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Campylobacter concisus is a bacterium that is associated with inflammatory bowel disease (IBD). Immunosuppressive drugs including azathioprine (AZA) and mercaptopurine (MP), and anti-inflammatory drug such as 5-aminosalicylic acid (5-ASA) are commonly used to treat patients with IBD. This study aimed to examine the effects of AZA, MP, and 5-ASA on the growth of IBD-associated bacterial species and to identify bacterial enzymes involved in immunosuppressive drug metabolism. A total of 15 bacterial strains of five species including 11 C. concisus strains, Bacteroides fragilis, Bacteroides vulgatus, Enterococcus faecalis, and Escherichia coli were examined. The impact of AZA, MP, and 5-ASA on the growth of these bacterial species was examined quantitatively using a plate counting method. The presence of enzymes involved in AZA and MP metabolism in these bacterial species was identified using bioinformatics tools. AZA and MP significantly inhibited the growth of all 11 C. concisus strains. C. concisus strains were more sensitive to AZA than MP. 5-ASA showed inhibitory effects to some C. concisus strains, while it promoted the growth of other C. concisus strains. AZA and MP also significantly inhibited the growth of B. fragilis and B. vulgatus. The growth of E. coli was significantly inhibited by 200 μg/ml of AZA as well as 100 and 200 μg/ml of 5-ASA. Bacterial enzymes related to AZA and MP metabolism were found, which varied in different bacterial species. In conclusion, AZA and MP have inhibitory effects to IBD-associated C. concisus and other enteric microbes, suggesting an additional therapeutic mechanism of these drugs in the treatment of IBD. The strain dependent differential impact of 5-ASA on the growth of C. concisus may also have clinical implication given that in some cases 5-ASA medications were found to cause exacerbations of colitis.
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INTRODUCTION

Inflammatory bowel disease (IBD) is a chronic inflammatory disease of the gastrointestinal tract with Crohn's disease (CD) and ulcerative colitis (UC) being the two major forms. The etiology of IBD remains elusive but it is believed that multiple factors such as genetic susceptibility, environmental factor, dysregulated immune response as well as intestinal microbiota, are involved in the development of the disease (Sartor and Mazmanian, 2012). Accumulated evidence supports the role of Campylobacter concisus as the initiator of a subgroup of IBD (Zhang et al., 2014a; Zhang, 2015).

C. concisus is a Gram-negative spiral shaped motile bacterium (Tanner et al., 1981). Their growth under anaerobic and microaerobic conditions is strongly favored by the presence of H2, and also affected by other environmental factors in the gastrointestinal tract such as pH and bile (Lee et al., 2014; Ma et al., 2015). The human oral cavity is the natural reservoir of C. concisus. However, it may also colonize the intestinal tract of some individuals and its prevalence in the intestinal tissues has been associated with IBD (Tanner et al., 1981; Lastovica, 2006; Zhang et al., 2009, 2010; Mahendran et al., 2011; Mukhopadhya et al., 2011; Kirk et al., 2016). In addition to IBD, C. concisus was frequently isolated from diarrheal stool samples, suggesting its involvement in diarrheal disease (Lindblom et al., 1995; Lastovica, 2006; Kalischuk and Inglis, 2011; Nielsen et al., 2013). Some oral C. concisus strains were found to invade human intestinal epithelial cells, further supporting the idea that they can cause enteric disease (Nielsen et al., 2011; Ismail et al., 2012, 2013). Various virulence factors were found in C. concisus, such as the zonula occludens toxin (Zot), which was shown to cause prolonged damage to the intestinal epithelial barrier, increase and enhance the response of macrophages to other bacterial species (Mahendran et al., 2013, 2016; Liu et al., 2016).

The thiopurine drugs azathioprine (AZA) and mercaptopurine (MP) are immunosuppressive drugs that are commonly used for induction and maintenance of remission in patients with IBD (Chande et al., 2015, 2016; Timmer et al., 2016). AZA is a prodrug of MP. Once absorbed, AZA is processed to release MP and a glutathionyl derivative of 1-methyl-4-nitroimidazole in the liver or other body cells (Hobara and Watanabe, 1981; Elion, 1993; Gervasio et al., 2000). This process is due to the action of glutathione, which is in part controlled by the enzyme glutathione S-transferase (GST) (Eklund et al., 2006). MP undergoes further enzymatic conversions, leading to the production of the intermediates thioinosine monophosphate (TIMP) and thioxanthine monophosphate (TXMP) and the active metabolite thioguanine nucleotides (TNGs). TNGs act as purine antagonists for DNA polymerase and induce mismatches in DNA synthesis, thus inhibit proliferation of fast-growing cells lacking a purine salvage pathway such as B and T lymphocytes (Nielsen et al., 2001; Sahasranaman et al., 2008).

5-aminosalicylic acid (5-ASA) is an anti-inflammatory drug in the sulfonamide family that is also commonly used to induce and maintain remission in IBD (Hanauer, 2006; Nikfar et al., 2009). The mechanism of action of 5-ASA is believed to be due to the activation of the peroxisome proliferation-activated receptor gamma (PPAR-γ) (Ireland and Jewell, 1990). Activation of PPAR-γ leads to a decreased transcriptional activity of NF-κB and reduction of inflammatory cytokine production (Dubuquoy et al., 2003; Rousseaux et al., 2005).

Currently, limited information is available regarding whether these immunosuppressive and anti-inflammatory drugs used in IBD therapies have an impact on bacterial species in the human gastrointestinal tract. To gain this information, in this study we examined the effects of AZA, MP and 5-ASA on the growth of C. concisus and the four other enteric bacterial species. This study found that AZA and MP inhibited the growth of IBD-associated bacterium C. concisus and some other enteric bacterial species. AZA showed a greater bacterial inhibitory effect to C. concisus than MP. 5-ASA had differential effects on the growth of different C. concisus strains. The clinical implications of these findings and the potential therapeutic mechanisms of the bacterial inhibitory effects of the examined drugs were discussed.

MATERIALS AND METHODS

Bacterial Species Included in This Study

A total of 15 bacterial strains of five species were used in this study, including 11 C. concisus strains and Bacteroides fragilis ATCC 25285, Bacteroides vulgatus ATCC 8482, Enterococcus faecalis ATCC 19433 and Escherichia coli K12 (Bachmann, 1972; Gregory et al., 1978; Moschetti et al., 1998). Of the 11 C. concisus strains examined, three strains were from patients with CD, four strains from patients with UC, one strain from patient with gastroenteritis and three strains from healthy controls. These 11 C. concisus strains were randomly chosen from C. concisus strains isolated in our previous studies (Zhang et al., 2009, 2010; Mahendran et al., 2011). C. concisus consists of two genomospecies (GS), among the 11 strains included, five strains were from GS1 and six strains were from GS2 (Mahendran et al., 2015; Chung et al., 2016). The other bacterial strains were purchased from the American Type Culture Collection (VA, USA). Detailed information of bacterial species and strains used in this study were provided in Table 1.


