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myCAFs are better than
yours: targeting
myofibroblasts
potentiates
immunotherapy
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New findings (Krishnamurty et al.)
implicate a subset of cancer-
associated fibroblasts (CAFs) that
express leucine-rich repeat con-
taining 15 (LRRC15) in promoting
tumor growth in pancreatic adeno-
carcinoma (PDAC), by suppressing
the antitumor immunity of cytotoxic
T cells. Genetic ablation of LRRC15+
CAFs resulted in better response to
immune checkpoint blockade, sug-
gesting they may be a novel target
for therapy.
Cancer-associated fibroblasts (CAFs) are
key players in the tumor microenvironment
(TME) of solid tumors. In some cancer
types, including pancreatic and breast
carcinomas, CAFs are the most abundant
stromal cell type and their presence is
associated with worse prognosis. CAFs
were shown to support tumor progression
and metastasis by facilitating angiogene-
sis, remodeling the extracellular matrix
(ECM), and by orchestrating the composi-
tion and function of the immune milieu in
the TME [1]. Thus, achieving specific and
efficient therapeutic targeting of CAFs
has been a long-standing goal in cancer
research.

In a recent issue of Nature, Krishnamurty
et al. elegantly showed in a mouse model
of pancreatic adenocarcinoma (PDAC),
that genetic ablation of a CAF subpopula-
tion expressing the leucine-rich repeat
containing 15 (LRRC15) protein, attenu-
ated tumor progression by alleviating their
immunosuppressive interactions with cyto-
toxic T cells [2] (Figure 1).

LRRC15+ CAFs were previously identified in
studies that used single-cell transcriptomics
and were shown to express myofibroblastic
gene signatures and to emerge uniquely
in perturbed (e.g., wound healing, fibrosis)
and cancerous tissues [3,4]. LRRC15+

CAFs express gene signatures associated
with ECM remodeling, typical of myo-
fibroblastic CAFs (myCAFs). They were
found to be upregulated in breast cancer
patients following treatment with immune
checkpoint blockade (ICB) therapy and
shown to be associated with a poor re-
sponse to ICB in multiple cancer types [5,6].

To identify the origin of LRRC15+ myo-
fibroblasts, Krishnamurty et al. used trans-
genic mouse models that enable temporal
and cell type-specific gene targeting, utiliz-
ing dermatopontin (DPT), which they have
previously defined as a marker for tissue
fibroblasts [3]. Targeting of TGFβ signal-
ing in DPT+ resident fibroblasts revealed
that TGFβ drives the emergence of
LRRC15+ fibroblasts in PDAC. Bulk RNA-
sequencing in human cancers confirmed
that high levels of LRRC15 expression in
fibroblasts is associated with increased
TGFβ and worse survival, linking these
two programs also in human disease. Fur-
thermore, the authors demonstrated a
tumor-promoting role for LRRC15+ CAFs
in mouse models of transplantable PDAC:
selective depletion of this CAF subset
attenuated tumor growth and also caused
a shift of the remaining fibroblast popula-
tion towards a phenotype similar to that of
normal tissue fibroblasts, further modifying
the tumor-promoting signals in the stromal
microenvironment.

The LRRC15+ myCAF signature was previ-
ously associatedwith worse prognosis and
with poor response to anti-PDL1 immuno-
therapy, but the underlying mechanism
was unknown. Krishnamurty et al. found
that depletion of CD8 T cells reversed
the tumor-promoting effect of LRRC15+

CAFs, indicating that their protumorigenic
effects may be mediated, at least partially,
by direct inhibition of CD8 T cell function.
Indeed, depletion of LRRC15+ CAFs re-
sulted in reduced expression of dysfunc-
tion markers on CD8 cells, including TIM3,
LAG3, and CD39, and enhanced expres-
sion of activation markers such as TNF
and IFNγ. This could be a direct effect of
LRRC15+ CAFs on CD8 T cells, or an indi-
rect effect via activation of Tregs, or recruit-
ment of myeloid-derived suppressor cells
(MDSCs), as CAFswere previously implica-
ted in both these immune suppression-
promoting tasks [6,7].

