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Abstract: The cells that line the mucosa of the human gastrointestinal tract (GI, that is,
oral cavity, oesophagus, stomach, small intestine, large intestine, and rectum) are
constantly challenged by adverse micro-environmental factors, such as different pH,
enzymes, and bacterial flora. With exception of the oral cavity, these microenvironments
also contain remnant cocktails of secreted enzymes and bacteria from upper organs along
the tract. The density of the GI bacteria varies, from 103/mL near the gastric outlet, to
1010/mL at the ileocecal valve, to 1011 to 1012/mL in the colon. The total microbial
population (ca. 1014) exceeds the total number of cells in the tract. It is, therefore,
remarkable that despite the prima facie inauspicious mixture of harmful secretions and
bacteria, the normal GI mucosa retains a healthy state of cell renewal. To counteract the
hostile microenvironment, the GI epithelia react by speeding cell exfoliation (the GI
mucosa has a turnover time of two to three days), by increasing peristalsis, by eliminating
bacteria through secretion of plasma cell-immunoglobulins and by increasing production of
natural antibacterial compounds, such as defensin-5 and lysozyme. Only recently,
lysozyme was found up-regulated in Barrett’s oesophagitis, chronic gastritis, gluten-induced
atrophic duodenitis (coeliac disease), collagenous colitis, lymphocytic colitis, and Crohn’s
colitis. This up-regulation is a response directed to the special types of bacteria recently
detected in these diseases. The aim of lysozyme up-regulation is to protect individual
mucosal segments to chronic inflammation. The molecular mechanisms connected to the
crosstalk between the intraluminal bacterial flora and the production of lysozyme released
by the GI mucosae, are discussed. Bacterial resistance continues to exhaust our supply of
commercial antibiotics. The potential use of lysozyme to treat infectious diseases is
receiving much attention.
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1. Introduction
After birth, the cells that line the mucosa of the human gastrointestinal (GI) tract are increasingly
threatened by adverse micro-environmental conditions, such as digestive juices of different pH, a wide
variety of active enzymes, and enormous amounts of bacteria. Furthermore, cocktails of bacteria and
secretions from upper organs challenge the epithelia of downstream organs along the tract.
1.1. Estimated Bacterial Flora in the GI Tract
The density of the bacterial flora in the GI tract is huge; it varies from 103/mL near the gastric
outlet, to 1010/mL at the ileo-cecal valve, to 1011 to 1012/mL in the colon. The total microbial
population (ca. 1014) [1] exceeds the total number of cells in the GI tract. About 500 to 1,000 different
species exist, a biomass that weights about 1.5 kg [1]. Calculating an average genome size for 1,000
Escherichia coli species, the number of genes in this microbiome exceeds the total number of human
genes by a factor of 100. These bacteria procreate in a luminal bolus that transports a concoction of
secretions and mucus from various organs and in the glycocalix extracellular glycoproteins [2]. It is
therefore remarkable that despite the prima facie inauspicious mixture of harmful secretions and
bacteria, the normal GI mucosa retains a healthy state of cell renewal. To counteract the hostile
microenvironment, the GI epithelia react by speeding cell exfoliation (the GI mucosa has a turnover
time of two to three days), by increasing peristalsis, by eliminating bacteria through secretion of
plasma cell-immunoglubulins and by increasing production of natural antibacterial compounds, such
as defensin-5 and lysozyme.
1.2. The Discovery of Lysozyme
During a deliberate search for medical antibiotics, Alexander Fleming [3] discovered lysozyme,
one of the natural defense substances against infection. Lysozyme, also known as muramidase
or N-acetylmuramide glycanhydrolase, is a family of enzymes (EC 3.2.1.17), which damage
bacterial cell walls by catalyzing hydrolysis of 1,4-beta-linkages between N-acetylmuramic acid and
N-acetyl-D-glucosamine residues in a peptidoglycan, and between N-acetyl-D-glucosamine residues in
chitodextrins [4]. Lysozyme, encoded by the LYZ gene [5], is an ancient enzyme whose origin goes
