounting to almost 200,000 cases every year [1]. TNBC is
more commonly diagnosed in women younger than 40 years compared
with hormone-positive breast cancer. In one study, there was a twofold
higher attributable risk of TNBC in women under 40 years compared
with women over 50 years (odds ratio [OR] 2.13, 95% CI 1.34-3.39)
[2]. In addition, TNBC appears to be more common among black
women compared with white women (OR 2.41, 95% CI 1.81-3.21) [2].
Risk factors associated with the diagnosis of TNBC include: positive
BRCA mutation status, race (African-American women have a higher
risk of TNBC compared with non-African American women), pre-
menopausal status, obesity and a few maternal-related factors. TNBC is
usually high grade, and the most common histology is infiltrating
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ductal carcinoma [3], although a rare histologic subtype, medullary
carcinoma, is generally triple negative. TNBCs can exhibit geographic
necrosis, a pushing border of invasion, and a stromal lymphocytic re-
sponse. By definition, TNBC lacks immunohistochemical (IHC) expres-
sion of the estrogen receptor (ER), progesterone receptor (PR), and the
human epidermal growth factor receptor 2 (HER2). Cut-offs used for
ER, PR, and HER2 to make this diagnosis are discussed below. So, it is
impossible for TNBC patients to benefit from endocrine therapy and
molecular targeting therapy. The pace of discovery in the fields of
immunology and cancer biology is accelerating due to the foundation
laid decades ago. As our understanding of the role of the immune
system in tumor initiation, progression, and metastasis evolves, con-
tinued progress is likely in the treatment of malignancy including
TNBCs. Immunotherapy, also called biologic therapy, is a type of cancer
treatment that boosts the body's natural defenses to fight cancer. It uses
substances made by the body or in a laboratory to improve or restore
immune system function. Inmunotherapy may work by: stopping or

E-mail addresses: wwwijjj1234@vip.sina.com (J. Wang), fengxl@hotmail.com (X. Feng), fangyi0501@vip.sina.com (Y. Fang).

! These authors contributed equally to this article.

https://doi.org/10.1016/j.canlet.2018.10.042

Received 7 September 2018; Received in revised form 25 October 2018; Accepted 25 October 2018

0304-3835/ © 2018 Elsevier B.V. All rights reserved.


http://www.sciencedirect.com/science/journal/03043835
https://www.elsevier.com/locate/canlet
https://doi.org/10.1016/j.canlet.2018.10.042
http://www.uptodate.cn/
https://doi.org/10.1016/j.canlet.2018.10.042
mailto:wwwjjj1234@vip.sina.com
mailto:fengxl@hotmail.com
mailto:fangyi0501@vip.sina.com
https://doi.org/10.1016/j.canlet.2018.10.042
http://crossmark.crossref.org/dialog/?doi=10.1016/j.canlet.2018.10.042&domain=pdf

X. Wang et al.

slowing the growth of cancer cells, stopping cancer from spreading to
other parts of the body, and helping the immune system work better at
destroying cancer cells. There are several types of immunotherapy,
including: monoclonal antibodies, non-specific immunotherapies, on-
colytic virus therapy, T-cell therapy and cancer vaccines. The present
study reviewed the recent research progress of immunotherapy for
TNBC.

2. Molecular classification of TNBC

According to the UpToDate, the TNBC mostly comprises the basal-
like molecular subtype, although TNBC and basal breast cancer are not
synonymous and there is substantial heterogeneity within TNBCs.
Burstein et al. found that four stable subtypes of TNBC could be iden-
tified when utilizing DNA and RNA profiling of TNBCs: luminal an-
drogen receptor, mesenchymal, basal-like immunosuppressed, and
basal-like immune-activated [4]. In Bertucci et al.'s study, 172 TNBCs
based on IHC staining were correlated with gene expression profiles
that defined the basal subtype [5]. Only 71 percent of TNBCs were
assigned the basal subtype. In a converse analysis of 160 tumors con-
ducted by Shah et al., 77% of basal cancers were triple-negative by IHC
[6]. Also based on the UpToDate, Basal breast cancer is characterized
by the genomic expression of the “basal cluster,” a unique cluster of
genes that includes the epidermal growth factor receptor (EGFR, also
called HER1), basal cytokeratins 5/6, c-Kit, the proliferation cluster,
and low expression of the hormone receptor- and HER2-related genes
[3,7,8]. Separate subtypes of TNBC have been characterized by gene
expression, including two basal-like subtypes (BL1 and BL2), as well as
immunomodulatory, mesenchymal, mesenchymal stem-like, and lu-
minal androgen subtypes [9]. Additional subtypes that have been
characterized include claudin-low and interferon-rich subtypes [10,11].

