
Int. J. Biol. Sci. 2012, 8 
 

 
http://www.biolsci.org 

1281 

IInntteerrnnaattiioonnaall  JJoouurrnnaall  ooff  BBiioollooggiiccaall  SScciieenncceess  
2012; 8(9):1281-1290. doi: 10.7150/ijbs.4874 

Review 

Role of IL-6 in Asthma and Other Inflammatory Pulmonary Diseases  
Mercedes Rincon1 and Charles G. Irvin2  
1. Department of Medicine, Immunobiology Division, University of Vermont, Burlington, VT 05405, USA; 
2. Pulmonary and Critical Care Medicine Division, University of Vermont, Burlington, VT 05405, USA.  

 Corresponding author: Mercedes Rincon, Ph.D. Professor, Department of Medicine/Immunobiology, Given C331, University of 
Vermont, 89 Beaumont Ave., Burlington, VT 05405. Phone: 802-656.0937 Fax: 802-656-3854 mrincon@uvm.edu. 

© Ivyspring International Publisher. This is an open-access article distributed under the terms of the Creative Commons License (http://creativecommons.org/ 
licenses/by-nc-nd/3.0/). Reproduction is permitted for personal, noncommercial use, provided that the article is in whole, unmodified, and properly cited. 

Received: 2012.07.14; Accepted: 2012.08.14; Published: 2012.10.25 

Abstract 

The incidence and severity of chronic lung diseases is growing and affects between 100 and 
150 million people worldwide and is associated with a significant rate of mortality. Unfor-
tunately, the initial cause that triggers most chronic lung diseases remains unknown and 
current available therapies only ameliorate, but do not cure the disease. Thus, there is a need 
for identification of new targets and development of novel therapies especially for those most 
severely affected. IL-6, like other inflammatory cytokines, has been shown to be elevated in 
different lung diseases, but it was considered a byproduct of ongoing inflammation in the lung. 
However, recent studies support a dissociation of IL-6 from inflammation in the lung and 
suggest that this cytokine plays an active role in pathogenesis of asthma and, in all likelihood, 
COPD. IL-6 may therefore be a germane target for treatment of these and other chronic lung 
disease. Here, we provide an overview of the studies in mouse models and human patients 
that provide support for the involvement of IL-6 in lung diseases. 
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Introduction: Lung as a target organ for in-
flammatory diseases. 

Lung diseases are on the rise and represent a 
significant source of mortality and morbidity. For 
example, chronic obstructive pulmonary disease 
(COPD) is currently the 5th cause of death and is rising 
such that by 2020 COPD is expected to be the 4th most 
common cause of death worldwide. Asthma is ex-
ceedingly common with a prevalence of about 8% in 
the U.S. Asthma is the most common chronic disease 
of children and is a leading cause of missed days of 
school, and among adults, missed days at work. Other 
inflammatory lung diseases such as cystic fibrosis 
(CF) and interstitial lung disease (ILD) are also more 
frequently encountered and are characterized by poor 
outcomes, i.e. death and/or poor quality of life. All 
these lung diseases are characterized by periodic or 
chronic inflammatory processes and the general use 

of anti-inflammatory therapeutic interventions such 
as steroids. While the major focus of this present re-
view will begin with a discussion of the role of IL-6 in 
asthma we will also discuss the role of this cytokine in 
other lung diseases. 

Allergic asthma is a chronic inflammatory dis-
ease of the airways that occurs in response to inhaled 
allergens such as ragweed pollen, cat dander, house 
dust mites, and fungi. The development of a CD4 Th2 
immune response and its associated cytokines (e.g. 
IL-4, IL-5, and IL-13) are known to play an important 
role in the pathogenesis of allergic asthma. IL-4 pro-
motes Ig isotype switching in B cells to produce pri-
marily IgE and IgG1 (1). IL-5 promotes eosinophil 
survival, differentiation and migration (2) while IL-13 
induces mucus metaplasia and airway hyperrespon-
siveness (3-5). The role of Th17 cells and their signa-
ture cytokines IL-17A and IL-17F in allergic asthma is 
also becoming more apparent. While animal models 
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have provided some conflictive conclusions in part 
due to the presence of several members of the IL-17 
family and a common IL-17R, together with human 
studies, it appears that IL-17 also contributes to the 
pathogenesis of asthma, primarily severe and ster-
oid-resistant asthma (6).  

