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Abstract: The use of probiotic bacteria derived from fermented foods has been explored by the scientific community as alternative 

strategies for the treatment of several diseases, mainly regarding intestinal dysfunction. One of the most relevant inflammatory diseases 

affecting the alimentary tract, for which no current intervention is entirely successful, is mucositis. In this review article, we summarize 

the most recent proof-of-concept studies dealing with the therapeutic use of dairy origin probiotics, for the treatment of gastrointestinal 

mucositis. Furthermore, we discuss several approaches for the improvement of the classical therapeutic rationale, such as 

supplementation with prebiotics and genetic engineering along with the respective translational issues, which may be crucial for the 

successful transposition of these therapeutic strategies for clinical use.  
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1. Introduction

 

The inflammatory condition of the Gastrointestinal 

Tract (GIT) associated with the use of radiotherapy or 

chemotherapy drugs is known as mucositis. Chemical 

compounds such as doxorubicin, methotrexate, 

irinotecan and 5-fluorouracil (5-FU) are commonly 

used in oncology practice and widely prescribed in the 

treatment of several types of malignancies including 

gastrointestinal cancer [1]. However, these drugs also 

target non-malignant cells forming the mucosal 

epithelial tissue, which undergo rapid proliferation and 

replacement. For example, the analogous pyrimidine 
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drug, 5-FU, causes cytotoxic effects through 

competitive inhibition of the enzyme thymidylate 

synthase, preventing methylation of uracil to thymine 

and therefore inhibiting (Deoxyribonucleic Acid) DNA 

replication. 

Furthermore, the insertion of 5-FU in (Ribonucleic 

Acid) RNA molecules may also compromise several 

cellular processes depending on proteins, enzymes, 

coenzymes and ribosomes neosynthesis. Studies 

estimate that 60-100% of the patients submitted to 

chemotherapy will develop gastrointestinal mucositis 

symptoms such as vomiting, abdominal pain, diarrhea 

and weight loss [2, 3]. In addition to a reduced quality 

of life, the occurrence of more aggravating clinical 

states, characterized by sepsis, may threaten the 

patient’s life [4]. 

D 
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In the pathogenesis of mucositis, reactive oxygen 

species (ROS) are formed as a consequence of 

radiotherapy/chemotherapy in normal enterocytes. 

They trigger pro-apoptotic and pro-inflammatory 

responses. Intense apoptosis of the intestinal crypt cells 

results in the disturbance of the epithelial barrier 

function and in the exposition of the mucosa to 

opportunistic commensal microbes, which may, in turn, 

induce ulcerative inflammation [2].  

In fact, the scientific community has intensively 

debated the involvement of the intestinal microbiota in 

the development of mucositis in recent years. Previous 

studies have demonstrated that the microbiota 

composition was altered by 5-FU or irinotecan 

treatment [5–8]. Indeed, 5-FU injection caused a 

decrease in Clostridium spp., Lactobacillus spp. and 

Streptococcus spp., commensals that are more 

prevalent in the GIT of healthy individuals. It also 

increased sulfate-reducing bacteria such as 

Desulfovibrio spp. and opportunistic 

Enterobacteriaceae [5, 9]. Certain species of 

opportunistic bacteria may colonize essential niches, 

thus favoring the pathogenesis process [10]. For 

instance, the increased intestinal permeability caused 

by the medicaments has been associated with a bloom 

of commensals bacteria presenting pathogenic traits, 

such as Enterococcus faecalis. 

Currently, no intervention is entirely successful in 

the prevention of mucositis [2]. Usually, treatment is 

based on local anesthetics, analgesics and/or antibiotics. 

The use of local anesthetics to control the symptoms of 

the mucositis is questioned, as their effect is short, 

affects the taste and reduces the flow of saliva. This, in 

turn, decreases food intake [11]. Broad-spectrum 

antibiotics (i.e., tobramycin and amphotericin B) have 

been associated with side effects such as abdominal 

pain, altered taste and abnormal dental pigmentation. 

Furthermore, these antibiotics may also lead to GI 

dysbiosis altering microbiota composition. Thus, the 

prolonged use of antibiotics is not indicated [7].  

Several research groups have been seeking effective 

treatments of intestinal mucositis. As dysbiosis is 

involved in mucositis pathogenesis, an alternative 

rationale has been proposed. It relies on the 

administration of microbes (see Fig. 1) able to induce 

an anti-inflammatory response and to occupy key 

niches of the GIT [12, 13].  