back an estimated 400 to 600 million years [6]. Linkage studies indicate that the lysozyme M and
P genes are present on the same chromosome; calculation from both partial protein sequence and
phylogenetic data indicate that the duplication that gave rise to those genes occurred about 50 million
years ago [5]. Lysozyme is only a generic name (v. gr. lysozyme c is a superfamily composed of
88 distinct lysozymes).
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1.3. Lysozyme Is Up-Regulated in the GI Tract with Inflammation
In a series of immuno-histochemical studies lysozyme was found up-regulated in many organs
of the GI undergoing chronic inflammation, such as Barrett’s oesophagitis, chronic gastritis,
gluten-induced atrophic duodenitis (coeliac disease), collagenous colitis, lymphocytic colitis,
ulcerative colitis (UC), and Crohn’s colitis [7–10], strongly suggesting that the associated bacterial
flora plays an important role in the expression of this antimicrobial enzyme.
2. Barrett’s Oesophagus
Following protracted gastric reflux the normal squamous-cell epithelium of the distal oesophagus
may undergo columnar-lined (metaplastic) transformation both in humans [11] and in non-human
primates [12,13]. The metaplastic transformation in Barrett’s oesophagus includes accessory glands of
oxyntic type and/or pyloric type with, or without, intercalated goblet cells [14]. The phenotype
carrying goblet cells (GC), known as specialized epithelium or intestinal metaplasia (IM) is regarded,
by the American College of Gastroenterology [15], a prerequisite for the histological diagnosis of
Barrett’s esophagus (BE). More recently, The British Society of Gastroenterology (BSG) [16] defined
Barrett’s oesophagus as a columnar lined oesophagus on biopsies taken from endoscopical areas
suggestive of Barrett’s oesophagus. Thus, the presence of GC is not a sine qua non requirement for the
diagnosis of Barrett’s oesophagus. This new definition by the BSG [16] has gained acceptance both in
the rest of Europe [17] and in Asia [18]. Patients with gastro-oesophageal reflux often receive proton
pump inhibitor medication [19]. The reduction of gastric acid secretion by this medication encourages
bacterial growth in Barrett’s oesophagus and, hence, increased production of nitrosamines with
secondary epithelial damage. In fact, oesophageal biopsies with of Barrett´s mucosa often show signs
of on-going or past mucosal inflammation [20].
2.1. Bacteria in Barrett’s Oesophagus
Several workers demonstrated that special bacteria are more often present in oesophageal
biopsies with Barrett’s oesophagus than in those without Barrett’s oesophagus [21–23]. Oesophageal
microbiomes have been classified into two types: type I is dominated by the genus Streptococcus,
concentrated in the phenotypically normal oesophagus, and type II contains a greater proportion of
Gram-negative anaerobes/microaerophiles that are primarily found in oesophagitis and Barrett’s
oesophagus [24]. In gastro-oesophageal reflux the residential bacterial populations contain 21 distinct
species, including Bacteroidetes, Firmicutes, Proteobacteria, and Actinobacteria [21]. In a more
recent study with oesophageal biopsies and aspirates, McFarlane et al. [22] found in the mucosa
of the Barrett’s oesophagus 46 bacterial species, belonging to 16 genera, with unique levels of
Campylobacter consisus and C. rectus. Taken together, these microbiological findings denote a close
association between the occurrence of columnar-lined oesophageal mucosa and the proliferation of
abnormal bacteria in the oesophageal microenvironment. More recently, Liu et al. found Firmicutes
(55%), Proteobacteria (20%), Bacteroidetes (14%), Fusobacteria (9%), and Actinobacteria (2%),
in analysis of 138 16S rDNA sequences from 240 clones of six cases of Barrett’s oesophagus [23].
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2.2. Lysozyme Is Up-Regulated in Barrett’s Oesophagitis
Increased lysozyme immunoreactivity was found In Barrett’s oesophagus; in the surface columnar
epithelium, in the columnar epithelium of the pits of the glands (Figure 1), in goblet cells (Figure 2), as
well as in Paneth cells in cases with intestinal metaplasia [24].
Figure 1. Barrett’s mucosa (pyloric phenotype) showing lysozyme expression in surface
epithelium, foveolar epithelium, and pyloric glands (lysozyme immunostain, ×4).