 Although this Th2/Th17 type of immune re-
sponse may be influenced by the nature of the anti-
genic determinants of the allergen and its recognition 
by CD4 T cells, components of the lung environment 
(e.g. epithelial cells, smooth muscle cells) can also 
contribute to the overall immune response by secret-
ing cytokines. In recent years a number of studies 
have shown that lung epithelial cells produce specific 
cytokines and that these cytokines can favor Th2 
and/or Th17 cell differentiation. Thus, IL-33 is pro-
duced by lung epithelial cells and promotes some 
aspects of a Th2 response such as IL-5 production and 
eosinophilia (7). Thymic Stromal Lymphopoietin 
(TSLP) is also produced predominantly by lung epi-
thelial cells and promotes a Th2 response (8). IL-6, a 
cytokine produced by inflammatory cells is also pro-
duced by primary lung epithelial cells in response to a 
variety of different stimuli including allergens, res-
piratory virus and exercise (9-12). In addition, a recent 
study has shown high levels of IL-6 mRNA present in 
a constitutive manner in mouse primary lung epithe-
lial cells, but not in immune cells resident in the lung 
(13). IL-6 has emerged as an important regulator of 
effector CD4 T cell fate (14), promoting IL-4 produc-
tion during Th2 differentiation, inhibiting Th1 dif-
ferentiation and, together with TGFβ, promoting Th17 
cell differentiation. The pleotropic nature of these 
immunoregulatory roles suggests that IL-6 could be a 
potential wide-ranging contributor to asthma as well 
as other pulmonary diseases where the lung epithe-
lium is damaged.  

Regulation of IL-6 and IL-6 receptor in 
asthma. 

IL-6 is a small size glycoprotein (21 KDa) pro-
duced by cells from the innate immune system (e.g. 
macrophages, dendritic cells, mast cells, neutrophils), 
but also by B cells and, to a lesser extent, by some CD4 
effector Th cells. In addition, IL-6 is also secreted by 
non-leukocytes such as endothelial cells, fibroblasts, 
astrocytes, epithelial cells, and a number of malignant 
cells (15). Although a large variety of stimuli can in-
duce the production of IL-6 by these cells, a feature 
common for most of them is their effect promoting 
cell stress or damage (e.g. UV, irradiation, ROS, mi-
crobial products, viruses, or other proinflammatory 
cytokines). The levels of IL-6 in serum have been 
found to be elevated in a number of inflammatory 

diseases (16). As a result, IL-6 has long been consid-
ered a general marker of inflammation together with 
TNFα and IL-1β, two other classical inflammatory 
cytokines. However, it is becoming evident that IL-6 is 
not simply a proinflammatory marker, but an active 
factor that contributes to the pathogenesis of certain 
inflammatory diseases such as rheumatoid arthritis, 
and a successful target for some of these diseases (16).  

Increased levels of IL-6 in serum have been 
found in asthmatic patients (11). More importantly, a 
study examining IL-6 in brochoalveolar lavage fluid 
(BALF) has shown increased levels of IL-6 in active 
asthmatic patients compared with the levels in 
healthy nonsmoker subjects, stable asthmatic and 
non-asthmatic patients receiving mechanical ventila-
tion (17). In addition, increased levels of IL-6 in BALF 
from patients with “intrinsic” asthma compared with 
the levels in patients with allergic asthma have also 
been reported (18), suggesting that IL-6 may play a 
role beyond patients with allergic asthma which only 
accounts for about 50% of all asthmatics. A recent 
study in mild allergic asthmatic patients with no ex-
uberant airway inflammation has shown increased 
IL-6 levels in induced sputum compared with the 
levels in healthy subjects (19). Neither IL-1β nor TNFα 
levels in induced sputum were increased in this co-
hort of patients. However, the levels of IL-13 (but not 
IL-5 or IL-4) were also increased in the allergic asth-
matic patients relative to the levels in control subjects. 
Interestingly, increased IL-13 levels correlate with 
increased IL-6 levels in the asthmatic patients (19). 
Although increased levels of IL-6 in the lung of asth-
matic patients have been associated with the presence 
of inflammatory cells (e.g macrophages, neutrophils) 
that can secrete this cytokine, these studies suggest 
that the presence of IL-6 in the lung airways may be 
independent of inflammation. A number of studies 
have shown an overexpression of IL-6 in bronchial 
epithelial cells in patients (adult and children) with 
asthma (9, 10). In addition, the IL-6 gene is constitu-
tively expressed in primary lung epithelial cells from 
naïve mice and exposure to allergen can trigger the 
production of this cytokine prior to the recruitment of 
inflammatory cells (13). Thus, the presence of IL-6 in 
the airways of asthmatic patients may not be the re-
sult of ongoing inflammation, but the result of the 
“activated” state of pulmonary epithelial cells.  

