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ABSTRACT

The influence of gut fungi against acute colitis is intriguing. While, dextran sulfate sodium (DSS)-induced
colitis mouse model is a representative model for colitis in patients, Candida albicans, are detectable only in human
intestine, but not in mouse. Thus, 10° cells/ml of C. albicans were administered in 3% DSS-colitis mouse model to
explore the influence of the fungi toward the model.

DSS-C. albicans administration enhanced the severity of colitis model as determined by the increased
serum IL-6 cytokine level (a pro-inflammatory cytokine).The additive effect of heat-kill C. albicans and
Escherichia coli toward HT 29 cell, a human colon adenocarcinoma cell line, in the production of IL-8 cytokine,
neutrophil chemotactic factor, compared to the cells activated with E. coli or C. albicans alone were also
demonstrated.

In conclusion, C. albicans enhanced the severity and the inflammatory response in DSS induced colitis
mouse model.
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1. Introduction

Dextran sulfate sodium (DSS) induced colitis mouse model is a model that frequently used to represent
inflammatory bowel disease (IBD) in human. IBD consists of Crohn’s disease (CD) and Ulcerative colitis (UC) that
are the relapsing systemic inflammatory bowel diseases (Ashton, Harden, & Beattie, 2017; Baumgart & Sandborn,
2012; Hoarau et al., 2016; Kaser & Blumberg, 2017). IBD is a worldwide health care problem (Dillman et al.,
2015; Yang & Jobin, 2014) with the increasing trend in the several regions of the world including Asia (Asakura,
Suzuki, Kitahora, & Morizane, 2008; Baumgart & Sandborn, 2012; Van Leeuwen et al., 1994).

DSS induces intestinal epithelium cells (IECs) damage and the loss of epithelium tight junction (TJs),
they are decrease of probiotic and increases enterophathogens bacteria such as E. coli, Sallmonella spp. and
Pseudomonas aeruginosa. Which, E. coli might be a “mildly pathogenic”, they can adhesion and secretion of
proteases that the causing of inflammation (Rhodes, 2007). The translocation of intestinal pathogen associated

molecules (PAMPs) through the injured epithelium cells into the gut circulation or serum is possible. This character
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leads to the responses of immune system such as the engulfment of pathogens by macrophages and dendritic cells, a
professional antigen presenting cell (APC). In addition, cytokines and chemokines such as tumor necrosis factor
(TNF)-Q, interferon-Y (IFN- Y), interleukins (IL-1 B, IL-6, IL-8, IL-12) are released to recruit and activate
another immune cells (neutrophils, NK cells, T cells and B cells) at the site of inflection, resulting in tissue damage
or chronic inflammation (Hooper, 2009; Johansson et al., 2010).

The predominant fungi in human Gastrointestinal (GI) tract are C. albicans which could be an
opportunistic fungal pathogen of candidiasis especially in the immunocompromised host (Kumamoto, 2011). As
such, (1, 3)-B-D-glucan (BG), the major polysaccharide component in cell wall of C. albicans, (Sherrington et al.,
2017) possibly be recognized through Dectin-1 of innate immune cells (Zheng, Wang, Hu, Yan, & Jiang, 2015) and

could enhance the severity of DSS induce colitis mouse model. Hence, we tested this hypothesis in a mouse model.

2. Objectives of the study

To investigate if C. albicans enhance the severity in DSS induced colitis mouse model.

3. Materials and methods

C. albicans preparation

C. albicans ATCC 90028 (Microbiologics, Saint Cloud, Minnesota, USA), a Fluconazole susceptible
strain (minimal inhibitory concentration 0.25-1 [I/ml) was used. C. albicans were cultured in Sabouraud dextrose
broth (SDB) overnight and counted the cells in hemocytometer, 1x10° cells/ml, live cells for gavages mice model
and was counted 5x10” cells/ml heat-kill before used to induced local inflammation. Heat-kill C. albicans were

prepared by immersion in a water bath at 60 °C for 1 h.

Animal models

Male C57BL/6 mice, 8 weeks old, National Laboratory Animal Center (ICR), Nakhormpathom, Thailand
were used. The US National Institutes of Health (NIH) animal care and use protocols were followed.

