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Abstract
Pulmonary abnormalities, dysfunction or hyper-reactiv-
ity occurs in association with inflammatory bowel dis-
ease (IBD) more frequently than previously recognized. 
Emerging evidence suggests that subtle inflammation 
exists in the airways among IBD patients even in the 
absence of any bronchopulmonary symptoms, and with 
normal pulmonary functions. The pulmonary impair-
ment is more pronounced in IBD patients with active 
disease than in those in remission. A growing number 
of case reports show that the IBD patients develop rap-
idly progressive respiratory symptoms after colectomy, 
with failure to isolate bacterial pathogens on repeated 
sputum culture, and often request oral corticosteroid 
therapy. All the above evidence indicates that the in-
flammatory changes in both the intestine and lung 
during IBD. Clinical or subclinical pulmonary inflamma-
tion accompanies the main inflammation of the bowel. 
Although there are clinical and epidemiological reports 
of chronic inflammation of the pulmonary and intestinal 
mucosa in IBD, the detailed mechanisms of pulmonary-
intestinal crosstalk remain unknown. The lung has no 
anatomical connection with the main inflammatory 
site of the bowel. Why does the inflammatory process 
shift from the gastrointestinal tract to the airways? The 
clinical and subclinical pulmonary abnormalities, dys-
function, or hyper-reactivity among IBD patients need 
further evaluation. Here, we give an overview of the 
concordance between chronic inflammatory reactions 
in the airways and the gastrointestinal tract. A better 
understanding of the possible mechanism of the cross-
talk among the distant organs will be beneficial in iden-
tifying therapeutic strategies for mucosal inflammatory 
diseases such as IBD and allergy. 
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Core tip: According to traditional Chinese medicine, 
the lung and the intestine are a pair of related organ 
systems (Biao-Li). The lung has no anatomical connec-
tion with the main inflammatory site of the bowel. Why 
does the inflammatory process shift from the gastroin-
testinal tract to the airways? We hypothesize that each 
individual cell or molecule not only plays its local role in 
its own organ, but also plays a “social” role to contrib-
ute distal communication through the epithelia. Inflam-
matory bowel disease may be a good example to study 
crosstalk between the gut and the lungs.

Wang H, Liu JS, Peng SH, Deng XY, Zhu DM, Javidiparsijani S, 
Wang GR, Li DQ, Li LX, Wang YC, Luo JM. Gut-lung crosstalk 
in pulmonary involvement with inflammatory bowel diseases. 
World J Gastroenterol 2013; 19(40): 6794-6804  Available from: 
URL: http://www.wjgnet.com/1007-9327/full/v19/i40/6794.htm  
DOI: http://dx.doi.org/10.3748/wjg.v19.i40.6794

INTRODUCTION
Ulcerative colitis (UC) and Crohn’s disease (CD) are the 
two major forms of  chronic relapsing and remitting in-
flammatory bowel diseases (IBDs)[1-3]. The incidence of  
UC and CD is increasing[4]. IBDs have become a major 
gastroenterological problem in developed countries[4-10], 
and there has been an alarming rise in the traditional 
low-incidence areas, such as East Asia[11,12], the Indian 
subcontinent[13], the Middle East[14], Latin America[15], and 
Eastern Europe[16,17]. Although the gastrointestinal tract 
is the main affected site, both UC and CD are systemic 
inflammatory disorders that often involve organs other 
than those of  the gastrointestinal tract[18-23]. Systemic 
manifestations can present years after the onset of  bowel 
disease and can affect almost all organs[18,19], including the 
musculoskeletal[18,24-26], mucocutaneous[18,19,27,28], hepato-
biliary[18,29,30], cardiovascular[18,31-33], ocular[18,34,35], renal and 
genitourinary[18,36-38], pancreatic[18,29,39-42], nervous[18,43-45] and 
bronchopulmonary[18,19,46-48] Systems. The extraintestinal 
manifestations tend to follow the clinical course of  IBD 
and have a high impact on quality of  life, morbidity, and 
even mortality in these patients[18]. The reported frequen-
cy of  extraintestinal syndromes in the patients with IBD 
varies from 6% to 47%[18,46-49]. 

