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In a recent issue of Cancer Cell, Amodio and colleagues report an interesting method of modulating immu-
nosurveillance in colorectal tumors with DNA mismatch repair (MMR) heterogeneity.1 By pharmacologically
enriching the MMR deficient (MMRd) component using 6-thioguanine, they demonstrate improved tumor
control in murine models.
The mismatch repair (MMR) protein ma-

chinery detects and replaces single nucle-

otide mismatches and small indels,

thereby ensuring hi-fidelity DNA replica-

tion.2 Loss of MMR protein function re-

sults in the accumulation of high muta-

tional burden, primarily seen at areas of

repeating sequences or microsatellites,

resulting in high microsatellite instability

(MSI-H). Approximately 5%–15% of colo-

rectal cancers (CRC) have MMR defi-

ciency (MMRd) orMSI-Handdemonstrate

robust clinical benefit to immune check-

point inhibitors (ICIs) in both the early

and metastatic settings.3 The vast major-

ity of metastatic CRC (95%), however,

are microsatellite stable (MSS) or MMR

proficient (MMRp) and are recalcitrant to

ICI therapy. Strategies to overcome this

primary resistance have been limited

because of the complex heterogeneity of

these tumors and lackof a full understand-

ingof underlyingbiology, especially the tu-

mor-immune microenvironment interac-

tions. In the study under this spotlight,

Amodio and colleagues explore a novel

strategy to modulate MMR heterogeneity

to promote immune surveillance.1

Clinical MMR heterogeneity is most

commonly seen in the context of discor-

dant test results between MMR and MSI

testing. Explanations for these discrep-

ancies primarily relate to pre-analytic or

analytic factors such as tumor purity, sub-

optimal fixation, or antibody specificity.

While patchy loss of MMR protein expres-

sion is often present, larger intermixed

areas of MMRp and MMRd denotating

intra-patient heterogeneous MMR protein

expression have been reported with one
This is an open access ar
study suggesting three distinct pat-

terns—intraglandular, clonal, compart-

mental.4–7 Chapusot and colleagues

reported an incidence of 8% in 100 right-

sided colon cancers, while in a larger

case series of 1,855 samples by Loupakis

and colleagues, there was a reported inci-

dence of only 0.7%.4,7 In a limited number

of reports, intra-patient heterogeneous

MMR protein expression was demon-

strated to have biological relevance with

absent or intact regions of MMR protein

expression correlating with correspond-

ing regions of MSI-H and MSS, respec-

tively.4,6,7 However, many unknowns

exist. Clinical studies have not delineated

the percentage of MSS/MMRp compared

with MSI-H/MMRd in these heteroge-

neous cases, which limit the ability to

determine the clinical relevance of the

20% MSI-H threshold utilized by Amodio

et al. In addition, as the majority of re-

ported cases are MSI-H tumors with

MMR heterogeneity, the existence of bio-

logically meaningful MMR heterogeneity

in MSS cancers is less established. To

date, there is only one published case

report of a patient treated based on

MMR heterogeneity. This patient received

nivolumab and ipilimumabwith an impres-

sive disease control rate of 41 months7

Interestingly, analysis of tumor tissue in

this patient showed the MMRd compo-

nent had high tumor mutational burden

(TMB = 11 mutations/megabase) with

high levels of tumor infiltrating lympho-

cytes (TILs) while the MMRp component

had a low TMB (5.2 mutations/megabase)

with no TILs. At disease progression the

tumor biopsy revealed MMRd status.
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Using populations of Mlh+/+ and

Mlh1�/� isogeneic cells in varying propor-

tions (100%–0%, 20%–80%, 50%–50%,

0%–100%) in syngeneic mice, the au-

thors aim to enrich the MMRd component

in MMR heterogeneous tumors in this

study.1 They report that presence of only

20% of MMRd cells delayed tumor

growth; increasing the proportion to

80% ceased tumor development. Using

injections in opposite flanks, they demon-

strate that immune responses elicited by

MMRd cells abrogates both MMRd and

MMRp cells locally but had no effect on

distant MMRp sites. Resistant tumors

were composed mainly of Mlh+/+ with

complete loss of Mlh1�/� in some cases.

Flow cytometry demonstrated tumors

with only 20% of MMRd cells recruited

more CD8+ T cells than the controls.

Depleting CD8+ T cells resulted in

outgrowth of tumors composing mainly

of MMRd cells while mice lacking gd

T cells had predominantly MMRp tumors

suggesting alternate mechanisms of im-

mune surveillance based on MMR status.

The group performed a genetic screen

using a custom pooled CRISPR library

targeting genes involved in DNA damage

response and repair to establish a mouse

model to assess response to 6- thiogua-

nine (6TG), a compound used in the treat-

ment in hematological malignancies and

found to be inactive in MMRd cells. Treat-

ment with 6TG resulted in the enrichment

of MMRd cells as early as 96 h after drug

exposure. Although the mouse models in

this study neither recapitulate the mole-

cular heterogeneity present in patients,

nor capture the complex tumor immune
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microenvironment, they provide early in-

sights into the possibility of harnessing

pharmacological modulation of molecu-

larly heterogeneous MMR tumors.

Clinical trial efforts to modulate the

immunogenicity of MMRp tumors by

inducing heterogeneity are currently un-

derway. Both the MAYA and the

ARETHUSA study are therapeutically ex-

ploiting the hypermutant state induced

by the alkylating agent temozolamide by

inactivating mutations in MMR genes,

thereby sensitizing a subset of MMRp

CRC tumors with O-6 Methylguanine-

DNA Methyltransferase (MGMT) methyl-

ation to ICIs.8 Likewise, the observa-

tion that targeted therapy against

the epidermal growth factor receptor

(EGFR)/BRAFV600E increased DNA dam-

age and induced adaptive mutability in

preclinical models has led to clinical trials

combining anti-EGFR/BRAF targeted

therapy with ICI.9 This report by Amodio

et al. provides a potential avenue to ther-

apeutically harness MMR heterogeneity,

albeit likely a rare phenomenon.

For this strategy to be successfully

translated into the clinic, understanding

the true frequency of clinical MMR hetero-

geneity is crucial. As routine multi-

regional testing of tumors is not practical

in busy clinical pathology laboratories,

liquid biopsies may offer a novel avenue

to further explore clinically relevant MMR

heterogeneity. The reasons for heteroge-

neity are unknown and may reflect sub-

clonal variation in MMR gene inactivation

or heterogeneity of MLH1 promoter hy-

permethylation influenced by the tumor

microenvironment.10 Amodio and col-
2 Cell Reports Medicine 4, 100908, January 1
leagues have made a strong case toward

the need for improved biological

understanding of MMR heterogeneous

cancers.
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