IL-6 binds to IL-6 receptor (IL-6R) that is ex-
pressed in leukocytes and hepatocytes. Although 
IL-6R does not have the ability to trigger signaling, it 
associates with the gp130 signal transducer glyco-
protein that is ubiquitously expressed and is shared 
by other cytokine receptors (20). The specificity in 
signaling is determined by the binding of IL-6 to IL-6R 
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and the subsequent association of this complex with 
gp130. This association triggers the dimerization of 
gp130, leading to the activation of the specific mem-
bers of the JAK family of tyrosine kinases (JAK1, JAK2 
and Tyk2). Activated JAKs then mediate the phos-
phorylation and activation of the major transcription-
al factor regulated by IL-6, STAT3 (21, 22). In addition, 
IL-6 also activates the C/EBPβ transcription factor 
(also known as NF-IL6) through the MAPK pathway 
(23).  

Although IL-6R expression is relatively restrict-
ed to immune cells and hepatocytes, IL-6 can regulate 
the function of other cells through a new pathway that 
has been defined as “trans-signaling” of IL-6R (24). In 
addition to the membrane IL-6R, soluble IL-6R 
(sIL-6R) can be generated and secreted through 
mRNA alternative splicing, or by shedding of the 
membrane bound IL-6R mediated by specific metal-
loproteases (25-27). sIL-6R generated by either 
mechanism can bind IL-6 and the complex associates 
with cell surface gp130 in an agonistic manner and 
transduce signals through gp130. This trans-signaling 
pathway confers responsiveness for IL-6 to those cells 
that lack IL-6R. Although macrophages and neutro-
phils have been considered as the predominant source 
of sIL-6R (27), both human and mouse CD4 T cells can 
also produce large amounts of sIL-6R upon activation 
(28, 29). CD4 T cells could therefore contribute to the 
development and/or progression of asthma by 
providing sIL-6R to cells non-responsive to IL-6. In 
addition to increased IL-6, elevated levels of sIL-6R 
have also been found in BALF from asthmatic patients 
after allergen challenge (30), suggesting that IL-6 may 
have a direct effect on cells other than immune cells. 
The source of sIL-6R in the airways of these patients 
remains unknown. 

An important question to be addressed is 
whether the presence of IL-6 in the lung is associated 
with altered lung function. A prospective 
cross-sectional study with asthmatic patients has 
shown that the levels of IL-6 in sputum inversely 
correlated with FEV1 percentage predictive (31). A 
similar inverse correlation between IL-6 in sputum 
and FEV1 was found in a cohort of severe asthmatic 
patients (32), while in a cohort of allergic asthmatic 
patients elevation of IL-6 in sputum associates with 
loss of central airway function (19). In obese asthmatic 
patients, the increased levels of IL-6 in serum also 
correlated with impaired lung function (33). Together, 
these studies indicate that the presence of IL-6 in the 
lung airways correlates with an impaired lung func-
tion in different subsets of asthmatic patients, and 
suggests that IL-6 is likely to be directly involved in 
the pathogenesis of asthma and the progressive loss of 

lung function observed in patients who remain un-
treated. As such, IL-6 is likely a potential target for 
new treatments for this important disease.  

Role of IL-6 in experimental allergic airway 
inflammation using mouse models.  