Table 1. Bacterial strains used in this study.
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Effects of AZA, MP, and 5-ASA on C. concisus Growth

Four concentrations of drugs were examined for their effects on bacterial growth, which were 10, 50, 100, and 200 μg/ml. These concentrations were estimated based on the doses of AZA and MP used in the treatment of IBD. The doses used in the treatment of IBD were 2.5 mg per kilogram of body weight per day for AZA and 1.5 mg per kilogram of body weight per day for MP (Pearson et al., 1995). Given this, the concentrations of AZA and MP entering into the intestinal tract would be 100–200 μg/ml, assuming the body weights are 60–70 kilograms and the volume in the stomach is 1 liter (Sherwood, 2015). The doses of 5-ASA used in the treatment of IBD vary greatly depending on different clinical situations (Wang et al., 2016). The drug concentrations examined in this study were not intended to accurately reflect the concentrations of these drugs in the human intestinal tract, which was impossible to do. All test drugs were purchased from Sigma-Aldrich (Castle Hill, Australia).

C. concisus strains were cultured on horse blood agar (HBA) plates under anaerobic conditions supplemented with 5% H2 for 48 h at 37°C as previously described (Lee et al., 2014). Bacteria of each C. concisus strain were then collected from the plate and diluted to OD600 of 0.025 with PBS. An aliquot of bacteria (5 μl) was spread in radial pattern on the agar plates containing different concentrations of AZA, MP or 5-ASA (10, 50, 100, and 200 μg/ml). Plates were then incubated for 48 h. Each treatment was performed in triplicate. Following incubation, bacteria were collected from each plate with 1 ml PBS, from which seven serial dilutions (10−1–10−7) were prepared. An aliquot (5 μl) of each of the seven dilutions as well as the undiluted original inoculum was then dropped onto HBA plates in quadruplicate. The plates were incubated for 48 h and the colony forming unit (CFU) was determined.

B. fragilis, B. vulgatus, E. faecalis and E. coli were cultured on HBA plates for 24 h at 37°C under anaerobic conditions supplemented with 5% H2 (Whelan and Hale, 1973; Ruoff et al., 1990; Likotrafiti et al., 2016). Following initial cultivation, the effects of AZA, MP and 5-ASA on the growth of B. fragilis, B. vulgatus, E. faecalis and E. coli were examined under the same cultivation conditions as those used for C. concisus except the cultivation period was 24 h instead of 48 h giving the rapid growth of these bacterial species (Whelan and Hale, 1973; Ruoff et al., 1990; Likotrafiti et al., 2016).

The growth of bacterial strains on HBA plates containing different concentrations of AZA, MP, or 5-ASA was expressed as the percentage of the CFU relative to the CFU of the negative control of the same strain. Experiments were repeated three times.

The Controls

AZA and MP were dissolved in dimethyl sulfoxide (DMSO) at a stock concentration of 100 mg/ml. The concentration of DMSO was adjusted to 0.2% for all concentrations of AZA and MP. Bacterial strains cultured on plates containing DMSO at 0.2% were therefore used as the negative controls for AZA and MP. 5-ASA was dissolved in water at a stock concentration of 1 mg/ml. Bacterial strains cultured on plates without any drugs were served as the negative controls for 5-ASA. Tetracycline at final concentration of 0.5 μg/ml was used as antibiotic control for C. concisus, with representative strain 13826 being used (Aabenhus et al., 2005).

Examination of the Presence of Enzymes Required for AZA and MP Metabolism in Different Bacterial Species Using Bioinformatics Tools

The enzymes involved in AZA and MP metabolism include GST, HGPRT, inosine monophosphate dehydrogenase (IMPD), GMPS, xanthine oxidase (XO), and TPMT. The presence of these enzymes in the bacterial species examined in this study was identified by searching the bacterial genomes for proteins annotated with the same enzyme names, as well as proteins containing the same enzyme domains. Two protein databases were used including National Center for Biotechnology Information (NCBI) protein database and Universal Protein Resource (UniProt; Apweiler et al., 2004; Pruitt et al., 2007).

Of the 11 C. concisus strains included, seven of them have been previously sequenced by our group, the presence of the enzymes were examined in these seven strains as well as the publically available genome of C. concisus strain 13826 (accession number CP000792.1; Chung et al., 2016).

Statistical Analysis

Student's t–tests (unpaired, two tailed) were used to compare the CFU of bacterial strains in response to AZA, MP and 5-ASA with those of the negative controls. P < 0.05 were considered as statistically significant. Statistical analyses were performed using GraphPad Prism version 6 (San Diego, CA). Data were shown as the mean ± SD from triplicates.

RESULTS

Effects of AZA, MP, and 5-ASA on the Growth of C. concisus Strains

AZA inhibited the growth of all 11 C. concisus strains examined (Figure 1, Table 2). The CFU of eight strains grown on plates containing 10 μg/ml of AZA were significantly lower as compared to that grown on the negative control plates (P < 0.05). On plates containing concentrations of 50, 100, or 200 μg/ml of AZA, the CFU of all 11 strains were significantly reduced as compared to their respective strains grown on HBA plates without drugs (negative controls; P < 0.05). C. concisus appeared to be very sensitive to AZA. In the presence of 10 μg/ml of AZA, more than half of the strains (6/11, 55%) had over 80% of CFU reduction as compared to their respective negative controls. In the presence of 50 μg/ml of AZA, all strains except for one isolated from intestinal biopsies of a patient with UC (P3UCB1) had over 98% CFU reduction as compared to their negative controls. In the presence of 100 μg/ml of AZA, all strains had more than 99% CFU reduction, and one strain showed complete inhibition of growth in which no colonies were observed. Seven strains showed complete inhibition of growth when 200 μg/ml of AZA was present.
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FIGURE 1. Effects of AZA, MP, and 5-ASA on the growth of C. concisus strains. The growth of C. concisus strains on horse blood agar plates containing different concentrations of AZA, MP or 5-ASA was expressed as the percentage of the colony forming unit (CFU) relative to the CFU of their respective negative control. The negative controls were the same C. concisus strains grown on HBA plates without drugs. Strains isolated from patients with CD, UC, gastroenteritis and healthy controls are colored in blue, red, brown and green respectively. *Indicates statistically significance (*P < 0.05, **P < 0.01, ***P < 0.001). #Indicates complete inhibition of growth. CD, Crohn's disease; UC, ulcerative colitis.