Figure 2. Barrett’s mucosa (intestinal phenotype) showing lysozyme up-regulation,
particularly in the luminal epithelial border and in goblet cells (lysozyme immunostain, ×40).

Intestinal metaplasia in Barrett’s oesophagus is not a mucosal transformation by intestinal cells, but
a phenomenon of reconstruction by migrant stem cells of bone marrow origin that adapts to the hostile
microenvironment [24]. Circulating bone-marrow cells would engraft into ulcerated mucosal areas
affected by on-going chronic inflammation. In a murine model multi-potential progenitor cells of bone
marrow origin were found to contribute to the intestinal metaplastic epithelium in the oesophagus [25].
Stem cells in the oesophagus might be instrumental in the molecular cross talk between intraluminal
bacterial flora and the production of lysozyme [26]; signals released from the particular bacterial flora
might induce stem cells in the Barrett’s oesophagus to generate differentiated cells rich in the
antimicrobial enzyme lysozyme.
When compared to controls, lysozyme was up-regulated in all three Barrett’s mucosal phenotypes [24].
In some goblet cells, lysozyme was slightly expressed. This phenomenon might be due to a prior
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goblet cells-discharge of lysozyme-rich intracellular mucus into the lumen (Figure 3). Lysozyme was
not expressed in parietal (oxyntic) cells, neither in Barrett’s oesophagus (Figure 4), nor in controls [24].
Figure 3. Close-up view of Barrett’s mucosa of intestinal phenotype, showing faintly
stained goblet cells and at arrow, marked lysozyme expression in the secreted mucus, in
the lumen of the gland (lysozyme immunostain, ×40).

Figure 4. Barrett’s mucosa (oxyntic phenotype), showing lysozyme expression in neck
glands. Note negative expression in oxyntic glands (×10).

