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ABSTRACT

The aim:The article describes and summarizes the immunological pathomechanisms controlling the development of non-necrotizing granulomas in the course of non-specific
inflammatory bowel diseases (IBD) in lungs and intestines; it also reviews the possible clinical correlations between the processes in the gastrointestinal and respiratory tracts
based on the example of Crohn’s disease (CD) and non-specific inflammatory bowel disease (IBC).

While the dominant cell subpopulation in ulcerative colitis (UC) is Th2, which produces interleukins IL-4, IL-5, IL-6, IL-10 and IL-13 and Th17 cells; CD characterized by the Th1 cell
subpopulation and macrophages predominate, producing IL-23. These are considered to be the key factors crucial for the occurrence of chronicinflammation. Another important
causative factor of non-specificinflammatory bowel diseases and granulation is the expression of CD40/CD40L proteins on activated T-cells, i.e. type 2 transmembrane proteins
similar to TNF-alpha. However, the interactions between gastrointestinal neuroendocrine peptides/amines (NEPA) and the immune system are believed to have a significant
influence on the pathophysiology of non-specificinflammatory bowel diseases and non-necrotizing granulation. The key functions of the immune response of the gastrointestinal
tract are managed by the neuroendocrine regulatory system (NES) whose activities govern the production of various hormones including chromogranin/secretogranin, serotonin,

vasoactive intestinal polypeptide (VIP), neuropeptide Y (NPY), substance P, somatostatin or ghrelin.
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INTRODUCTION

Although the etiology of non-specific bowel inflammation re-
mains unclear, it is known to involve persistent bowel infections,
and mucosal barrier defects, as well as various immunological, ge-
netic and environmental factors. It has been found that non-nec-
rotizing granulomas commonly occur in the intestines and the
lungs as characteristic lesions during the course of non-specific
inflammatory bowel diseases. Immune system dysfunction and
mucous membrane disorders play a significant role in this type of
granulation: one aspect of the chronic inflammation underlying
non-specific inflammatory bowel diseases (IBD).

Non-specific IBD is a term defining a group of inflam-
matory conditions of the gastrointestinal tract. The two
most common, and most frequently described, conditions
representing this group are non-specific ulcerative colitis
(UC) and Crohn’s disease (CD). Although the precise
cause remains unknown, the etiology of the diseases is
conditioned by genetic and environmental factors, as well
as the immune system of the patient [1, 2].

It is estimated that 1 to 1.5 million Americans and 2.5 to 3.0
million Europeans suffer from non-specific IBD, as do hundreds
of thousands of individuals around the rest of the world. UC is
more widespread than CD [3] with the ratio of UC to CD being
found to be as high as 15:1, identified in Poland in 2005 [4].
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The annual incidence rates of UC per 100 000 individu-
als vary worldwide: from 6.3 in Asia and the Middle East,
through 19.2 in North America to 24.3 in Europe. Similarly,
the incidence of CD ranges from 5.0 per 100 000 individ-
uals in Asia and the Middle East, to 12.7 in Europe and
20.2 in North America [5]. In Poland non-specific IBDs
affect about 0.1% of the population; however, the number
is increasing [6] One study indicates the overall annual
incidence to be 2.7 per 100 000 children in Poland [7].

Non-specific IBD occurs most frequently in white
populations; however, its incidence has grown in other
ethnic groups [8, 9]. Considerable variation exists between
populations regarding its occurrence: for example, IBD
occurrence is three times higher in the Jewish population
than in some other non-Jewish populations [8].

THE AIM

Recent studies have revealed a relationship between the oc-
currence of CD and the presence of mutations in such genes
as ATG16L1, CX3CRI, IL-23R and MMP3. Additionally,
blood serum-producing cells, growth factors, miRNA and
microbiological antibodies are also associated with lesions
in patients with CD [10].
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REVIEW AND DISSUSION
ETHIOPATHOGENESIS

The etiology of non-specific IBD remains unknown. The
disease process involves persistent bowel infections and
mucosal barrier defects, as well as immunological, genetic
and environmental factors [11].

