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The Progress and Clinical Application of Breast Cancer Organoids
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Breast cancer is the malignant tumor with the highest incidence in women. Nowadays, the objects iz vitro of models
of this disease are mainly from breast cancer cell lines and patient-derived patient-derived xenograft (PDX). However,
there is a significant gap between traditional cell lines and breast cancer solid tumors, meanwhiles, PDX is not highly
consistent with patients due to different species. As a techonlogy, obtaining patient-derived tumor cells, combined with
three-dimensional culture technology, adding cytokines that promotes the proliferation of breast cancer stem cells and
inhibit their apoptosis, breast cancer organoids form a structure ¢ vitro which is similar to tumor in the body. This
model can not only study the occurrence and envolution of breast cancer, but is more prominent in clinical application.
screening drugs by high-throughput, personalized treatment, textingtoxicity and immunotherapy. This article will re-
view the breast cancer organoids, in evolution, source, culture system and clinical applications.
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Introduction

Breast cancer refers to the most common malignancy in
women. Its incidence rate ranks first among female malig-
nancies, and it has been elevating (1). With the rise in
the new patients and the potential variations in the molec-
ular phenotype and genotype of breast cancer, a more effi-
cient culture system maintaining the biological character-
istics of breast cancer in vivo is critical to clinical research
and transformation. Traditional breast disease models
consist of cells and PDX. The former is simple and easy
to adjust culture conditions, however, there are various
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cross-contamination problems, and the genetic information
and tumor heterogeneity of patients are difficult to retain
in the passage process; the latter can act as a gold standard
for revelant tumor studies. To a certain extent, it can in-
dicate the occurance and evolution of patients’ tumors,
whereas its time-consuming, low success rate, high cost
and ethical issues. Thus, novel breast cancer research
models should be developed essentially. Organoids exploit
cells exhibiting different differentiation potentials (e.g.,
embryonic stem cells, pluripotent stem cells, and tumor
cells, and other sources of cells; they are combined with
i vitro three-dimensional culture technology and in-
troduce extracellular matrix analogs and cytokines to
maintain stem cell proliferation and differentiation, as
well as other components. Thus, the cells grow in a culture
system close to the microenvironment of the body, and a
cell tissue structure is formed similar to the structure of
the source organ in the body. As compared with in vitro
culture models (e.g., conventional cell line culture, human
xenograft, and simple biological materials), tissues formed
by organoid culture systems can achieve relatively com-
plex structures and functions, currently the ideal in vitro
culture i ovitro. system. Moreover, organoid culture re-
quires less tissue and exhibits a high success rate and
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avoids ethical disputes and species differences.

Tumor-like organ culture refers to a cross-concept ac-
companying the development of organoids and oncology,
namely, tumor cells form microstructures similar to the
source tumor tissue structure and gene expression lineage
under appropriate culturing conditions, which can reveal
the biology of the source tumor tissue. It acts as an effec-
tive model to study tumors and high-throughput screening
drugs in vitro. At present, tumors (e.g., colorectal cancer,
pancreatic cancer, liver cancer, prostate cancer and breast
cancer) have achieved relatively mature organoid culture
systems (2-6). To be specific, the breast cancer culture sys-
tem usually introduces various cell growth factors to the
matrigel to simulate the i vivo microenvironment of
breast cancer cells; thus, breast cancer stem cells can
maintain their original differentiation ability and long-term
subculture  ovitro. It has become a feasible biological
model for in vitro studies on the occurrence and develop-
ment of breast cancer, and it has been extensively em-
ployed in individualized treatment of breast cancer
patients.