Table 2. Effects of AZA, MP, and 5-ASA on the growth of bacterial strains.
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The growth of the 11 C. concisus strains was also inhibited by MP (Figure 1, Table 2). When the C. concisus strains were grown on HBA plates containing 10 μg/ml of MP, the growth of six strains was significantly reduced as compared with their respective negative controls (P < 0.05). At concentrations of 50, 100, and 200 μg/ml, MP significantly inhibited the growth of all 11 strains as compared with their negative controls (P < 0.05). In contrast to what was observed with AZA, MP at concentration of 200 μg/ml did not completely abolish the growth of C. concisus; bacterial colonies were still observed in all strains.

The effects of 5-ASA on C. concisus growth varied between strains (Figure 1, Table 2). Among the 11 strains examined, the growth of five strains (13826, P3UCO1, P3UCLW1, P3UCB1, and H17O-S1) was significantly inhibited by 5-ASA (P < 0.05). In contrast, 5-ASA at concentrations of 50, 100, and 200 μg/ml (P < 0.05) significantly enhanced the growth of two C. concisus strains, P2CDO4 and H12O-S1. The growth of the remaining four strains did not change significantly in the presence of 5-ASA.

The positive control antibiotic tetracycline had more than 99% of inhibitory effect on the growth of C. concisus strain 13826 at concentration of 0.5 μg/ml.

Effects of AZA, MP, and 5-ASA on the Growth of B. fragilis, B. vulgatus, E. faecalis, and E. coli

B. fragilis and B. vulgatus tended to have similar susceptibility toward AZA; their growth was significantly inhibited by AZA at the concentrations of 10 and 50 μg/ml (P < 0.05) and completely abolished at higher concentrations (100 and 200 μg/ml; Figure 2, Table 2). The growth of B. fragilis and B. vulgatus was also significantly inhibited by MP (P < 0.05). B. fragilis was more sensitive to MP as compared to B. vulgatus; a significant reduction of growth of B. fragilis was seen in the presence of 50, 100, and 200 μg/ml of MP while a significant reduction of growth of B. vulgatus was seen in the presence of 100 and 200 μg/ml of MP (Figure 2, Table 2). 5-ASA did not significantly affect the growth of B. fragilis and B. vulgatus.
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FIGURE 2. Effects of AZA, MP, and 5-ASA on the growth of B. fragilis, B. vulgatus, E. faecalis, and E. coli. The growth of B. fragilis, B. vulgatus, E. faecalis and E. coli was expressed as the percentage of the colony forming unit (CFU) relative to the CFU of their respective negative control. The negative controls were the same bacterial strains grown on horse blood agar plates without drugs. *Indicates statistically significance (*P < 0.05, **P < 0.01, ***P < 0.001). #Indicates complete inhibition of growth.



AZA, MP, and 5-ASA did not significantly affect the growth of E. faecalis.

The growth of E. coli was significantly inhibited by AZA but only at the highest concentration (200 μg/ml; P < 0.001), while no inhibitory effect was observed from MP. 5-ASA at 100, and 200 μg/ml significantly reduced the growth of E. coli (P < 0.001; Figure 2, Table 2).

Comparison of the Bacterial Inhibitory Effects of AZA and MP

The effects of AZA and MP on inhibiting bacterial growth were compared between the growth reduction resulted from the same concentrations of these two drugs and the results were shown in Figure 3, Table 2.
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FIGURE 3. Comparison of the inhibitory effect of AZA and MP on C. concisus growth. C. concisus strains were more sensitive to AZA than MP. Six of the 11 C. concisus strains (P2CDO4, P20CDO-S2, 13826, P3UCO1, P14UCO-S1, and H12O-S1) exhibited significantly reduced growth in the presence of 10 μg/ml of AZA as compared to that of the same concentration of MP (P < 0.05). When AZA and MP were present at higher concentrations (50, 100, and 200 μg/ml), the growth of all 11 C. concisus strains were significantly lower in response to AZA than the same concentrations of MP (P < 0.01).



AZA was more effective than MP in inhibiting bacterial growth. Six of the 11 C. concisus strains showed significantly lower growth (P2CDO4, P20CDO-S2, 13826, P14UCO-S1, P3UCO1, and H12O-S1) in the presence of 10 μg/ml of AZA as compared with that of the same concentration of MP (P < 0.05; Figure 3, Table 2). This trend was more obvious at higher concentrations (50, 100 and 200 μg/ml) in which all 11 C. concisus strains in the presence of AZA had significantly lower growth as compared to that of the same strains cultured on the same concentrations of MP (P < 0.01; Figure 3, Table 2).

This trend was also seen in other bacterial species including B. fragilis, B. vulgatus and E. coli. The growth of B. fragilis and B. vulgatus was significantly lower in the presence of AZA at concentrations of 50, 100, and 200 μg/ml as compared to that of MP at the same concentrations (P < 0.001; Table 2). AZA significantly decreased the growth of E. coli at concentration of 200 μg/ml, whilst MP did not have significant effects on E. coli growth (Table 2).

Enzymes Required for AZA and MP Metabolism in the Bacterial Species

The production of the active metabolites TGNs to inhibit immune cell DNA synthesis by AZA requires a number of enzymes (Figure 4). The presence of these enzymes in the bacterial species and strains included in this study was examined using publically available protein databases annotated from sequenced bacterial genomes. Except for the genome of E. faecalis ATCC 19433, the genomes of the four other bacterial species and strains examined were fully sequenced without gaps.
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FIGURE 4. Identification of enzymes required for AZA and MP metabolism in C. concisus and other four enteric bacterial species. (A) The process of generating TGNs from AZA and MP. This part of the information was obtained from previous publications (Eklund et al., 2006; Meggitt et al., 2011). TGNs are purine analogs that inhibit DNA synthesis in immune cells which is the therapeutic mechanism of AZA and MP. GSH, glutathione; GS-imidazole, glutathionyl derivative of 1-methyl-4-nitroimidazole; GST, glutathione S-transferase; TPMT, thiopurine methyltransferase; 6-MMP, 6-methylmercaptopurine; HGPRT, hypoxanthine guanine phosphoribosyl transferase; XO, xanthine oxidase; TIMP, thioinosine monophosphate; MTIMP, methylthioinosine monophosphate; IMPD, inosine monophosphate dehydrogenase; TXMP, thioxanthine monophosphate; GMPS, guanosine monophosphate synthetase; TGNs, thioguanine nucleotides; TGMP, thioguanine monophosphate; TGDP, thioguanine diphosphate; TGTP, thioguanine triphosphate. (B) The presence of enzymes required for AZA and MP metabolism in C. concisus and other bacterial species. This part of the information was obtained in this study by bioinformatics analysis. N, not present. Protein IDs listed are NCBI locus (#) or Uniprot protein ID (*).