Family inheritance suggests that the disease might have a
genetic basis. Indeed, several genes indicating susceptibility
to the disease have been identified, as well as 163 positions
of nucleotide polymorphisms in the genome. Susceptibility
to the disease depends on the mutation of the NOD2 pro-
tein gene, CARD15, located on chromosome 16. The gene
helps maintain the balance between the intestinal micro-
biota and the host immune response to inflammation by
activating a pro-inflammatory transcription program; this
system participates in the production of pro-inflammatory
proteins and increases the intensity of the inflammatory
response and other immunology pathways, inter alia by
regulation of macrophage activation in response to bac-
terial liposaccharides [12]. The presence of two alleles of
the mutated NOD2 gene increases the risk of developing
CD by even 20-40 times [2].

Patients presenting with non-specific IBD also display
differences in the quality and amount of their bacterial
flora. A crucial role in the development of inflammation
may be played by certain strains of Escherichia coli and
Bacteroides vulgatus [1].

Smoking reduces both the risk of occurrence and the
severity of UC, — however, it also increases the risk of CD
and worsens its course [1, 2].

A significant factor in the pathogenesis of non-specific
IBD is dysfunction of the immune system of the mucous
membrane. It is believed that out of the various inflam-
matory cells of the intestines, mucosal T CD4 + cells play
a central role in both the induction and maintenance of
chronic inflammation through production of pro-inflam-
matory cytokines. While in physiological conditions, the
lamina priopria of the intestinal mucosa contains large
numbers of various immune cells, such as T, B, NK, NKT
cells, dendritic cells, macrophages, mastocytes, neutrophils,
eosinophils and stromal cells (fibroblasts), in the case of
inflammation, a large number of activated immune cells
are able to penetrate the intestinal mucosa. These cells
produce numerous inflammatory mediators; in addition,
fibroblasts and the endothelial cells of intestinal mucosa
vessels also present high levels of chemokines, selectins
(e.g. E selectins) and intracellular adhesion molecule-1
(ICAM-1 or CD54). These factors interact with the leu-
kocytes circulating in the blood, making them migrate to
the intestinal mucosa and promoting alocal inflammatory
response [13].

The courses both of UC and CD are characterized by in-
creased activation of T CD4+ (Th) lymphocytes. Activated
T lymphocytes produce increased amounts of cytokines,
which further progress the course of the immune response
[1]. In patients suffering from CD, CD4+ lymphocytes
are able to produce large amounts of pro-inflammatory
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cytokines bound to Th1 / Th17 (e.g. interferon-gamma
- IFN-y, tumour necrosis factor - TNF and interleukin
17A - IL-17A) [13].

In contrast, in patients with UC, the Th2 subpopulation
dominates. These cells produce interleukins IL-4, IL-5, IL-
6,1L-10 and IL-13; they also produce Th17 cells, which se-
crete various interleukins including IL-17A. An imbalance
between the levels of pro-inflammatory cytokines, such as
IL-12,1L-18,1L-21 and IL-23, and anti-inflammatory cyto-
kines, such as TGF-f3, IL-10, IL-25, IL-33 and IL-37, results
in inflammation of the intestinal mucosa [13]. Although
it was previously believed that IL-12 was the key factor
initiating the inflammatory response by Th1 in CD, more
recent studies in 2006 suggest that it may be IL-23 [14][15].

UC itself is triggered by a Th2-like response, the main
product of which being natural killer (NK) cells which
generate IL-5 and IL-13 [16].

During mucosal inflammation in patients with non-spe-
cific IBD, the titre of regulatory lymphocytes (Foxp3),
T-cells (Treg) and FoxP3-IL-10+ CD4+ decreases. This
results in part of the intestinal mucosa displaying de-
creased immunity, as well as increased support for the
local immune response, leading to damage to the intestinal
mucosa [13].

IL-22 is a member of the IL-2 cytokine family, which
is produced mainly by CD4+ T- lymphocytes. It shows a
pleiotropic ability to regulate differentiation and functions
of T-cells and strengthens antigen-specific clonal expan-
sion. IL-21 is also associated with the immune response
through Th2 and plays a role in inhibiting the differen-
tiation of naive Th-cells into Th1 cells producing IFN. It
promotes the maturation and activation of human NK cells,
triggers other biological functions in B-lymphocytes and
regulates the differentiation and production of antibodies.