3. Active immunotherapy of TNBC
3.1. Immune checkpoint blocking

Immune checkpoint is a protective molecule in the human immune
system that prevents normal tissue injury caused by the excessive ac-
tivation of T cells, maintains tolerance to “self” tissues, and avoids
autoimmune reactions. Importantly, tumor cells can overexpress im-
mune checkpoint molecules and related ligands to resist human im-
mune responses and escape immune surveillance and immune killing,
which promotes their growth. Therefore, immune checkpoint blocking
can reactivate T cell immune responses to tumor cells and break tumor
immune suppression. The most extensively used immune checkpoint
inhibitors for the study and application of cancer therapy include PD-1
and inhibitors of its ligand PD-L1, as well as CTLA-4 [12].

3.1.1. CTLA-4 inhibition

Cytotoxic T-lymphocyte-associated antigen 4 (CTLA-4) is a leuco-
cyte differentiation antigen and a transmembrane receptor expressed by
activated CD4 " regulatory T cells and CD8™ T cells that express Foxp3
and CD25. It shares the B7 ligand with CD28. The combination of CTLA-
4 and B7 molecules inhibits the activity of T cells and participates in the
negative regulation of immune responses by binding to CD86 (B7-2)
and CD80 (B7-1) on dendritic cells (DCs) with a greater affinity com-
pared with CD28 [13,14]. Consequently, CTLA-4-antibody induces anti-
tumor immunity by the blockade of Foxp3 + Treg cells in the TME and
the Akt phosphorylation pathway, allowing for the potent expansion of
T-cells [15,16], resulting in the enhanced rejection of tumor cells.

Ipilimumab, an anti-CTLA-4 antibody developed by Bristol-Myers
Squibb, was approved by the USA FDA for metastatic melanoma in
2011. It showed a potentially curative and durable efficacy in tumor
regression [13,17]. Currently, ipilimumab and tremelimumab (another
promising anti-CTLA-4 antibody) have been used in clinical trials re-
lated to TNBC (Table 1). Furthermore, in a study of the melanoma
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antigen family, Karn et al. found that MAGE-A antigen defined an ag-
gressive subgroup of TNBC, characterized by a lack of immune in-
filtration in the cancer microenvironment [18]. New im-
munostimulatory drugs, such as CTLA-4 inhibitors, might achieve
stronger immune responses for the treatment of TNBC patients with
MAGE-A expression.

3.1.2. PD-L1/PD-1 inhibition

PD-1 is an inhibitory transmembrane receptor expressed on the
surface of immune effector cells including B cells, T cells, DCs, NK cells,
and many TILs [19]. Two ligands of PD-1 have been identified: PD-L2
and PD-L1 [20,21]. PD-L1 is mainly expressed on B-cells, T-cells,
macrophages, NK cells, epithelial cells, DCs, and vascular endothelial
cells following stimulation with IFN-y [22]. The expression of PD-1 can
be induced by the action of tumor-derived IL-18 on immunosuppressive
CD16 (dim) CD56 (dim) NK cells. PD-1 is generally activated in com-
bination with the B7 globulin family ligand PD-L1 and these interac-
tions restrict the activity of T cells, thereby inhibiting overactive im-
munity and autoimmunity. Of note, in normal tissues, PD-1/PD-L1
interactions protect against excessive tissue damage by confining in-
flammatory reactions regulated by T-cells and other components of the
immune system during infections [23]. However, previous evidence
showed that PD-1/PD-L1 interactions with tumor cells led to immune
exhaustion and a downregulation of local immune responses [24].

Additionally, PD-1/PD-L1 interactions occurred in TNBC cells
[25-27]. Mittendorf et al. detected the transcriptional and protein ex-
pression of PD-L1 in TNBC and other breast cancers by qRT-PCR and
immunohistochemical staining [27]. They found that 20% of TNBC
patients expressed PD-L1, which was higher than for other breast
cancer patients. The expression of PD-L1 was positively associated with
the degree of TNBC malignancy because a higher expression of PD-1 or
PD-L1 was associated with increased Foxp3+ Treg infiltration, in-
dicating they may work synergistically during immune evasion [27,28].
Furthermore, PD-1/PD-L1 interactions on T cells were reported to de-
crease the proliferation of T cells and accelerate apoptosis, which sug-
gests PD-L1/PD-1 might be a potential therapeutic target for the killing
of TNBC cells [29,30].

Using a mouse-model of breast cancer, Loi et al. found that MEK
inhibitors enhanced the expressions of MHC and PD-L1 on the surface
of TNBC cells in vitro and in vivo. A combination of MEK and PD-L1/PD-
1 inhibitors significantly enhanced the anti-tumor immune response of
TNBC mice [31]. Li et al. demonstrated a PD-L1 glycosylation-based
mechanism in TNBC that enhanced immunosuppression by improving
interactions with PD-1, and a recently discovered antibody, STM108,
targeting gPD-L1 (glycosylated PD-L1), induced PD-L1 internalization
and degradation in lysosomes [32]. Thus, the use of drug-conjugated
antibodies to target glycosylated PD-L1 has identified new potential
therapeutic strategies [28]. In addition, Adams et al. reported that in
many TNBC cases, the expression of PD-L1 was closely related to the
existence of FOXP3+ regulatory T-cells and CD163-positive macro-
phages [33]. This finding indicates that the combined targeting of
several immunological features of TNBC may require a valid anti-tumor
response.

