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Pancreatic ductal adenocarcinoma (PDAC) is one of the
most aggressive cancers with a S-year relative survival rate
of about 8%. With increasing incidence and death rates
pancreatic cancer is projected to become the second leading
cause of cancer-related death in the U.S. by 2030 (1,2).
Surgical resection of the tumor with curative intention
and adjuvant chemotherapy is possible in early stages of
the disease but only available for approximately 15% of
pancreatic cancer patients (3). The majority of patients are
diagnosed with locally advanced or metastasized tumors.
The treatment remains challenging due to the lack of
biomarkers, and especially because of its strong resistance
to standard chemotherapeutic drugs (4). A hallmark feature
of PDAC is the pronounced tumor stroma, which accounts
for up to 90% of the tumor mass. Components of this
desmoplastic reaction are activated fibroblasts, neural
and immune cells, blood vessels and several matricellular
proteins. Moreover, secreted components such as hyaluronic
acid, collagen, fibronectin and different types of soluble
growth factors play important roles in this highly dynamic
tumor microenvironment (TME) (5). The impact of the
TME on chemotherapeutic resistance is being intensively
investigated. In particular, the tumor-stroma crosstalk is
described as a central aspect of drug resistance, although the
exact interplay of stromal components with neoplastic cells
remains largely unknown (5). Recently, stromal depletion
approaches have been introduced as a potentially promising
novel therapeutic strategy to improve chemotherapeutic
drug delivery and response in PDAC. Inhibition of sonic
hedgehog (6), hyaluronic acid (7,8) or collagen (9) showed
positive effects in preclinical trials. However, clinical trials
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so far failed to recapitulate preclinical data and resulted
in more aggressive and undifferentiated tumors upon
fibroblast depletion approaches suggesting that the tumor
stroma may also have tumor restraining properties (10,11).
Consequently, selective targeting of specific stromal
components or stromal reprogramming might be a more
powerful and tailored approach (12). In this context, Ohlund
et al. recently published their work about subpopulations
of cancer-associated fibroblasts (CAFs) in pancreatic
cancer (13), which further demonstrates the complexity of
the TME.

The recently published Science paper by Geller ez a/. (14)
brings a new aspect of chemotherapeutic resistance into
focus. The main hypothesis of this interesting work is
that intratumoral bacteria metabolize and inactivate
gemcitabine. The initial and incidental finding of
mycoplasma-infected primary cells that conferred
resistance to gemcitabine was used to investigate the
impact of bacteria on chemotherapeutic resistance. First,
the authors demonstrated gemcitabine resistance in a
subcutaneous mouse model of colon carcinoma. Here, the
authors compared the growth kinetics between tumors
established from mycoplasma-positive and mycoplasma-
negative tumor cells following gemcitabine therapy. In vitro
studies using high-performance liquid chromatography-
tandem mass spectrometry (HPLC-MS/MS) revealed
significantly decreased levels of native gemcitabine and
highly elevated levels of the deaminated inactive metabolite
2’, 2’-difluorodeoxyuridine (dFdU) in conditioned medium
from the mycoplasma-infected dermal fibroblasts.

The group of Dr. Ravid Straussmann from the
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Weizmann Institute of Science, Israel, further extended
their studies to 27 bacterial species of which 13 conferred
resistance to gemcitabine (14). They hypothesized that
expression of bacterial cytidine deaminase (CDD) might
be the underlying mechanism of gemecitabine inactivation.
The group consequently tested the role of the different
isoforms in conferring gemcitabine resistance, and indeed
demonstrated the 880-nucleotide long isoform (CDDy) to
be the most crucial isoform in this context. Using the Kyoto
Encyclopedia of Genes and Genomes (15) the authors
could show that the long isoform is almost exclusively
expressed by Gammaproteobacteria. Further in vitro
experiments convincingly confirmed the role of CDD;.
The ability of the wild-type Escherichia coli strain K-12 and
CDD knockout strains of this E. co/i strain in conferring
gemcitabine resistance was examined using gemcitabine
containing culture media pre-incubated with these bacteria.
The bacteria were filtered out and the media transferred to
AsPC1 human pancreatic adenocarcinoma cells. As expected,
Geller ez al. could prove gemcitabine sensitivity with the
medium from the CDD, knockout E. coli strain. Another
colon carcinoma mouse model was used to demonstrate the
synergistic effects of gemcitabine and antibiotics in vive. To
link their findings to clinical aspects Geller e 4/. examined
whether these bacteria are present in the TME of pancreatic
cancer patients. Pancreatic cancer was chosen because of the
relevance of gemcitabine in the treatment of this devastating
disease. Most interestingly, using different methods for the
detection of bacterial components like 16S ribosomal DNA,
ribosomal RNA as well as bacterial lipopolysaccharides,
the authors demonstrated the presence of bacteria in 86 of
113 examined human PDAC samples, whereas bacterial
DNA was only present in 3 out of 20 normal pancreas
controls. Moreover, the most abundant bacterial species
were the Gammaproteobacteria with 51.7% of all reads.
Finally, the bacteria were cultured in vitro and tested for
their ability to confer gemcitabine resistance on RKO
and HCT116 human colon carcinoma cell lines. Ninety-
three percent of these cultures showed full resistance to
gemcitabine.

The importance of the TME in conferring therapeutic
resistance is currently intensively investigated in many
laboratories around the world. Tumor specific subtypes
may help to tailor therapies or provide decision support
in a clinical setting concerning the choice and timing
of therapies. In analogy to the proposed three epithelial
subtypes in pancreatic cancer (16), stroma-specific subtypes
have been proposed recently. To this end, Moffitt et /. have
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identified stroma-dependent gene expression signatures,
and defined a “normal” and “activated” stroma subtype with
independent prognosis (17). The activated pro-inflammatory
and macrophage-rich phenotype was characterized by
upregulation of a diverse set of genes such as chemokine
ligands CCL13, CCL18, gelatinase B, stromelysin 3 and
secreted protein acidic and rich in cysteine, thus promoting
disease progression (median survival 15 months). Instead,
the “normal” stroma subtype was found to highly express
pancreatic stellate cell (PSC) markers such as a-smooth
muscle actin, vimentin and desmin (median survival
24 months). These findings exemplify the complexity of the
TME in PDAC.

In this context, the findings of Geller et al. (14) are
exciting and novel showing the potential involvement
of the microbiome in therapeutic resistance to standard
chemotherapies. The future will show whether there is
correlation between subtypes and certain bacterial strains, or
whether microbiome related subtypes need to be established
besides stromal and epithelial subtypes with implications for
therapy and prognosis. Targeting gemcitabine resistance by
combined treatment with antibiotics would be an attractive
and cost-effective approach. A similar drug scavenging
effect of the TME has been demonstrated by our group
showing that CAFs metabolize and store large amounts of
activated gemcitabine intracellularly (18). The proposed
mechanism by which CAFs contribute to gemcitabine
resistance is similar to the CDD;, metabolizing effect of
Gammaproteobacteria. Therefore, combined targeting of
several drug scavenging mechanisms in PDAC may further
potentiate the effectiveness of standard chemotherapies.
However, the drug scavenging hypothesis requires further
intensive investigation in preclinical models and patient
tissues and should not lead to premature optimism.
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