Elevated amounts of IL-21 are observed in the intestines
of patients with non-specific IBD. In addition, it increases
the expression of transcription factors bound to Th1 and
IFN-yin T and NK cells and enhances the cytotoxic activity
of NK cells. IL-21 also inhibits peripheral Treg differentia-
tion and makes CD4+ T-lymphocytes resistant to immune
suppression by Treg [13].IL-13 is an additional pathway for
the production of pathogenic Th-17 cells. The combination
of TGF-beta and IL-21 also inhibits Foxp3 expression in
naive T cells via IL-17 induction, which suggests that IL-21
is able to regulate the mutual pathway of development of
Treg and Th17 cell generation [17].

Therefore, IL-21 may damage the intestines via a range
of signalling pathways, and its neutralization may be of
value in the treatment of non-specific IBD.

IL-23, produced mainly by macrophages, is also known
to be one of the key cytokines in non-specific IBD and
to play an important role in promoting chronic bowel
inflammation.

Overexpression of IL-23 in the intestinal mucosa inhibits
the production of IL-10 [18][13]. IL-10 induces the Th-2
response; this plays a crucial role in adaptive immunity by
inducing the production of specific antibodies to eliminate
invading microorganisms and absorb their products [13].
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IL-10 is one of the most effective cytokines responsible for
the regulation of the immunological system. Its reduced
expression in non-specific IBD weakens the host defence
by decreasing the production of IgA in the intestines [18].

Both Th17 lymphocytes and the cytokines they secrete,
for example IL-17,1L-21, and IL-22 [16], also play import-
ant roles in the activity of non-specific IBD through their
associated damage to the intestinal mucosa

Another important role in non-specific IBD is also played
by CD40-ligands and CD40L (CD-154). CD 40/CD40L are
type W2 membrane proteins similar to TNF-alpha. CD40
undergoes transient expression in activated T cells and is
an important agent in B-lymphocyte production, as well
as the activation and differentiation of monocytes and
dendritic cells. Both CD and UC are characterized by local
overproduction of cytokines such as TNF-alpha and an
inflow of activated lymphocytes resulting in inflammation
of the mucosa of the gastrointestinal tract [20]. Cytokines
through their respective influence on activated T-lympho-
cytes and CD40 play important roles in the proliferation,
differentiation, and production of immunoglobulins and
in the isotype of the B lymphocytes [21-23]. The expression
of CD40 on monocytes, macrophages and dendritic cells
is related to the role it plays in the signalling pathway in
the cellular immune response.

Adhesion of CD40 on monocytes and macrophages
induces the production of pro-inflammatory cytokines
and prevents apoptosis. In vivo tests have demonstrated
the importance of CD40-CD40L interaction in triggering
humoral immune responses, stimulating and activating
specific T-cells and inducing temporary activation of
macrophages. It also plays a significant part in immune
responses against intracellular parasites, which are medi-
ated by the activation of macrophages via T-lymphocytes
[20]. CD40 stimulation initiates a complex, innate immune
cascade which boosts the development of the systemic
and local immunological pathology of the intestine. It has
been found that cytokines such as TNF-alpha and IL-12
are preferentially associated with the systemic immune
response; in contrast, IL-23 activity is mainly associated
with the local immune response in the intestines and plays
an insignificant functional role in systemic immunologic
activation. It is likely that anti-CD40 application induces
the activation of myeloid cells, which depends on the auto-
crine activation loop controlled by IL-12. Following CD40
ligation, myeloid cells produce a series of inflammatory
cytokines, including IL1-12, which leads to the production
of TNF-gamma by NK and other cells. This, in turn, may
be repeated by the activation of myeloid cells, resulting
in increased levels of pro-inflammatory factors including
IL-12, TNF-alpha, MCP-1 and IL-6 [24], thus inducing
inflammation of the mucosa and the deeper layers of the
intestinal wall in non-specific bowel diseases.

Studies indicate that the Th9 cells producing IL-9 play a
significant role in non-specific IBD, particularly UC. They
develop out of naive T-lymphocytes, which transform into
Th9 under the influence of IL-4 and TNF-alpha [25] Studies
conducted on mouse models indicate that IL-9 is involved

in triggering inflammation of the intestinal mucosa. No
increase in IL-9 has been observed in the intestines of
patients with CD.