Antibodies targeting PD-1 or PD-L1 were confirmed to elicit objec-
tive and durable responses in patients with NSCLCs, melanomas, and
renal cell carcinomas [12,14]. Regarding TNBC, some agents including
anti-PD-1 antibodies (nivolumab, PDR001, JS001, and pembrolizumab)
and anti-PD-L1 antibodies (atezolizumab and durvalumab) are cur-
rently being tested in multiple clinical studies. Of note, the anti-PD-L1
antibodies (atezolizumab and durvalumab) are yielding promising re-
sults [25]. Additionally, Nanda reported that pembrolizumab has good
antitumor activity and safety in TNBC patients.

These data suggest that blocking PD-1/PD-L1 together with mod-
alities that deplete regulatory T-cells might be a feasible and promising
therapeutic approach although the efficacy of immune checkpoint in-
hibitors remain to be improved. To validate whether targeting PD-1/
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@ PD-L1 might be a treatment choice for TNBCs, pembrolizumab/atezo-
% lizumab, which are used in metastatic/adjuvant/neoadjuvant settings
-é’ for TNBC treatment, are being studied in a series of ongoing phase II/III
g g g clinical trials (Tables 2 and 3). Thus, targeting PD-1/PD-L1 might be an
E E) E effective option for the treatment of TNBCs, although the efficacy of
é g g immune checkpoint inhibitors remains to be enhanced.
) < <
B} e, é g %E g T 2y 3.1.3. CD£'17 checkpoint blockade . S
.% g 28552y ° ‘§ 8 5 £ f::? g CD47 is a cell surface transmembrane protein which is highly ex-
% _‘é’ éi é g2 é % g E 5 %% ?0 % pressed on various of cancer cells and cancer stem cells. By binding to
2 %E E % El § © ‘9“5 8% B § é s its ligands, phagocytosis is blocked by signal regulatory protein a
2 E o E 8 = E % °_; £ %\E“ g g ; ‘g ) (SIRPa) and thrombospondin-1 (TSP-1), which is on the surface of
£ g g 53 5 £ &g ZEE .9 E =) g macrophages and dendritic cells. Thus, a strong “don't eat me” signal is
< = E2 E 2E8% 8 £z £L8od delivered. According to a study conducted by Noman MZ et al., CD47
was highly upregulated in Epithelial-to-mesenchymal transition (EMT)-
activated mesenchymal breast cancer cells [34]. By direct binding of
8 = = SNAI1 and ZEB1 (both belong to EMT-inducing transcription factors) to
human CD47 proximal promoter, CD47 blockade efficiently increased
and restored their phagocytosis. All these results come up with a ra-
52 " tionale for a novel preclinical combination immunotherapy based on
3 2 E 2 PD1/PD-L1 and CD47 blockade along with EMT inhibitors in patients
gg 2 g with highly aggressive, mesenchymal, and metastatic breast cancer
2 S ¢C [34].
% % 3
< = == 3.1.4. Combination of immune checkpoint inhibitors with targeted
treatments
E| & It is widely acknowledged that the function of checkpoint inhibitors
Lj =§ is remarkable and that combinations of checkpoint inhibitors as well as
E = S @ combination with other targeted treatments might be beneficial.
_ _ L _ Several clinical trials demonstrated that the combined application of
5 - ‘é % g E E 9 o %’ immune checkpoint inhibitors (blockade of PD-L1/PD-1 and CTLA-4)
= % g o ?Ej 2 £ § g © improved the response rate indicating they are a promising therapy
8 B E’ % % % & & & E) E & _‘:‘é strategy for TNBC. Furthermore, a combination of checkpoint inhibitors
2 2 é 5| § \_9 g % E° 5 8 5 § with targeted treatments improved the efficacy of immunotherapy to
g g & % 8 E & £ E g E é g% g £ reduce the out-growth and metastasis of primary tumors, which are
gl S e ;;E § é E § E g2 é’ ; % = specific manifestations in a neoadjuvant background, and simulta-
% § £ 2 % g g@ = 2 g E g @ 5B neously improve the response of tumor-specific T-lymphocytes
| i5828£818 cEENEE (Table 4)
8 ® 6 060 0 00 [ ] L N ]
3.2. Vaccines
)
S
© Z= vs B = 3.2.1. DR5 DNA vaccination
ga ] jEj E g ] E TNF-Related Apoptosis Inducing Ligand Receptor 2 (TRAIL-R2; also
2 q‘ig é = q‘ig known as DR5), is overexpressed in a wide range of solid cancers. It
% Sy % -°g) Sy regulates cell apoptosis by TRAIL or agonist antibodies. Using TNBC
= . g & 2= . g & cells, which are TRAIL-sensitive, Marie et al. observed that apoptosis
g fé’ g i v:i 5 g g i i induced by anti-DR5 antibodies was related to the cleavage of caspase-3
2 g g é g g g 8 g ‘E: and PARP. In addition, DNA vaccination induced DR5-specific IFN-y
% g 48§ = g 48§ secreting T cells. These findings all support DR5 as a feasible im-
Z e oo ee oo munotherapeutic target for TNBC and other DR5 positive tumors [15].
3.2.2. Combined vaccinations
It was previously reported that a combination of IGF-1R/HER-1
antibodies improved anti-cancer effects in TNBC cell lines. MDA-MB-
° S o 231 has anti-tumor functions related to the induction of apoptotic cell
. _g:f _g:f ,E death, suppression of cell proliferation, and intensification of antibody-
8 . . dependent cell-mediated cytotoxicity [35]. IGF-1R, which is over-
E § % % expressed in a broad range of malignant cancers, is a critical component
g E, £ z in combination treatments. Thus, combined vaccinations might in-
_ —E z ﬁ E E E crease the efficacy of HER-1 targeted immunotherapeutic treatment
§ (e.g., cetuximab) against TNBCs.
S g ] 3.2.3. DC-based vaccines
- 3 3 Dendritic cells (DC) are bone marrow derived antigen-presenting
PR : : : : :
|5 2 2 cells (APC). that induce and regulate immune respons.es. In stu(.iles of
= tumor vaccines, DCs are frequently used as a natural adjuvant to induce
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tumor antigen-specific effects and memory cells [20]. DC-based vac-
cines can be classified into tumor antigen peptide-loaded, gene-mod-
ified, and whole tumor cell antigen-loaded vaccines [21]. Im-
munotherapy related tumor vaccines mainly include the latter two for
the treatment of TNBC.

