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Recapitulating the tumor
microenvironment in a dish, one
cell type at a time
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The tumor microenvironment harbors a variety of different cell types that differentially impact tumor biology.
In this issue ofCell ReportsMethods, Raffo-Romero et al. standardized and optimized 3D tumor organoids to
model the interactions between tumor-associated macrophages and tumor cells in vitro.
Tumors are complex ecosystems that

containmanydifferent cell types exhibiting

diverse functional states. Importantly, non-

tumoral cells in the tumor microenviron-

ment (TME) impact many facets of tumor

biology, including tumor angiogenesis, tu-

mor cell migration and metastasis, and

anti-tumor immunity.1 The complexity of

the TME in vivo limits the conclusions that

can be drawn from in vitromodels of can-

cer progression and therapy response. In

addition, oftentimes cancer cells cannot

be propagated as 2D cultures in vitro,

thereby limiting the application of these

models to model an individual patient’s

cancer ex vivo.

To overcome several of these limita-

tions, 3D organoid models have been

developed in recent years that substan-

tially expand the use of in vitro models,

including the in vitro propagation of

previously hard-to-propagate cancers,

enabling a more physiological modeling

of tumor-matrix interactions and a more

faithful recapitulation of the spatial organi-

zation of tumors.2 Despite these ad-

vances, organoid models still do not reca-

pitulate several facets of a tumor in vivo.

Most importantly, conventional tumor or-

ganoids mainly contain tumor cells while

lacking the diverse cell types that make

up the TME. This represents an important

limitation for the prediction of individual

therapy responses, since non-tumoral

cells in the TME exert a major impact on

the efficacy of anti-tumor therapies. As

one important example, tumor-associ-

ated macrophages (TAMs), which are
Ce
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among the most abundant non-tumoral

cells in the TME of many tumor types,

play a major role in modulating responses

to anti-tumor immunotherapy and to con-

ventional chemotherapy.3,4

Several recent studies have addressed

this limitation either by devising autolo-

gous organoids that integrate non-tu-

moral stromal cells from the original TME

or by reconstituting organoids with either

autologous or allogeneic exogenous

non-tumoral cells from other sites, such

as the peripheral blood.5,6 These ap-

proaches exhibit different advantages by

either preserving the composition of the

original TME or by providing easier

manipulation and expansion of non-tu-

moral cells prior to co-culture. Studies

employing these methods have enabled

the in vitromodeling of therapy responses

including immunotherapy7 and thus

promise to pave the way toward more

faithful prediction of cancer therapy re-

sponses. However, one major limitation

of these more complex tumor organoids

is their lack of standardization. In addition,

different cell types exhibit divergent

optimal growth conditions in vitro, thereby

rendering it necessary to optimize culture

conditions for individual combinations of

tumoral and stromal cells.

In this issue of Cell Reports Methods,

Raffo-Romero et al.8 address these limita-

tions by devising three standardized and

optimized approaches for reconstituting

patient-derived breast cancer organoids

with macrophages. In a first step, the au-

thors optimized a protocol for deriving
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monocytes by systematically assessing

different culture and cell detachment ap-

proaches. The use of cryopreserved pe-

ripheral bloodmonocytes in the optimized

protocol allows for decoupling and later

synchronizing the generation of tumor or-

ganoids and macrophages derived from

the same patient.

Next, the authors established three

different approaches for co-culturing

these macrophages with breast cancer

organoids: one semi-liquid system and

two solid-state systems. In preparation

for all co-cultures, tumor cells were recov-

ered from Matrigel drops and mixed with

dye-labeled macrophages at a fixed ratio.

In the first approach, Raffo-Romero et al.8

established a semi-liquid model by co-

culturing macrophages and tumor cells

in medium with 2% Matrigel, thus facili-

tating the direct interaction between the

two cell types. In the two solid co-culture

systems, tumor cells were embedded

in a Matrigel matrix with macrophages

either embedded together with tumor

cells within the matrix (termed ‘‘inner co-

culture’’) or layered outside on top of the

matrix in culture medium (termed

‘‘external co-culture’’). The authors then

tracked the localization of the macro-

phages over the course of several days

and found that macrophages aggregated

around the cancer organoids. Notably,

macrophages in the external co-culture

infiltrated the matrix and also interacted

with tumor organoids, indicating that this

approach may be suitable to model the
e Author(s). Published by Elsevier Inc. 1
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infiltration of the TME by TAMs. Not sur-

prisingly, the proportion of macrophages

in the organoid was lower in the external

co-culture than in the other two setups,

and, importantly, the different degree of

infiltration between the setups proved

reproducible across experiments. The au-

thors next sought to characterize the

three co-culture systems using immuno-

fluorescence light-sheet microscopy. To

overcome substantial background noise

in the solid-state conditions, the authors

integrated a step to clear the organoids

using formamide and polyethylene glycol,

enabling the accurate identification of or-

ganoid-infiltrating macrophages.