Pulmonary involvement among IBD patients was 
first recognized by Kraft et al[50] about 40 years ago. Both 
UC and CD can affect any part of  the respiratory sys-
tem. The spectrum of  respiratory disorders occurring 
among patients with IBD includes small and large airway 
dysfunction, as well as obstructive and interstitial pul-
monary diseases[18,46-49]. Screening studies using respira-
tory symptoms, high-resolution computed tomography 
(HRCT), bronchoscopy, histological examination, and 

pulmonary function tests (PFTs) document some of  
the earliest changes in airways among the respiratory 
asymptomatic IBD patients[18,46-49]. These changes, espe-
cially the subclinical alteration of  peripheral airways and 
parenchymal inflammation may not be detected by rou-
tine computed tomography (CT) scan and PFTs[18,46-49]. 
The pulmonary involvements trend to follow the clinical 
course of  IBD[18,49,51]. Pulmonary impairment appears 
more pronounced in the patients with active disease than 
those with inactive disease[18,49,51,52]. The airway inflamma-
tion affects quality of  life, morbidity, and even mortality 
among these patients[18,49,51,52]. This evidence suggests that 
local intestinal mucosal inflammation is responsible for 
the distant airways inflammation[53-57]. In a population-
based cohort study, patients with chronic obstructive 
pulmonary disease (COPD) had significantly higher risk 
for both UC and CD[58]. IBD and COPD share many 
similarities in epidemiological and clinical characteristics, 
as well as in inflammatory pathology[59,60]. Exposure to 
air pollution may be an important environmental factor 
for IBD[61,62]. There appears to be a direct association 
between increased environmental pollution and hospital-
ization among adult IBD patients[63]. Inhalation injury is 
often accompanied by the alimentary tract response[64,65]. 
The local mucosal inflammation in airways may also be 
responsible for the intestine inflammation and vice versa. 
In view of  the above phenomena, the lungs and intestine 
are a pair of  interacting organ systems[53-57]. It is most 
likely that there are similar inflammatory and immune 
components of  these organs that are the cause of  the 
overlap in pathological changes in respiratory and intesti-
nal mucosal diseases[59,60].

Why the inflammatory process shifts from the gas-
trointestinal tract to the airways or vice versa remains a 
mystery. Over the years many explanations for the intes-
tine-lung communication have been proposed, however, 
no definite conclusions have been drawn. The purpose 
of  this article is to update the plausible hypotheses of  
intestine-lung axis communication underlying the pos-
sible mechanism of  pulmonary involvement during IBD 
pathogenesis.

PULMONARY INVOLVEMENT IN 
ASSOCIATION WITH IBD OCCURS 
MORE FREQUENTLY THAN PREVIOUSLY 
RECOGNIZED 
Broad spectrum of respiratory disorders in patients with 
IBD 
Kraft et al[50] in 1976 first observed that six patients de-
veloped severe, unexplained, chronic bronchopulmonary 
disease 3-13 years after the onset of  nonspecific inflam-
matory disease of  the colon. Since then, various pul-
monary manifestations including small and large airway 
dysfunction or obstruction, inflammation of  pulmonary 
parenchyma and vasculature, as well as bronchopulmona-
ry hyper-reactivity have been reported in IBD[18,46-48,52,66,67]. 
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The spectrum of  respiratory disorders occurring among 
patients with IBD is broad[18,46-52,68]. Storch et al[69] recom-
mend that primary care physicians must take a broader 
approach while treating patients with IBD and pulmo-
nary diseases. 