3. Chronic Gastritis
Based on its topographic localization and aetiological cause(s), chronic gastritis is classified into
antrum predominant gastritis (environmental or type B gastritis) and corpus predominant gastritis
(autoimmune or type A gastritis) [27].
3.1. Antral Predominant Chronic Gastritis
In early work (1862), Crouvelhier [28] observed mucosal inflammation and gastric ulcers in the
same stomach. Since then, many studies have been done to identify the pathogenesis of gastric
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mucosal inflammation and its sequels. Before 1983, ethanol, aspirin, radiation, virus, and fungi were
known to induce antral chronic inflammation [29,30]. In the absence of those agents, it was observed
that the most common form of gastric mucosal inflammation occurred in the lower social classes and
in subjects with blue eyes [29]. However, in 1983, Warren and Marshal [31] discovered Helicobacter
pylori, the aetiological agent of antral gastritis. Five years afterwards, Correa postulated that the H.
pylori is the principal agent of the histological events which progress from chronic gastritis to gastric
carcinoma through mucosal atrophy, intestinal metaplasia and epithelial dysplasia [32]. At the
histological level, antral predominant chronic gastritis ( i.e.infiltrated by lymphocytes, plasma cells and
eosinophils) is regarded as active, when infiltrated by neutrophils [33].
Approximately 50% of the world’s population are infected with these bacteria according to some
studies [34].
3.2. Bacteria in Chronic Gastritis
Years ago, Giannella et al. [35] studied, in vitro, the bactericidal activity of the normal and
achlorhydric gastric juice obtained from various patients. When the pH was less than 4.0, 99.9% of the
bacteria were killed within 30 min, in vitro, indicating that the gastric bactericidal barrier is primarily
pH-hydrochloric-acid dependent, with other constituents of gastric juice contributing little, if any, to
the destruction of microorganism [35].
In H. pylori infected stomachs, patchy (multifocal) gastric mucosal inflammation is found, first at
the incisura angularis [36] and subsequently in the antrum and less frequently in the corpus [34,36].
The host reacts to H. pylori by increasing the number of T- and B-lymphocytes, followed by
infiltration of polymorphonuclear leucocytes. Bacterial adhesion molecules encourage attachment to
foveolar cells, while bacteria proteases and ureases damage the gastric epithelium. H. pylori infection
with strains that possess the cytotoxin-associated gene pathogenicity island secrete a number of bacterial
products that cause a severe injury of the gastric mucosa [34,37].
3.3. Is Chronic Atrophic Gastritis Specifically Evoked by H. pylori and/or by Other Mucosal Insults?
The specific significance of H. pylori in the aetiology of chronic gastritis-atrophic gastritis has
recently been questioned [38–40] as gastric mucosal inflammation might also be caused by factors
other than H. pylori: viruses, Candida albicans, excessive alcohol use, chronic vomiting, retrograde
bile reflux, autoantibodies, stress, aspirin, and anti-inflammatory drugs (v.gr. NSAID).
Corpus predominant (autoimmune) chronic gastritis is an inflammatory disease triggered by
autoantibodies to parietal cells and intrinsic factor [41]. It may lead to the clinical entity, pernicious
anemia. The prevalence of pernicious anemia resulting from autoimmune gastritis has been estimated
as 127 cases/100,000 inhabitants in Northern Europe including United Kingdom, Denmark, and
Sweden [42]. Autoimmune gastritis is characterized by the destruction of the specialized oxyntic
glands of the body and fundus by specific lymphocytes. It is restricted to the gastric corpus and fundus,
but a total destruction of the oxyntic mucosa only occasionally occurs. Histology reveals periglandular
T-lymphocytic (CD3+) infiltration, glandular atrophy, and intestinal metaplasia restricted to the
oxyntic mucosa. In advanced forms, the body mucosa is eventually replaced by pseudo-pyloric
metaplasia (due to hyperplasia of the mucous neck cell). The mucosa of the antrum remains relatively
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spared. Autoimmune gastritis is accompanied by a linear or nodular neuroendocrine enterochromaffin-like
cell hyperplasia in the corpus [43], or multiple carcinoid tumors.
3.4. Bacteria in Corpus Predominant, Autoimmune, Chronic Gastritis
The true role played by H. pylori in autoimmune gastritis remains controversial. Due to progressive
mucosal atrophy microbial diversity increases with reduced acidity [44,45]. By applying temporal
temperature gradient gel electrophoresis and 16S rRNA sequencing, Monstein et al. demonstrated
particular microbes in the stomach other than H. pylori: Enterococcus, Pseudomonas, Streptococcus,
Staphylococcus, and Stomatococcus [45]. Using large-scale 16S rRNA sequencing 128 phylotypes
from eight phyla were identified [46], thus, confirming the complexity of microbiota in the gastric
mucosa. In patients with antral gastritis, Li et al. found 133 phylotypes from eight bacterial phyla as
well as 11 Streptococcus phylotypes, including Firmicutes phylum and Streptococcus genus from
cultivated biopsies [47]. In the absence of H. pylori, other bacterial groups/species seem to be
associated with corpus gastritis. Unfortunately, no patients with autoimmune chronic gastritis were
included in Li et al. [47] studies.
3.5. Lysozyme Is Up-Regulated in Chronic Gastritis, Intestinal Metaplasia, Autoimmune Gastritis and
Fundic-Gland Polyps
In chronic gastritis lysozyme is up-regulated in the neck region of the oxyntic mucosa, in antral
pyloric glands (Figure 5) and in the surface-foveolar epithelium of the oxyntic mucosa [8]. In cases
with in intestinal metaplasia, lysozyme is up-regulated in goblet cells (Figure 6), and in Paneth cells. In
cases with autoimmune gastritis, lysozyme is up-regulated in pseudo-pyloric glands (Figure 7).
Figure 5. Chronic gastritis (antrum) showing lysozyme expression in surface epithelium,
and in antro-pyloric glands (lysozyme immunostain, ×10).