The enzyme GST which facilitates the conversion from AZA to MP, and HGPRT which is required for the formation of the active metabolite TGNs were not found in C. concisus strains (Figure 4). In the absence of GST, less MP is produced from AZA; and without HGPRT, conversion of AZA and MP into the active metabolite TGNs is not possible.

GST was not found in B. fragilis ATCC 25285 and E. faecalis ATCC 19433, however HGPRT, IMPD, and GMPS were found. B. vulgatus ATCC 8482 and E. coli K12 strains contained all the enzymes required for the metabolisms of AZA to TGNs (Figure 4).

Enzymes TPMT and XO divert the metabolism pathway from TGNs production. TPMT was absent in all bacterial species and strains examined and XO was only found in E. coli K12.

DISCUSSION

In this study, we examined the effects of AZA, MP, and 5-ASA on the growth of IBD associated bacterium C. concisus and four other enteric bacterial species. We have also examined the presence of enzymes involving in AZA and MP metabolisms in these bacterial species.

We found that both AZA and MP significantly inhibited the growth of C. concisus, a bacterium that was previously found to be associated with IBD (Figure 1, Table 2). The improvement of clinical conditions in IBD patients following the treatment with AZA and MP was believed to be due to the effects of these drugs on reduction of lymphocyte proliferation and proinflammatory cytokines (Derijks et al., 2006). Our finding that AZA and MP have inhibitory effects to C. concisus suggests that inhibition or elimination of IBD-causing bacterial species may be an additional therapeutic mechanism contributing to the beneficial effects of AZA and MP in the treatment of IBD. This is supported by previous studies showing AZA and MP also inhibited the growth of Mycobacterium avium subsp. paratuberculosis, another bacterium that is associated with human CD (Sanderson et al., 1992; Collins et al., 2000; Sieswerda and Bannatyne, 2006; Greenstein et al., 2007; Shin and Collins, 2008).

AZA showed a significantly higher potency in inhibiting the growth of C. concisus as compared to the same concentrations of MP (Figure 3). In their use as immunomodulatory medications, AZA is the prodrug of MP. Both AZA and MP are eventually metabolized to purine analogs that interfere with DNA synthesis in immune cells (Nielsen et al., 2001). C. concisus does not possess GST, suggesting that the conversion from AZA to MP by C. concisus was mainly through the non-enzymatic action. The enzyme GST does not appear to be a critical enzyme in determination of bacterial sensitivity to AZA. For example, GST was not found in C. concisus, B. fragilis and E. faecalis, however AZA had significant inhibitory effects only to C. concisus and B. fragilis, not E. faecalis. HGPRT enzyme was not found in C. concisus, suggesting that most of AZA and MP were not metabolized to purine analogs by C. concisus. The more effective inhibitory effects of AZA to C. concisus as compared to MP would therefore have to come from AZA itself. This view is further supported by the findings that E. faecalis has all enzymes required for converting MP to purine analogs, and that AZA and MP did not significantly affect its growth (Figures 2, 4, Table 2). Nevertheless, the absence or presence of bacterial enzymes in this study was identified using bioinformatics analysis, which requires experimental verification. AZA contains an imidazole ring that is present in many antifungal agents, which may have contributed to the better antibacterial properties of AZA as compared to MP observed in this study (Zhang et al., 2014b).

When taken orally, about 88% AZA and 50% MP are absorbed in the gastrointestinal tract (Cuffari et al., 2000). These absorption rates are affected by both host factors and the mode of drug delivery (Van Os et al., 1996; Tremaine, 1997). Thus, in patients with IBD receiving AZA and MP treatment, the concentrations of these drugs in their gastrointestinal tract vary. Furthermore, C. concisus strains have various abilities in resistance to AZA, as judged by the CFU reduction of different strains in the presence of the same concentrations of AZA (Figure 1, Table 2). Clinically, AZA and MP are not effective in all patients and some patients may relapse even under the treatment of AZA and MP. One possible reason contributing to AZA and MP treatment failure may be that the IBD-associated bacterial species such as C. concisus have not been successfully inhibited in these patients by these drugs. Future studies should be conducted in patients with IBD to further investigate this issue.

Another interesting finding from this study was that 5-ASA had different effects on the growth of different C. concisus strains. While this drug inhibited the growth of some C. concisus strains, it increased the growth of the other strains (Figure 1, Table 2). Although 5-ASA is often used in the treatment of IBD, in some cases 5-ASA medications were found to cause exacerbations of colitis (Schwartz et al., 1982). Our finding that 5-ASA promoted the growth of some C. concisus strains suggests that the deteriorated clinical conditions in patients with IBD caused by 5-ASA may be due to its effects in increasing the growth of some IBD causing bacterial species in the intestinal tract. In addition to its anti-inflammatory effects through reducing the level of NF-κB, 5-ASA was previously found to inhibit DNA synthesis in human lymphocytes (Elitsur et al., 1989; Ireland and Jewell, 1990). It is possible that 5-ASA has inhibited the growth of some C. concisus strains through affecting bacterial DNA synthesis. It is unclear why some C. concisus strains showed increased growth in response to 5-ASA. Future studies examining the whole genomes of C. concisus strains that had differential responses to 5-ASA may provide further information.

In addition to C. concisus, we examined the effects of AZA, MP, and 5-ASA on the growth of another four enteric bacterial species. We found that both AZA and MP inhibited the growth of B. fragilis and B. vulgatus. B. fragilis colonizes the human intestinal tract and accounts for 0.5% of the commensal human colonic flora, but also causes various human infections (Wexler, 2007). The enterotoxigenic B. fragilis strain has been implicated in IBD (Prindiville et al., 2000). B. vulgatus and E. faecalis were shown to induce colitis in animal models of IBD (Onderdonk et al., 1981; Balish and Warner, 2002). Our findings that AZA and MP have inhibitory effects toward C. concisus and other IBD-associated bacterial species suggest that it may be possible to develop non-absorbable forms of AZA or MP to inhibit IBD-associated Campylobacter species and Bacteroides species in the gastrointestinal tract, which can be used as a strategy for long-term IBD treatment with reduced toxicity to the hosts. Low concentration of AZA (10 ug/ml) showed a much greater inhibition to C. concisus than other bacterial species, suggesting the possibility of using low concentration of non-absorbable forms of AZA to treat a subgroup of IBD initiated by C. concisus without disturbing the balance of microbiota of the gastrointestinal tract.