Epidemiological evidence to support high prevalence of 
pulmonary involvement in association with IBD 
Lungs are not generally considered to be involved in IBD. 
In some studies only a few cases of  pulmonary complica-
tions have been associated with IBD[59,67], but in others, 
there is a wide range of  pulmonary complications associ-
ated with IBD[18,46-52,67,70]. Edwards et al[70] in a study of  624 
IBD patients did not find any association with pulmonary 
complications. Rodgers et al[67] found that there were only 
three cases of  pulmonary complications in their study of  
1400 IBD cases. However, other epidemiological inves-
tigations and clinical case reports have documented that 
pulmonary complications occur more frequently in IBD 
patients than previously recognized[18,46,47,49,51,52]. Recently, 
a large population-based study from Canada indicated 
that pulmonary complications were the most common 
concomitant chronic disorder in patients with CD and 
the second most common in patients with UC[19]. The 
increase in incidence of  IBD in the past few decades 
suggests that environmental factors such as air pollution 
could contribute to disease pathogenesis[51-57]. Association 
of  IBD and polymorphism of  many innate immunity 
genes has been identified[4,18,53,71,72]. The high concordance 
of  extraintestinal manifestations in siblings and first-
degree relatives with IBD suggests that genetic factors 
also contribute to the link between intestinal and extrain-
testinal manifestations[73]. The association of  pulmonary 
involvement with IBD appears to be mediated by a com-
plicated interaction of  environmental and genetic factors, 
suggesting there are clear, but undefined, multiple centers 
of  loss of  homeostasis in cellular and molecular interac-
tions between the environment and host in both respira-
tory and gastrointestinal systems.

Latent respiratory abnormalities or dysfunction in IBD 
patients discovered by HRCT, PFTs and bronchoscopy
HRCT, sensitive PFTs, bronchoscopy and histological 
examination have been widely used to discover the earli-
est pulmonary abnormalities or dysfunction among IBD 
patients. Many respiratory screening studies using HRCT 
and PFTs support a high prevalence of  clinical and sub-
clinical respiratory abnormalities or dysfunction among 
IBD patients[18,46-48,51,74]. Three studies of  randomly select-
ed IBD patients showed incidence rates of  pulmonary 
involvement in 44%, 48%, and 50%, respectively[47,51,75]. 
Although overt pulmonary symptoms may be uncom-
mon, abnormalities on PFT have been noted in > 50% 
of  patients with UC and > 60% of  those with CD[51,76,77].

Advances in imaging methods over the past decade 
have led to an increased understanding of  anatomical and 
physiological pulmonary abnormalities in patients with 
IBD[77]. Even though the majority of  patients with pul-

monary abnormalities were asymptomatic, the incidence 
of  at least one abnormality on HRCT of  the chest was 
as high as 39% in UC and 92% in CD patients[51]. With 
the advent of  HRCT, it has become obvious that the 
previously described rarity of  pulmonary involvement in 
IBD is inaccurate[77]. HRCT showed changes like bron-
chectasis, mosaic perfusion and air trapping, suggestive 
of  obliterative bronchiolitis, and patterns of  centrilobular 
nodules and broncing linear opacities (“tree in bud” ap-
pearance), suggestive of  either cellular bronchiolitis or 
bronchiolectasis with mucoid secretion[69,78]. HRCT im-
ages also indicate that there are multiple centers of  airway 
responses and mucoid secretion. This suggests that air-
way epithelium (including goblet cells) has been activated. 
The response of  airway epithelium may be a major con-
tributor to IBD-related lung disease. 

Munck et al[47] investigated 30 IBD patients (12 with 
CD, 18 with UC), and found dysfunction of  small airways 
and parenchyma in all IBD patients despite their normal 
pulmonary physiology. It is likely that the earliest changes 
occur in the peripheral airways and pulmonary paren-
chyma, which result in reduced small airways and lung 
diffusion capacity in all the patients[49,51]. Increased disease 
activity in IBD patients has been shown to be associated 
with abnormal pulmonary function tests, and suggests a 
direct pathogenic link[49,51,79].

Bronchoscopy and histological examination from the 
lung biopsies show changes in the bronchial epithelium, 
consisting of  basal cell hyperplasia, basement membrane 
thickening, submucosal nonspecific inflammation, small 
airway fibrosis, and an overall increase in epithelial thick-
ness and granulomatous bronchiolitis[66,68,79]. Although 
the crosstalk mechanism between the bowel and lung 
remains unknown, the HRCT and histology evaluation 
show that there is a shift in the inflammatory process 
from the bowel to the lungs[49,51,79]. 

