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Abstract

We studied the effects of gut microbiome depletion by oral antibiotics on tumor growth in 

subcutaneous and liver metastases model of pancreatic cancer, colon cancer and melanoma. Gut 

microbiome depletion significantly reduced tumor burden in all the models tested. However, 

depletion of gut microbiome did not reduce tumor growth in Rag1-knockout mice, which lack 

mature T and B cells. Flowcytometry analyses demonstrated that gut microbiome depletion led to 

significant increase in interferon gamma-producing T cells with corresponding decrease in 

interleukin 17A and interleukin 10-producing T cells. Our results suggest that gut microbiome 

modulation could emerge as a novel immunotherapeutic strategy.
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There are more resident microbes in the human body than there are ‘human’ cells and most 

of these microbes occupy an ambiguous niche in the gut. The gut microbiota, forming a 

unique metagenome, is dynamic and changes with a person's nutrition state, geography and 

even age. A growing body of evidence hints towards a co-evolved relationship between gut 

microbes and our immune system1. In fact, some inflammatory diseases like colitis are 

characterized by a transition in the gut microbiome, which changes from a ‘eubiotic’ to a 

‘dysbiotic’ state, with interesting therapeutic implications2. Although several 

epidemiological studies associate dysbiosis with cancer, the exact role of gut bacteria in the 

pathogenesis of cancer is still unclear.

We evaluated the impact of gut microbiome depletion on tumor growth in multiple mouse 

models. Gut microbiome was depleted in age and sex-matched C57BL/6J mice with a broad-

spectrum cocktail of oral antibiotics (Vancomycin, Neomycin, Metronidazole, Ampicillin 

and Amphotericin B) using a well-established protocol3 (Figure 1A). Mice, with or without 

gut microbiome depletion, were used to establish cancer models by subcutaneous injection 

of i) KPC pancreatic cancer cells derived from tumors forming in KrasG12D/+; Trp53R172H/+; 

Pdx-1cre mice4; or ii) melanoma cells derived from tumors forming in Tyr-CreER; Braf 
V600E/+; Ptenfl/fl mice5 , and by splenic injection of i) KPC cells; or ii) B16-F10 melanoma 

cells; or iii) MC38 colon cancer cells to induce liver metastases.

Our results show that gut microbiome depletion led to a significant decrease in subcutaneous 

tumor burden in pancreatic cancer and melanoma models. (Figure 1B, C). There was also a 

significant decrease in liver metastases burden in pancreatic cancer, colon cancer and 

melanoma models. (Figures 1D, E, S1A). Interestingly, the tumor-suppressing effect of gut 

microbiome depletion was abolished when the subcutaneous experiments were carried out in 

Rag1 knockout mice lacking mature T (and B) lymphocytes (Figures 2A; S2A). This 

suggests that the tumor-decreasing effect of antibiotics was not an off-target cytotoxic action 

on cancer cells but required active participation of adaptive immunity.

We next evaluated the impact of gut microbiome depletion on the balance between pro- and 

anti-tumor T cells in tumor microenvironment (TME). It is known that naïve helper T cells 

(Th0), typically, mature into Th1, Th2, Treg or Th17 lineage. The classical Th1 cytokine-

Interferon Gamma (IFNγ) plays an anti-tumorigenic role in TME whereas the Th2/Treg 

cytokines- IL4, IL5, IL10, etc., mediate a pro-tumorigenic role. As would be expected, a 

high Th1:Th2 ratio in TME correlates with improved survival in pancreatic cancer6. 

Moreover, Th17 cells are known to be pro-tumorigenic in pancreatic cancer7, melanoma8 

and colorectal cancer9. IL17a is also intricately linked to the gut microbiome10 and plays a 

key role in defending against fungal and bacterial pathogens. Our results indicate that gut 

microbiome depletion caused a significant increase in Th1 (IFNγ+CD4+CD3+) and Tc1 

(IFNγ+CD8+CD3+) cells in TME (Figure 2B). Furthermore, gut microbiome depletion 

caused a significant increase in numbers of anti-tumor IFNγ-secreting T cells (IFNγ
+CD3+), with a corresponding decrease in numbers of pro-tumor IL17a(IL17a+CD3+) and 
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IL10(IL10+CD4+CD3+) secreting immune populations (Figure 2C-F). Tumor-attenuating 

effect of antibiotics was abrogated in mice that were treated in vivo with IL17a neutralizing 

monoclonal antibody (Figure 2G), thereby confirming the essential role of IL17a in 

mediating this phenomenon.