The abundance of the IL-9 receptor in the intestinal
epithelial cells of patients with UC suggests that IL-9
impairs the proliferation of the intestinal epithelium and
the process of healing damage resulting from chronic
inflammation [26].

DEVELOPMENT OF GRANULOMAS

THE PROCESS IN THE INTESTINES

The production of IL-9 may be induced by IL-33: a cy-
tokine which, in cases of UC, is intensively secreted by
the epithelial cells of the colon under the influence of
inflammatory epithelial cells [27, 28]. The immunologic
and pro-inflammatory processes occurring in the course of
non-specific IBD give rise to granulomas and, in the case of
CD, non-necrotizing granulomas. They are characteristic
for this condition and occur in about 40-50% of patients.
They comprise epithelioid histiocytes or epithelioid cells
and small amounts of multinucleated giant cells and T-lym-
phocytes. They are composed of epithelioid macrophages
and other inflammatory cells, and an extracellular matrix
surrounded by the aforementioned lymphocytes. As op-
posed to other granulomatous diseases, granulomas in CD
are small and usually single [29].

It is believed that an important aspect of the pathophys-
iology of non-specific inflammatory bowel disease is the
correlation between neuroendocrine peptides/amines
(NEPA) of the gastrointestinal tract and the immune sys-
tem [30]. The neuroendocrine regulatory system (NES) is
responsible for fulfilling the major functions in the immune
response of the gastrointestinal tract. The NES is composed
of two parts: endocrine cells of the gastrointestinal (GI)
tract in the mucosa and the enteric nervous system (ENS).
GI cells are found between mucosal endothelial cells di-
rected towards the lumen of the gastrointestinal tract and
produce large amounts of hormonal peptides. Mature GI
cells may produce as many as seven different hormones
such as chromogranin/secretogranin, serotonin, vasoac-
tive intestinal polypeptide (VIP), neuropeptide Y (NPY),
substance P, somatostatin or ghrelin [31]. In the intestines,
they play the role of immunomodulators. Of the neuropep-
tides, serotonin, NPY and substance P induce granulation,
whereas neuropeptides, such as granin-derived peptides,
VIP, somatostatin and ghrelin, reduce granulation.

Granin-derived peptides are believed to have an an-
ti-inflammatory effects; this acts by decreasing the den-
sity of lymphocytes in inflammation sites and reducing
the pro-inflammatory activity of both lymphocytes and
monocytes by inhibiting the secretion of IL-5 and IL-6 [32].
Serotonin is an important peptide secreted by mast cells,
macrophages, monocytes and T cells, which takes part in
inflammation processes in the intestines. It promotes the
activation of lymphocytes, whose proliferation protects
NK cells and auxiliary T cells against degradation, reduces
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immune cell (IC) apoptosis and increases T lymphocyte
proliferation. Serotonin is generally considered to be a
pro-inflammatory amine, as serotonin cells are capable of
expressing IL-13 [30].

VIP is produced by neurons, endocrine cells and ICs.
It is thought to be the main neuropeptide regulating
the immune system, thus playing a significant role in
inflammatory disturbances and acting as an important
anti-inflammatory agent. VIP inhibits the production
of pro-inflammatory cytokines such as TNF-alpha, IL-6,
IL-12, iNOS and promotes the production of anti-inflam-
matory cytokines such as IL-10 [33]

NPY acts like hormones, neurotransmitters and neuro-
modulators. NPY is produced by cells such as lymphocytes,
macrophages and dendritic cells during the inflammation
process [34]. Substance P is a neuropeptide, a member of
the tachykinine family. It is secreted by nerve fibers, i.e.
intestinal efferent neurons, widely distributed on the walls
of the gastrointestinal tract. It plays a significant role in the
migration of intracellular ICs such as neutrophils, mac-
rophages and T lymphocytes. Substance P is considered
to be one of the main pro-inflammatory mediators in the
gastrointestinal tract [30].

Somatostatin stimulates the proliferation of B-lympho-
blasts and increases production of immunoglobulins; it
also inhibits the activity of T-lymphocytes and granulocyte
proliferation, and reduces the secretion of pro-inflamma-
tory cytokines such as INF-gamma [35, 36]. Ghrelin is
a peptide which occurs mainly in endocrine cells of the
gastric mucosa. It controls consumption of food, energy
homeostasis and gastrointestinal motility. It also mediates
immune responses and infections. It has an anti-inflam-
matory function by modulating the secretion of pro-in-
flammatory cytokines from stimulated macrophages [37].