Respiratory hyper-responsiveness among IBD patients
Allergic symptoms, abnormal PFTs and positive skin 
prick test were more common among the IBD patients 
compared to the normal population[28]. The subclinical 
nonspecific bronchial hyper-responsiveness, independent 
of  the presence of  atopy, in IBD patients who have no 
other pulmonary symptoms and with normal baseline 
spirometry, has a high prevalence[48]. Colby et al[80] report-
ed that the bronchial hyper-reactivity occurred in 48% 
of  patients with UC and CD, even in the absence of  any 
clinical, radiological and functional evidence of  airway 
disease. Bronchial hyper-reactivity occurred in 71% of  
children and adolescents with CD[81]. Allergy is an inap-
propriate inflammatory reaction to antigen. The allergen 
triggers an exaggerated immune response, and can ag-
gravate an immediately atopic allergic reaction[82-84]. Com-
bination of  HRCT and histological examination revealed 
multiple centers of  pulmonary inflammatory responses, 
which may share many characteristics with atopic allergic 
reactions[48,80,81]. The lungs may duplicate the “social” in-
flammatory reaction of  the intestine (Figure 1).
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complex system called the intestinal barrier. The intestinal 
epithelial cells are a single layer of  columnar cells con-
sisting of  four types of  cells: the absorbent enterocytes, 
goblet cells, Paneth cells, and enteroendocrine cells. It is 
clear that these four types of  epithelial cells present an 
anatomical and functional barrier to maintain the whole 
intestinal homeostasis. On the antigen-rich side of  the 
lumen, they secrete and regulate the composition of  the 
thick mucus layer. The intestinal epithelial cells serve as 
sentinels of  innate immunity. The innate immune system 
is able to recognize bacterial and viral motifs through 
the toll-like receptors (TLRs) and the nucleotide-binding 
oligomerization domain families[93-95]. The intestinal epi-
thelial cells express several members of  the TLRs[93]. On 
the basolateral side, these cells interact and continuously 
crosstalk with inflammatory cell-rich lamina propria. The 
intestinal epithelial cells are nonprofessional antigen-pre-
senting cells, which are able to process and present anti-
gens directly to lymphocytes by a highly polarized system 
with apical antigen sorting, processing and exclusively 
basolateral presentation. They serve as the major partici-
pants in innate and adaptive immune responses[60,71,87,89-91]. 
The intestinal epithelium acts to maintain homeostasis 
during the steady state, restore the epithelium during in-
sult or injury, and induce inflammatory responses. 

Airway epithelium is also the center of cellular and 
molecular interaction between host and environment 
Although initiation of  pulmonary inflammation and its 
association with IBD remains unknown, it is well estab-
lished that the airway epithelial cells play an important 
role in the initiation and maintenance of  airway inflam-
mation, as well as being the main target[60,85,88,96-98]. The 
airway epithelial cells are also at the center of  the airway 
barrier system because of  their anatomical and functional 
position. On the antigen-rich lumen side, they secrete 

EPITHELIAL CELLS ARE THE INITIAL AND 
MAIN TARGET
The epithelial cells are considered not only the frontier 
sentinels and barriers, but also the central participants 
in innate and adaptive immune responses during mu-
cosal inflammation[71,85-88]. In both the bowel and lungs, 
these cells provide an important physical barrier to the 
huge vulnerable biological surface, and are continuously 
exposed to the external environment. Upon activation, 
epithelial cells can release large quantities of  proinflam-
matory cytokines, growth factors and chemokines that 
attract inflammatory cells to initiate and sustain the in-
flammatory reaction[71,85-88]. Direct or indirect interactions 
of  epithelial cells with mast cells, T and B lymphocytes, 
dendritic cells (DCs), eosinophils, neutrophils, and baso-
phils help to maintain the balance between the environ-
ment and the host[88]. The airway and gut epithelial cells 
are at the center of  the inflammatory response and play 
the dominant role in initiation and sustaining the inflam-
matory reaction[88].