The increased lysozyme expression in the goblet cells of gastric intestinal metaplasia appears to be
a phenomenon unrelated to the presence of Paneth cells, as lysozyme is similarly over expressed in
cases with complete intestinal metaplasia (i.e., having Paneth cells) and with incomplete intestinal
metaplasia (i.e., without Paneth cells). As pseudo-pyloric glands are generated by hyperplasia of the
mucous neck cells it is not surprising that these cells retain the characteristics of the mucus neck cells,
namely to express lysozyme [8]. Human defensin 5, secreted by Paneth cells in the small intestine,
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may also regulate and maintain microbial balance in the intestinal lumen [48]; in contrast the nonmetaplastic atrophic gastric mucosa does not provide a similar defensive reaction. Intestinal metaplasia
might evolve following a mucosal insult that affects the stem cells of the crypts of Lieberkhün [26].
Our studies [8,49] suggest that that gastric intestinal metaplasia and gastric atrophy are two different
biological processes, atrophy being the result of the local destruction of glands by the chronic
inflammation, and intestinal metaplasia, the consequence of an adaptive enzymatic up-regulation
aimed to protect the mucosa from proliferating bacteria.
Figure 6. Chronic gastritis with intestinal metaplasia. Left panel: Oxyntic (corpus) mucosa
showing lysozyme expression in goblet cells and in mucus neck cells. Note absence of
lysoyme expression in parietal cells in the lower part of the picture (below arrows);
Right panel: Antro-pyloric mucosa showing lysozyme expression in goblet cells and in
Paneth cells at the bottom of the crypts (arrows, lysozyme immunostain, ×10).

Figure 7. Autoimmune gastritis (corpus) showing lysozyme expression in pseudopyloric
glands at arrows (lysozyme immuno-stain, ×4).