The findings from this study and previous studies that AZA, MP, and 5-ASA had different effects on the growth of multiple bacterial species residing the human gastrointestinal tract suggest that these drugs may influence gut microbiota in general. The changed microbiota caused by these drugs may further affect the mucosal immunity or colonization of opportunistic pathogens in the gastrointestinal tract of patients with IBD.

The data presented in this study were from laboratory culture of individual bacterial species. Despite their strong potential clinical implications, direct examination of the effects of these immunosuppressive and anti-inflammatory drugs on the growth of bacterial species in the human gastrointestinal tract should be conducted using saliva, biopsy and fecal samples collected from patients with IBD prior to and following treatment, which will provide information regarding the effects of these drugs on the bacterial species community in the human gastrointestinal tract.

CONCLUSIONS

In summary, this study found that clinically used immunomodulating drugs AZA and MP in the treatment of IBD inhibited the growth of IBD-associated Campylobacter species C. concisus, suggesting an additional therapeutic mechanism of these medications in treatment of IBD. The anti-inflammatory drug 5-ASA may inhibit or promote the growth of C. concisus, depending on the properties of the strains, whether this is related to 5-ASA induced deteriorating clinical conditions occurring in some patients with IBD requires further investigation. Furthermore, this study found that AZA, MP, and 5-ASA also inhibit the growth of other enteric bacterial species such as B. fragilis, B. vulgatus, and E. coli; however, higher concentrations of these drugs are required.
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REFERENCES

 Aabenhus, R., Permin, H., and Andersen, L. P. (2005). Characterization and subgrouping of Campylobacter concisus strains using protein profiles, conventional biochemical testing and antibiotic susceptibility. Eur. J. Gastroenterol. Hepatol. 17, 1019–1024. doi: 10.1097/00042737-200510000-00003

 Apweiler, R., Bairoch, A., Wu, C. H., Barker, W. C., Boeckmann, B., Ferro, S., et al. (2004). UniProt: the Universal protein knowledgebase. Nucleic Acids Res. 32, D115–D119. doi: 10.1093/nar/gkh131

 Bachmann, B. J. (1972). Pedigrees of some mutant strains of Escherichia coli K-12. Bacteriol. Rev. 36:525.

 Balish, E., and Warner, T. (2002). Enterococcus faecalis induces inflammatory bowel disease in interleukin-10 knockout mice. Am. J. Pathol. 160, 2253–2257. doi: 10.1016/S0002-9440(10)61172-8

 Chande, N., Townsend, C. M., Parker, C. E., and Macdonald, J. K. (2016). Azathioprine or 6-mercaptopurine for induction of remission in Crohn's disease. Cochrane Database Syst. Rev. 10:CD000545. doi: 10.1002/14651858.CD000545.pub5

 Chande, N., Patton, P. H., Tsoulis, D. J., Thomas, B. S., and Macdonald, J. K. (2015). Azathioprine or 6-mercaptopurine for maintenance of remission in Crohn's disease. Cochrane Database Syst. Rev. CD000067. doi: 10.1002/14651858.CD000067.pub3

 Chung, H. K., Tay, A., Octavia, S., Chen, J., Liu, F., Ma, R., et al. (2016). Genome analysis of Campylobacter concisus strains from patients with inflammatory bowel disease and gastroenteritis provides new insights into pathogenicity. Sci. Rep. 6:38442. doi: 10.1038/srep38442

 Collins, M. T., Lisby, G., Moser, C., Chicks, D., Christensen, S., Reichelderfer, M., et al. (2000). Results of multiple diagnostic tests for Mycobacterium avium subsp. paratuberculosis in patients with inflammatory bowel disease and in controls. J. Clin. Microbiol. 38, 4373–4381.

 Cuffari, C., Hunt, S., and Bayless, T. M. (2000). Enhanced bioavailability of azathioprine compared to 6-mercaptopurine therapy in inflammatory bowel disease: correlation with treatment efficacy. Aliment. Pharmacol. Ther. 14, 1009–1014. doi: 10.1046/j.1365-2036.2000.00812.x

 Derijks, L. J., Gilissen, L. P., Hooymans, P. M., and Hommes, D. W. (2006). Review article: thiopurines in inflammatory bowel disease. Aliment. Pharmacol. Ther. 24, 715–729. doi: 10.1111/j.1365-2036.2006.02980.x

 Dubuquoy, L., Jansson, E. A., Deeb, S., Rakotobe, S., Karoui, M., Colombel, J. F., et al. (2003). Impaired expression of peroxisome proliferator-activated receptor gamma in ulcerative colitis. Gastroenterology 124, 1265–1276. doi: 10.1016/s0016-5085(03)00271-3

 Eklund, B. I., Moberg, M., Bergquist, J., and Mannervik, B. (2006). Divergent activities of human glutathione transferases in the bioactivation of azathioprine. Mol. Pharmacol. 70, 747–754. doi: 10.1124/mol.106.025288

 Elion, G. B. (1993). The pharmacology of azathioprine. Ann. N.Y. Acad. Sci. 685, 401–407. doi: 10.1111/j.1749-6632.1993.tb35897.x

 Elitsur, Y., Freedland, C., and Luk, G. (1989). Inhibition of DNA synthesis in human peripheral and lamina propria lymphocytes by 5-aminosalicylic acid and hydrocortisone. Reg. Immunol. 3, 56–61.

 Gervasio, J. M., Brown, R. O., Lima, J., Tabbaa, M., Abell, T., Werkman, R., et al. (2000). Sequential group trial to determine gastrointestinal site of absorption and systemic exposure of azathioprine. Dig. Dis. Sci. 45, 1601–1607. doi: 10.1023/A:1005573229786

 Greenstein, R. J., Su, L., Haroutunian, V., Shahidi, A., and Brown, S. T. (2007). On the action of methotrexate and 6-mercaptopurine on M. avium subspecies paratuberculosis. PLoS ONE 2:e161. doi: 10.1371/journal.pone.0000161

 Gregory, E., Moore, W., and Holdeman, L. (1978). Superoxide dismutase in anaerobes: survey. Appl. Environ. Microbiol. 35, 988–991.