Intestinal epithelium is the center of cellular and 
molecular interaction between host and environment
The healthy mutual relationship between the microbiota 
and host depends on the balanced interaction between 
the microbiota and innate immune activation[60,71,87,89,90]. 
The intestinal barrier plays a crucial role in cellular and 
molecular interactions between the commensal micro-
flora and possible harmful factors in the intestinal lumen 
and innate immune system[60,71,87,89-92]. The intestinal bar-
rier is composed of  a thick mucus layer containing host 
defense molecules, a monolayer of  columnar intestinal 
epithelial cells, and underlying set of  cells (mesenchymal 
cells, DCs, lymphocytes and macrophages)[60,71,87,89-92]. The 
intestinal epithelial cells are exactly at the center of  the 

Inflammation of intestine

? Inflammatory nature in both intestine and lung

Large airway

Small airway

 

Parenchyma
Clinical or subclinical inflammation of lung

Abnormalities

Dysfunctions (latent lesion)

Hyperreactivities

Figure 1  Model for inflammatory process in lung and 
intestine during inflammatory bowel disease. Clinical or 
subclinical inflammation in small and large airways and the 
lung parenchyma accompanies the main inflammation in the 
bowel during inflammatory bowel disease. 
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and regulate the composition of  the thick mucus layer, 
while on the basolateral side, they interact and crosstalk 
with the inflammatory cell-rich lamina propria[60,85,88,96-98]. 
Activated airway epithelial cells can induce synthesis and 
secretion of  immune-cell-mediated host defense mol-
ecules such as antimicrobial and antiviral proteins that 
activate other mucosal innate immune cells[60,85,88,96-103]. 
Activated innate immune responses can secondarily in-
duce the recruitment and activation of  DCs and T and 
B lymphocytes that amplify antigen recognition and an-
tibody production and other adaptive immune respons-
es[60,96-103]. Many studies document that the IBD patients 
develop rapidly progressive respiratory symptoms after 
colectomy without any identified bacterial pathogens on 
repeated sputum culture and require oral corticosteroid 
therapy[18,66,99,104-106], which proves that pulmonary impair-
ment in IBD is not a pathogen-induced inflammation. 
The pulmonary involvement in IBD may be due to aber-
rant immunity from the bowel that disrupts airway tissue 
homeostasis. This aberrant airway epithelial injury/repair 
may be the mechanism of  IBD-related pulmonary in-
volvement[53-57,107,108]. Lungs may duplicate atopic inflam-
mation of  the bowel. However, the connection between 
the primary site and the atopic site is unclear. Less atten-
tion has been paid to the mechanism of  atopic inflam-
matory reaction that manifests at sites remote from the 
primary site. The mechanism should be either systemic-
factor-mediated cellular and molecular events or some 
intrinsic connection between the primary and atopic sites. 
In future, detecting the earliest pulmonary epithelium 
activation signs or genetic responses during IBD patho-
genesis would provide evidence of  the linkage between 
the anatomically disconnected organ systems.

AIRWAY MAY DUPLICATE THE BOWEL 
INFLAMMATORY EVENT 
Combined HRCT and histological examination have 
shown that there are multiple centers of  airway epithelial 
(including goblet cells) responses and mucoid secretion 
in IBD[78-79,104,109]. The lung duplicates the inflammatory 
process of  the bowel (Figures 1 and 2). The linkage 
between the lungs and intestine is hard to understand 
in the absence of  anatomical connections or systemic 
neuroendocrine immune mediation. Pulmonary inflam-
mation may intrinsically accompany the main inflamma-
tion in the bowel, and this distal intrinsic inflammatory 
response may be related to the “social manner” of  cells 
and molecules, similar to the exaggerated allergen-in-
duced multiple centers of  allergy inflammatory response 
on the surface of  the skin, conjunctivae, and airway and 
digestive tracts[83-85,88,99,107,108]. 

Commonalities between lung and intestine and crosstalk 
There are many commonalities between the lungs and 
intestines[18,53,107,108,110,111]. The gastrointestinal tract and 
bronchial tree share a common embryological origin that 
arises from the primitive gut[10,74,75,77,78]. Both the lung and 
intestine possess goblet cells and submucosal glands as 
part of  their luminal structure. In addition, both contain 
submucosal lymphoid tissue, host defense molecules, 
and play crucial roles in both innate and acquired immu-
nity[18,107,108,110,111].

