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Tumors are comprised of phenotypically and genotypically
heterogeneous cell populations. The stem cell hypothesis
of cancer proposes that tumors are organized hierarchically,
in analogy to many normal organs and tissues that are
renewed and maintained by adult tissue specific stem cells;
in other words, a subpopulation of tumor cells possesses
stem cell-like capabilities, hence being able to self-renew
and to generate the diverse cells that comprise the bulk of
the tumor. It is thought that so-called ‘cancer stem cells’
are involved in tumor relapse, metastasis and therapeutic
resistance. Consequently, pursuing stem cells as therapeutic
targets represents an interesting approach and might help to
overcome some of the frustrations associated with current
cancer treatment regimens. However, most cancer stem
cell markers, often cell surface molecules, are not restricted
to cancer cells but are also expressed in normal stem cells,
making the selective targeting of cancer stem cells without
harming normal tissue and organ function a challenge.

In the manuscript entitled “Targeting LGRS+ cells with
an antibody-drug conjugate for the treatment of colon
cancer” and published in Science Translational Medicine (1),
Junttila and colleagues report an interesting approach using
antibody drug conjugates (ADCs) to target cells expressing
the putative colorectal cancer stem cell marker leucine-rich-
repeat-containing G-protein-coupled receptor 5 (LGRS5).

ADCs are composed of a cytotoxic drug linked to an
antibody that recognizes a particular cell surface antigen
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and thus represent one way to selectively target a certain
cell population (2). In simplified terms, ADCs bind to
the target antigen, are internalized via endocytosis and
thus ideally deliver the cytotoxic drug selectively to target
antigen expressing cells. Targets of ADCs are either tumor-
specific antigens that have no expression on normal cells or,
as for the most part in practice, tumor-associated antigens
that have restricted expression on normal cells. In general,
target antigens of ADCs should be highly expressed on
tumor cells with limited to no expression on normal cells.
The target antigen chosen by Junttila and colleagues,
LGRS, is interesting as it has been reported to mark
putative cancer stem cells in several tumor entities including
colorectal cancer (3). Furthermore, it is overexpressed in
various, predominantly gastrointestinal cancers. However,
LGRS expression is not restricted to cancer cells. Briefly,
LGRS is a G-protein-coupled, seven-transmembrane-
domain receptor that acts as the receptor for the Wnt
agonist R-spondin (4,5) and marks adult stem cells in
various tissues and organs including stomach, small
intestine, colon, hair follicles, ovary/tubal epithelia and
kidney as shown by in vivo lineage tracing (6-10). In vivo
studies further revealed that Lgr5 positive intestinal stem
cells, unlike more differentiated cells, can serve as the cell-
of-origin of mouse intestinal epithelial tumors (11) and
lineage tracing in Lgrs" " 5245 /R 26 R-Conferti
mice provides direct evidence for a stem cell activity of
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Lgr5 positive cells in intestinal adenomas (12). Interestingly,
two stem cell pools exist in the intestine: the rapidly cycling
crypt base columnar cells marked by Lgr5 and the rather
quiescent/slowly cycling +4 cells marked by Bmil, Hopx,
Lrigl and/or mTert (7,13-16). As shown by elimination of
Lgr5 positive intestinal stem cells via diphtheria toxin, Lgr5
positive intestinal stem cells are dispensable for normal
intestinal homeostasis under physiological conditions
and +4 cells can compensate for the elimination of this
population (17). In contrast, when intestinal epithelium
has been injured such as post-radiation, Lgr5 positive cells
proved to be indispensable for intestinal regeneration (18).
Notably, Lgr5 depleted animals are not viable long-term
due to reported liver complications (17). In vitro and in vivo
data point to a stem cell function of Lgr5 positive cells in
the liver in the case of regeneration upon tissue damage (19).
Given the responsibilities of LGRS positive cells in the
intestine and other tissues and organs, it is unclear whether
toxicity mediated by ADC dependent destruction of LGRS
positive cells will ultimately limit the use of LGRS directed
ADCs.