The Evolution of Breast Cancer Organoids

Cells exhibit a three-dimensional growth pattern in the
body. Under conventional two-dimensional planar culture
conditions, the cells are gradually flattened, losing some
of their biological characteristics in the body; Thus, a low
degree of reduction of the results of in vitro experiments
is caused. Three-dimensional cultivation technology has
been progressively developed. In 1907, Wilson (7) demon-
strated that mechanically dissociated sponge cells can be
recombined to form a complete organism. In 1977,
Emerman and Pitelka (8) initially inoculated cells ob-
tained from mouse breast tissue on a three-dimensional
matrix surface; Besides, they added insulin, hydro-
cortisone and prolactin to differentiate isolated breast cells
into acinar structures and the source. The tissues were
compared and reported to exhibit a similar structure to
that of mammary acinus, which was a precedent for “breast
organoid” culture. In 1992, Petersen et al. (9) initially
termed the use of breast cells to form microstructures as
“organoids”. With the advancement of stem cell biology,
people have come to realize that breast cancer stem cells
are the key to form organoids. Therefore, some researchers
have attempted to add transforming growth factor «
(TGF-@) and fibroblast growth factor 7 (FGF7) to the
medium to activate the MAPK signaling pathway on the
breast, promote the proliferation and differentiation of
breast cancer stem cells, sa well as forming a breast branch

phenotype (10). Subsequently, Sato et al. (11) added Wnt
and R-Spondingl, which induced the proliferation of LgrS
+ stem cells and stimulated £ -catenin and Tcf4 to be
up-regulated, as a result, the stem cell activity of the tu-
mor cells was activated, as well as in vitro intestinal orga-
noid culture. In 2012, de Visser et al. (12) reported that
breast Lgr5+ cells as breast stem cells can long exist dur-
ing the passage; under the action of cytokines, breast stem
cells were found to be arranged to form a normal duct
structure similar to breast. According to this theory, Sachs
et al. (13) added the Neuregulinl nuclear factor that facili-
tates self-proliferation and differentiation of breast cancer
stem cells, as well as small molecule inhibitors A83-01 and
SB202190 that inhibit apoptosis of breast cancer stem cells
based on the original organ culture program. Therefore,
the synthetic medium for breast cancer organoids was
used to develop the system. These researchers cultivated
95 breast cancer organoids from 155 breast cancer surgical
tissues and successfully established the first breast cancer
organoid bank. The breast cancer-like organoids in the li-
brary cover a range of pathological types, molecular phe-
notypes and genotypes of breast cancer, which were adopt-
ed for high-throughput screening of drugs and editing of
mutated genes for precision medical purposes. Over the
past few years, with the optimization of digestion steps
and the continuous improvement of experimental techni-
ques (e.g., screening of breast cancer stem cells), the suc-
cess rate of breast cancer organoid culture has been ele-
vated to 87.5%, arousing a wave of study and application
of breast cancer organoids (Fig. 1) (14).

Establishment of Breast Organoid Culture System

Breast organoids act as vital branches of tumor organo-
ids, whereas the construction of the culture system has
long been explored and optimized to form an organoid
culture system that exhibits common characteristics with
other tumor organoids as well as targets breast cancer cell
characteristics. The construction of breast cancer organo-
ids primarily consists of three elements (i.e., breast cancer
cells, stroma and cytokines).

Cell sources of breast cancer organoids
Immortalized cell lines: Applying standard cell lines
can efficiently cultivate breast cancer organoids, conti-
nuously domesticate and enhance the stemness of breast
cancer stem cells, as well as elevating the success rate of
organoid cultures during the passaging process. The cell
lines were tubular subtype MCF7 and basal subtype MDA-
MB-231; both cell lines were in organoid medium (e.g.,
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B27, EGF, and bFGF growth factors), and breast cancer
organoids were formed one week later. After digestion and
re-passaging of the seed plate, the proportion of organoids
was elevated significantly, MCF7 increased from 8% to
33% in the third generation, MDA-MB-231 increased from
5% to 22% in the third generation, and the stem cell activ-
ity of breast cancer cells significantly increased (15, 16).
With standard immortalized cell lines to form tumor-like
organoids, breast cancer tumor-like organoids can be ob-
tained efficiently. Cell lines with different phenotypes can
reflect the biological characteristics of a range of breast
cancer subtypes, which is an ideal tool for rapid initial
screening of clinical drugs.