The results described above provide a correla-
tion between IL-6 and asthma in humans, and suggest 
an active role of IL-6 in determining lung function 
abnormalities in this disease. However, cause-effect 
studies in germane animal models provide further 
proof that IL-6 could both cause disease and be a po-
tential target for this disease. Unfortunately, conflic-
tive results from the mouse model studies diminished 
the initial interest in IL-6 in asthma and complicated 
the initiation of potential clinical studies to target this 
cytokine in lung diseases. The most common mouse 
model of allergic airway inflammation is the ovalbu-
min (OVA) model. In this model, mice receive intra-
peritoneal (i.p.) immunizations of OVA and alum as 
adjuvant once per week for two weeks and they are 
challenged one or two weeks after the last immuniza-
tion with repeated aerosolized doses of OVA (34). 
Using the OVA model and IL-6 deficient mice (35), 
initial studies indicated that the lack of IL-6 increases 
eosinophilia, lung Th2 cytokines (IL-4, IL-5 and IL-13) 
and eotaxin, as well as airway response to methacho-
line (36). The same study also reported decreased eo-
sinophilia and Th2 cytokines in transgenic mice 
overexpressing IL-6 in airway Clara cells (36), alt-
hough these mice were previously shown to develop 
spontaneous fibrosis (37). A later study, using the 
same IL-6 targeted mice in a chronic OVA model of 
allergic airway inflammation, reported enhanced 
airway inflammation, yet decreased fibrosis (38). 
Thus, these early studies suggested that IL-6 could be 
protective against allergic airway inflammation, but it 
could promote lung fibrosis. 

While the OVA model has been extensively used 
as a mouse model for allergic airway inflammation, it 
requires an i.p. immunization to initiate the immune 
response, bypassing the lung environment (e.g. lung 
epithelial cells as source of cytokines). In addition, the 
OVA model uses alum as adjuvant, and it is known 
that alum trigger the production of IL-1, but it does 
not trigger the production of IL-6 (39, 40). An alterna-
tive model of allergic airway inflammation consists of 
the oropharyngeal (o.p.) administration of 
non-infectious extracts from Aspergillus fumigatus, a 
physiologically significant fungal allergen, once per 
week for two weeks followed by 2-4 daily o.p. ad-
ministrations of the same extracts (41, 42). Lung ex-
posure to A. fumigatus extracts rapidly triggers IL-6 
production in the airways (13, 40). Repeated admin-
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istrations cause allergic airway inflammation charac-
terized by an accumulation of eosinophils and Th2 
cytokines in the airways, IgE production and airway 
hyperresponsiveness (41). Using IL-6 null mice (dif-
ferent from the mice used in other studies) (43) in the 
A. fumigatus model, a more recent study has shown 
that IL-6 is required for mucus hypersecretion by 
airway epithelial cells, although is not required for 
IL-5 and eosinophilia (40). Impaired mucus produc-
tion in IL-6 null mice correlated with a profound re-
duction of IL-13, the main inducer of mucus by epi-
thelial cells in the lung. IL-6 promotes IL-13 produc-
tion by CD4 T cells (40). Interestingly, the association 
between IL-6 and IL-13 in this mouse model of allergic 
airway inflammation correlates with the association of 
these two cytokines in human allergic asthmatic pa-
tients (19). Together, these studies therefore suggest 
that IL-6 could be used as a therapeutic target to de-
crease airway mucus hypersecretion in asthma and 
other lung diseases where mucus hyperplasia con-
tributes to the pathogenesis (e.g. cystic fibrosis or 
chronic bronchitis). 

As an alternative for IL-6 deficient mice, other 
studies have used an IL-6R blockade in wild type mice 
to address the role of IL-6 in the development of al-
lergic airway inflammation. It has been shown that 
intranasal administration of a blocking anti-IL-6R 
antibody in the OVA model decreases Th2 cytokines 
and eosinophils in the lung (30). More importantly, 
this IL-6R blockade also ameliorates airway hyperre-
sponsiveness (30). Similar effect was found when 
gp130-Fc recombinant protein was used as an alter-
native blockade for IL-6R signaling (30). The attenu-
ating effect of IL-6R blockade on airway inflammation 
was related to an increased local expansion of Treg 
cells, and reduced frequency of effector CD4 T cells 
(30, 44). Although no addressed in these studies, it is 
possible that the effect of gp130-Fc could be due to an 
impaired Th17 response, since IL-6 is currently con-
sidered a key factor in the balance between Treg cells 
and Th17 cells. Independently of the mechanism, the 
results from these studies are supportive of an active 
role for IL-6 in allergic airway inflammation. Fur-
thermore, these studies represent the first evidence to 
support that IL-6 might be a suitable target for a new 
approach to asthma therapy. A blockade for IL-6R 
(anti-IL6-R neutralizing Ab) is already approved for 
treatment of rheumatoid arthritis and systemic juve-
nile arthritis (45).  