3.2.3.1. Whole tumor cell antigen-loaded DC-based vaccines. Whole
tumor cell antigen-loaded DC-based vaccines present numerous tumor
antigen epitopes to enhance T cell immunization and prevent immune
escape by tumor cells. Zhang et al. prepared a whole tumor cell antigen-
loaded DC-based vaccine by fusing DC cells derived from peripheral
blood and TNBC cells (MDA-MB-231) using cell -electrofusion
technology [36]. They reported that the fusion vaccine induced many
immune active factors such as IL-12 and IFN-y. Simultaneously, it was
found that effector cells induced by the fusion vaccine stimulated the
proliferation of T lymphocytes and increased their cytotoxicity activity
against breast cancer cells, indicting this approach might be useful
against TNBC cells [36].

3.2.3.2. Gene-modified DC-based vaccines. Gene-modified DC-based
vaccines are transfected into DC cells by overexpressing genes in
tumor cells, which enhances the immune function of T cells and
induces specific cellular immune killing effects. Tang et al. prepared
gene-modified DC-based vaccines by the transfection of DCs following
the preparation of a Runx2-overexpressing lentivirus. The secretion of
IL-12 and IFN-y by T cells was increased significantly after the co-
culture of gene-modified DC-based vaccines and T cells. In addition,
induced cytotoxic T cells (CTL) had a targeted killing effect on TNBC
[22].

3.2.4. Peptide vaccination

Personalized peptide vaccination (PPV) therapy selects different
peptides for different patients, based on their active immunity, to
trigger immune responses to cancer cells. Experimental studies showed
that PPV has clinical efficacy for the treatment of recurrent or pro-
gressive glioblastoma, unresectable pancreatic cancer, melanoma, lung
cancer, colorectal cancer, cervical cancer, and other advanced tumors
[37-42]. A phase II study of 18 cases of metastatic recurrent TNBC
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(mrTNBC) treated with PPV reported that the levels of CTL and IgG
were elevated in most PPV patients [43]. Moreover, one patient with
TNBC had a complete immune response and another patient produced a
partial immune response. No drug related side effects were noted [43].
The above results suggest that PPV might have beneficial effects for the
treatment of TNBC. AE37 is a HER-2 derived peptide vaccine and
clinical trials reported that it had peptide specificity and induced con-
tinuous immune responses to prevent the recurrence of breast cancer
[35]. In addition, Mittendorf et al. carried out a clinical trial of AE37 in
298 patients, among which 145 received granulocyte macrophage
colony-stimulating factor (GM-CSF) alone, and the other 153 cases re-
ceived a combined treatment of AE37 and GM-CSF [44]. Prior evidence
indicated that AE37 is safe and has good clinical efficacy for patients
with a low expression of HER-2, especially patients with TNBC.

In addition, a study by Overholser et al., demonstrated that a de-
signed peptide vaccine or mimic is a feasible therapeutic-strategy to
block abnormal molecular signaling-pathways with high specificity,
potency, safety, and affinity. Furthermore, they showed that a combi-
nation of HER-1 and IGF-1R or HER-1 and HER-2 peptide mimics/
vaccine-antibodies inhibited tumorigenesis in MDA-MB-231 TNBC and
OE19 EC cell lines, supporting dual targeting with HER-1 and IGF-1R or
HER-2 as a reformative treatment regimen for different cancers [19].