 Hanauer, S. B. (2006). Review article: high-dose aminosalicylates to induce and maintain remissions in ulcerative colitis. Aliment. Pharmacol. Ther. 24(Suppl. 3), 37–40. doi: 10.1111/j.1365-2036.2006.03058.x

 Hobara, N., and Watanabe, A. (1981). Impaired metabolism of azathioprine in carbon tetrachloride-injured rats. Hepatogastroenterology 28, 192–194.

 Ireland, A., and Jewell, D. P. (1990). Mechanism of action of 5-aminosalicylic acid and its derivatives. Clin. Sci. 78, 119–125. doi: 10.1042/cs0780119

 Ismail, Y., Lee, H., Riordan, S. M., Grimm, M. C., and Zhang, L. (2013). The effects of oral and enteric Campylobacter concisus strains on expression of TLR4, MD-2, TLR2, TLR5 and COX-2 in HT-29 cells. PLoS ONE 8:e56888. doi: 10.1371/journal.pone.0056888

 Ismail, Y., Mahendran, V., Octavia, S., Day, A. S., Riordan, S. M., Grimm, M. C., et al. (2012). Investigation of the enteric pathogenic potential of oral Campylobacter concisus strains isolated from patients with inflammatory bowel disease. PLoS ONE 7:e38217. doi: 10.1371/journal.pone.0038217

 Kalischuk, L., and Inglis, G. (2011). Comparative genotypic and pathogenic examination of Campylobacter concisus isolates from diarrheic and non-diarrheic humans. BMC Microbiol. 11:53. doi: 10.1186/1471-2180-11-53

 Kirk, K. F., Nielsen, H. L., Thorlacius-Ussing, O., and Nielsen, H. (2016). Optimized cultivation of Campylobacter concisus from gut mucosal biopsies in inflammatory bowel disease. Gut Pathog. 8:27. doi: 10.1186/s13099-016-0111-7

 Lastovica, A. J. (2006). Emerging Campylobacter spp. the tip of the iceberg. Clin. Microbiol. Newsl 28, 49–56. doi: 10.1186/1758-2946-1-6

 Lee, H., Ma, R., Grimm, M. C., Riordan, S. M., Lan, R., Zhong, L., et al. (2014). Examination of the anaerobic growth of Campylobacter concisus strains. Int. J. Microbiol. 2014:476047. doi: 10.1155/2014/476047

 Likotrafiti, E., Tuohy, K., Gibson, G., and Rastall, R. (2016). Antimicrobial activity of selected synbiotics targeted for the elderly against pathogenic Escherichia coli strains. Int. J. Food Sci. Nutr. 67, 83–91. doi: 10.3109/09637486.2015.1134444

 Lindblom, G., Sjogren, E., Hansson-Westerberg, J., and Kaijser, B. (1995). Campylobacter upsaliensis, C. sputorum sputorum and C. concisus as common causes of diarrhoea in Swedish children. Scand. J. Infect. Dis. 27, 187–188. doi: 10.3109/00365549509019006

 Liu, F., Lee, H., Lan, R., and Zhang, L. (2016). Zonula occludens toxins and their prophages in Campylobacter species. Gut Pathog. 8, 1–11. doi: 10.1186/s13099-016-0125-1

 Ma, R., Sapwell, N., Chung, H. K., Lee, H., Mahendran, V., Leong, R. W., et al. (2015). Investigation of the effects of pH and bile on the growth of oral Campylobacter concisus strains isolated from patients with inflammatory bowel disease and controls. J. Med. Microbiol. 64, 438–445. doi: 10.1099/jmm.0.000013

 Mahendran, V., Liu, F., Riordan, S., Grimm, M., Tanaka, M., and Zhang, L. (2016). Examination of the effects of Campylobacter concisus zonula occludens toxin on intestinal epithelial cells and macrophages. Gut Pathog. 8:18. doi: 10.1186/s13099-016-0101-9

 Mahendran, V., Octavia, S., Demirbas, O. F., Sabrina, S., Ma, R., Lan, R., et al. (2015). Delineation of genetic relatedness and population structure of oral and enteric Campylobacter concisus strains by analysis of housekeeping genes. Microbiology 161, 1600–1612. doi: 10.1099/mic.0.000112

 Mahendran, V., Riordan, S. M., Grimm, M. C., Tran, T. A., Major, J., Kaakoush, N. O., et al. (2011). Prevalence of Campylobacter species in adult Crohn's disease and the preferential colonization sites of Campylobacter species in the human intestine. PLoS ONE 6:e25417. doi: 10.1371/journal.pone.0025417

 Mahendran, V., Tan, Y. S., Riordan, S. M., Grimm, M. C., Day, A. S., Lemberg, D. A., et al. (2013). The prevalence and polymorphisms of zonula occluden toxin gene in multiple Campylobacter concisus strains isolated from saliva of patients with inflammatory bowel disease and controls. PLoS ONE 8:e75525. doi: 10.1371/journal.pone.0075525

 Meggitt, S. J., Anstey, A. V., Mohd Mustapa, M. F., Reynolds, N. J., and Wakelin, S. (2011). British Association of Dermatologists' guidelines for the safe and effective prescribing of azathioprine 2011. Br. J. Dermatol. 165, 711–734. doi: 10.1111/j.1365-2133.2011.10575.x

 Moschetti, G., Blaiotta, G., Aponte, M., Catzeddu, P., Villani, F., Deiana, P., et al. (1998). Random amplified polymorphic DNA and amplified ribosomal DNA spacer polymorphism: powerful methods to differentiate Streptococcus thermophilus strains. J. Appl. Microbiol. 85, 25–36. doi: 10.1046/j.1365-2672.1998.00461.x

 Mukhopadhya, I., Thomson, J. M., Hansen, R., Berry, S. H., El-Omar, E. M., and Hold, G. L. (2011). Detection of Campylobacter concisus and other Campylobacter species in colonic biopsies from adults with ulcerative colitis. PLoS ONE 6:e21490. doi: 10.1371/journal.pone.0021490

 Nielsen, H., Ejlertsen, T., Engberg, J., and Nielsen, H. (2013). High incidence of Campylobacter concisus in gastroenteritis in North Jutland, Denmark: a population-based study. Clin. Microbiol. Infect. 19, 445–450. doi: 10.1111/j.1469-0691.2012.03852.x