It is well established that macrophages

adopt specific phenotypes after infil-

trating the TME.9 To assess to which de-

gree the macrophages derived from

peripheral blood monocytes recapitu-

lated these phenotypes upon co-culture

with tumor organoids in vitro, the authors

next performed proteomic profiling

comparing macrophages cultured alone

withmacrophages co-culturedwith tumor

organoids. These experiments revealed

differential upregulation in co-cultured

macrophages of many genes implicated

in pathways known to be highly ex-

pressed in TAMs. Thus, these results

indicate that co-culturing macrophages

derived from peripheral blood monocytes

in the systems devised by the authors

elicits several of the same gene expres-

sion programs that are known to be upre-

gulated in TAMs in vivo. Interestingly,

phenotypic analysis of the expression of

prototypical anti-inflammatory ‘‘M2-like’’

markers on macrophages by flow cytom-

etry revealed subtle differences between

the three systems, indicating that the spe-

cific co-culture implementation imparts

differential effects on canonical TAM

phenotypes.

The authors next sought to characterize

the impact of the presence of TAMs on the

molecular profile of the co-cultured tumor

organoids. To this end, they optimized a

protocol to perform spatially resolved lip-

idomics on organoids grown in the two

solid-state systems to show that the pres-

ence of macrophages modulated the lipid

profiles of tumor organoids, including

enhanced signals for ceramide and lyso-

phospholipid-related lipids.

One of the clinically most salient appli-

cations of patient-derived organoids is
2 Cell Reports Methods 4, June 17, 2024
the prediction of therapy responses in

the framework of precision medicine.10

Having established and optimized the

breast cancer-macrophage co-culture

systems, the authors finally sought to

characterize the impact of TAMs on

chemotherapy response of breast cancer

organoids. To this end, they harnessed

the semi-liquid system and determined

the susceptibility of tumor organoids

to paclitaxel, a chemotherapeutic drug

commonly used in the treatment of breast

cancer. Notably, organoids cultured in the

absence of TAMs were more susceptible

to paclitaxel-mediated toxicity. These

data indicate that the 3D co-culture reca-

pitulates the known effect of TAMs in

shielding breast cancer cells from pacli-

taxel-induced cell death.11

The exploration of three different sys-

tems for co-culturing macrophages with

breast cancer organoids by Raffo-

Romero et al.8 highlights the different

strengths of specific co-culture ap-

proaches depending on the question at

hand. While the semi-liquid system

proved suited best for 3D imaging the

entire co-culture as well as for easily

recovering cells for phenotypic assess-

ments, the solid-state approaches were

better suited for the interrogation of cell-

matrix interactions and for modeling

TAM infiltration into the TME. More gener-

ally, the study by Raffo-Romero et al.8

illustrates the benefit of careful optimiza-

tion and standardization of many steps

of more complex organoid systems

comprising different cell types.

It is intriguing to envision future applica-

tions and extensions of the protocols pre-

sented in the study by Raffo-Romero

et al.8 For example, it is well established

that TAMs are an important target of

checkpoint immunotherapy.12 Therefore,

it would be insightful to establish the addi-

tional integration of T cells into the dual

co-culture systems by applying similarly

standardized approaches. It would also

be interesting to directly compare the

impact of monocyte-derived macro-

phages on therapy response as per-

formed here to TAMs derived from the

autologous TME. Of note, the possibility

for decoupled generation of macro-

phages and tumor organoids employed

by the authors would also allow for exper-

imental perturbation of both the tumor or

immune cell compartments.
Overall, the study by Raffo-Romero

et al.8 marks an important advance to

model the impact of TAMson treatment re-

sponses of breast cancer cells in vitro by

providing an optimized and standardized

system suitable for multiple phenotypic

readouts. More generally, the study lays

out a systematic approach for designing

and optimizing complex organoid systems

comprising multiple cell types.
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