In IBD, inflamed bowel mucosa produces many in-
flammatory mediators and releases them to the circulat-
ing system[4,66,71,86,87,90,102,103]. The inflamed bowel mucosa 
also creates the prospect for systemic absorption of  

A pair of related organ systems 
(Biao-Li)

“Social” manner of cells and 
molecules

Commonalities
Huge surface
Embryonic origin
Epithelia “commonwealth”
Goblet cells and submucosal glands
Submucosal lymphoid tissue
Innate and acquire immune, etc .

Figure 2  Summary model of plausible mechanisms of lung-intestine communication underlying inflammatory bowel disease-associated pulmonary in-
volvement. The lungs and intestines are a pair of mutually affected organs. The airways may intrinsically accompany inflammation of the bowel. This distal intrinsic 
inflammatory response may relate to the common features between the lung and intestine. According to Traditional Chinese Medicine, the lung and intestine have 
internal and external relationships (Biao-Li). This distal intrinsic inflammatory response may relate to the “social manner” of cells and molecules.

Intestine Lung

Wang H et al . Gut-lung cross-talk in IBD



6799 October 28, 2013|Volume 19|Issue 40|WJG|www.wjgnet.com

luminal contents, including dietary antigens, digestive 
enzymes, or specific bacterial products capable of  induc-
ing systemic inflammation[66,102,103]. Some investigators 
hypothesize that the pathogenesis of  IBD-related airway 
disease may be associated with circulating inflammatory 
mediators, specific bacterial products, dietary antigens, 
or digestive enzymes[102,103]. Detectable levels of  bacte-
rial lipopolysaccharide and antibodies to bacterial lipid A 
and peptidoglycan in serum of  IBD patients support this 
theory. However, it is less likely to be accurate in the case 
of  IBD-associated lung disease, because it clearly occurs 
after colectomy in patients who do not have any ongoing 
bowel inflammation[4,66,105,106]. To the best of  our knowl-
edge, none of  the circulating inflammatory mediators, 
dietary antigens, digestive enzymes, or specific bacterial 
products has been established as being responsible for 
extraintestinal syndromes during the intestine inflamma-
tory process. In fact, circulating inflammatory mediators 
are not always enough to drive inflammation from the 
local mucosa to distal organs. Our previous work sug-
gested that the skin, conjunctivae, airways and digestive 
tract may join together to fight allergens[107,108]. The atopic 
lesion may duplicate the primary contact site of  cellu-
lar and molecular events. The atopic march may be due 
to the intrinsic “social” involvement of  the positioned 
epithelial cells, but may not be totally controlled by the 
anatomic connection or the circulating systemic factors 
involved in allergy pathogenesis[53-57,107,108,112,113]. Thymic 
stromal lymphopoietin (TSLP), a general biomarker for 
skin-barrier defects[85,107,114] is an interleukin-7-like cyto-
kine produced by epithelial cells, has emerged as a po-
tential master regulator of  both skin and airway inflam-
mation[85,107,112-115]. TSLP signaling plays an important role 
in both airway and skin allergic inflammation. Recently, 
Zhang et al[114] found that increased TSLP expression in 
skin keratinocytes not only triggers atopic dermatitis-
like lesions in skin locally, but also leads to a concomitant 
ovalbumin (OVA)-induced asthma-like lung inflammation 
in animals. Furthermore, they elucidated that increased 
epidermal keratinocyte TSLP expression and subsequent 
increase in circulating TSLP in a mouse model did not 
lead to any spontaneous lung inflammation in the ab-
sence of  OVA sensitization and challenge. High levels of  
expression of  TSLP mRNA in bronchial epithelial cells 
and submucosa of  asthmatic patients[115], suggest that 
locally produced TSLP could be important for the de-
velopment and maintenance of  asthma[85,107,112-115]. TSLP 
appears to be a crucial factor in driving both skin and 
lung into inflammation, but solely increased epidermal 
keratinocyte TSLP expression and subsequent increase 
in blood circulating TSLP is not sufficient to drive both 
skin and lung into inflammation[85,107,112-115]. The lung in-
flammation is not triggered by circulating or epidermal 
TSLP, but requires local TSLP production by pulmonary 
epithelial cells[85,107,112-115]. OVA sensitization and challenge 
is extremely important to drive both skin and lung into 
inflammation[85,107,114]. The intrinsic connection of  skin 
and lung is through locally produced TSLP after OVA 