2. The Dairy Origin Probiotics Therapeutic 

Rationale for Treating Intestinal Disorders 

Although the benefits of some fermented foods in 

health were studied many years ago, by Metchnikoff  
 

 
Fig. 1  Probiotics therapeutic rationale (Figure created in the Mind the Graph platform: www.mindthegraph.com). 
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studies at the beginning of the twentieth century, the 

term probiotic originated in 1965, when Lilly and 

Stillwell associated the survival of certain 

microorganisms with the beneficial effect of dairy 

origin probiotics administration [14]. In 2001, the 

World Health Organization conceptualized that the 

probiotics as ―live microorganisms administered in 

adequate amounts that confer a beneficial health effect 

on the host‖ [15]. Currently, this broad concept has 

been revisited by the scientific community because 

several commercialized formulations have not shown 

to confer benefits to health in adequate controlled 

studies [16]. 

Many probiotics have been described in the 

literature, such as Gram-positive bacteria (e.g., 

Lactobacillus spp. and Bifidobacterium spp.) and 

yeasts (e.g., Saccharomyces spp.) [17]. Regarding 

Gram-negative probiotic strains, the E. coli Nissle 

1917 has revealed a benefic potential in human studies 

[18]. These microorganisms have been extensively 

explored as they can transiently colonize the human 

GIT. More recently, some Archaea commensal species 

have also been pointed out as candidates for promoting 

gut health [19]. However, an increasing number of 

studies have shown strain-specific beneficial properties 

of allochthonous dairy species such as Lactococcus 

lactis and Propionibacterium freudenreichii. Moreover, 

the majority of dairy origin probiotic strains granted the 

Generally Regarded as Safe (GRAS) status by the Food 

and Drug Administration Agency (FDA) and promote 

the improvement of human health [20].  

A limiting factor for the use of probiotics relies on 

the strains capacity to tolerate different environmental 

stresses during storage and transition through the GIT 

[21, 22].  

For a probiotic to perform its function, it is necessary 

to maintain its metabolic activity and its survival within 

the GIT. The molecular characterization of essential 

genes implicated in stress adaptive responses has been 

of extreme importance for screening potential probiotic 

strains [23].  

2.1 Mechanism of Interaction between Dairy Origin 

Probiotics and the Host 

Dairy strains of bacteria can modulate several 

essential factors involved in intestinal homeostasis of 

the host during mucositis [12]. Some bacterial species, 

such as L. paracasei, L. johnsonii, L. fermentum, L. 

plantarum, L. rhamnosus and P. freudenreichii are 

currently considered because of their ability to promote 

homeostasis of intestinal microbiota [24, 25].  

Selected strains of probiotics can promote beneficial 

effects when used in the treatment and prevention of 

the intestinal radiotherapy/chemotherapy induced 

inflammation. This includes (I) modulation of immune 

signaling molecules involved in mucositis 

pathogenesis, (II) maintenance of mucus barrier and of 

intestinal permeability, (III) competitive exclusion of 

opportunistic pathogenic bacteria and (IV) prevention 

of enterocytes apoptosis and oxidative damage [13, 

26]. 

The modulation of the intestinal microbiota opens 

new avenues in the context of gastrointestinal 

pathologies. Several studies also seek a better 

understanding of these microbial communities and 

their modulation effects on the immune system [28]. 

Dairy probiotics, like propionibacteria, may exert 

effects on the microbiota of the host, either by 

inhibiting undesirable microorganisms and/or by 

increasing the proliferation of regulatory commensals 

as Bifidobacterium spp. [27]. The restoration of 

Lactobacillus spp. population also seems to be relevant 

in the context of 5-FU induced mucositis. Indeed, 

Florez and colleagues [28] suggest that lactobacilli are 

more susceptible to 5-FU effects than other intestinal 

bacteria. 

Loss of intestinal epithelial barrier function is an 

aggravating factor for mucositis patients, as it may lead 

to increased epithelial permeability, and thus to 

translocation of intestinal bacteria to the systemic 

circulation [29]. Therefore, stimulation of expression 

of epithelial wall factors is another way in which dairy 
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origin probiotics interact with the host cells, providing 

defensive mechanisms against harmful invasive 

bacteria, which can worsen the prognostic of mucositis. 

