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Intratumoral bacteria may elicit chemoresistance by metabolizing anticancer agents
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ABSTRACT
We recently reported that bacteria can be found within pancreatic ductal adenocarcinoma (PDAC)
tumors. Some of these bacteria can metabolize and thereby inactivate the nucleoside analog
gemcitabine. We demonstrated that the long isoform of the bacterial enzyme cytidine deaminase
(CDD) mediates the metabolism of gemcitabine. The clinical effect of overcoming this potential
mechanism of drug resistance has yet to be studied.
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Resistance to therapy is a major challenge in the treatment
of cancer patients. Components of the tumor microenvi-
ronment such as vasculature, cancer-associated fibroblasts,
inflammatory cells, and extracellular matrix, have all been
implicated in resistance to various therapies.1 In a recently
published study,2 we characterized the bacterial species
present in the tumor microenvironment of pancreatic duc-
tal adenocarcinoma (PDAC) tumors. Bacteria were detected
in the majority of tumors tested and some of these bacte-
ria were able to metabolize and inactivate gemcitabine, a
commonly used therapy in the treatment of pancreatic
cancer.

Our interest in intratumoral bacteria and their effect on
treatment against cancer was instigated by a serendipitous
finding. We previously reported that human dermal fibro-
blast (HDF) cells, when co-cultured with multiple colorectal
and pancreatic cancer cell lines, could render these cancer
cells resistant to gemcitabine.3 Conditioned medium from
these HDF cells was by itself sufficient to generate gemcita-
bine resistance. Filtering this medium through a 0.45mm fil-
ter, as well as treating the HDF cells with antibiotics,
abolished gemcitabine resistance, suggesting that microor-
ganisms could be responsible. Follow-up studies indeed
showed that the HDF cells were contaminated with
Mycoplasma hyorhinis (M. hyorhinis) and that these bacteria
deaminated gemcitabine into its inactive metabolite 202-
difluorodeoxyuridine (dFdU) as has been previously
reported.4 An additional study has demonstrated that gem-
citabine efficacy can also be altered by Escherichia coli iden-
tified in human tumors.5

To determine whether other types of bacteria could
mediate resistance to gemcitabine, we tested a total of 27

bacterial species. Thirteen of these bacteria, including
M. hyorhinis, rendered RKO human colorectal cancer cells
resistant to gemcitabine. In search of the mechanism behind
this bacteria-mediated resistance, we considered the bacte-
rial enzyme cytidine deaminase (CDD), as it was previously
shown to be responsible for deamination of gemcitabine by
Mycoplasma.4 Exploration of the Kyoto Encyclopedia of
Genes and Genomes (KEGG) database6 revealed that the
cdd gene sequence was absent in 44.2% of all bacteria listed
in the KEGG database, whereas the remainder of the bacte-
ria had either a short (44.4%) or a long (11.2%) isoform of
cdd. Interestingly, with the exception of M. hyorhinis, all of
the bacterial species that mediated resistance to gemcitabine
express the long isoform of the CDD enzyme (CDDL). Bac-
teria that either lack CDD or express the short isoform of
the enzyme (CDDS) were unable to mediate resistance to
gemcitabine. We do not yet understand the basis of
M. hyorhinis-mediated resistance to gemcitabine, given that
M. hyorhinis contains CDDS. The presence of CDD alone is
not the only determinant in the ability of bacteria to metab-
olize gemcitabine. Loss of the nucleoside transporter, NupC,
in CDDL-expressing bacteria partially abolished the bacte-
ria-mediated resistance, suggesting that NupC plays a role
in bacterial internalization of gemcitabine (Fig. 1). The
effect of CDDL-expressing bacteria on gemcitabine efficacy
was then ascertained in vivo. Mice containing CDDL-
expressing bacteria in their tumors did not respond to gem-
citabine. Treating these mice with antibiotics restored gem-
citabine efficacy. Additionally, inoculation of bacteria-free
tumors with bacteria in which the cddL gene was knocked
out did not confer any resistance towards gemcitabine
treatment.
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The relevance of our finding in human tumors had still
to be tested. To this end, human PDAC samples were cho-
sen because gemcitabine is frequently used in the treatment
of this cancer. Bacterial DNA was detected in 76% of
tumors tested and only in 15% of normal pancreas tissue
controls. The most common species identified belong to the
Gammaproteobacteria class. Notably, the majority (98.4%)
of bacteria expressing CDDL among those listed in the
KEGG database belong to the Gammaproteobacteria class.
Furthermore, bacteria cultured from 14 out of 15 PDAC
tumors could render the RKO and HCT116 human colon
carcinoma cell lines resistant to gemcitabine in vitro.

In summary, these findings indicate that some PDAC
tumors contain bacteria that can potentially influence the effi-
cacy of gemcitabine within the tumor. While co-treatment with
gemcitabine and antibiotics restored gemcitabine efficacy in
murine models, it is important to note that there are many
other known resistance mechanisms to gemcitabine in PDAC7

and consequently the clinical impact of targeting these intratu-
moral bacteria has yet to be determined. Additionally, the
larger amount of bacteria within tumors in our murine model
compared to the numbers we found in patient samples indi-
cates that more work is needed to understand the contribution
of intratumoral bacteria to the efficacy of gemcitabine treat-
ment in human tumors.

Treating patients with antibiotics in combination with gem-
citabine may not be a straightforward approach, even if bacte-
ria-mediated gemcitabine metabolism is found to be of clinical
importance. Long-term treatment with antibiotics can lead to

the emergence of antibiotic-resistant bacterial strains. More-
over, antibiotic treatment can affect bacterial communities
throughout the body, including that of the gut. Several studies
have demonstrated that bacteria present in the gut can pro-
foundly affect the response to cancer treatments.8 Conse-
quently, by using antibiotics, we might unknowingly affect the
efficacy of treatment in other ways. An alternative approach to
antibiotic treatment might be to utilize a small molecule to tar-
get the bacterial CDD enzyme. Such an approach may reduce
the global effect on our microbial communities. Our prelimi-
nary studies demonstrate that the selective pressure imposed
on bacteria by inhibiting CDD activity is negligible compared
to that imposed by antibiotic treatment.

The study of the tumor microbiome is a growing field,
and we are currently broadening our studies to characterize
bacteria in additional tumor types. The presence of bacteria
in tumors could have implications beyond gemcitabine
metabolism that we, and others, are beginning to explore.
We demonstrated, for example, that bacteria can mediate
resistance to the drug Oxaliplatin, however, the mechanism
driving this is still unknown. It has also been previously
reported that Mycoplasma9 and other bacteria5,10 can alter
the efficacy of multiple chemotherapies. Moreover, as bac-
teria are known to interact with their human hosts, the
effects of intratumoral bacteria not only on the efficacy of
other therapeutic agents, but also on various cancer traits
such as angiogenesis, cell proliferation, invasion and metas-
tasis, and tumor immunity, are important avenues for
future research.

Figure 1. Intratumoral bacteria can metabolize gemcitabine. Bacteria expressing the long isoform of cytidine deaminase (CDDL) can metabolize gemcitabine into its inac-
tive metabolite 202-difluorodeoxyuridine (dFdU). This prevents gemcitabine from inhibiting DNA synthesis in cancer cells. The bacterial nucleoside transporter, NupC,
may be involved in bacterial internalization of gemcitabine.
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