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From bugs to drugs: Bacterial 3-IAA
enhances efficacy of chemotherapy
in pancreatic cancer
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Tintelnot et al.1 identified enrichment of indole-3-acetic acid (3-IAA), a tryptophan metabolite produced
by gut microbiota, as a predictor of chemotherapy response in pancreatic adenocarcinoma. Recapitu-
lated in mouse models, 3-IAA represents a novel potential therapeutic approach for chemotherapy
sensitization.
Despite recent advances in systemic ther-

apy for solid tumors, pancreatic adeno-

carcinoma (PDAC) remains difficult to

treat, with less than half of patients re-

sponding to first-line chemotherapy.2

While tumor markers like CA19-9 have

proved useful in estimating dynamics of

response, there has been little cohesive

genomic signal that predicts efficacy of

chemotherapy.3 The gut microbiome and

diet have been implicated in tumor immu-

nity and response to systemic therapy

across multiple malignancies,4,5 and stra-

tegies to modulate the gut microbiota (us-

ing fecal microbiota transplantation [FMT]

from responders) have shown benefit in

treating patients with metastatic mela-

noma that have progressed on immuno-

therapy.6,7 Additionally, microbiota in the

tumor microenvironment (TME) of PDAC

have been shown to influence response

to chemotherapy, the tumor immunity,

and clinical outcomes8,9 with clinical

trials using FMT modulation underway

(NCT04975217). However, the relation-

ship of gut microbiota in response to

chemotherapy for PDAC has been less

well studied.

In a recent issue of Nature, Tintelnot

et al.1 deeply explored the interplay be-

tween the gut microbiota, the TME, and

response to chemotherapy in PDAC, us-

ing translational studies in human cohorts

and mechanistic studies in pre-clinical

models. They first evaluated the gut mi-

crobiota in patients with metastatic

PDAC prior to their treatment with first-

line chemotherapy (either FOLFIRINOX

or gemcitabine/nab-paclitaxel). Clinical
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response was defined by radiographic

changes or progression-free survival

with decreasing tumor markers. The gut

microbiome of responders (R) and non-re-

sponders (NR) were significantly different

in composition.

To test whether the difference in gut

microbiome was functionally mediating

response to chemotherapy, gnotobiotic

mice underwent FMT with R and NR

stool, followed by implantation of KPC

pancreatic cancer cells and subsequent

treatment with FIRINOX (FOLFIRINOX

without folinic acid). Only mice treated

with R FMT demonstrated a reduction in

tumor after FIRINOX. Of note, there was

no widespread translocation of bacteria

to the tumor after R FMT and chemo-

therapy, suggesting that the gut micro-

biota impact was mediated by systemic

factors.

Next, metabolomic profiling was per-

formed on both human pre-treatment

and the R/NR FMT mice sera; there was

significant increase in levels of indole-3-

acetic acid (3-IAA) in those that responded

to chemotherapy in both patients and

mice. 3-IAA is a tryptophan metabolite

derived from aromatic amino acid

fermentation in the gut, driven by species

in the Bacteroidetes and Firmicutes

phyla; indeed, two Bacteroides species

(B. fragilis and B. thetaiotaomicron) were

increased in R microbiota compared to

that of NR.

Because 3-IAA is a knownmetabolite of

tryptophan, the authors then modulated

the amount of tryptophan in the diet of R

FMT-treated mice and found that serum
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3-IAA levels correlated with tryptophan

intake. Furthermore, this was sufficient

to increase the response to FIRINOX,

with subsequent 3-IAA serum levels

correlating negatively with tumor volume.

They then tested oral 3-IAA against R

FMT in mice during FIRINOX treatment

and showed that 3-IAA alone was able

to enhance chemotherapy response.

Drawing on previous findings that neu-

trophils’ production of myeloperoxidase

(MPO) is able to oxidize 3-IAA,10 the au-

thors showed that depletion of MPO-pro-

ducing neutrophils abrogated the 3-IAA

effect in a transgenic model. Notably,

T cell depletion in mouse models did

not negate the effectiveness of 3-IAA

to enhance FIRINOX response. Further-

more, the group demonstrated that oxida-

tion of 3-IAA via MPO induces radical

oxygen species (ROS), which induce tu-

mor cell death. Mice treated with N-ace-

tylcysteine, a ROS scavenger, abrogated

the anti-tumor effect of 3-IAA.

Finally, bringing the study back into

clinical relevance, the authors utilized

two separate cohorts of patients with

metastatic PDAC treated with first-line

chemotherapy and noted low neutrophil

counts in patients who responded

to treatment. Their 3-IAA levels were

inversely correlated with neutrophils after

chemotherapy but showed no correla-

tions with other immune populations

(e.g., lymphocytes or monocytes). In

addition, there was a direct correlation

with progression-free survival days and

serum 3-IAA levels but not with other

metabolites.
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Figure 1. Proposed mechanism of action of gut microbiota-mediated 3-IAA chemo-

sensitization
Indole-3-acetic acid (3-IAA) is a metabolite of tryptophan broken down by gut microbiota, and higher
serum 3-IAA levels were found in pancreatic cancer patients who responded to chemotherapy. The gut
microbiome of responders was enhanced in 3-IAA producers (including Bacteroides). Through multiple
loss-of- and gain-of-function pre-clinical experiments, the authors demonstrate neutrophil-mediated
accumulation of reactive oxygen species, which led to improved response to chemotherapy.
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Taken together, thisworkhighlightsmul-

tiple therapeutic opportunities, either by

modulating gut microbial production of 3-

IAA or its downstream targets, to enhance

chemotherapy response (Figure 1). Such

strategies warrant thoughtful validation in

the pre-clinical and clinical setting.

Nonetheless, despite this exciting

work, there are some mechanistic and

clinical questions that remain. One of

the main challenges of treating PDAC is

the late stage of detection; we need to

understand the impact of the gut and

tumor microbiota in earlier stages of

development to facilitate more effective

treatment and interception of disease.

Studying the role of gut (and tumor) mi-

crobiota and their relationship to metab-

olites and the immune microenvironment

in earlier-stage disease (in transgenic

models and in relevant patient cohorts)

would be highly fruitful, with opportu-

nities for better cancer treatment and

interception (and ultimately even ave-

nues for prevention).

Another consideration not addressed

was the potential toxicity when targeting
2 Cell Reports Medicine 4, 101039, May 16, 2
microbial 3-IAA to enhance chemo-

therapy response. FOLFIRINOX and

gemcitabine/nab-paclitaxel are both agg-

ressive cytotoxic regimens with high

incidence of adverse events. While the

mechanism of 3-IAA via increased ROS

accumulation was elegantly demon-

strated, dose-related toxicity was not

directly assessed. Testing off-target

toxicity with varying degrees of 3-IAA

supplementation would clearly be war-

ranted prior to launching this treatment

approach into the clinical realm.

Finally, the specific connection be-

tween specific gut microbes and 3-IAA

based on the current study remains less

clear. While R FMT was able to produce

higher levels of 3-IAA in mice, and while

two Bacteroides species were higher in

R versus NR stool, direct causality was

not established, and engraftment was

not measured after FMT. As our knowl-

edge in the microbiome field has

expanded, we are moving beyond these

taxonomic associations and focusing

more on the functional consequences of

these microbes. This is highly relevant as
023
we enter into the emerging field of micro-

biome therapeutics (‘‘bugs as drugs’’),

with opportunities to engineer microbes

to improve and enhance their functional

attributes to treat and intercept disease,

and ultimately to improve overall health

and immunity.
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