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Tailoring bacterial taxa for immune cell modulation
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The gut microbiota is being increasingly recognized as
having a major role in modulating the immune system (1)
and response to immunotherapy (2,3). Landmark preclinical
studies have shown that gut microbiota transferred via
fecal microbiota transplantation (FMT) from humans or
mice that have responded to immunotherapy enhanced the
efficacy of anti-PD-L1 and anti-CTLA-4 in recipient mice
(2,3). Hence, the therapeutic efficacy of immunotherapy
depends upon microbiota composition. This conclusion
led to the initiation of several clinical trials in which
FMT was used to overcome resistance to immunotherapy
in human patients. The first two proof-of-concept
clinical trials involved metastatic melanoma patients
that were converted from immunotherapy-refractory to
immunotherapy-responsive using FMT from durable
responders to immunotherapy (4,5). Possible direct and
indirect mechanisms underlying this response include non-
specific immune activation (6), molecular mimicry (7) and
presentation of bacterial peptides by tumor cells (8). Non-
specific immune activation via FMT was previously shown
in mouse models to increase myeloid and lymphocyte
counts in both the bone marrow and peripheral blood
(9-11). Collectively, these data emphasize the need to
identify specific bacterial taxa associated with immune cell
counts and explore the dynamics of these associations.

In a recently published article in Nature, Schluter
et al. investigated the association between gut microbiota
and immune cell dynamics in humans (12). The authors
selected a favorable setting for evaluating this association
by analyzing data from patients undergoing hematopoietic
cell transplantation (HCT). This intervention, which both
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depletes white blood cell (WBC) counts and damages
the gut microbiota, established a common baseline for
the analysis. The study was comprised of two separate
components. In the first part, the authors were seeking to
detect an association between microbiota and circulatory
WBCs. They used data from a randomized trial of 24
patients with various hematologic malignancies, including
myelodysplastic syndrome (MDS), chronic lymphocytic
lymphoma (CLL), multiple myeloma (MM), acute
lymphocytic leukemia (ALL) and acute myelogenous
leukemia (AML) (12). All patients received HCT, with
a variability in conditioning intensity as well as in HCT
type, i.e., peripheral blood stem cells (PBSC), T cell
depleted graft, bone marrow or umbilical cord blood. In
this randomized trial, 14 patients received autologous
FMT (auto-FMT) and 10 patients served as controls. The
authors compared neutrophil, lymphocyte and monocyte
counts in peripheral blood between the two treatment
arms, and found an association between auto-FMT and
increased WBC counts. Based on the positive results of the
first part, the authors proceeded to the second part, which
included two sequential stages. Stage 1 served as a clinical-
and metadata-feature-selection stage using blood and
medication data from a large observational cohort of 1,096
patients receiving allo-HCT without available microbiome
information. In this stage, the authors identified HCT type,
conditioning intensity, medications and clinical features
(i.e., age and sex) as associated with immune reconstitution
kinetics. In the following stage 2, the authors aimed to
define an association between specific bacterial taxa and
WBCs dynamics. This stage included 841 patients from
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an independent cohort with available microbiome samples.
The authors found an association between Ruminococcus 2
abundance and increased lymphocyte counts, as well as an
association between Ruminococcus 2, Faecalibacterium and
Akkermansia abundance and increased neutrophil counts.
The effect of granulocyte-colony stimulating factor (GSCF)
administration in patients with higher levels of these three
bacterial taxa was accelerated compared with patients with
lower levels, with a 2.4-days difference in reaching immune
reconstitution. This study had two methodological caveats.
First, only 40% of stool samples were taken after neutrophil
engraftment. Second, only PBSC-recipients were included
in the main analysis. In conclusion, Schluter et /. showed
for the first time an association between peripheral WBC
dynamics and specific bacterial taxa, namely, Ruminococcus
2, Faecalibacterium and Akkermansia. These findings suggest
a potential role for microbiota-mediated modulation of the
immune system based on the differential effect of each of
the specific bacterial taxa on WBC dynamics.

The study by Schluter ez 4/. reconciles two previous
studies suggesting Ruminococcus and Faecalibacterium (13)
as well as Akkermansia (14) as associated with an improved
response to anti-PD-1 immunotherapy. However, their study
falls short of recapitulating previous data linking additional
bacterial taxa with response to immunotherapy. For example,
Bifidobacterium longum was shown to be associated with
a response to immunotherapy (15), while Bacteroidales
order was associated with a lack of response (13). Possible
explanations may stem from the fact that Schluter er 4l
focused on post-HCT immune reconstitution in the
peripheral blood, but did not assess immune function or
lymphocyte infiltration of target tissue. Moreover, the
study did not include immunotherapy administration to
patients. An additional possible confounder may be the use
of antibiotics at various timepoints following HCT in all
patients included in the main analysis, expected to result in
microbiota depletion. This questions the suggested causality
between specific bacterial taxa and WBC dynamics.

The study by Schluter ez #/. opens new avenues
for manipulating specific components of the immune
system through a corresponding microbiota-driven
modulation. Future studies in the field of microbiota
and cancer should explore immune cell dynamics within
the tumor, characterize specific myeloid and lymphocyte
subpopulations affected by FMT, with an emphasis on
CD8+ effector T cells, and look for a possible correlation
between WBC dynamics and combinations of several
bacterial taxa.
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