Genetic evidence supporting the role of 
IL-6 in asthma. 

For decades numerous studies have tried to 
identify genetic links with the susceptibility to asth-

ma, often in unique and highly homogeneous popu-
lations. However, most of these studies failed to pro-
vide clear and consistent associations that could help 
to identifying the genetic basis of asthma. This failure 
has led to questioning the importance of asthma ge-
netics in developing new therapies. However, the 
rapid growth and development of more comprehen-
sive areas of gene sequencing and genetics (whole 
genome sequencing) has facilitated studies in very 
large populations of subjects worldwide. In addition, 
the current paradigm of replicating results in more 
than one population is more likely to be useful. 

A recent Australian genome-wide association 
study (GWAS) performed in over 2,000 asthmatics 
and 4,000 control individuals of European descent 
from Australia has identified three novel loci associ-
ated with asthma (46). Meta-analysis of their results 
with the results from the GABRIELS consortium 
identified seven putative novel asthma risk loci. A 
follow up analysis of these loci in asthmatic patients 
and controls from other studies (APCAT, Raine, 
QIMR and NTR) has revealed the association of one 
SNP (rs4129267) in intron 8 of the IL-6R gene in 
chromosome 1q21.3 with asthma risk. The presence of 
the minor T allele in this SNP was previously associ-
ated with increased levels of sIL-6R in serum (47-49). 

This non-coding SNP is in linkage disequilibri-
um with the rs2228145 SNP in the coding region 
where the minor C substitution of A results in a 
change from Asp358 to Ala. The presence of Ala358 in 
the IL-6R variant is known to facilitate cleavage of 
IL-6R and has been associated with increased levels of 
sIL-6R (50, 51). A recent study has examined the as-
sociation of Asp358Ala polymorphism with lung func-
tion in asthma in subjects of the SARP (Severe Asthma 
Research Program) study and replicated the results in 
the CSGA study (Collaborative Study on the Genetics 
of Asthma). The overall results from these studies 
indicate that the minor C allele (Ala358) is more fre-
quent within the severe asthma group and it associ-
ates with lower percent predicted FEV1, FVC and 
FEV1/FVC ratio (52). Furthermore, there is an inverse 
correlation between serum levels of sIL-6R and FEV1 
(52). Thus, together these emerging genetic studies 
provide strong evidences supporting the role of IL-6 
in asthma, and it is likely to be a major determinant of 
progressive loss of lung function in untreated pa-
tients.  

IL-6 and COPD 
 COPD is a complex pulmonary disease that is 

associated with high morbidity and mortality and it is 
highly prevalent. A number of pathological processes 
can contribute to the impaired lung function in 
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COPD, including mucus hypersecretion, emphysema, 
airway obstruction. Like asthma, the involvement of 
inflammation, especially neutrophils, in COPD is well 
established. A number of more recent studies are re-
vealing a potential association between COPD and 
some inflammatory cytokines or products of these 
cytokines. The immune response has also been im-
plicated in the development or progression of COPD. 
The first evidence pointing toward a potential role of 
IL-6 in COPD came from studies describing increased 
levels of IL-6 in induced sputum of COPD patients 
and importantly the inverse correlation between IL-6 
levels and lung function as determined by the tem-
poral decay in percentage predicted FEV1 (53-55). 
Furthermore, a recent longitudinal study on inflam-
matory markers in COPD patients over three years 
indicates that elevated IL-6 levels in serum, but not 
TNFα or IL-8 levels, are predictive of increase mortal-
ity in COPD (56). Similarly, another study supports 
the association of elevated IL-6 levels in serum, but 
not TNFα and IL-8, with poor clinical outcomes in 
COPD patients (57). The selective association of clin-
ical outcomes with IL-6 but not with other inflamma-
tory cytokines (e.g. TNFα) suggested that IL-6 in the 
lung is not necessarily a parameter for exacerbated 
inflammation, but rather an indicative for a potential 
lung epithelium damage.  