Cells of breast cancer tissue: Puncture and surgical
tissue are more frequently employed. Compared with im-
mortalized cells, breast cancer cells of this origin exhibit
the advantage of being individualized. The breast cancer
organs formed by breast cancer tissues from various pa-
tients are not limited by the single phenotype and geno-
type of the cell line. They can maximally restore the bio-
logical characteristics of tumors in patients iz vitro. Sachs
et al. (13) adopted surgical resection to acquire breast can-
cer tissues from a range of patients; the organoids formed
after culture highly complied with the source tissues in
pathological typing. Different clinical drug experiments
were performed on these organoids to screen out sensitive
drugs for different patients. Thus, it was found that the
plan effectively enhances the treatment effect of patients.
When the tumor sample contains over 5% of tumor stem
cells,the organoid culture achieves the efficiency of 100%,
and the organoid of function express the diagnostic bio-
markers of the corresponding tissues of patients (5).

This series of characteristics can act as an indicator of
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non-invasive monitoring of drug sensitivity variations in
individual patients.

Circulating tumor cells (CTC): These cells refer to tu-
mor cells spreading through the blood. usually composed
of tumor cells that exhibit high invasive capacity and stem
cell activity. Thus, the collection of the mentioned cells
to form breast cancer organoids can indicate the invasion
and metastasis characteristics of tumors i vivo. The study
on specific surface markers and special signaling pathways
and targeted killing of the mentioned tumor cells help ef-
fectively inhibit tumor recurrence and metastasis. Yu et
al. (17) collected breast cancer cells in the blood of breast
cancer patients. Besides, they performed pathological cha-
racterization and genome sequencing on breast cancer or-
gans formed n vitro, as well as targeted gene mutation ex-
pression profiles of breast cancer organs from different
patients. For the treatment, PI3K @ inhibitor BYL719 and
mTOR inhibitor everolis were employed., as well as other
12 diverse drug regimens. These researchers highlighted
that according to the differences in the pathological char-
acteristics of organoids of different mutant genes, different
drug regimens can be taken for patients. Moreover, breast
cancer organoids also showed different phenotypic varia-
tions for the differences in drug sensitivity. This series of
characteristics can act as an indicator of non-invasive
monitoring of drug sensitivity variations in individual
patients.

Source of metastatic pleural effusion: Breast cancer
patients do not find the lesion in time, probably due to
untimely treatment, which often causes cancer cells to
spread to the pleura and cause lymphatic obstruction,
thus, reabsorption disorders are induced. Thus, breast can-
cer cells will appear in pleural fluid. Grimshaw et al. (18)
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centrifuged and enriched breast cancer cells in pleural
fluid. In the medium supplemented with insulin, hydro-
cortisone, B27, and epidermal growth factor, breast cancer
cells can form spherical structures. Besides, structural in-
oculation into immune-deficient mice can form breast
tumors. Such discovery initially acquired breast cancer or-
ganoid cells with the pleural fluid pathway, besides, itpro-
vided novel insights into the characteristics of breast can-
cer recurrence and metastasis i vitro and optimized the
treatment plan.

Co-culture of mixed cells: The tumor microenviron-
ment consists of tumor cells, tumor-related fibroblasts, en-
dothelial cells, and immune inflammatory cells. Besides,
breast cancer organs formed by single breast cancer cells
cannot reproduce breast cancer iz vivo. Accordingly, add-
ing mesenchymal cells to the breast cancer organoid cul-
ture system can more significantly simulate the inter-
action between tumor cells and mesenchymal cells iz vitro.
In the process of breast cancer, the interaction between the
two causes the reduction of local repair ability of breast
cells, which is more consistent with the occurrence and
development of solid tumors i vivo (19). Common mesen-
chymal cells include fibroblasts, immune cells, and my-
oepithelial cells. Breast branch epithelium and surround-
ing mesenchymal cells jointly regulate the development of
the mammary gland and critically maintain the balance
of the mammary gland. If the imbalance causes breast can-
cer, a co-culture model of breast cancer organoids and fi-

broblasts can more effectively analyze the interaction be-
tween breast fibroblasts and epithelial organoids (20).
Breast cancer organoids formed with BT-20 were co-cul-
tured with macrophages, which achieved the interaction
between the organoids and immune cells. Moreover, it
could be observed under the microscope that this culture
mode facilitates the hydrolysis of macrophages to the sur-
rounding collagen (21).