Induction of colitis and gavages C. albicans

Animals were randomly divided into four groups (n=7 each group). Colitis was induced with DSS,
molecular weight 40 KDa (SIGMA-ALDRICH, Co., 3050 spruce Street, St. Louis, MO 63103 USA). The DSS
group was starting given 3.0% DSS at the first day. The DSS and C. albicans group was gave 3.0% DSS followed
by gavages 1x10° cells/ml live C. albicans (0.5 ml) or water control (placebo group) administer in the individual
mouse at the first day. Body weight were measured before experiment and every twice diary after induced colitis.
Blood collection was performed at indicated time point by tail vein and at sacrifice with cardiac puncture under

isofurane anesthesia, 7 days post-DSS, respectively (Fig 1A.).
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Fig 1. C. albicans enhanced DSS induce colitis severity design.

Mouse blood sample analysis

Blood samples were collected, centrifugation at 3000x g, 4 °C, 15 min, the serum were collected and
stored at -80 °C until used (Zhang et al., 2017). Serum IL-6 cytokine was measured with ELISA assay (BioLegend).

E. coli preparation

E. coli ATCC 25922 were cultured in Nutrient broth (NB) overnight and then counted the cells by
spectrophotometer at a concentration 1x10’ cells/ml before used. Prepared heat-kill by immersion in a water bath at
60 °C for 1 h (Schmied, Rupa, Garvie, & Wilkie, 2012).

Cell lysate preparation

C. albicans and E. coli were prepared by vigorous sonication of heat-kill cells (Sonics Vibra Cell, VCX
750, Sonics & Materials Inc., Newtown, CT, USA) until a homogenous solution was form. Mix complete
homogenate and the supernatant after centrifugation of the preparation were used as heat-kill C. albicans or E. coli
and lysate, respectively (Panpetch et al., 2017).

Induction of human colon adenocarcinoma cell line HT29 cytokine production

Homogenous solution of C. albicans and E. coli were co-incubated with human colon adenocarcinoma
cell line HT29 (HT 29 cell line) (1)(105 cells/well) in culture plate for 24 h. Then, collected the supernatant and
measured for IL-8 cytokine release by ELISA assay (BioLegend).

Statistical analysis:

Data was analyzed as mean + standard error (SE) and the difference between groups were examined for
statistical significance by one-way analysis of variance (ANOVA) followed by Bonferroni analysis for the multiple
groups comparison. Which, analyses were performed with GraphPad Prism 6 software (Suite 230 La Jolla, CA

92037 USA). A P-value < 0.05 was interpreted as a statistical significant.
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4. Results

Oral administration of live C. albicans induced colitis severity in mouse model

The severity of colitis, C. albicans administration at 1x10° cells/ml with 3% DSS, was demonstrated by
weight loss. Mice should be monitored twice daily for body weight and present occult blood in stool, showed onset
of disease in 3 days after 3% DSS treatment, continuously decreased, 28% were showed occult blood in 5 days and
present in all mice 7 days after treatment. While, the administration ether 1x10° cells/ml per mouse 3% DSS alone

was showed only weight loss 6.25 % (Fig 2.).
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Fig 2. Body weight analysis of mice with C. albicans 1x10° cells/ml, 3% DSS induced colitis, 3% DSS
induced colitis with C. albicans 1x10° cells/ml compared with placebo group (A), compared with C. albicans 1x10°
cells/ml group (B) was analyzed (n=7/group); *, p < 0.05; #, p < 0.0001.

Serum IL-6 cytokine was increased in C. albicans-DSS induced colitis mouse model

The level of serum IL-6 cytokine represent to systemic inflammatory response in mouse model, showed
higher in 1x10° cells/ml C. albicans administration with DSS induced colitis group (257.7 + 42.93 pg/ml) followed
by 1x10° cells/ml C. albicans alone (139.6 + 26.1 pg/ml), 3% DSS alone (104.43 + 45.53 pg/ml) and placebo (78.8

+26.5 pg/ml), respectively (Fig 3.).
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Fig 3. Serum IL-6 level (n=7/group); *, p < 0.05; ** p < 0.0001.
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IL-8 cytokine was increased in human colon adenocarcinoma cell line (HT-29) against bacteria and
fungus

The in vivo study were showed loss of body weight (Fig 2.) and increased serum IL-6 (Fig 3), suggested
that C. albicans enhanced severity in DSS induced colitis mouse model. To support the important role of IECs
response to C. albicans, we incubated heat-kill and lysate of C. albicans with or without E. coli, as the
representative of fungi and pathogenic bacteria in colon, respectively. As such, fungi with bacteria induced the

higher level of IL-8, an important inflammatory cytokine, in comparison with fungi or E. coli alone (Fig 4.).
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Fig 4. Heat-killed lysate showed additive effect to enhanced HT29 cell line to secreted IL-8 cytokine level

(n=12/group); *, p < 0.05; *, p < 0.0001; ##, p < 0.0001.