THE PROCESS IN THE LUNGS

Non-necrotizing granulomas occur in various disorders
such as sarcoidosis, CD common variable immunode-
ficiency disorders (CVID) and cryptococcosis, among
others, and may also be present in tuberculosis [37]. Pa-
tients with CD often display a pulmonary epithelioid-like
non-necrotizing granuloma with a monocyte infiltrate
composed mainly of lymphocytes, plasmatic cells, neu-
trophils and some eosinophils [38, 39]. They occasionally
present areas of central necrosis [40]. They are described
as sarcoid-like granulomas since they share the same histo-
logical and immunological features and, most probably, the
same development mechanism [41, 42, 38]. They comprise
a central zone with CD4+ T-lymphocytes and the margin-
al zone with B lymphocytes and CD8+ T-lymphocytes.
Non-necrotizing granulomas develop from a non-specific
cellular response to unidentified antigenic factors [43] The
major role in the process is played by disturbances in the
number of T-reg cells. In a healthy intestine, the intestinal
epithelial cells (IECs) serve as a functional barrier, while
antigen-presenting cells (APCs) balance the oral immune
tolerance. In non-specific IBD, this tolerance declines due
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to a general defect in the mucosal immune system: the
balance between the functional barrier (including IEC im-
pairment) and the innate and acquired immune response is
disturbed. Such defects result in impaired communication
between epithelial cells and lymphocytes, and increase
disturbances between T-reg cells and CD4+T- lympho-
cytes, leading to chronic inflammation of the mucosa
(also in the respiratory system). The intestines serve as an
immunomodulator between the immune system and the
epithelial cell barrier found in all the systems, as well as in
the respiratory tract, which may result in the development
of non-necrotizing granulomas [39]. Granulomatous pro-
cesses in the lungs have a genetic basis, also common to
IBD. The mutation in the NOD2 gene modifies a systemic
response of the respiratory and gastrointestinal track to ex-
ternal factors. The NOD2 gene acts as a pattern recognition
receptor (PRR) - a receptor recognizing the element of the
bacterial cell wall, in particular muramyl dipeptide. This
interaction is crucial for a proper response to the infection
of the intestinal mucosa. A defective polymorphic variant
of the gene occurs in about 15% of patients suffering from
CD and is a risk factor for a more severe course of the
disease. The same variant of the NOD2 gene is present in
patients with a history of severe, chronic sarcoidosis. The
significance of the aforementioned correlations becomes
even more pronounced when we consider the fact that both
the gastrointestinal and respiratory tracks have a common
organogenetic origin, they derive from the primitive gut
tube. On the basis of the presented data, the hypothesis
has been fostered that this common origin of both tracks
lies behind the similar lesions in these two systems in the
course of IBD (Table 1) [44].

RESPIRATORY TRACT COMPLICATIONS
Extra intestinal manifestations of non-specific IBD in the
lungs may cause, inter alia, diseases of the bronchi, pulmonary
parenchymal diseases, thromboembolism, pleural disease,
colobronchial fistula and abnormalities in pulmonary func-
tion tests. One of the symptoms of respiratory tract disease
in CD is bronchial hyperresponsiveness, whose pathomecha-
nism may involve subclinical inflammation of the respiratory
tract triggered by several types of inflammatory cells such as
macrophages or lymphocytes, as well as epithelial damage,
microbleeding and mechanisms of the autonomic nervous
system [49] patients with non-specific IBD and congestion
of the mucous membrane, these cells and phenomena can
typically be observed on bronchofiberoscopic images.
Purulent bronchitis is a commonly occurring condition
manifested mainly by chronic expectoration of purulent
sputum. Tracheal stenosis develops as a result of massive
submucous fibrosis of inflammation lumps (granulomas)
or peripheral infiltration of the mucosa. Bronchial biop-
sy reveals overgrowth of the mucosa, thickening of the
basement membrane, angiectasis and cellular infiltrations
composed of granulocytes, T-lymphocytes and B lympho-
cytes and non-specific chronic inflammatory infiltrations.
Nevertheless, the most typical symptom observed in the
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Table I. A comparison of non-necrotizing granulomas of the lungs with those of the intestines. Own devised material based on [45-48]