Three-dimensional culture substrate

The matrix forming and maintaining the growth of or-
ganoids is a critical substance that mimics the micro-
environment in the body. It creates attachment points for
cells to support it, while providing nutrients to maintain
cell growth. The common types include rat tail collagen,
collagen and matrigel. Rat tail collagen is the earliest used
matrix, which is easy to obtain and can support higher
and cell survival rates. Since then, collagen and other ma-
trices have been extensively used.; Among them, collagen
IV, the major component of tumor stroma and laminin,
is isolated from sarcoma and forms the main component
of matrigel, which refers to the most used commercial ma-
trix gel. Together with various growth factors, it forms a
matrix protein mixture, which can more effectively re-
place the extracellular matrix and promote the growth,
differentiation and tissue formation of breast cancer cells
(22).

Table 1. The cytokines of cultural system and recommend concentration

Cytokines Function Concentration
Epidermal The ligand of epidermal growth factor receptor (EGFR) promotes the proliferation of breast cancer  0.1~10 ng/ml
Growth Factor, epithelial cells by promoting cell mitosis, to achieve the purpose of maintaining organoid growth
EGF for a long time
Fibroblast Promoting the growth of epithelial cells; Improving the ability of breast cancer cells invades and 50 ng/ml
Growth Factor?, metastasizes; working with Wnt3a to promote the formation of spheroid structures in the
FGF7 directionally differentiated endoderm and further expand the formation of breast cancer organoid
Whnt3a Lipoprotein receptor-related protein (LPR) ligand, which mainly regulates tumor cell proliferation 50~500 ng
and differentiation
Noggin Bone morphogenetic protein (BMP) inhibitors, which can replace the missing Niche-related 100 ng/ml
signaling molecules to promote stem cell proliferation, increase the number of initial organoid
formation, and accelerate the rate of expansion
R-Spondin-1 G protein-coupled receptor 4/5 (LGR4 / 5) ligand, a Wnt pathway agonist, which riches in leucine 500 ng/ml
repeats, can maintain stem cell population growth for a long time in vitro
Neuregulin1 Neuregulin1:EGF receptor tyrosine kinase 3 and 4 (ERTK3 / 4) ligands are involved in breast 100 g/l
formation and tumorigenesis
Y-27632 Y-27632:Rho-related coiled-coil formation protein kinase (ROCK) inhibitors can effectively reduce 10 mM
the apoptosis of stem cells during the process of culture and improve the state of the medium
A83-01 Tumor growth factor- 1 (TGF- £ 1) inhibitor that inhibits the differentiation of pluripotent stem 1 «M
cells, maintains self-renewal and improves expansion efficiency
SB202190 MAPK inhibitor that promotes the stability of pluripotent stem cells 1 uM




Cytokines and functions

To achieve long-term in vitro culture of breast cancer
organoids, multiple growth factors should be introduced
to form a supporting culture system that meets the needs
of a range of formation stages of organoids. Most of them
cover growth factors associated with breast cancer stem
cell proliferation and differentiation and inhibit breast
cancer stem cell apoptosis, a small molecule inhibitor that
maintains long-term iz vitro culture of organoids consists
of two parts. R-sponding, Wnt and EGF are critical to
breast cancer cell localization, attachment and activation
of signaling pathways, termed as the “troika for organoid
culture” (23, 24). According to the biological role and mo-
lecular matrix of cytokines, they can be roughly split into
the following categories (Table 1 and Fig. 2) (10, 19, 24-27).

Promote breast cancer cell proliferation and differ-
entiation: Epidemical Growth Factor (EGF) can effec-
tively facilitate the proliferation and division of various
epithelial cells. Dontu et al. (25) initially added EGF to
breast cancer culture medium. After 15-day culture, in
contrast to the blank group, it was found that the treat-
ment group can induce the formation of mammary tu-
bules and increase breast cancer organs by nearly 30 times,
i.e., the rate of organoid formation can be elevated; Noggin
and R-Spondin-1 can also elevate the number of organoid

R-spondin
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formation and the rate of organoid formation.

Regulate the Wnt signaling pathway: Wnt-3a binds
the Wnt ligand secreted by breast cancer stem cells to the
corresponding receptor; subsequently, it regulates such
signaling pathway, facilitates the proliferation of breast
cancer stem cells and maintains the tumor stem cell sub-
population with R-Spondin-1 Long-term ¢ vitro culture
(26).