Junttila and colleagues have now generated a specific
anti-LGRS antibody which they subsequently conjugated
to two cleavable linker-drugs with distinct mechanisms
of action: the antimitotic microtubule inhibitor
monomethyl auristatin E (MMAE) and the DNA damaging
topoisomerase-inhibiting anthracycline PNU159682. This
resulted in two anti-LGRS5 specific ADCs, named anti-
LGRS5-MC-vc-PAB-MMAE (anti-LGR5-ve-MMAE) and
anti-LGR5-NMSS818.

In a first step, they applied their new anti-LGRS antibody
to study the expression of LGRS in human colorectal
carcinomas by immunohistochemistry. A heterogeneous
expression of LGRS was observed in colorectal carcinomas
while in normal mucosa LGRS expression was restricted to
the bottom of normal intestinal crypts which is consistent
with previous reports (7). LGRS positivity was assigned
when at least 10% of tumor cells showed expression of
LGRS. While tissue microarray analysis of 143 colon
cancers revealed a LGRS positivity rate of 40% (57 of 143),
a LGRS positivity rate of 84% (16 of 19) was observed
when using whole tissue sections. This is in line with
previously published data showing a LGRS positivity rate of
74% (42 of 57) colorectal adenocarcinomas using mRNA in
situ hybridization (20).

In vitro tests of their LGRS specific ADCs, anti-LGR5-
ve-MMAE and anti-LGR5-NMS818, on quiescent as well
as actively dividing, normal and transformed cell lines
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(keratinocytes and SKBR3 human breast cancer cells)
suggest a broader range of concentrations for cancer cell
killing for anti-LGR5-NMS818, however, with a lower
differential between its cytotoxic effects on normal and
cancer cells, pointing towards different safety and efficacy
profiles.

Testing of their LGRS specific ADCs, anti-LGRS5-vc-
MMAE and anti-LGR5-NMS818, in two LGRS expressing
xenograft models with subcutaneous tumor formation,
D5124 (human pancreatic cancer) and LoVoX1.1 (human
colorectal cancer), revealed similar potency iz vivo, resulting
in tumor stasis or regression in both models. However, it
remains unclear why the authors chose breast cancer (in
vitro tests) and pancreatic cancer cell lines (xenograft model)
instead of colorectal cancer cell lines as there are several
publications, including our own work demonstrating an
(over)expression of LGRS in a plethora of widely used and
commercially available colorectal cancer cell lines (21-23).
LGRS negative or low expressing colorectal cancer cell lines
such as HCT 116 and LGR5 knockdown cell lines could
have served as a negative control to ensure specificity of the
anti-LGRS5 ADCs.

Target-dependent safety assessment of their LGRS
specific ADCs revealed that rats treated with anti-LGRS-
NMS818 showed severe gut and liver toxicities. Gut toxicity
was characterized by blunted and/or fused intestinal villi
including multifocal areas of crypt epithelial necrosis and
decreased number of villi. Liver toxicity was characterized
by acute, multifocal to coalescing, periportal to midzonal
hepatocellular necrosis. Severe gut and liver toxicities were
absent in control conjugate anti-HER2-NMS818 treated
animals and in animals treated with MMAE conjugates,
though both NMS818-conjugated ADCs (LGRS and
HER?) generated mild toxicological findings (bone marrow/
hematologic and mild liver), typical of this class of drugs.
Therefore, the severe liver and gut toxicities are dependent
on targeting the NMS818-conjugated ADC to Lgr5
positive cells, indicating that when targeting Lgr5 positive
cells the conjugated linker drug is critical for tolerability
of the ADC. One possible explanation for the lack of gut
toxicity with anti-LGR5-ve-MMAE is that the elimination
of intestinal LGRS positive cells is well tolerated under
physiological conditions (17). In contrast, the anti-
LGR5-NMS818 target-dependent toxicity observed in
the intestine is more likely attributable to the combined
elimination of LGRS positive cells and their neighboring
cells. Although both ADCs contain linkers that release
a free membrane-permeable drug upon internalization,
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according to the in vitro analyses the free drug released
from anti-LGR5-NMS818 is much more potent on normal
cells than that from anti-LGRS5-ve-MMAE, thus probably
affecting a larger number of cells. This increased damage of
adjacent tissue could affect the dependence of the intestine
on Lgr5 positive cells as it has been shown that Lgr5
positive intestinal stem cells are indispensable for intestinal
regeneration after acute radiation-induced damage (18).
The different liver toxicities could be explained by the
fact that liver tissue is generally quiescent and therefore
potentially more affected by anti-LGR5-NMS818, whose
mechanism of action is independent from proliferation.