 Nielsen, H. L., Nielsen, H., Ejlertsen, T., Engberg, J., Günzel, D., Zeitz, M., et al. (2011). Oral and fecal Campylobacter concisus strains perturb barrier function by apoptosis induction in HT-29/B6 intestinal epithelial cells. PLoS ONE 6:e23858. doi: 10.1371/journal.pone.0023858

 Nielsen, O. H., Vainer, B., and Rask-Madsen, J. (2001). Review article: the treatment of inflammatory bowel disease with 6-mercaptopurine or azathioprine. Aliment. Pharmacol. Ther. 15, 1699–1708. doi: 10.1046/j.1365-2036.2001.01102.x

 Nikfar, S., Rahimi, R., Rezaie, A., and Abdollahi, M. (2009). A meta-analysis of the efficacy of sulfasalazine in comparison with 5-aminosalicylates in the induction of improvement and maintenance of remission in patients with ulcerative colitis. Dig. Dis. Sci. 54, 1157–1170. doi: 10.1007/s10620-008-0481-x

 Onderdonk, A., Franklin, M., and Cisneros, R. (1981). Production of experimental ulcerative colitis in gnotobiotic guinea pigs with simplified microflora. Infect. Immun. 32, 225–231.

 Pearson, D. C., May, G. R., Fick, G. H., and Sutherland, L. R. (1995). Azathioprine and 6-mercaptopurine in Crohn disease. A meta-analysis. Ann. Intern. Med. 123, 132–142.

 Prindiville, T. P., Sheikh, R. A., Cohen, S. H., Tang, Y. J., Cantrell, M. C., and Silva, J. Jr. (2000). Bacteroides fragilis enterotoxin gene sequences in patients with inflammatory bowel disease. Emerg. Infect. Dis. 6:171. doi: 10.3201/eid0602.000210

 Pruitt, K. D., Tatusova, T., and Maglott, D. R. (2007). NCBI reference sequences (RefSeq): a curated non-redundant sequence database of genomes, transcripts and proteins. Nucleic Acids Res. 35, D61–D65. doi: 10.1093/nar/gkl842

 Rousseaux, C., Lefebvre, B., Dubuquoy, L., Lefebvre, P., Romano, O., Auwerx, J., et al. (2005). Intestinal antiinflammatory effect of 5-aminosalicylic acid is dependent on peroxisome proliferator-activated receptor-gamma. J. Exp. Med. 201, 1205–1215. doi: 10.1084/jem.20041948

 Ruoff, K. L., De La Maza, L., Murtagh, M. J., Spargo, J. D., and Ferraro, M. J. (1990). Species identities of enterococci isolated from clinical specimens. J. Clin. Microbiol. 28, 435–437.

 Sahasranaman, S., Howard, D., and Roy, S. (2008). Clinical pharmacology and pharmacogenetics of thiopurines. Eur. J. Clin. Pharmacol. 64, 753–767. doi: 10.1007/s00228-008-0478-6

 Sanderson, J., Moss, M., Tizard, M., and Hermon-Taylor, J. (1992). Mycobacterium paratuberculosis DNA in Crohn's disease tissue. Gut 33, 890–896. doi: 10.1136/gut.33.7.890

 Sartor, R. B., and Mazmanian, S. K. (2012). Intestinal microbes in inflammatory bowel diseases. Am. J. Gastroenterol. 1, (Suppl. 1), 15–21. doi: 10.1038/ajgsup.2012.4

 Schwartz, A. G., Targan, S. R., Saxon, A., and Weinstein, W. M. (1982). Sulfasalazine-induced exacerbation of ulcerative colitis. N.Engl. J. Med. 306, 409–412. doi: 10.1056/nejm198207293070513

 Sherwood, L. (2015). Human Physiology: From Cells to Systems. Boston, MA: Cengage Learning.

 Shin, S. J., and Collins, M. T. (2008). Thiopurine drugs azathioprine and 6-mercaptopurine inhibit Mycobacterium paratuberculosis growth in vitro. Antimicrob. Agents Chemother. 52, 418–426. doi: 10.1128/AAC.00678-07

 Sieswerda, L. E., and Bannatyne, R. M. (2006). Mapping the effects of genetic susceptibility and Mycobacterium avium subsp. paratuberculosis infection on Crohn's disease: strong but independent. J. Clin. Microbiol. 44, 1204–1205. doi: 10.1128/jcm.44.3.1204-1205.2006

 Tanner, A. C. R., Badger, S., Lai, C., Listgarten, M. A., Visconti, R. A., and Socransky, S. S. (1981). Wolinella gen. nov., WoZinella succinogenes (Vibrio succinogenes Wolin et al.) comb. nov., and description of Bacteroides gracilis sp. nov., Wolinella recta sp. nov., Campylobacter concisus sp. nov., and Eikenella corrodens from humans with periodontal disease. Int. J. Syst. Bacteriol. 31, 432–445. doi: 10.1099/00207713-31-4-432

 Timmer, A., Patton, P. H., Chande, N., Mcdonald, J. W., and Macdonald, J. K. (2016). Azathioprine and 6-mercaptopurine for maintenance of remission in ulcerative colitis. Cochrane Database Syst. Rev. CD000478. doi: 10.1002/14651858.CD000478.pub4

 Tremaine, W. (1997). Refractory IBD: medical management. Neth. J. Med. 50, S12–S14. doi: 10.1016/S0300-2977(96)00065-4

 Van Os, E. C., Zins, B. J., Sandborn, W. J., Mays, D. C., Tremaine, W. J., Mahoney, D. W., et al. (1996). Azathioprine pharmacokinetics after intravenous, oral, delayed release oral and rectal foam administration. Gut 39, 63–68. doi: 10.1136/gut.39.1.63

 Wang, Y., Parker, C. E., Bhanji, T., Feagan, B. G., and Macdonald, J. K. (2016). Oral 5-aminosalicylic acid for induction of remission in ulcerative colitis. Cochrane Database Syst Rev 4:CD000543. doi: 10.1002/14651858.CD000543.pub4

 Wexler, H. M. (2007). Bacteroides: the good, the bad, and the nitty-gritty. Clin. Microbiol. Rev. 20, 593–621. doi: 10.1128/CMR.00008-07

 Whelan, J. P., and Hale, J. H. (1973). Bactericidal activity of metronidazole against Bacteroides fragilis. J. Clin. Pathol. 26, 393–395. doi: 10.1136/jcp.26.6.393

 Zhang, L. (2015). Oral Campylobacter species: initiators of a subgroup of inflammatory bowel disease? World J. Gastroenterol. 21, 9239–9244. doi: 10.3748/wjg.v21.i31.9239