Molecular inhibitors: Including A83-01, Y-27632 and
SB202190, A83-01 is an ALK4 / 5/7 inhibitor, promoting
tumor cell proliferation (13). The early application of Y-
27632 primarily aims to avoid the “Nest apoptosis” of tu-
mor cells after ex vivo; it helps tumor cells split and pro-
liferate in wvitro, inhibits the apoptosis of breast cancer stem
cells and maintains long-term in vitro culture of stem cells
with proliferative and differentiation capabilities. SB202190
is a p38 inhibitor, which is not conducive to the formation
of organoids when the concentration exceeds 1 «M (27-30).

Application of Breast Cancer Organoids

Organoid functions effectively reflect tumor hetero-
geneity, and gene sequencing of organoids formed in cul-
ture reveals that most organoid functions can display genes
of source tissues well, even after prolonged passage, orga-
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Fig. 2. The mechanism of R-Spondin,
Wnt and EGF.
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noids and primary tumors are mutated. The similarity of
characteristics and gene profile expression can reach 60%
or more (28). Moreover, breast cancer organoids present
all subtypes of solid tumors, which can be used as an ef-
fective in vitro model for this study’s use of breast cancer
organoids for high-throughput screening and personalized
treatment, in combination with gene editing technology
and the use of normal tissue-derived organoids for drug
toxicity and side effects detection (Fig. 3).

High-throughput drug screening and precision
medicine

The selection of tumor drugs and treatment options de-
termines the prognosis of patients, and the heterogeneity
of tumors determines the precision of individualized med-
icine to enhance the treatment effect for specific patients.
Both the cell phenotype and tissue structure of breast can-
cer organoids can indicate the biological characteristics of
solid tumors in patients. Moreover, as the three-dimen-
sional culture system of breast cancer organoids has been
built and optimized progressively, the organoid functions
of batch culture can affect multiple drugs simultaneously.
By screening, individualized treatment options can be
quickly and accurately obtained. In contrast to the two-di-
mensional planar cell culture system of breast cancer orga-
noids, the assessed results of the drug efficacy are closer
to the actual effect. The results of the sensitivity of differ-
ent clinical drug regimens can be visually presented.
Several studies reported the assessed sensitivity up to
100%, the specificity of 93%, and the positive rate of 88%
(31). Cassidy et al. (32) used breast cancer organs to
screen out 18 anticancer drugs; they found that the in-
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hibition rate of pemetrexed combined with carboplatin,
gemcitabine and pirlotinib was 60% more than those of
other regimens. When this method is used in specific pa-
tients, the efficacy will be higher than the recommended
standard treatment. The breast cancer organoids produced
by Her2 over-expressed tissues are susceptible to tamoxifen.
Under the concentration of the drug over 1 xm, the breast
can be affected. The killing effect of cancer cells reaches
over 50%, complying with the results presented in patients
(13). Breast cancer-like organoids are capable of achieving
high-throughput screening of different anticancer drugs,
and the specific treatment schemes that are more suitable
for patients are taken from existing treatment schemes or
emerging schemes, indicating the clinical application val-
ue of organoids in precision medicine.

Breast cancer gene profile based personalized therapy

Gene mutations critically lead to the formation of breast
cancer, and different patients, different pathological types
and even the identical disease type show differences in
gene expression. Besides, targeted drugs targeting differ-
ent mutation subtypes are vital to treatment. In the cyto-
kine-added medium, stem cells can exhibit other geno-
types if the original tissues are not differentiated. Nearly
90% of biopsies of one patient contain all the differentia-
ted genotypes. Thus, it is of high significance value to
study the association between breast cancer tissue geno-
type and anticancer drugs i ovitro with organoid models
(2). The model is capable of vertifying genetic variations
in cancer progression and identifying and elucidating can-
cer progression genes, treatment responses, and outcomes
associated with early to late stages. Accordingly, the orga-
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Fig. 3. The applications of organoids.