Non-necrotizing granulomas

in the lungs in the intestines
- - etiology not fully known - both epithelia are equally prone to lesions caused by an
"lL_J - presence of not layering epithelioid granulomas unidentified humoral factor
= - - -
. . . - shar mbryological origin of th kground for granulomas in
S - infiltration from lymphocytes, plasmatic cells, shared embryologica origin o the background for granulomas
= . . . the intestines and lungs —
= neutrophils and some eosinophils L .
) . the primitive foregut, the so-called gut-lung axis
- accumulation of T CD4+ lymphocytes . . - .
- . - - the background for non-necrotizing granulomas in the intestines
at sites of the disease activity . . o .
and lungs is characterized by similar antigens
. - lymph nodes are not enlarged as intensively
- enlarged regional lymph nodes . . .
gedreg ymp as in the gastrointestinal tract
wv)
(NN
[w] - granulomas may develop out of )
& a background which is not affected by inflammation- . grar\ulomas develop outofa backg.round chapged by .
o ) o . inflammation - found on tissues where exist chronic inflammation
T found on tissues where chronic inflammation process
L d . process
= oes not exist

- histopathological image may reveal
a large amount of dendritic cells

- a smaller amount of dendritic cells

Bronchial hyperresponsiveness

in non-specific bowel diseases

Non-necrotizing granulomas in

granins, VIP, neuropeptide Y,
somatostatin, serotonin,
substance P

bronchoconstriction

1 secretion

PNs- peripheral nenvous system

SNS5 - somatic nervous system

NANC - non-adrenergic non-cholinergic neurons
eNANC- excitatory NANC

iNANC - inhibitory NANC

BSMC- bronchial smooth muscle cells

the intestines

IL-13,iNOS, INF-gamma,
TNF-alpha,
I-1,IL-6

NANC
NPY, neurokinin A and B eNANC iNANC A
eNANC, serotonin, @ granins, \_ﬂP,
substance P neuropeptide Y,
somatostatin, ghrelin

BSMC

e =

PNS SNS

bronchodilatation

I} secretion

NPY - neuropeptide Y

VIP - vasoactive intestinal peptide
IL-1,6,13- interleukine-1,6,13

iNOS - inducible nitric oxide synthase
INF-gamma - interferon-gamma
TNF-alpha “thumor necrosis tactor-alpha

Fig. 1. The immunological mechanisms of bronchodilation and bronchoconstriction in bronchial hyperresponsiveness Based on [58]

fluid obtained by bronchoalveolar lavage (BAL) in patients
with non-specific IBD is lymphocytosis. However, if a

The most characteristic presentation of small airway
disease accompanying non-specific IBD is bronchiolitis.

discharge is found in BAL, mostly from the trachea and Non-necrotizing granulomas composed of epithelial,

bronchi, then the fluid may be dominated by neutrophils.

multinucleated giant cells and dispersed mononuclear
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Fig. 3. HRCT image of lungs displaying non-necrotizing granulomas in
the form of lumps.

Fig. 4. (T image of lungs displaying chronic bronchitis: a thickening of the
bronchial walls can be seen to the lower lobes, medial lobe, and segments
of the left lung lingual.