Several studies demonstrated that bacterial cells could 

activate the expression of defensins by Paneth cells, 

mucins by goblet cells or proteins that constitute tight 

junctions of intestinal epithelial cells such as claudins 

and occludins [30-32].  

Immunomodulation is an essential property of 

probiotic bacteria. It allows the induction and 

regulation of immune responses, modulation of 

inflammatory diseases and control of undesirable 

microorganisms [26, 33]. In mucositis, the inhibition of 

the NF-kB activation is one of the most important 

effects that bacterial probiotics may exert on host cells. 

As intestinal mucositis initial stage consists of acute 

innate immune responses, hampering of the NF-kB 

pathway limits downstream induction of 

pro-inflammatory cytokines [34, 35]. For instance, L. 

rhamnosus inhibits TNF-alpha-induced secretion of 

IL-8 [36]. 

Moreover, L. rhamnosus GG supernatant limits 

5-FU induced apoptosis in IEC-6 rat intestinal 

epithelial cells, by reducing the expression of caspase 3 

and 7 [37]. As the epithelial barrier is disrupted by the 

primary effects of mucositis, such as apoptosis, some 

studies suggest that translocated bacterial products 

could serve as sensitizing antigens to create secondary 

adaptive immune responses against the commensal 

microbiota colonizing the mucosa [29]. In this context, 

some dairy origin lactobacilli have also been described 

to stimulate the production of anti-inflammatory 

cytokines, like IL-10, involved in immunological 

tolerance to intestinal microbes antigens [12, 25].  

2.2 Use of Dairy Origin Probiotic Strains to Contain 

Mucositis  

Dairy origin probiotic strains gave encouraging 

results in animal models of intestinal mucositis (see 

Table 1). L. fermentum BR11, in a mice model of 5-FU 

induced mucositis, reduced myeloperoxidase enzyme 

activity and improved jejunal inflammation [40]. 

Moreover, experiments in rats exposed to irinotecan 

revealed the therapeutic effect of an association of 

several Lactobacillus spp. Strains’s consumption 

reduced diarrhea and inhibited apoptosis of small 

bowel mucosal crypts [38].  

Similarly, live and dead cells of the probiotic S. 

thermophilus TH4, as well as its culture supernatant 

content, prevent 5-FU induced damages in rodents [39].  
 

Table 1  Beneficial microbes in the treatment of intestinal mucositis. 

Probiotic effect in intestinal mucositis Probiotics/synbiotic References 

Prevented the degeneration of goblet cells, weight loss 

and mucosal damage 

Lactobacillus casei (BL23) and Propionibacterium 

freudenreichii (138) 
[41] 

Decrease mucosal damage and intestinal permeability 

caused by mucositis; Increased butyrate concentration 

Synbiotic (Simbioflora®): Lactobacillus paracasei 

(LPC-31), Lactobacillus rhamnosus (HN001), Lactobacillus 

acidophilus (NCFM) and Bifidobacterium lactis (HN019) + 

fructooligosaccharide 

[47] 

Reduced the severity of diarrhea and intestinal mucositis 

in colorectal cancer-bearing mice. Decreased TNF-a and 

IL-6 expression. Intestinal microbiota composition of 

Firmicutes and Bacteroidetes was restored 

Lactobacillus casei variety rhamnosus (Lcr35) [34] 

Villous architecture improvement and stimulation of 

Paneth cells activity 

Lactococcus lactis (NZ9000) + Pancreatitis-Associated 

Protein (PAP) 
[12] 

Reduction of ileum histological damage and mitigation 

of myeloperoxidase activity 
Lactococcus lactis (NZ9000) [12] 

Jejunal villi architecture preservation and suppression of 

TNF-α, IL-1β and IL-6 mRNA expression 

Lactobacillus casei variety rhamnosus (Lcr35, 

Antibiophilus®); Lactobacillus acidophilus and 

Bifidobacterium bifidum (LaBi, Infloran®) 

[44] 

Reduced severity of mucositis and prevent weight loss Lactococcus lactis (AG013) + Trefoil Factor I (TFF-1) [49] 

Reduced myeloperoxidase enzyme activity and 

improved jejunal inflammation 
Lactobacillus fermentum (BR11) [48] 
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Functional dairy beverages, fermented by lactobacilli 

and streptococci strains, were shown to strengthen 

barrier function in methotrexate-treated rats [40].  

