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[ Abstract] Heterogeneity is one of the characteristics of breast cancer. Although most of the studies agree with the monoclonal
origin of spontaneous tumor, due to multiple division and proliferation, epigenetic and genomic changes in the process of occurrence
and development, cells present different phenotypes and biological characteristics. These differences are reflected in tissue type,
differentiation degree, cell proliferation rate, invasion and metastasis abilities, therapeutic response and many other aspects. The
precise implementation of individualized medical treatment must treat the different molecular types represented by different histology
and molecular characteristics differently and consider the existence of different cell subsets in the same tumor tissue. This article
reviewed the mechanism and research progress of breast cancer heterogeneity in order to facilitate the clinical development of breast
cancer precision medicine.
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Fig. 1 Immunohistochemistry of breast cancer subtypes
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Tab.1 Molecular typing of triple-negative breast cancer

Year of publication Author Number of patients

Subtype

Six types: BL1, BL2, IM, M, MSL and LAR

Four types: Basal-like/immune-suppressed (BLIS), basal-like/immune-activated

(BLIA), mesenchymal (MES) and LAR

2011 2" Lehmann, et al 587
2015 % Burstein, et al 198
2016 1% Lehmann, et al 587
2019 1 Jiang, et al 465

Four types: BL1, BL2, M and LAR
Four types: IM, LAR, MES and BLIS

BL1: Basal-like 1; BL2: Basal-like 2; IM: Immunomodulatory; M: Mesenchymal; MSL: Mesenchymal stem-like; LAR: Luminal androgen receptor
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Tab.2 Characteristics of triple-negative breast cancer molecular subtypes

Subtype

BLIS

IM

LAR

MES

Clinical characteristics

Mutation

Characteristics

Specific treatment

Poor prognosis
(5-year RFS, 84%)

TP53 (77%), BRCA (25%)

Enrichment with
metabolism processes,
low levels of stroma
and lymphangiogenesis
signatures

PARP inhibitors

Good prognosis
(5-year RFS, 94%)

P53 (81%)

Enrichment of immune
response and high
expression of immune
checkpoint genes, such
as PD-1, PD-L1, IDO and
CTLA4

Immune checkpoint

High prevalence in Asians;
Poor prognosis
(5-year RFS, 88%);
Elderly patients; Related
to apocrine differentiation;
Androgen receptor-positive

TP53 (61%), PI3BK/AKT
pathway (70%), ERBB2
(9%), AKT1 (13%) and
CDHLI (13%)

High expression of
androgen receptor
pathway, loss of CDKN2A
by retaining Rbl1, low
expression of CDK4 and
CDK6

Endocrine therapy, targeting

Poor prognosis
(5-year RFS, 79%)

E2F3 (44%), PIK3CA
(22%)

Characteristics of breast
cancer stem cells, such as
overexpression of Jak1 and
IL6, and activation of
JAK/STAT3 pathway

STAT3 inhibitor

inhibitors

ERBB2 and CDK4/6
inhibitors

RFS: Relapse-free survival; PARP: Poly (ADP-ribose) polymerase
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Tab.3 Characteristics of tumor microenvironment subtypes

Subtype Clinicopathological feature Immune targets Immune response Treatment
FI Medullary carcinoma and smaller tumors,  High expression of all Adaptive Immune checkpoint
best prognosis, “immune hot” immune targets blockers (ICB)
MR Low-grade tumors, “immune cold” Enrichment of B7-H3 and Innate Targeting regulatory T cells
GARP expression
SR Associated with younger patients Low expression of most Poor adaptive and innate Anti-metabolite

immune targets
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