 Zhang, L., Budiman, V., Day, A. S., Mitchell, H., Lemberg, D. A., Riordan, S. M., et al. (2010). Isolation and detection of Campylobacter concisus from saliva of healthy individuals and patients with inflammatory bowel disease. J. Clin. Microbiol. 48, 2965–2967. doi: 10.1128/JCM.02391-09

 Zhang, L., Lee, H., Grimm, M. C., Riordan, S. M., Day, A. S., and Lemberg, D. A. (2014a). Campylobacter concisus and inflammatory bowel disease. World J. Gastroenterol. 20, 1259–1267. doi: 10.3748/WJG.v20.i5.1259

 Zhang, L., Man, S. M., Day, A. S., Leach, S. T., Lemberg, D. A., Dutt, S., et al. (2009). Detection and isolation of Campylobacter species other than C. jejuni from children with Crohn's disease. J. Clin. Microbiol. 47, 453–455. doi: 10.1128/JCM.01949-08

 Zhang, L., Peng, X. M., Damu, G. L., Geng, R. X., and Zhou, C. H. (2014b). Comprehensive review in current developments of imidazole-based medicinal chemistry. Med. Res. Rev. 34, 340–437. doi: 10.1002/med.21290

Conflict of Interest Statement: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Copyright © 2017 Liu, Ma, Riordan, Grimm, Liu, Wang and Zhang. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) or licensor are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/images/fmicb-08-00527-t001.jpg
Strain ID Health Isolation Genomospecies

status source
P2CDO4 co Saliva @s2
P11CDO-S1 co Saliva @s2
P20CDO-S2 co Saliva @s2
P14UCO-S1 w Saliva @s2
P3UCO1 uc Saliva ast
PUCLW1 w Feces @st
PRUCB1 uc Intestinal biopsy  GS1
13826 Gastroenteritis  Feces @s2
H140-51 Healthy Saliva @s2
H120-81 Healthy Saliva ast
H170-51 Healthy Saliva ast
B. fragiis ATCC 25285 Appendix Appendix

abscess abscess
B. wulgatus ATCC 8482 NA Feces
E. faccalis ATCC 19433 NA NA
E. coli K12 Convalescent  Feces

diphtheria

GS1, genomospecies 1; GS2, genomospecies 2; The 11 C. concisus strains are
underiined; and their GS was examined in our previous studies (Mahendiran et al., 2015;

Chung et al, 2016). Letters P and H in strain ID indicate strains isolated from patients
with inflammatory bowel disease nd healthy controls respectively. O indicates oral strains
isolated from saliva samples; 8 indlicates a strain isolated from intestinal biopsy; and LW
indicates a strain isolated from fecal sample. CD, Crohn's disease; UC, uicerative coliis;
NA, information not available.





OPS/images/fmicb-08-00527-t002.jpg
Bacterial strain

P2CDO4
P11CDO-S1
P20CDO-S2
13826
P14UCO-81
PSUCO1
PRUCLW1
PBUCB1
H140-81
H120-s1
H170-81

B. fragifs
B. wigatus
E. faecalis
E. coli

10

135
173
13%2
REY
0.17 £0.05
100
42x3
89+ 11
97 & 11
1342
69413
80+6
73+6
101 % 12
101 £ 10

AZA (ng/mi)
50 100
0.002 %0 0
0.14 £0.04 023 £001
0.11£001 0,003 % 0,001
0.26 + 0.02 0.03 £ 0.02
0.003%0 0.0008  0.0002
0.0004+0  5E— 07 +26-07
037£006  0.001%0
11 0.22 £ 002
069 +0.09 0.09 & 001
0074002 00001 £0
112+ 009 0.1 £001
0.11£001 0
0.00002 % 0 o
8410 7648
90 £ 10 712

200

0
0.04 £001
0.012 % 0002

7945
15£2

10

565
1944
9Bk 14
101 £ 11
7048
70£5
505
103+9
982
654
574
958
8812
99 11
107 £9

MP (.g/ml)

50 100
183 2302
11£01 0472001
5514 541
153 18405
133  005£002
/x5 143
42£0 28+4
46£5 10
98£17  17x01
308 101
5246 1944
2620 13402

8113 6545
110£5 106+2
106+ 4 109 £ 20

200

0.49 % 0.05
0.005 % 0.001
0.46 % 0.07
0.06 % 0,01
0.0007  0.0001
18404
27£05
0514009
0.18 0,02
17£02
14401
0.15 % 0.01
3Bxa
94+ 10
12411

10

868
100£5
854
100 £ 18
113£16
105£7
64£7
805
89+ 19
104 £ 13
8110
106+3
13+ 11
109 £ 10
0£15

5-ASA (jtg/ml)

50 100
168+ 16 205 %27
101410 9615
828 8Rx4
86£7  81%2
1HO£15 92414
78+3 57 £ 10
503 346
67+5 50+9
B3 906
191420 243446
60 £ 10 6210
9%£5 10811
1217 115 £ 20
100£2 106+ 12
8212 632

200

259 36
102 £ 12
91%9
68 % 14
10242
45 %10
283
202
817
291 % 53
60 13
112 £ 10
118 4 12
101 14
B4

The growth of 11 C. concisus strains and the other four enteric bacterialstrains in the presence of different concentrations of AZA, MP or 5-ASA was expressed as the percentage of the colony forming unit (CFU) in relative to the CFU
of the negative control of the same strain. The negative controks were the same bacterial strains grown on horse blood agar plates without drugs. Data presented weve tripficates = SD. C. cancisus strains are undertined.





OPS/images/fmicb-08-00527-g003.gif





OPS/images/fmicb-08-00527-g004.gif





OPS/images/fmicb-08-00527-g001.gif
%

P2CDOY ¥ pucoost

]
g

o segain omtro

Ty

o ©
© “
0 »
e o
o
0 paveLwt o PIUCBI w, H140S1
- o |
e 1 , 100 1, |
i ]
e ; w
S kol
2 e
w00 HRost Hi70s1
o
Lfw
53 o
M ;
LI |
e “
i, ||
2 ol = Sopm
o - 100 g7l
ol o =t

" SAZA v





OPS/images/fmicb-08-00527-g002.gif





OPS/images/cover.jpg
’ frontiers
in Microbiology

Azathioprine, Mercaptopurine, and
5-Aminosalicylic Acid Affect the
Growth of IBD-Associated
Campylobacter Species and Other
Enteric Microbes









OPS/images/crossmark.jpg
©

2

i

|





OPS/images/logo.jpg
’ frontiers
in Microbiology