Photographs — material from own collection
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cells surrounding the small bronchioles were analyzed in
patients suffering from CD. Bronchiolitis related to UC
is typically disperse, fibrotic and sclerosing, with a severe
course, and was found to display non-granulomatous
inflammation [44] For many years, studies have postulat-
ed both acute and chronic respiratory manifestations in
non-specific IBD; however, the fact that they occur more
rarely than in other organs contradicts the hypothesis that
the lungs and intestines share the same embryological
origin and that they present a similar susceptibility to
immunologic diseases [50]. This contradiction may be
accounted for by the fact that the epithelia of the airways
contain a system that is autonomous for cells where active
cilia both capture harmful substances entering the airways
and initiate the defence mechanism which eliminates the
harmful compound. Although the lungs also have to deal
with microbiological and xenobiotic exposure, its level is
not as great as that experienced by the intestinal epithelium.
This may explain why the lungs are comparatively rarely
affected in cases of CD [51]. Pharmacotherapy is another
factor which causes further complications. Reactions such
as dyspnea, coughing, impaired diffusing capacity of the
lungs and interstitial pneumonia have been described in
the immune complexes of the lungs during application of
mesalazine, aurum salts, arechin or sulphasalazine[52, 53].
It has been demonstrated that the toxicity of sulphasalazine
may mimic clinical granulation with vasculitis (Fig. 1)
[54]. Sulphonamides, e.g. sulphasalazine or mesalazine,
containing the residue of 5 aminosalicylic acid (5-ASA) are
basic medicines used in pharmacotherapy of non-specific
inflammatory bowel diseases. Drug-related adverse reac-
tions are pulmonary complications and a characteristic
radiological picture, however, their occurrence is very low.
Both sulphasalazine and mesalazine can provide a picture
of organizing pneumonia (OP) and their clinical signs and
symptoms, as well as radiological and histopathological
changes are the same as in idiopathic OP. Typical for OP
peripheral interstitial radiopacities with air bronchogram
of a changing location are visible on a chest X-ray. Histo-
logical examination reveals interstitial inflammation and
polypoid plugs of the developing fibrous tissue filling the
terminal bronchioles and parts of the alveoli. High res-
olution computed tomography (HRCT) depicts mainly
peribronchially localized parenchymal thickening areas
and small areas of ground glass opacity (Fig. 2). After
using sulphasalazine for a long time, radiological features
of pulmonary fibrosis similar to those found in idiopathic
pulmonary fibrosis (IPF) are rarely observed. It is worth
noting that new biological drugs, especially TNF-alpha
antagonists (infliximab, adalimumab, etanercept) used in
CD can lead to non-infectious complications including
granulomatous disease and interstitial lung disease (ILD)
with sub-acute or acute course resembling acute intersti-
tial pneumonia (AIP). Occasionally, chronic eosinophilic
pneumonia (CEP), OP, and diffuse alveolar haemorrhage
(DAH) are also reported. The most frequently observed
consequence of treatment with anti-TNF-alpha drugs,
especially after using etanercept, is a mild granulomatous
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reaction which usually lasts until the end of the biological
therapy and does not require any additional medical inter-
vention. The histopathological analysis shows pulmonary
alveoli with a lymphohistiocytic infiltrate, the presence of
non-necrotizing granulomas and fibrosing alveolitis, with
negative results of microbiological culture. In these cases,
the development of ILD has a more serious prognosis
and is associated with a higher risk of death. Symptoms
of ILD usually appear after three infusions of TNF-alpha
antagonist, however it should be mentioned that in some
studies a certain number of patients (10 out of 23) were
additionally receiving modifying antirheumatic drugs
(DMARD:s), including methotrexate (MTX). An important
element of diagnosis in the above-mentioned field is the
identification of drug-induced ILD. Its differentiation from
interstitial lung diseases caused by other factors is difficult
to be performed basing on clinical, radiological and his-
tological picture (Fig. 3). There is no linear relationship
between the severity of symptoms and the dose of drugs.

The first symptoms usually appear only after 5-7 days of

latency. The following criteria are used to recognize the

drug-induced ILD:

a. Symptoms of ILD are not observed prior to initiating
IBD treatment,

b. The clinical picture of drug-induced ILD should corre-
spond to that presented in literature reports concerning
drug-induced reactions,

c. Other diseases and other drugs should be excluded,

d. Symptoms of drug-induced interstitial lung disease
should resolve after discontinuation of a particular drug,

e. Symptoms of drug-induced ILD recur, without any
latent period, after continuing the treatment with the
same drug [44, 55]. In some patients, eosinophilia in
the colon tissue has been found to be higher in subjects
with positive tests for oral allergens, which may indicate
that atopy may be a common basis for the occurrence of
pulmonary lesions in the course of IBD. In epidemiolog-
ical studies, a high correlation between people suffering
from chronic obstructive pulmonary disease (COPD)
and those with IBD has been demonstrated. The risk of
COPD development in patients with CD increases about
2.7 times, and 1.8 in patients with UC, as compared to
healthy people [56].