5. Discussion

Inflammatory bowel disease (IBD) is a chronic colitis of colon. The actual causes of these diseases are
remained unknown (Baumgart & Sandborn, 2012), but the current hypothesis implies epithelial barrier defects with
the presentation of gut micro-organisms. As such, 3% DSS is the chemical agent that causes intestinal epithelial
damage (Perse & Cerar, 2012)which is commonly used as DSS induced colitis mouse model (Johansson et al.,
2010; Qiu et al., 2015; Zhang et al., 2017).

Interestingly, C. albicans is the predominant fungal species in human intestine but not in mouse. Thus, the
administration of fungi in DSS induced colitis mouse model might be more closely to the colitis in human.
C. albicans at 1x10° cells/ml was used because of the induction of positive fecal culture without candidemia. It is
possible that C. albicans in gut enhances the severity of DSS induced colitis mouse model. Indeed, colitis with
C. albicans administration induced the more severe colitis as determined by the higher serum IL-6 level compare to
DSS induced colitis alone but non-difference in weight loss. Moreover, in the in vitro study, we observed that the

production of IL-8 cytokine, neutrophils chemokine in inflammatory response, from HT-29, an intestinal cell line,
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was higher with the induction by heat-kill E. coli plus heat-kill C. albicans in comparison with the induction by
each molecules alone. This probably because the additional induction of TLR with Dectin-1 by the induction of
molecules from E. coli and fungi, respectively. For an example, TLR-5 and TLR-4 in epithelial cells are important
for the recognition of flagella endotoxin (Kawai & Akira, 2010), respectively, from E. coli. Dectin-1 is responsible
for the recognition of (1->3)-3-D-glucan, a molecule of fungal cell wall structure. Thus, the combination E. coli
and heat-kill C. albicans demonstrated an additive effected on intestinal epithelium compare with the induction
with each molecule alone. The fungal and bacteria molecules were activated immune responses that probably lead

to the more severity in mouse model.

6. Conclusion
In conclusion, C. albicans enhanced the severity and the inflammatory response in DSS induced colitis
mouse model as determined by the higher serum IL-6 level that probably due to the additive activation of the cell

wall molecules from E. coli and fungi.

Acknowledgements
The scholarship from the graduate school, Chulalongkorn University to commemorate the 72"
anniversary of his Majesty King Bhumibala Aduladeja is gratefully acknowledged. Interdisciplinary Program of

Medical Microbiology, Graduate school, Chulalongkorn University.

References

Asakura, H., Suzuki, K., Kitahora, T., & Morizane, T. (2008). Is there a link between food and intestinal microbes
and the occurrence of Crohn's disease and ulcerative colitis? J Gastroenterol Hepatol, 23(12), 1794-1801.
doi: 10.1111/5.1440-1746.2008.05681.x

Ashton, J. J., Harden, A., & Beattie, R. M. (2017). Paediatric inflammatory bowel disease: improving early
diagnosis. Arch Dis Child. doi: 10.1136/archdischild-2017-313955

Baumgart, D. C., & Sandborn, W. J. (2012). Crohn's disease. Lancet, 380(9853), 1590-1605. doi: 10.1016/S0140-
6736(12)60026-9

Dillman, J. R., Smith, E. A., Sanchez, R. J., DiPietro, M. A., DeMatos-Maillard, V., Strouse, P. J., & Darge, K.
(2015). Pediatric small bowel Crohn disease: correlation of US and MR enterography. Radiographics,
35(3), 835-848. doi: 10.1148/rg.2015140002

Hoarau, G., Mukherjee, P. K., Gower-Rousseau, C., Hager, C., Chandra, J., Retuerto, M. A., . . . Ghannoum, M. A.
(2016). Bacteriome and Mycobiome Interactions Underscore Microbial Dysbiosis in Familial Crohn's
Disease. MBio, 7(5). doi: ARTN e01250-16

10.1128/mBi0.01250-16

TUNQHFUAT ob FINIAN W.A.lbSbo %17 2940 Jalay UndiaTnenas uniInenagside



n1sUs:zgudNduawaIuUIDES=AUUNITINANY
asoi ooUN1sAnY1 lbedo

FEDERATION

Hooper, L. V. (2009). Do symbiotic bacteria subvert host immunity?. Nature Reviews Microbiology, 7(5), 367-374.
doi: 10.1038/nrmicro2114