The administration of L. casei and P. freudenreichii 

strains, used to make yogurt and ripening of emmental 

cheese respectively has been proved to prevent goblet 

cells degeneration and avoid mucosal damage [41]. 

In another study, it investigated the impact of the 

probiotic mixture DM#1, containing B. breve DM8310, 

L. acidophilus DM8302, L. casei DM8121, and S. 

thermophilus DM8309, on the intestinal microbiota of 

rats, in the context of 5-FU induced mucositis. The 

consumption of DM#1 ameliorated the dysbiosis state 

caused by 5-FU, possibly by increasing the proportion 

of potential anti-inflammatory commensal as 

Clostridium clusters III and XIVa and Lactobacillus 

[42, 43]. Another study confirmed the efficacy of oral 

administration of the of probiotics L. casei variety 

rhamnosus or L. acidophilus, associated with B. 

bifidum. It evidenced an improvement of 5-FU induced 

intestinal mucositis in mice [44]. 

These results suggest that probiotic-based strategies 

are potentially suitable for the treatment and prevention 

of mucositis. However, the choice of an adequate 

probiotic preparation is essential. It should take into 

consideration the patient-specific clinical conditions 

and his intestinal microbiota composition, as these 

parameters may directly determine the success of 

mucositis treatment. Therefore, it is important to 

evaluate the limitations of each specific lineage. In this 

context, further preclinical and clinical studies are 

necessary [13, 26, 44].  

2.3 Prebiotics Supplementation 

Prebiotics are nondigestible dietary fibers or 

substances that increase the growth and/or activity of 

beneficial bacteria that colonize the GIT [45]. Some 

studies have shown the improvement of the probiotic 

effect of micro-organisms by their combination with 

prebiotics, a term defined as synbiotics [46]. L. 

paracasei jointly administered with 

Fructo-oligosaccharides (FOS) has been reported to 

regulate the balance of the intestinal microbiota of 

weaning piglets by significantly augmenting the 

population of Lactobacillus spp., Bifidobacterium spp., 

and also reducing Clostridium sp. and Enterobacterium 

sp. Interestingly, recent work revealed that a symbiotic 

preparation containing several strains of lactobacilli 

species plus FOS was able to control mucosal 

inflammation and increase butyrate concentration in 

mice experimental mucositis induced by 5-FU [47]. 

However, negative results were also obtained with 

FOS where authors suggest L. fermentum BR11 in 

combination with FOS does not confer any therapeutic 

benefit for the alleviation of 5-FU mucositis in rats [48]. 

In this context, further investigation is required to 

elucidate whether the synergistic anti-inflammatory 

effects of FOS are strain specific. Another potential 

candidate for the control mucositis is 

carboxy-methylated pachyman (CMP), a modified 

polysaccharide isolated from Poria cocos [8]. A study 

demonstrated CMP restored the intestinal microbiota in 

5-FU treated tumor-bearing mice. As this compound 

supports the growth of lactobacilli species, and short 

chain fatty acids producing bacteria, we suggest it 

might have potential to improve the probiotic effects of 

dairy origin bacterial groups such as Lactobacillus and 

Propionibacterium. 

2.4 Use of Genetically Improved Dairy Origin 

Probiotic Strains for the Treatment of Mucositis  

Most of the studies involving genetic engineering of 

dairy origin probiotics are based on the L. lactis. It is 

indeed the most characterized lactic acid bacterium, 

with a large number of genetic tools available [12]. 

Several works using recombinant strains of L. lactis, 

producing anti-inflammatory molecules gave 

promising results in the context of inflammatory bowel 

diseases in animal models [50]. Therefore, other 

studies sought similar protective effect in the context of 

mucositis, using recombinant L. lactis. 

Carvalho and colleagues tested L. lactis secreting a 
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human antimicrobial peptide, known as 

Pancreatitis-Associated Protein (PAP). In this study, 

PAP secreted by L. lactis inhibited pathogenic E. 

faecalis, in vitro. It furthermore preserved villous 

architecture and increased Paneth cells activity in mice 

inflamed with 5-FU [12]. 