4. Intestinal Metaplasia in Disparate Geographical Regions
Years ago, Shousa et al. observed a significantly higher prevalence of intestinal metaplasia
in gastric biopsies from British patients than in Yemeni patients [50]. In comparative studies of
1675 gastric biopsies and gastrectomy specimens having chronic gastritis we found intestinal
metaplasia in 59% of the Japanese patients [51], in 50% of the Italian patients [52], in 32% of
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the Swedish patients [51], and in 13% of the Mexican patients [52] investigated, suggesting that
environmental factors might trigger intestinal metaplasia in chronic gastritis. It has repeatedly been
demonstrated that H. pylori is absent in areas with intestinal metaplasia or with pseudo-pyloric
metaplasia. Hence, it appears safe to postulate that the aim of lysozyme overproduction in intestinal
metaplasia and in pseudo-pyloric metaplasia might be to eradicate luminal proliferating bacteria in
acid-deficient stomachs.
4.1. Fundic Gland Polyps
Fundic gland polyps are small (≤5 mm) nodules of the gastric mucosa characterized by microcysts
lined with parietal, chief cells and occasional mucous foveolar cells [53]. Fundic gland polyps are
usually found in patients with hereditary diseases, such as familial adenomatous polyposis/Gartner’s
syndrome and juvenile polyposis, with non-hereditary (i.e., sporadic) gastric disorders or receiving
proton-pump inhibitors. Somatic mutations in the adenomatous polyposis coli (APC) gene are frequent
in fundic gland polyps from patients with familial adenomatous polyposis. In sporadic fundic gland
polyps other mutations apply such as mutations of the β-catenin gene, a downstream target regulated
by the APC protein. However, a common APC/β-catenin pathway seems to be involved in both
syndromic and sporadic fundic gland polyps, through the targeting of different genes.
4.2. Absence of H. pylori in Fundic Gland Polyps
Several authors have noticed that H. pylori rarely proliferate in the stomach of patients with fundic
gland polyps [53]. We also found absence of H. pylori infection in a series of fundic gland polyps [54].
The cause(s) for the absence of H. pylori infection might be related to lysozyme up-regulation (55]. In
fact, lysozyme was found up-regulated in the surface epithelium, in the foveolar pits and in the cells
that partly, or entirely, cover dilated glands of fundic gland polyps [55] (Figure 8). The overproduction
of lysozyme by the fundic gland polyp epithelium concurred with the absence of H. pylori in these
lesions [55].
Figure 8. Fundic gland polyp. Marked lyozyme expression in the surface epithelium, in the
foveolar pits and in the mucous-producing cells that partly cover the microcysts while the
parietal cells were lysozyme negative (lysozyme immunostain, ×10).
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4.3. Coeliac Disease
Coeliac disease is a common immune-mediated condition in the proximal small intestine, generated
by a permanent intolerance to cereal gluten proteins in genetically predisposed individuals [56]. It
often leads to mucosal atrophy. In most Western countries, the prevalence of diagnosed coeliac disease
in children is 0.5%–1% [57]. In Sweden, the epidemiology of childhood coeliac disease has undergone
dramatic changes over recent decade [57]; up to the early 1980s, the incidence of coeliac disease was
about 1/1000, but during the mid and late 1980s, a sharp increase was observed at several paediatric
clinics. Today, coeliac disease is the second most common chronic disease in Swedish children with an
incidence of 3% [58].
Despite numerous sensitive and specific serological markers, duodenal biopsy remains the gold
standard for diagnosing coeliac disease. Following diagnosis, a lifelong strict gluten-free diet is the
treatment of choice to both restore mucosal normality and revert symptoms and possible complications.
4.4. Bacteria in Coeliac Disease
In later years, much attention has been focused on the abnormal microbiota present in the
duodenum in patients with coeliac disease. Bifido bacterium, Bacteroides vulgatus, Escherichia coli, and
rod-shape bacteria attached to the intestinal epithelium are higher in patients with coeliac disease than
in controls whereas B. bacterium adolescentis/B. bacterium animalis lactis are more prevalent in patients
with active coeliac disease than in patients with treated coeliac disease/control patients [59–62].
4.5. Lysozyme is Up-Regulated in Coeliac Disease
In the normal duodenal mucosa, Paneth cells produce lysozyme. In coeliac disease, lysozyme is
up-regulated in goblet cells, in dilated crypts with mucus-metaplasia (Figure 9), a phenomenon
more apparent in the bulbus [10] (Figure 10). It is not inconceivable that the lysozyme-rich mucus
metaplasia mirror stem cell adaptation to the signals generated by the pathogenic bacteria present in
the duodenal microenvironment [63].
Figure 9. Chronic atrophic duodenitis (celiac disease). Villous atrophy showing
lysozyme-rich mucus metaplasia in the lower part of the crypts. Note lysozyme expressing
goblet cells (lysozyme immunostain, ×10).
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Figure 10. Chronic atrophic duodenitis (celiac disease). Villous atrophy showing extensive
lysozyme-rich mucus metaplasia of the crypts. Note absence of Paneth cells (lysozyme
immunostain, ×10).

5. Collagenous Colitis, Lymphocytic Colitis, Ulcerative Colitis and Crohn’s Colitis
In 1976, the Swedish pathologist CG Lindström reported the presence of a subepithelial amorphous
band in the colonic mucosa in a patient having chronic watery diarrhoea and grossly normal
colonoscopy [64]. Lindström called this setting collagenous colitis.
In 1989, Giardelo et al. [65] found increased number of intraepithelial lymphocytes in the
superficial epithelium of the colon in patients having watery diarrhea and grossly normal colonoscopy,
and proposed the term lymphocytic colitis for this type of microscopic colitis.
After an initial rise during the 1980s and early 1990s, the annual incidence of collagenous colitis
and lymphocytic colitis has been stable during the past 15 years, in Sweden, at about 5/100,000
inhabitants for each disorder [66].
5.1. Bacteria in Microscopic Colitis
Our understanding of a possible altered bacteria flora in microscopic colitis is poor. In collagenous
colitis Firmicutes and Bacteroidetes were found to dominate the microbiota with seven phylotypes
among 50% of the clones: B. cellulosilyticus, B. caccae, B. thetaiotaomicron, B. uniformis, B. dorei,
B. spp., and clones showing similarity to Clostridium clostridioforme [67]. More recently, Helal et al.
found an association between E. coli and lymphocytic colitis [68].
5.2. Lysozyme Is Up-Regulated in Microscopic Colitis
In collagenous colitis lysozyme is up-regulated in the colonic crypts and in metaplastic Paneth
cells [9] (Figure 11). In lymphocytic colitis, lysozyme is up-regulated in macrophages underlying
the surface epithelium of the lamina propria [9] (Figure 12), as well as in the lower part of
the crypts (Figure 13).
The increased production of lysozyme in collagenous colitis and in lymphocytic colitis supports a
bacterial aetiology for these two diseases. The different mucosal cell types displaying increased
production of lysozyme (epithelial vs. macrophages) substantiates the notion that collagenous colitis
and lymphocytic colitis might be two different diseases.
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Figure 11. Collagenous colitis. Marked lysozyme immunoreactivity in goblet cells in the
crypts (lysozyme immunostain, ×40).