Johansson, M. E., Gustafsson, J. K., Sjoberg, K. E., Petersson, J., Holm, L., Sjovall, H., & Hansson, G. C. (2010).
Bacteria penetrate the inner mucus layer before inflammation in the dextran sulfate colitis model. PLoS
One, 5(8), €12238. doi: 10.1371/journal.pone.0012238

Kaser, A., & Blumberg, R. S. (2017). The road to Crohn's disease. Science, 357(6355), 976-977. doi:
10.1126/science.aa04158

Kawali, T., & Akira, S. (2010). The role of pattern-recognition receptors in innate immunity: update on Toll-like
receptors. Nat Immunol, 11(5), 373-384. doi: 10.1038/ni.1863

Kumamoto, C. A. (2011). Inflammation and gastrointestinal Candida colonization. Curr Opin Microbiol, 14(4),
386-391. doi: 10.1016/j.mib.2011.07.015

Panpetch, W., Somboonna, N., Bulan, D. E., Issara-Amphorn, J., Worasilchai, N., Finkelman, M., . . .
Leelahavanichkul, A. (2017). Gastrointestinal colonization of Candida albicans increases serum (1-->3)-
Beta-D-Glucan, without Candidemia, and worsens cecal ligation and puncture sepsis in murine model.
Shock. doi: 10.1097/SHK.0000000000000896

Perse, M., & Cerar, A. (2012). Dextran sodium sulphate colitis mouse model: traps and tricks. J Biomed Biotechnol,
2012,718617. doi: 10.1155/2012/718617

Qiu, X., Zhang, F., Yang, X., Wu, N, Jiang, W., Li, X., . .. Liu, Y. (2015). Changes in the composition of intestinal
fungi and their role in mice with dextran sulfate sodium-induced colitis. Sci Rep, 5, 10416. doi:
10.1038/srep10416

Rhodes, J. M. (2007). The role of Escherichia coli in inflammatory bowel disease. Gut, 56(5), 610-612. doi:
10.1136/gut.2006.111872

Schmied, J., Rupa, P., Garvie, S., & Wilkie, B. (2012). Effect of heat-killed Escherichia coli, lipopolysaccharide,
and muramyl dipeptide treatments on the immune response phenotype and allergy in neonatal pigs
sensitized to the egg white protein ovomucoid. Clin Vaccine Immunol, 19(12), 1955-1964. doi:
10.1128/CVI1.00555-12

Sherrington, S. L., Sorsby, E., Mahtey, N., Kumwenda, P., Lenardon, M. D., Brown, L., . . . Hall, R. A. (2017).
Adaptation of Candida albicans to environmental pH induces cell wall remodelling and enhances innate
immune recognition. PLoS Pathog, 13(5), €1006403. doi: 10.1371/journal.ppat.1006403

Van Leeuwen, P. A., Boermeester, M. A., Houdijk, A. P., Ferwerda, C. C., Cuesta, M. A., Meyer, S., & Wesdorp,
R. L. (1994). Clinical significance of translocation. Gut, 35(1 Suppl), S28-34.

Yang, Y., & Jobin, C. (2014). Microbial imbalance and intestinal pathologies: connections and contributions. Dis

Model Mech, 7(10), 1131-1142. doi: 10.1242/dmm.016428

TUNQHFUAT ob FINIAN W.A.lbSbo %17 2941 Jalay UndiaTnenas uniInenagside



‘ ” n1sUs:zgudNduawaIuUIDES=AUUNITINANY

FEDERATION  Jd — —
asoil 0oUN1sdnuy bedo

Zhang, Z., Wu, X., Cao, S., Cromie, M., Shen, Y., Feng, Y., ... Li, L. (2017). Chlorogenic acid ameliorates
experimental colitis by promoting growth of Akkermansia in mice. Nutrients, 9(7). doi:
10.3390/nu9070677

Zheng, N. X., Wang, Y., Hu, D. D., Yan, L., & Jiang, Y. Y. (2015). The role of pattern recognition receptors in the

innate recognition of Candida albicans. Virulence, 6(4), 347-361. doi: 10.1080/21505594.2015.1014270

TUNOHFUAT ob FINIAN W.A.bSbe Wi 2942 alay UmaiaInenay unIneausida