Analysis of stool samples from subcutaneous KPC-bearing mice, given antibiotics, revealed 

an expected ablation of 16S ribosomal DNA (rDNA) and decrease in relative abundance of 

the two phyla majorly found in mouse (and human) gut: Bacteroidetes and Firmicutes 
(Figure S3A and E). Antibiotics also caused a significant decrease in α-diversity, a 

significant change in β-diversity, a reversed Bacteroidales:Clostridiales abundance ratio and 

colonization of gut by otherwise scarce (and likely antibiotic-resistant) Proteobacteria 
(mainly Alcaligenaceae and Enterobacteriaceae) and Tenericutes (mainly 

Mycoplasmataceae) (Figure S3 B-F). We also observed presence of 16S rDNA belonging to 

diverse microbial taxa in metastatic livers (Figure S4A-E).

The mechanism by which gut microbiome interacts with immune system and affects cancer 

progression is unclear but some inferences can be drawn from literature. Bacterial products 

recognized by toll-like receptors have been previously known to activate the IL23/IL17 axis 

and promote colon cancer development9. Thus, it is possible that gut microbes interact with 

immune system via pattern recognition receptors in pancreatic and other cancers too. The 

exact cell type which participates in this interaction and the potential site of this interaction 

(gut vs intra-tumoral), will be deciphered in future studies.

While the goal of using antibiotic cocktail was to deplete gut microbiome, Metronidazole 

has appreciable oral bioavailability and thus some systemic effects cannot be ruled out. 

However, the same antibiotic cocktail failed to reduce tumor size in Rag1 knockout mice or 

mice treated with IL17a neutralizing antibody, thereby, suggesting that a direct cytotoxic 

effect of antibiotics is not responsible for mediating the anti-tumor phenomenon. 

Additionally, our studies suggest that depleting the gut microbiome leads to infiltration of 

pancreatic tumors with effector-T cells. Conventional immunotherapeutic drugs like the 

modern checkpoint inhibitors have failed to show significant efficacy against pancreatic 

cancer, in part due to minimal effector-T cell infiltration in this cancer. Inducing T cell 

immunity has been previously shown to overcome pancreatic cancer's resistance to immune 

checkpoint inhibitors11 and therefore, future studies should evaluate if a gut microbial 

modulation strategy can potentiate the efficacy of checkpoint inhibitors or cytotoxic drugs in 

pancreatic and other cancers with minimal adverse effects.

In summary, our studies suggest that the gut microbiome modulates tumor progression and 

that manipulation of gut bacteria could emerge as a novel immunotherapeutic strategy, either 

alone or in combination with conventional immunotherapy.
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Figure 1. Depletion of gut microbiome decreases tumor burden in multiple models of cancer
(A) schematic of the experiments; (B) & (C) saline and antibiotics-gavaged C57BL/6J mice 

were subcutaneously implanted with (B) KPC pancreatic cancer cells (n=13 for saline; 7 for 

antibiotics) or (C) Braf-Pten melanoma cells (n=14 for saline; 15 for antibiotics). 

Experiments were repeated four independent times with similar results. Results from one 

experiment are shown. X-axis label in (B) and (C) tumor kinetics represents days after tumor 

injection. (D) & (E) saline and antibiotics-gavaged mice were injected intrasplenically with 

(D) KPC cells (n=9 for saline; 7 for antibiotics) or (E) B16-F10 melanoma cells (n=10 for 

saline; 9 for antibiotics) (Unpaired Student's t-test with Welch's correction was used. Data is 

shown as mean±SEM; *, P<0.05; **, P<0.01; ***, P<0.005; ****, P<0.0005)
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Figure 2. Gut microbiome depletion modulates tumor immune-environment
(A) C57BL/6J mice carrying a Rag1tm1Mom mutation were given saline or oral antibiotics 

and were subcutaneously implanted with KPC cells (n=10 for saline; 9 for antibiotics). X-

axis label in tumor kinetics represents days after tumor injection; (B)–(F) KPC cells were 

subcutaneously implanted in wildtype mice and tumors were immunophenotyped by 

flowcytometry (n=9 for saline; 6 for antibiotics). Histograms depict individual representative 

samples. (G) Saline or antibiotics-treated KPC-bearing mice were either injected with anti-

IL17a or isotype. (n=9 for saline+isotype, 8 for antibiotics+isotype, 10 for saline+anti-

IL17a, 11 for antibiotics+anti-IL17a group) (Unpaired Student's t-test with Welch's 

correction was used. Data is shown as mean±SEM; *, P<0.05; ***, P<0.005).

Sethi et al. Page 6

Gastroenterology. Author manuscript; available in PMC 2019 July 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript


	Abstract
	References
	Figure 1
	Figure 2