noid model is used to explore the breast cancer tissue gen-
otype and resistance, the relevance of cancer drugs is high.
The proposed gene-drug combination complies with the
tumor’s abnormal genome to select the appropriate ther-
apeutic drug. Unlike broad-spectrum anticancer drugs, pa-
tient tissue-derived organoids can be adopted to reproduce
various mutant genes, and drugs can be developed and ap-
plied in a targeted manner. To fulfill the purpose of per-
sonalized treatment, Friedman et al. (33) performed genet-
ic tests on breast cancer-like organs in specific patient;
they found many mutated genes different from the source
tissues. A novel poly (ADP-ribose) polymerase inhibitor
was employed. (PARPis) specifically inhibits DNA dam-
age and repair of breast cancer tumor cells, and then the
purpose of personalized treatment for such breast cancer
patients was achieved. With WGS sequencing method to
find patients with high BRCA1/2 expression (e.g., PARP
is), olaparib and Nilapali are more sensitive. Thus, breast
cancer organoid genotypes are associated with drugs, which
also enriches treatment options while achieving targeted
treatments (34).

Toxicity testing

Besides the use of breast cancer organs for high-through-
put screening of drugs and personalized treatment based
on breast cancer gene profiles, it has also been extensively
adopted in toxicology -under the development of novel
drugs. New drugs developed for breast cancer are com-
monly tested for their effects and safety on animal models.
In the case of little effect of drugs, they are usually treated
by expanding the types or doses of anticancer drugs.
Accordingly, drug accumulation often adversely affects pa-
tients’ livers. Kidney function generates toxic side effects.
Weeber et al. (35) exploited- breast cancer tissue-derived
organoids to continuously controlthe dose and compati-
bility of various drugs before novel drugs were adopted to
treat breast cancer patients. Such application solves the
excessive abuse and limitation of animal models in the de-
velopment of novel drugs, which - shortens the time re-
quired for drug detection to satisfy the standards and also
creates ideas to deal with excessive anticancer drugs in
clinical treatment.

Immunotherapy and organoids transplant

After the initial success of immunotherapy in melano-
ma, researchers in oncology have shifted their emphasis
to their respective research directions. Co-culture of tumor
organoids are derived from colorectal cancer (CRC) and
non-small cell lung cancer (NSCLC) and peripheral blood
lymphocytes of corresponding patients. After two tweeks
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of co-cultivation, the tumor organoids are recognized, pre-
sented and then processed -with the immune system as
new organisms,; Subsequently, the patient’s immune re-
sponse is started. 50% of autologous tumor organoids en-
rich the CD8+ T natural Kkiller cells in the peripheral
blood of patients, as well as promoting the secretion of
IFN 7 in CD8+ T cells and the up-regulation of CD107a.
Besides, the recruited T cells are capable of specifically
acting on tumor-like organoids without targeting other no-
mal tissues of the patient under no - killing -reaction.;
Tumor-like organoids decrease in diameter and are accom-
panied by extensive apotosis. This exhibits great advan-
tages for the discovery of CRC and NSCLC primarily em-
ployed for immunotherapy of tumors derived from epi-
thelial tissues. Moreover, it provides a reference for im-
munotherapy of breast cancer organoids derived fromepi-
thelial cells (36). In addition, normal breast tissues from
breast cancer patients are adopted for in vitro organoid
culture, and the formed mammary gland organoids are
re-transplanted into the patients receiving mastectomy, as
autologous transplantation, immune rejection will not
occur. Therefore, this technology is more conducive to or-
gan transplantation, showing high development potential.

Challenges and Future Directions

The in vitro culture of breast cancer organoids creates
the optimal model for tumor biology at the current stage,
and its application in the screening of novel tumor drugs
has significantly elevated the rate of clinical transformation.
At present, the organoids generally take 4~6 weeks from
cultivation to testing, which are used to evaluate clinical
efficacy. For patients who are urgent need of treatment,
acquiring to the relating consequences of high-throughput
screening of drugs, doctors are usually followed to guide-
lines and empirical plans, which leads to excessive thera-
pies. Though breast cancer organoids can better reflect the
patient’s disease situation, we also note that when the cul-
ture system is being built, complete technology is still
lacked to simultaneously connect both organoids and tu-
mor microenvironment (37). Heterogeneity remains differ-
ent from solid tumors. Moreover, More critical aspects af-
fecting yield include whether the source tissue is healthy
or tumor tissue, as well as the number of stem cells ob-
tained after enzyme digestion. Healthy tissue organoids
achieve the success rate of nearly 20.83%, while that of
cancer tissue reaches 87.5% (5). at present, the breast can-
cer-like organs that we cultivate from patients are primar-
ily surgical tissue or puncture, whereas the tissues in dif-
ferent locations cover different numbers of breast cancer