In conclusion, PPV might be beneficial for patients with TNBC,
especially mrTNBC patients, on the basis of its induced immune re-
sponses and safety.

3.3. Cancer-testis antigen

Cancer-testis antigen is a tumor associated antigen, mainly ex-
pressed in the cells of the testis and embryonic tissues. Although it has a
low expression or is not expressed in other normal tissues, it is ex-
pressed by malignant tumor cells of different tissue types. Cancer-testis
antigen is highly immunogenic, and it induces anti-tumor immune re-
sponses; thus, it might have an important role in tumor im-
munotherapy. Recent studies demonstrated that TNBC might be a
“CTA-rich” cancer, suggesting CTA-based tumor vaccines might be a
therapeutic option for TNBC patients [45,46].

Recent advances of the combination of immune checkpoint inhibitors with targeted treatments in TNBC.

Combination schedules Recent advances

Dual application (anti-PD-1 and anti-CTLA-4)

@ It possesses more than twice the efficacy of either alone in melanoma and lung cancer.

@ It can overcome tumor immunosuppression and effectively treats TNBC, with a regression of ~80% of tumor,
allowing inactivated tumor-specific T lymphocytes to continue to expand and carry out effector functions, and
this shifts the TME from suppressive to inflammatory.

® It is able to restore T lymphocyte rejection function in tumors, especially when combined with GVAX vaccination
(consisting of GM—CSF—expressing irradiated tumor cells).

Anti-PD-1/PD-L1 with EGFR inhibitors (Cetuximab and
Panitumumab)

@ Inhibiting EGFR by either mAbs or EGFR-TKIs could decrease the expression of PD-L1 in tumors, and it will
probably exert a synergetic effect.

® Delayed tumor growth and increased survival were demonstrated in preclinical EGFR mutant lung cancer models
treated with anti-PD-1 mAbs.

Anti-PD-1/PD-L1 with VEGF inhibitors (Bevacizumab)

@ VEGF-A produced in the TME enhances expression of PD-1 and other immune checkpoint molecules.

® High levels of VEGF-A might be involved in resistance to PD-1 blockades, which could be reverted by targeting
the VEGF-A/VEGFR pathway.

® Blocking the VEGF pathway could potentiate anti-PD-L1 mAb (Atezolizumab) therapy and improve antigen-
specific T-cell migration.

@ A phase I study evaluating atezolizumab in combination with Bevacizumab showed an overall response rate of
40% in metastatic renal cell carcinoma and was well-tolerated in these patients without synergistic toxicity.

® Synergistic anti-tumor effect in vivo can also be induced successfully by combining PD-1/PD-L1 and VEGF-A/

VEGFR blockade.
Anti-PD-1/PD-L1 with PARP inhibitors

® PARP inhibitors can upregulate PD-L1 expression and enhance cancer-associated immunosuppression.

® Anti-PD-1/PD-L1 mAbs may exert a supplementary and increased anti-tumor effect in combination with a PARP

inhibitor.

Anti-PD-1/PD-L1 with anti-MMP-14 antibodies (Fab 3369,
Fab R2C7, DX 2400)

cell.

® Immunotherapeutic strategy targeting MMP-14 can restrict immune suppression, tumor progression, and
metastasis in TNBC patients, and it can suppress extracellular matrixc (ECM) degradation and invasion of TNBC

® At this point, there have been no reports or clinical trials on targeting MMP-14 together with anti-PD-1/PD-L1

treatment.
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Table 5

Recent studies about the CAR-T immunotherapy for triple negative breast cancer (TNBC).

Key Findings and Significance

Journal

Country  Affiliation

Year

Author

FRa CAR T cells can mediate antitumor activity against established TNBC tumor, particularly when FRa is expressed at higher

levels.

J Hematol Oncol

University of Pennsylvania

2016 USA

Song et al.

1) The cell-surface molecule c-Met was expressed in about half of breast tumors, prompting the construction of a CAR T cell

Cancer Immunol Res

University of Pennsylvania

2017 USA

Tchou et al.

specific for c-Met, which halted tumor growth in immune-incompetent mice with tumor xenografts.
2) RNA c-Met-CAR T cell injections were well tolerated, as none of the patients had study drug-related adverse effects greater than

grade 1.
3) Intratumoral injections of mRNA c-Met-CAR T cells are well tolerated and evoke an inflammatory response within tumors.

The authors developed a CAR T cell-based immunotherapeutic strategy to target TEMS8, a marker initially defined on endothelial
cells in colon tumors that was discovered recently to be upregulated in TNBC.They offered a preclinical proof of concept for

immunotherapeutic targeting of an endothelial antigen that is overexpressed in triple-negative breast cancer and the associated

tumor vasculature.