sensitization and challenge[85,107,112-114]. 
The plausible mechanism for association of  pulmo-

nary involvement with IBD may be the intrinsic airway 
reactions that accompany the main inflammation in the 
bowel, as for allergen-triggered, enigmatic, multiple cen-
ters of  allergic inflammation. 

There is clearly communication among organs that 
share a common embryological origin, or similar cellular 
and molecular structure without any anatomical interac-
tion[53-57,65,107,108,110,111]. Primitive gut has a shared common 
origin with the gastrointestinal tract, biliary tract, and 
respiratory system. Our previous work suggested that 
pulmonary surfactant protein A-like molecule is a frontier 
host defense protein and that its expression may be asso-
ciated with some autoimmune diseases[53,65]. Latex-medi-
ated allergy is another example of  intrinsic activation of  
non anatomically related organs. During latex-mediated 
allergy, the skin allergic reaction occurs anywhere in the 
body and not necessarily at the site of  the direct latex 
contact[74,75,83]. How does information transfer from the 
epidermal keratinocytes at latex-contacted sites to those 
at uncontacted sites[107,108,116]? It is possible that the epi-
dermal keratinocytes at both sites intrinsically communi-
cate because they are close relatives that share common 
features. 

In fact, in IBD, the surface of  skin, conjunctivae, and 
airways is involved in fighting inflammation in the gastro-
intestinal tract. 

As above mentioned, OVA intrinsically drives skin 
and lung into allergic inflammation by locally produced 
TLSP[85,107,112-115]. Aberrant immune responses to the com-
mensal microbiota in the bowel, which lead to pulmonary 
inflammation, may be related to some unknown TLSPS-
like molecules. Detecting these molecules could provide 
the mechanism of  lung-intestine crosstalk.

Pulmonary involvement associated with IBD may be a 
good example to understand the Biao-Li relationship 
between lung and intestine
According to Chinese Medicine, the lung and the intes-
tine are a pair of  related organ systems (Biao-Li). The 
interaction of  lung and intestine is mutually affected by 
internal and external relationships[47,53-57,107,116-118]. It means 
that lung diseases often have colon syndromes and co-
lon diseases may have lung syndromes. The mechanism 
is complicated, and immunological, environmental and 
genetic factors should trigger lots cellular and molecular 
events[107,108]. From the pathological findings, the mi-
croscopic hallmark of  IBD in the intestine and lung is 
infiltration of  chronic inflammatory cells and response 
of  interstitial cells such as fibrocytes and epithelium. In 
our previous study, we investigated one type of  frontier 
immune cell (CD68-positive macrophages) and one type 
of  frontier host defense molecule [pulmonary surfactant 
protein (SP)-A], which reside in the lungs and colon. 
Both frontier immune cell and frontier host defense mol-
ecules are overexpressed in inflammatory areas of  CD 
and UC, and in particular, there are many CD68-positive 
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macrophages among the epithelia of  lamina mucosa. The 
SP-A-positive macrophages are recruited by activated 
epithelial cells (Figure 3)[53]. The epithelium serves as 
the central participants in innate and adaptive immune 
responses as well as mucosal inflammation, laboratory 
evidence of  activation of  pulmonary epithelium would 
provide an insight into the “Biao-Li” relationship be-
tween lung and intestine during the pathogenesis of  IBD 
associated pulmonary disorders. In view of  this, associa-
tion of  pulmonary involvement with IBD may be a good 
example to understand the Biao-Li relationship between 
lung and intestine[53-57,107,116-118].