 Although there are no strong evidences to sup-
port that COPD is determined genetically, recent 
studies suggest an association of the IL-6 gene vari-
ants with COPD. Using COPD patients and smokers 
with no COPD subjects from the NETT (National 
Emphysema Treatment Trial) and NAS (Normative 
Aging Study), an association has been shown between 
the -174G/C SNP in the IL-6 gene and susceptibility to 
COPD (58). This is the most represented polymor-
phism of the IL-6 gene in the human population. An-
other study with COPD patients and healthy smokers 
identified an association of a different polymorphism 
in the IL-6 gene with an increased COPD risk (59). In 
this case the 321G/T polymorphism was located at 
the 5’ flanking region instead of the promoter region.  

 Thus, together these studies suggested that IL-6 
is likely a player in the pathogenesis of COPD by 
modulating pulmonary function. It is however un-
clear whether this association is due to inflammation 
or whether in this case IL-6 may come from “dam-
aged” lung epithelial cells without the need for an 
exuberant inflammatory response in the lung.  

Aging, frailty and IL-6 
The age-dependent onset of frailty, loss of lung 

function, increased prevalence of COPD or ILD and 
severity of asthma suggests that mechanisms related 

to the aging process are involved. An emerging con-
cept is that aging is a proinflammatory condition as-
sociated to dysfunctional changes in the immune 
system (60). Indeed it has been suggested that in the 
case of COPD it may represent an “accelerated aging 
phenotype” (61) but this accelerated aging mechanism 
may apply to other lung diseases as well. It is well 
established that aging results in increased levels of 
circulating cytokines such as TNFα, IL-1 and IL-6. 
These cytokines, and especially IL-6, have been asso-
ciated with negative health outcomes and mortality. 
The cause for the increased IL-6 levels observed in the 
elderly is unclear. It is speculated that results of con-
sistent, low grade activation of inflammatory cells. 
The innate immune system clearly changes with ag-
ing; for instance, monocyte-derived dendrite cells that 
were obtained from older subjects release increased 
amounts of IL-6 upon stimulation (62). Alternative 
explanations for this aging associated raise in circu-
lating IL-6 levels include the generation of reactive 
oxygen species, oxidative stress or persistent herpes 
or CMV infections observed in elderly (63, 64). Dam-
age caused by oxidative stress in cells other than in-
flammatory cells (e.g. epithelial cells) can lead to the 
production of this cytokine. In any event, age related 
increased IL-6 is strongly correlated to the degree of 
frailty, morbidity and mortality. Specifically, frailty is 
associated with respiratory impairment (63, 65) and 
IL-6 is only an inflammatory mediator included in the 
PILE score that predicts morbidity in elderly patients 
with COPD (64). Determining the role and mechanism 
of IL-6 in causing or modulating frailty, lung disease 
and adverse outcomes should prove to be a fruitful 
area of future research.  

Potential mechanisms mediating the func-
tion of IL-6 in pulmonary diseases.  

The studies described above lead to the hypoth-
esis that IL-6 is not just the end product of lung pa-
thology, but it is likely to play an active role in the 
pathogenesis of asthma, COPD, and possibly other 
lung diseases. The question that remains to be an-
swered is: what are the mechanisms that IL-6 uses to 
interfere with lung function? Although the answer 
remains largely unknown, we can speculate that this 
cytokine probably uses multiple mechanisms and acts 
on different cell targets. Here, we will summarize 
some potential mechanisms according to what it is 
currently known about IL-6. 

The involvement of CD4 T cells in allergic asth-
ma has been supported by numerous studies, but the 
contribution of CD4 T cells to pathogenesis of severe 
asthma is more controversial. The regulatory role of 
IL-6 on CD4 T cell differentiation is the best charac-
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terized (14). Although it is not the most effective cy-
tokine relative to others (e.g. IL-2, IL-7, IL-15), IL-6 can 
provide anti-apoptotic signals to naïve CD4 T cells 
during activation in vivo and in vitro (66). Neverthe-
less, IL-6 has emerged as an essential regulator of CD4 
T cell differentiation into specific effector CD4 cells. 
IL-6 is a modulator of the Th1 and Th2 balance (67-70). 
IL-6 promotes the differentiation of Th2 cells by en-
hancing endogenous IL-4 production by CD4 T cells 
(68). IL-4 is a major factor in promoting Ab isotype 
switching in B cells and the production of IgE, IgG1, 
IgG2b, and IgG3. As a such, IL-4 was considered as a 
target for allergic asthma to block IgE production (71). 
Interestingly, in a fungal antigen-exposure model of 
allergic airway inflammation, IL-6 deficiency resulted 
in reduced IgG1 levels, but increased levels of IgE 
(40). This intriguing phenotype can be explained by 
the unique effect IL-6 has as an inducer of IL-21 pro-
duction by CD4 T cells (72). Unlike IL-4, IL-21 pro-
motes B cell plasma differentiation and IgG produc-
tion but it has a negative effect on IgE production. 
Similar to IL-6 deficient mice, IL-21 deficient mice also 
have increased levels of IgE, but reduced levels of IgG 
(73, 74). Thus, IL-6 or IL-6R blockade might increase 
the levels of IgE. This is an important caveat to con-
sider if this therapy is utilized in allergic asthmatic 
patients with already high IgE levels. However, it 
may not be a problem in the treatment of non-allergic 
asthmatic patients making this a better targetable 
population.  