Cancer Res

Baylor College of Medicine

2018 TUSA

Byrd et al.

This study demonstrated the feasibility of targeting breast cancer using transgenic T cells equipped to thrive in the suppressive

J Immunother Cancer

Texas Children's Hospital and Houston

Methodist Hospital

2018 USA

Bajgain et al.

tumor milieu and highlight the importance of providing transgenic T cells with signals that recapitulate physiologic TCR signaling -

[activation (signal 1), co-stimulation (signal 2) and cytokine support (signal 3)] - to promote in vivo persistence and memory

formation.

This study demonstrated that CD27 or 4-1BB costimulated, self-enriched NKG2D CAR-redirected T cells mediate anti-tumor activity

against TNBC tumor, which represent a promising immunotherapeutic approach to TNBC treatment.

J Hematol Oncol

University of Pennsylvania

2018 USA

Han et al.
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3.3.1. CTA NY-ESO-1-targeted immunotherapy

A study of 215 TNBC patients by Ademuyiwa et al. reported that
after treatment, 16% of the patients expressed NY-ESO-1 in patholo-
gical sections of the tumor and in serum samples taken before their
treatment [24]. Of these patients, 72.7% of the serum samples from NY-
ESO-1 positive TNBC patients reacted with NY-ESO-1 antibody [24].
Significantly higher numbers of CD8" T cells infiltrated NY-ESO-1
positive TNBC tissues compared with NY-ESO-1 negative tissues. Fur-
thermore, the expression of NY-ESO-1 was positively correlated with
the number of CD8™" T cells infiltrating the tumor tissues. These results
indicate that NY-ESO-1 might induce cellular immunity and humoral
immunity, enhance anti-tumor immunity, reduce tumor load, and be-
come a new therapeutic target for TNBC tumor vaccines. In addition,
Badovinac et al. suggested that NY-ESO-1 together with MAGE-A10, a
highly immunogenic CTA, might be a highly attractive specific im-
munotherapy. However, no clear correlation between NY-ESO-1 and
MAGE-A10 expression and tumor grade, tumor size, lymph node status,
or Ki67 was reported [20].

3.3.2. CTA SP17-targeted immunotherapy

Sperm protein 17 (SP17), a CTA, is abnormally expressed in many
neoplasms, such as esophageal and ovarian cancers, and multiple
myeloma and nervous system tumors. SP17 was proposed as a candi-
date target for tumor immunotherapy. Mirandola et al. evaluated SP17
expression levels and estimated whether SP17 induced SP17-specific
cytotoxic T lymphocytes in vitro [47]. SP17 is expressed by primary
breast cancers, breast cancer cell lines, and TNBC cells, but not un-
affected tissues and adjacent non-cancer breast tissues in addition to
male germinal cells [47]. Anti-SP17 antibodies detected in patient sera
stimulated the production of HLA class-I restricted, SP17 specific, cy-
totoxic T-lymphocytes that effectively destroyed breast cancer cells
[47]. Given that immunotherapeutic treatments directed against spe-
cific tumor-associated antigens (TAAs) and mediated by specific cyto-
toxic T lymphocytes (CTL) are currently unavailable for TNBC, SP17-
targeted immunotherapy might be a novel and low toxic treatment for
TNBC.

3.3.3. MAGE-A/B-targeted immunotherapy

MAGE-A has functions in chromosomal alignment and centrosome
duplication, and is a CTA and a marker for CIN in TNBC. Raghavendra
et al. found that NY-ESO-1 and MAGE-A were expressed at a high level
and frequency in TNBC (approximately 17% and 47% of TN cases, re-
spectively). Most NY-ESO-1 positive cases also expressed MAGE-A
(p = 2.06 x 10™°), and both were closely related to the TN phenotype
(p < 0.0001), indicating these might be important therapeutic targets
for TNBC. Compared with approaches that only target a single antigen,
therapies that target multiple CTAs may induce more efficacious anti-
tumor responses. Regarding the heterogeneity of expression, several
studies reported that most cases expressed NY-ESO-1 and MAGE-A
in > 75% of tumor cells, which suggests it might be useful as a ther-
apeutic adjunct®. Considering the benefit of current immunotherapies
for TNBC patients, this provides the basis of targeting CTAs for TNBCs
[29].

MAGE-B is also a tumor-associated antigen (TAA). A study con-
ducted by Singh et al. suggested that curcumin enhanced the efficacy of
the Listeria®-MAGE-B vaccine against metastases in TNBC patients.
Curcumin mediates this effect through the reversal of tumor-induced
immune suppression via the reduction of IL-6, which increases the ef-
fects of vaccinations against TNBCs by improving T-cell responses
[30,37]. Although many achievements have been made in the re-
searches of MAGE-A/B-targeted immunotherapy, it should be noted
that while some targeting antigens like MAGE and other tumor-asso-
ciated antigens may be readily targetable in theory, it is unlikely to be
targetable in practice since some of these antigens are not tumor-spe-
cific.
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3.4. Cancer-relevant targeted immunotherapy

3.4.1. MMP-14 blockade

Matrix-metalloproteinase 14 (MMP-14) is a clinically-correlative
target in metastatic tumors because of its important role in the pro-
gression and metastasis of tumors. MMP-14 is localized on the surface
of cells, and the activation of MMP-14 induces antibody mediated
blockade in cancer.