In various studies, attention has been paid to the relation-

ship between severity of IBD and lesions in the airways.

In some of them, patients reported a greater number of

respiratory symptoms during exacerbations of the disease

course, and observed less symptoms when bowel disease
subsided. An increased number of respiratory symptoms
associated with a high endoscopic activity index value was
indicated by patients with UC, however no correlation be-
tween the actual IBD activity and pulmonary lesions was
detected. Changes in the pulmonary function test (PFT)
were more numerous in patients with active IBD. Spirom-
etry findings showed lower levels of FEV1, FVC, FEV1/VC
in patients with IBD exacerbations and an elevated level of

RV, RV/TLC between remissions. No relationship between

the duration of IBD and the result of PFT as well as between

the results of the bronchial hyperresponsiveness test with
the use of metacholine and the course of inflammatory
bowel diseases was observed. Although some researchers
have pointed to the possible correlation between the dura-
tion of IBD, and HRCT findings, no relationship was finally
stated between them. The analysis of numerous clinical
cases shows a higher number of respiratory complications
with an increase in the duration of IBD exacerbations
[57]. It should also be noted that although the systemic
lesions in the respiratory system can occur in any age, the
female gender is more predisposed. The most common
symptom of airway inflammation is a cough with a profuse
expectoration of purulent sputum. Lesions in the larynx
and trachea can give hoarseness and stridor. Sometimes
the bronchoscopic examination reveals the nodules of an
inflammatory nature, which can to a large extent narrow
the airways. If left untreated, they can lead to tracheal
stenosis, bronchiectasis, deformities, and even fistulas. In
these cases, clinical and histopathological picture pres-
ents granulomatous, necrotizing, purulent or obstructive
bronchiolitis. Recent studies indicate an increased risk of
asthma in UC and CD patients. The most common form
of lesions, besides those in the airways and pleura, is the
organizing pneumonia (OP) usually located in the upper
regions of the lungs, but it can also involve the entire lungs
and even lead to respiratory failure. Other types of ILD in
the course of IBD are non-specific interstitial pneumonia
(NSIP), desquamative interstitial pneumonia (DIP), and
pulmonary interstitial emphysema (PIE). In BAL, a high
percentage of lymphocytes can be found in CD patients
and their characteristics may be identical to that of sarcoid-
osis. In differential diagnosis, it is useful to assess serum
angiotensin-converting enzyme (ACE) activity (high in
sarcoidosis, low in CD). Small, sterile, necrotizing nodules,
which may undergo breakdown, have also been observed
in the pulmonary interstitium of IBD patients. They are
usually accompanied by necrotic bronchitis, which should
be differentiated from granulomatosis with polyangitis
(GPA) (Fig. 4) [55].

CONCLUSIONS

Evidence suggests that CD and UC, described as non-spe-
cific IBD characterized by varied symptoms in a number of
systems, are not so much inflammatory conditions affecting
the intestines, but rather a group of multisystem inflam-
matory diseases, in which all manifestations observed in
other systems, such as the respiratory tract, are coexisting
symptoms. The clinical symptoms presented by patients
are manifested as an effect of the chronic inflammation
representing the underlying cause of the condition. The
key role in disease initiation is played by acute phase
proteins such as IL-6, IL-12, IL-21, IL-23, TNF-alpha and
INF-gamma; an important part is also played by the acti-
vation of membrane proteins such as CD40/CD40L and
the general destabilization of immune system function,
for example, inflammation of the mucous membranes.
Additionally, immune system function is further disturbed
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by the action of neuroendocrine peptides/amines. The
pathomechanisms analyzed in this article manifest as dif-
ferent symptoms in various parts of the body, for example,
where inflammation may be manifested by the presence of
non-necrotizing granulomas in the respiratory tract. The
granulomas occurring in the intestines show a number of
histopathological and immunological similarities to those
found in the airways. This similarity hints at the presence of
an underlying connection between co-occurring diseases
in different systems. It also highlights their destructive
nature, manifested in the intestines as abscesses, ulcers,
fistulas or post-inflammatory adhesions, and in the lungs
as restriction resulting from pulmonary parenchymal
disease, bronchitis, pleuritis and colobronchial fistulas;
their occurrence is also associated with an increased risk
of thromboembolism, coughing and dyspnea.
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