Finally, the authors assessed their better tolerated
anti-LGRS5 ADC anti-LGR5-ve-MMAE in a genetically
engineered mouse model of intestinal tumorigenesis, the
Apc""";Kras™*"“"*P"; Villin-Cre (AKV) model, being relatively
aggressive and harboring enhanced tumor multiplicity
within the colon. Treatment of AKV mice with anti-
LGR5-ve-MMAE resulted in a significantly extended
survival along with a reduced tumor proliferation rate and a
decrease of tumor size. However, the number of tumors was
not changed compared to the control group. Of note, Lgrs
mRNA expression was significantly elevated in intestinal
tumors relative to matched normal mucosa, with a similar
magnitude as previously reported in an inflammation driven
mouse model of colonic tumorigenesis (AOM/DSS model)
(21,24). Also, the fraction of Lgr5 positive tumor cells was
comparable in the AKV model, in the AOM/DSS model
(21,24) and in the Lgrs" " B2, 4 "7 /R26R-Confetti
mouse model (12) of intestinal tumorigenesis and the
fraction of Lgr5 positive tumor cells did not significantly
differ from the fraction of Lgr5 positive normal intestinal
stem cells per crypt. This suggests that Lgr5 positive
tumor cells express a higher target antigen density at the
cell surface than their normal counterparts do. Assuming
that the process of ADC-antigen internalization is
equally efficient in Lgr5 positive normal and tumor cells,
intracellular concentration of the drug will be lower in
normal cells due to a reduced amount of target antigens and
the threshold concentration of the cytotoxic drug necessary
to kill the cell might not be reached in normal cells, thus
limiting toxicity to normal cells and enabling to target Lgr5
positive stem-like tumor cells more selectively.

Taken together, Junttila and colleagues could show
that targeting of LGRS positive colorectal cancer cells
with ADCs is feasible without causing significant side
effects to normal tissue in mice and rats, though linker and
drug selection was critical to achieve acceptable toxicity
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profiles. Moreover, anti-LGRS5 specific ADCs significantly
prolonged survival in a genetically engineered mouse
model of intestinal tumorigenesis, decreasing tumor size
and reducing tumor growth rate. The number of tumors,
however, remained unchanged. In LGRS expressing
xenograft models of colorectal cancer (LoVoX1.1) and
pancreatic cancer (D5124), tumor growth was also reduced.
Consistently, a study by Gong and colleagues published
recently in Molecular Cancer Therapeutics reports that an
LGRS targeted ADC can eradicate gastrointestinal tumors
and can prevent recurrence (25). Briefly, they generated
two anti-LGRS5 specific ADCs conjugating an anti-LGRS5
specific antibody to MMAE via either a protease cleavable
or non-cleavable chemical linker. Iz vitro, both anti-LGRS
ADCs effectively induced cytotoxicity in LGRS high
gastrointestinal cancer cell lines (AGS human gastric cancer
cells and LLoVo human colorectal cancer cells), but not in
LGRS negative (HCT'15 human colorectal cancer cells) or
LGRS knockdown (LoVo shLLGRS5 human colorectal cancer
cells) cancer cell lines, though the cleavable ADC exhibited
higher potency in vitro. In vivo, the cleavable ADC was able
to eradicate tumors and prevent recurrence in a xenograft
model of colorectal cancer.

Altogether, targeting LGRS positive cancer stem-
like cells with ADCs represents an interesting potential
therapeutic approach that should be further tested. Most
of the data described here were obtained from cell lines or
animal models in which Lgr5 expression and function has
been extensively studied. By contrast, knowledge on the
dependency of human intestinal homeostasis and colorectal
cancer on LGRS positive cells is limited. Thus, the fidelity
of these findings remains to be established before clinical
use.
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