Rottiers and colleagues [49] investigated the effects 

of another L. lactis strain secreting human trefoil factor 

I (TFF-1), a peptide presenting proliferative function in 

epithelial tissues. Authors suggested that TFF-1 

delivered by L. lactis prevented mucositis in hamsters 

submitted to chemotherapy. Further, by using a 

biological confinement strategy, a safe recombinant 

TFF1-secreting strain, AG013, was designed and tested 

in a Phase 1b clinical trial. In this trial, the genetically 

modified L. lactis administrated to mucositis patients 

was safer and more effective than the placebo [51]. 

3. Translational Perspectives for Applying 

Dairy Probiotics and Genetically Modified 

Organism (GMO) Strains in Clinical 

Treatment of Mucositis 

For probiotics to be used in humans rigorous tests 

are required, which aim to guarantee the quality and 

safety of these microorganisms before their possible 

applications in the treatment of clinical diseases [52, 

53]. 

3.1 Biological Confinement Strategies and 

Food-Grade Expression Systems 

Biological confinement strategies are required for 

the use of recombinant strains of dairy origin probiotics 

in humans. In 2003, Steidler and colleagues developed 

a refined ecological confinement system for L. lactis. 

In this system, the essential gene coding for 

thymidylate synthase (thyA) located in L. lactis 

chromosome was inactivated [54]. As the L. lactis 

strain becomes auxotrophic (i.e., only able to grow in 

the presence of thymine), the strain cannot survive out 

of the human intestine. This avoids its dissemination to 

the external environment. 

Regarding heterologous protein expression systems 

available for dairy origin probiotics, most of them 

present safety bottlenecks such as the need for 

chemical compounds to control the expression of 

proteins, making them inadequate for use in humans 

[55]. In this context, several works are being conducted 

to design sophisticated food-grade expression systems. 

Benbouziane and colleagues [56] constructed the 

stress-inducible controlled expression system (SICE). 

The stresses, naturally found in the digestive tract, are 

acidic pH and bile salts. This eliminates the need for 

synthetic compounds to induce heterologous 

expression. However, further studies are required to 

replace antibiotic resistance markers, as they could be 

transferred to commensal species of the human 

microbiota [56].  

3.2 Protection Matrices 

A protective matrix, based on encapsulation 

technology, protects probiotic cells while transiting 

through the GIT. Biopolymers encapsulation may 

protect dairy origin probiotics against biotic and abiotic 

stresses, including during the drying process used in 

formulations [57, 58]. Alginate, and others non-toxic 

polymers such as β-D-mannuronic and αL-guluronic 

acids, are commonly used. Alginate-based 

encapsulation increased protection for L. lactis, L. 

casei and B. longum in different stress conditions [30, 

33, 59]. 

Milk proteins have also appeared as an innovative 

methodology to provide encapsulation to probiotic 

bacteria for increasing viability during passage in the 

GIT and through the spray-drying process [57, 60, 61]. 

For example, whey proteins-encapsulated L. paracasei 

subsp. paracasei E6 demonstrated increased survival 

compared to the same bacteria without encapsulation 

when subjected to gastric juice [62]. The emergence of 

functional foods for improving the survival of 

therapeutic dairy origin probiotics, such as wild-type 

and genetically improved strains, is a promising 

research area. Depending on the food matrix 
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biochemical, it may protect bacteria towards digestive 

stresses, whereas the fermented dairy products confer a 

high amount of essential nutrient for consumer [63, 64]. 

In this context, cheese matrices have been explored for 

probiotic strains of Lactobacillus spp. and of P. 

freudenreichii. In a recent study, B. bifidum BB-12 and 

L. acidophilus LA-5 strains in white-brined cheese 

showed increased viability, compared to the strains that 

were not protected [65].  

4. Conclusion 

The therapeutic use of dairy origin probiotics strains 

has been explored in animal models of intestinal 

mucositis. Furthermore, considerable progress is being 

achieved for the improvement of probiotic effects by 

association with other beneficial strains, 

supplementation with prebiotics and genetic 

engineering to produce recombinant anti-inflammatory 

molecules. As shown in this mini-review, biological 

confinement strategies along with food grade 

expression systems and protective matrices 

formulations may provide safety, improvement of 

therapeutic effects and enhanced survival. Therefore, 

we emphasize the importance of such translational 

approaches for the successful use of dairy origin 

probiotics, recombinant or wild-type, in clinical 

therapy against mucositis in the future. 
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