Ling et al. developed an inhibitory anti-MMP-14 antibody, Fab
3369, which inhibits the catalytic domain of MMP-14 [48]. An im-
munotherapeutic strategy targeting MMP-14 might restrict immune
suppression, cancer progression, and metastases in TNBC patients.
MMP-14 blockade by Fab 3369 suppressed extracellular matrix (ECM)
degradation and tissue invasion by TNBC cells. However, further clin-
ical studies using a series of markers are still necessary to adequately
demonstrate the effect of MMP-14 inhibitory antibody immunotherapy
for TNBC patients, as well as immune checkpoint inhibitor therapies in
other cancers.

3.4.2. CSPG4 protein

Chondroitin sulfate proteoglycan 4 (CSPG4) is a cell surface pro-
teoglycan and a target for monoclonal-antibody (mAb) based im-
munotherapy for numerous types of cancers including TNBC. Clinical
research conducted by Wang et al. reported that CSPG4 protein was
expressed in 32 of 44 (72.7%) primary tissues of TNBC, including TNBC
cell lines and tumor cells in the pleural effusion from 12 metastatic
TNBC patients [49]. CSPG4-specific mAb significantly inhibited the
growth, adhesion, and migration of TNBC cells in vitro. Its other anti-
tumor effects include enhanced apoptosis, reductive mitotic activation
in tumor cells, reduced blood vessel density in the tumor micro-
environment, and the decreased activation of important signaling
pathways involved in the survival, proliferation, and metastasis of
tumor cells. In conclusion, CSPG4 is expressed in TNBC tissues and
might be a target for CSPG4-specific mAb. Although the molecular
mechanisms responsible for the preferential expression of CSPG4 pro-
tein in TNBC tissues are currently unclear, it is encouraging that the
results demonstrate the potential function of CSPG4 protein as a diag-
nostic biomarker and immunotherapeutic target for TNBC.

3.4.3. Melanoma-associated antigen-3 (MAGE-3)

MAGE-3, expressed by 40% of TNBC patients, has been verified as a
tumor vaccine. MAGEA-3-associated tumor vaccines targeting lung
cancer and melanoma have already entered phase II and phase III
clinical trials, and their therapeutic benefit and safety have been con-
firmed [17]. Thus, MAGEA-3-associated tumor vaccines might be ef-
fective immunotherapeutic approaches for TNBC patients that express
MAGE-3.

3.4.4. a-Lactalbumin antigen

a-Lactalbumin is a breast-specific protein that is present in the
breasts of females during late pregnancy and lactation, but not in aging
females. However, it is expressed in many tissues of TNBC patients and
induces anti-cancer immunity. The stable expression of a-lactalbumin
genes were detected in early and late stage TNBC patients. According to
a previous study, healthy, cancer-free, and adult females can mount
abundant proinflammatory T cell responses to a-lactalbumin. A history
of breastfeeding and lactation had no effect on a-lactalbumin-induced
immunity and on the preservation of immunity against the progression
of breast cancer. Regarding therapy and the primary immunopreven-
tion of TNBC, a-lactalbumin vaccination might be efficient. TNBC is the
most aggressive type of breast cancer and is dominant in women with a
high genetic risk related to mutations in BRCA1 genes [13]; therefore,
a-lactalbumin might be a novel immunotherapeutic target for TNBC
vaccines.
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3.4.5. Mesothelin

Mesothelin, a cell-surface glycoprotein, is overexpressed in the
majority of TNBC cases (67%) but only rarely (< 5%) in ER (+) or
Her2-neu (+) breast cancers [50]. This suggests that a range of ther-
apeutic options may be available for women with TNBC. Genetically-
modified T-cells expressing a chimeric-antibody receptor (CAR) specific
for mesothelin (mesoCAR T cells) had a higher anti-cancer cytotoxicity
for mesothelin expressing primary breast cancer cells compared with
non-transduced T-cells (31.7% vs 8.7%, p < 0.001), indicating me-
sothelins might be a novel immunotherapeutic target for TNBC.