302 International Journal of Stem Cells 2020;13:295-304

cells, and some tissues are liquefied layer and over-differ-
entiated from the outside to the inside layer, tumor cell
layer, and necrotic layer in the center of the tumor, in the
sampling process, it is difficult to ensure that all are tu-
mor tissues, and the number of cells obtained after en-
zyme digestion is different, which affects the survival rate
of organoid culture. Moreover, matrigel and cytokines
have different concentrations in different laboratories,
which is not conducive to a unified evaluation of the for-
mation rate of breast cancer organ cultures (38-40). To be
specific, it lacks mesenchymal cells, so it has no nerve and
vascular system, and it has great differences with solid tu-
mors in constituting the tumor microenvironment.

With the advent of advanced imaging technologies (e.g.,
optical metabolic imaging (OMI)), the time of using orga-
noids to determine the effectiveness of treatment options
can be reduced to 72 h, and the invalid scheme of organo-
ids can be more accurately identified, so as to avoid pa-
tients having received excessive treatment (41).

In response to the problem of low cell content in tumor
tissue, we can use multi-point biopsy. For experimental
differences caused by different product batches and incon-
sistent schemes in the culture system, we can adjust ma-
trigel by adding collagen protein composition, so the same
substrate is applied in independent experiments to ensure
the repeatability of the experiment (14). Moreover, Besides,
recent studies have continuously pointed out that we can
solve the shortcomings of single organoid system compo-
nents by adding other cells to form a “co-culture” system.
Dijkstra et al. (36) employed the patient’s tumor-like or-
gans to activate T lymphocytes to amplify the patient’s im-
mune function. The results of their experiment provide
novel insights into the study on breast cancer immuno-
therapy. Moreover, the continuous advancement of micro-
fluidic technology and new equipment will further expand
the application scenarios and enhance the efficiency of tu-
mor organoids.

Discussion

In the conventional cell models, oxygen, nutrients, me-
tabolities and signaling molecules can be used infinitely,
however, the cancer cells in the body have limited uti-
lization of various substances due to the three-dimensional
structure of the tumor mass, consequently, causing various
degrees of influence on the expression of cancer cell mole-
cules and biological behaviors. Besides, patient-derived
xenografts cannot be screened for high-throughput of drugs.
Compared with the above models, organoids are easy to
be cultured, and involve the advantages of cell models and

PDX. Therefore, it has become the first choice for emerg-
ing breast cancer in a short time of research models in
itro.

Although breast cancer organoids are widely used, there
are still apparent deficiencies, such as: lack of mesen-
chymal cells, nerves, blood vessels, and immune system.
The model that is constituted by single breast cancer is
still quite different from the solid tumor in terms of tumor
heterogeneity. The relating studies have continuously
pointed out that we can form a “co-culture” system by
adding corresponding cell components to restore the “tumor
microenvironment” to a certain extent, for instance: lym-
phocytes andfibroblasts, to achieve the purpose of highly
reproducing solid tumors i vitro.

Breast cancer organoids can not only explore the role
of tumor stem cells, so that we can study the occurrence,
development and driving factors of tumors from normal
cells, invasive cancers to metastatic cancers; but used to
the chemotherapy, combined with gene editing technology
to interfere with the progress of breast cancer, assessment
of drug toxicity and immunotherapy autologous transplan-
tation. Organoids can be generated from surgical samples,
as well as from endoscopic fine needle aspiration samples.
Thus, the model is capable of summarizing various disease
stages and clinical conditions. Moreover, organoids can be
generated from a small amount of tissue and completed
efficiently, which can be employed for drug testing and
assessment of potential diagnostic biomarkers; they can al-
so verify multiple drivers of tumor progression in vitro.
Overall, it is considered that as fueled by the advancement
of technology and research in relevant fields, the applica-
tion of breast cancer organs will be increasingly wide-
spread, bringing invaluable value to more clinical treat-
ment and academic study.
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