Figure 12. Lymphocytic colitis showing marked lysozyme expression, in macrophages in
the lamina propria juxtaposing the superficial epithelium (lysozyme immunostain, ×40).

Figure 13. Lymphocyic colitis showing lysozyme expression, in the basal aspect of the
crypts (arrow, lysozyme immunostain, ×20).

Notably, collagenous colitis and lymphocytic colitis are also found in non-human primates having
protracted intractable diarrhoea [69].
5.3. Bacteria in Inflammatory Bowel Disease
Our understanding of a possible altered bacteria flora in inflammatory bowel disease is less
clear. In ulcerative colitis, bacterial diversity is reduced, including Clostridium groups IV, XIVa
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(Faecalibacterium prausnitzii) and Bifidobacteria and lactobacillia. On the other hand, C. difficile is
increased [70–81].
In Crohn’s colitis, the number of mucosal bacteria such as Mycobacterium avium paratuberculosis,
C. difficile, Ruminococcus gnavus, Enterobacteriaceae, and E. Coli are increased, while bacterial
diversity, Clostridium groups IV, XIVa (F. prausnitzii), and Bifidobacteria and Lactobacillia, are
reduced [76–79].
5.4. Lysozyme Up-Regulated in Inflammatory Bowel Disease
In active ulcerative colitis, lysozyme is up-regulated in metaplastic Paneth cells (left colon) and in
the deep half of the crypts (Figure 14). In ulcerative colitis in remission, lysozyme is up-regulated in
metaplastic Paneth cells [9] (left colon, Figure 15). No lysozyme expression is recorded in the crypts.
In Crohn’s colitis lysozyme up-regulation is found in metaplastic Paneth cells (left colon), in the crypts
as well as in the lamin propria mucosae [9] (Figure 16). The increased lysozyme production in the
colonic mucosa in patients with inflammatory bowel disease may highlight an amplified mucosal
protection against the pathogenic bacteria proliferating in the colonic microenvironment in these
patients [70–81].
Figure 14. Ulcerative colitis (active phase). Marked lysozyme immunoreactivity in the
goblet cells in the crypts (lysozyme immunostain, ×10).

Figure 15. Ulcerative colitis (in remission). Marked lysozyme immunoreactivity in
hyperplastic- metaplastic Paneth cells in the bottom of the crypts of the left colon,
(lysozyme immunostain, ×10).
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Figure 16. Crohn colitis: Marked lysozyme immunoreactivity in macrophages in
the lamina propria and in epithelial cells at the bottom of the crypts (lysozyme
immunostain, ×20).

6. Epilogue
Today, bacterial antibiotic resistance continues to exhaust our supply of effective antibiotics. The
future challenge is how to solve the conundrum of bacterial resistance to antibacterial drugs. In his
Presidential address, Alexander Fleming said, 80 years ago: “I choose lysozyme as the subject for this
address for two reasons, firstly because I have a fatherly interest in the name and, secondly, because its
importance in connection with natural immunity does not seem to be generally appreciated” [3].
Perhaps, the challenging legacy of Alexander Fleming, together with the more recent bacterial
resistance to commercial antibiotics, offer the explanation for the boost in research on the potential use
of lysozyme for the treatment of infectious diseases. This research includes not only laboratory and
farmed animals, but also agricultural products [82–91].
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