Interestingly, the authors defined a pi16+

cluster as ‘universal’ normal fibroblasts.
However, this subset of CAFs exhibited
enriched JAK–STAT, NF-κB, and TNF
signaling pathways, previously defined
as characteristics of inflammatory CAFs
(iCAFs) [8]. iCAFs were shown in multiple
cancer types to negatively affect antitumor
immunity [9] and it would be interesting to
compare the immune modulating func-
tions of both fibroblast populations. Finally,
combining LRRC15+ CAFs ablation with
anti-PDL1 treatment improved the effect
of ICB on tumor growth and survival in
transplantable murine models of PDAC,
suggesting that targeting of LRRC15 may
be an attractive novel therapeutic ap-
proach. Interestingly, an antibody targeting
LRRC15 was previously demonstrated to
have robust preclinical efficacy against
LRRC15 stromal cells in multiple xenograft
mouse models of cancer [4].

The vast heterogeneity and lack of universal
markers for CAFs has been a major obsta-
cle in CAF therapeutic targeting. CAFs are
highly plastic, arise from multiple origins,
and are identified by various markers, de-
pending on cancer type and model system
[9]. Col1α, αSMA, PDGFRα, PDPN, FAP,
and other markers have been suggested
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Figure 1. Leucine-rich repeat containing 15 (LRRC15)+ myofibroblastic cancer-associated
fibroblasts (myCAFs) impair antitumor immunity. During pancreatic adenocarcinoma (PDAC)
progression, enhanced TGFβ signaling in dermatopontin (DPT)+ fibroblasts drives the emergence of a CAF
myofibroblast subset that express LRRC15. LRRC15+ myCAFs promote tumor growth and modulate the
antitumor functions of cytotoxic T cells in response to immune checkpoint blockade (ICB). Remaining
unresolved questions regarding possible mechanisms by which LRRC15+ CAFs mediate immune suppression
are indicated by grey dashed lines. Abbreviation: MDSC, myeloid-derived suppressor cell.
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to be commonly expressed by CAFs, but it
is now clear that none of the above
represent a defined and uniqueCAF subset.
For example, αSMA is a marker of myCAFs,
but it is also highly expressed by smooth
muscle cells and pericytes and across
multiple CAF subsets. Indeed, despite high
hopes, direct targeting approaches to
deplete specific CAF populations, includ-
ing αSMA+ or FAP+

fibroblasts, yielded
unexpected results and/or severe toxicity
[10,11] and CAF targeting treatments were
thus far unsuccessful in patients.

These disappointments are at least partially
because CAF markers are in most cases
not specific to CAFs and are highly context
dependent. Definitions of CAF subsets
may vary according to which organ is in-
vestigated, which model was used, how
tissue samples were processed, or even
which technique was used to profile and
characterize CAF populations [9].

Additional points to consider are the dif-
ferent ratios of CAF subsets in different
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cancer types and their plasticity. CAF sub-
sets most likely represent functional states
that may be reversible and possibly inter-
changeable upon changing of extrinsic
microenvironmental cues and thus ablation
of a specific subset may result in compen-
satory expansion of other subpopulations,
capable of similar tumor-promoting func-
tions, calling for caution in clinical transla-
tion. Thus, it is conceivable that in patients,
blocking of tumor-promoting functions
of CAFs, based on mechanistic under-
standing of their cancer type-specific
roles, may be a better approach to avoid
these hurdles.

These complications highlight the impor-
tance of the findings in this study, demon-
strating beneficial targeting of a CAF
subset in mouse models: LRRC15 was
shown to be specific and restricted to
myCAFs and, remarkably, no compensa-
tory effect was observed after LRRC15+

myofibroblast ablation in mice with PDAC.
Therefore, targeting of LRRC15+ CAFs
may be a novel approach to modulate the
antitumor functions of cytotoxic T cells in
response to ICB. Further analysis of the
mechanism and signaling molecules by
which LRRC15+ CAFs suppress the func-
tion of CD8 T cells will provide molecular
tools to better predict patient response
to ICB and provide the basis for novel
function-based CAF targeted therapeutics.
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