Lung-intestine connection may relate to the “social” 
property of cells and molecules
To date, there is a lack of  evidence for the participation 
of  any circulating inflammatory mediator, dietary anti-
gens, digestive enzymes, or specific bacterial products as 
a linkage between the gastrointestinal tract and extrain-
testinal organs. Both gastrointestinal and airway lesions 
may be epithelium-mediated chronic inflammation. IBD-
associated pulmonary involvement, such as epithelial 
disease with adoption of  a chronic wound scenario, could 
also be a hypothesis about airway wall and gastrointesti-
nal tract remodeling over the course of  the disease[60,66,80]. 
The extraintestinal organs may duplicate “social” inflam-
mation of  the gastrointestinal tract. The inflammation of  
the gastrointestinal tract as a “social” factor drives inflam-
matory reaction to extra-intestinal organs. There is a clear 
but undefined communication among organs that share 
a common embryological origin, or similar cellular and 
molecular structure despite being located at a distance 
from each other without any anatomical interaction. The 
human body originates from a single cell, which makes 
the whole body a social system. A constant molecular and 
cellular interaction between the environment and host is 
required for the establishment and maintenance of  ho-
meostasis. Disrupted homeostasis in the gastrointestinal 

tract may also affect the airways. Pulmonary involve-
ment associated with IBD as the “social” inflammatory 
reaction, is a plausible hypothesis. Sharing the common 
embryological origin or similar cellular and molecular 
structures may be “closer relatives” in our “social body”. 
The “social manner” of  cell and molecules would also 
help to attain insight into the pathogenesis of  enigmatic 
complications such as IBD, and the cellular and molecu-
lar mechanism of  Chinese Traditional medicine. 

CONCLUSION
The frequency of  pulmonary abnormalities, dysfunction 
or hyper-reactivity that occurs in association with IBD is 
more than previously recognized. More evidence shows 
that latent inflammation exists in the airways of  IBD 
patients, even without any bronchopulmonary symptoms 
and with normal pulmonary function. The pulmonary 
impairment is more pronounced in IBD patients with 
active disease than in those in remission, and the linkage 
between lung and intestine may not be easily supported 
by anatomic connection or systemic neuroendocrine im-
mune mediation. The airways may intrinsically accompa-
ny the main inflammation in the bowel. Lung and intes-
tine share a lot of  common features. The interaction of  
lung and intestine is mutually affected by internal and ex-
ternal relationships (Biao-Li). The pulmonary abnormali-
ties, dysfunction or hyper-reactivity in IBD patients may 
be related to the “social” manner of  cells and molecules. 
Further investigation of  epithelium-mediated cellular and 
molecular events and their interaction in lung and bowel 
may provide evidence of  mutually affected internal and 
external relationships (Biao-Li) of  the lung-intestine axis, 
and the “social property” of  cells and molecules. A bet-
ter understanding of  the mechanism of  crosstalk among 
the distant organs would be beneficial to the elucidation 
of  the etiology and help in identifying therapeutic strate-
gies for mucosal inflammatory diseases such as IBD and 

Figure 3  Co-localization of surfactant protein-A and CD68 in normal and inflammatory areas. A: Surfactant protein (SP)-A -positive signal was indicated by fluo-
rescence microscopy (green) fluorescence; CD68-positive signal was identified by rhodamine red-X (red) fluorescence; and the cell nucleus was indicated by Hoechst 
dye (blue). In the normal area, SP-A was located in the surface of the villi, specific epithelium and submucosae, lamina muscularis, mucosae and lymphoid tissues. 
CD68-positive cells were mainly found in the submucosae, lamina muscularis, mucosae, and lymphoid tissues and in the epithelium; B: In the inflammatory area, 
CD68-positive cells were dramatically increased in all levels of the bowel wall; especially CD68-positive macrophages in the epithelia of lamina mucosa. The SP-A-
positive macrophages were recruited by activated epithelial cells. Double labeled SP-A and CD68 shows that some CD68-positive macrophages expressed SP-A like 
molecule in the inflammatory bowel disease tissues (original magnification, × 200). Figures reproduced with permission from reference [53]. 
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atopic allergic inflammation. 
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