4. Passive immunotherapies of TNBC
4.1. CAR-T treatment

Chimeric antigen receptor (CAR) T cell therapy uses genetic en-
gineering technology to modify T cells to recognize and kill tumor cells
via a chimeric antibody specific for the tumor cells. Song et al. con-
structed an FRa specific chimeric antigen receptor and inserted the
gene encoding this receptor into T lymphocytes. When these T cells
were amplified and purified in vitro they killed TNBC cells both in vivo
and in vivo, and inhibited the growth and invasion of tumor cells [16].
Han et al. used the chimeric antigen receptor (CAR) approach to target
NKG2DLs expressed on human TNBCs. Lentiviral vectors were used to
express the extracellular domain of human NKG2D that binds various
NKG2DLs, which was fused to signaling domains derived from T cell
receptor CD3 zeta alone or with CD27 or the 4-1BB (CD137) co-sti-
mulatory domain. They demonstrated that CD27 or 4-1BB co-stimu-
lated, self-enriched NKG2D CAR-redirected T cells mediated anti-tumor
activity against TNBC tumors, and therefore represent a promising
immunotherapeutic approach to TNBC treatment [51]. Table 5 sum-
marizes recent studies of CAR-T immunotherapy for TNBC. It should be
noted that CAR-T therapy will only work in patients who have an intact
immune system. In patients with breast cancer receiving the standard
cytotoxic chemotherapy, immunosuppression is inevitable, and all
leukocytes and subsets will be low in the peripheral blood, so CAR-T
therapy would need to occur at a time when patients are not im-
munosuppressed. In addition, although many patients will achieve a
complete response following the CAR-T treatment, the broad applic-
ability of this therapy is hampered by severe cytokine release syndrome
(CRS) and neurotoxicity. CRS is usually characterized by respiratory
insufficiency, hypotension, and fever associated with elevated serum
cytokines, including interleukin-6 (IL-6). CRS and neurotoxicity often
occur within several days of T cell infusion at the peak of CAR-T-cell
expansions. These adverse reactions might respond to IL-6 receptor-
blockade but can require further treatments with corticosteroids (high
dose) for curbing potential lethal severities [52,53].

4.2. CIK treatment

Cytokine-induced killer (CIK) is a heterogeneous cell type with
numerous phenotypes that kills tumor cells. It has strong proliferative
ability, cytotoxic effects, and specific immune characteristics. Pan et al.
carried out a study of 90 patients with TNBC after surgical excision, and
showed that overall survival (OS) and disease-free survival (DFS) were
significantly increased in 45 TNBC patients treated with CIK. Moreover,
multivariate survival analyses showed that CIK assisted therapy was an
independent prognostic factor for OS in TNBC patients. The sub-group
analysis showed that the extension of OS and DFS was more prominent
in patients with stage IIl TNBC [54]. Wang et al. provided two cycles of
chemotherapy consisting of anthracycline and taxanes in 23 young
TNBC patients. Then, 50 mg cyclophosphamide was maintained every
day, and 3 DC-CIK extracts were given during the chemotherapy. Some
patients had an immune response, and the median OS and PFS was 15.2
months and 13.5 months, respectively. No treatment related deaths
were noted during the treatment [55]. These above mentioned studies
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demonstrate that adjuvant chemotherapy with CIK can prevent TNBC
recurrence and prolong the survival of these patients.

5. Oncolytic immunotherapy (chimeric parapoxvirus CF189)

Oncolytic virus, which has a unique property to selectively infect
tumor cells, causes the oncolysis of cancer cells with minimal toxicity to
healthy tissues. Oncolytic virus functions as a biological agent by in-
ducing local immunological responses, tumor cell lysis, and enhancing
systemic anti-tumor immunity. Talimogene laherparepvec (T-Vec) is
the first live virus to be approved by the US Food and Drug
Administration for the treatment of cancer. T-Vec preferentially infects
and lyses tumor cells and, in some cases, induces a systemic immune
response against the tumor [56]. For TNBC, the chimeric parapoxvirus
CF189 is an oncolytic virus that is effective. Choi et al. reported that
Chimeric parapoxvirus (CF189) induced efficient in vitro cytotoxicity in
four TNBC cell lines of nonmetastatic and metastatic origin, and had in
vivo anti-tumor effects at doses as low as 103 PFU [57]. This evidence is
encouraging for the clinical development for these extremely effective
agents against TNBC. The immune stimulatory properties of oncolytic
virus suggest it might be a novel treatment for TNBC patients.

6. The prospect of immunotherapy for TNBC

Currently, breast cancer is the most common malignant tumor in
women, with devastating effects on health. Because of the special
phenotype of TNBC, endocrine therapy is ineffective, and there is lack
of drugs for its targeted therapy. Considering the limitations of tradi-
tional treatment methods, immunotherapy might improve the survival
rate and prognosis of TNBC patients based on its high specificity and
immune memory, hopefully providing a new turning point for the
treatment of TNBC. At present, there have been few studies on im-
munotherapy for TNBC patients. Most studies are still at the basic re-
search stage, and many problems remain to be solved. Researchers need
to further explore and carry out clinical validation studies.
Nevertheless, we are convinced that immunotherapy will create a new
era for TNBC treatment on the basis of basic research, the reform of
science and technology, the discovery and screening of highly specific
antigens isolated from tumors, and combined immunotherapy. This will
also be an era of “individualized medicine” and “precision medicine”.
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