Despite its effect on IL-4, IL-6 does not affect IL-5 
production by CD4 T cells in vitro or in vivo (40, 68). As 
a result eosinophilia is not reduced in the absence of 
IL-6 (36, 40). Thus, it is unlikely that the effect of IL-6 
in the asthmatic lung is due to its effect on eosinophils 
and IL-5. As described above, more recent studies 
have shown that IL-6 promotes the production of 
IL-13 (another Th2 cytokine) by CD4 T cells in vitro 
(40). One of the essential functions of IL-13 in asthma 
is to promote mucus production by airway epithelial 
cells (3). Accordingly, IL-13 is now considered a target 
for treatment of asthma in part through its effects in 
mucus metaplasia (75-77). Results from Phase II clin-
ical studies using a neutralizing anti-IL-13 Ab in 
asthmatic patients have been promising and show a 
benefit in patients who are refractory to corticoster-
oids. Since the absence of IL-6 in mouse models re-
sults in decreased IL-13 production and, consequent-
ly, mucus production by airway epithelial cells (40), 
one significant role for IL-6 to asthma pathogenesis 
could be augmenting mucus production in the lung 
airways (Fig. 1). In addition, mucus hypersecretion is 
also found in COPD and chronic bronchitis, suggest-
ing a potential mechanism by which IL-6 may also 

contribute to the pathogenesis of COPD. It would be 
of interest to determine whether the treatment with an 
IL-6R blockade has a similar effect to IL-13 blockade. 
IL-13 is also known to promote fibrosis by inducing 
proliferation of fibroblasts and increasing matrix 
depositions (78). Thus, some of the observed effects of 
IL-6 in fibrosis might be mediated through IL-13. 

 IL-6 has been shown to inhibit Th1 differentia-
tion independently of IL-4. IL-6 interferes with IFNγ 
production by CD4 T cells through upregulation of 
SOCSs (SOCS1 or SOCS3) that provide a negative 
feedback and diminish IFNγ signaling (70). The nega-
tive effect of IL-6 in Th1 differentiation could indi-
rectly facilitate the differentiation of other Th subsets, 
including Th2 and Th17 cells. In addition, during the 
last five years a number of studies have shown that 
IL-6 in combination with TGFβ promotes the differ-
entiation of Th17 cells (79-81). Recent studies also in-
dicate that IL-6 promotes Th17 differentiation in the 
presence of IL-1β and IL-23 (82). Th17 cells can con-
tribute to the development of allergic airway inflam-
mation in mouse models of asthma (83, 84). In human 
asthma, it is believed that Th17 cells contribute pri-
marily to severe asthma where neutrophils accumu-
late in the airways (6). In this regard, IL-17 production 
by CD4 T cells upon induction of allergic airway in-
flammation was almost abrogated in IL-6 null mice 
(40). Thus, in human severe asthma IL-6 might be 
expected to exacerbate lung pathology by its effect on 
IL-17 and neutrophil accumulation (Fig. 1). In addi-
tion, since IL-17 has been shown to trigger the pro-
duction of IL-6 by lung epithelial cells (85), there may 
be a positive feedback between these two cytokines 
(Fig. 1). 

 IL-6 was initially reported to be a cytokine that 
blocks Treg activity and immunosuppression in vitro 
(86). Since TGFβ is known to promote the generation 
of Tregs, it has been proposed that IL-6 could mediate 
the fine-tuning for the balance between Tregs and 
Th17 cells (87). The expansion of Treg cells in a mouse 
model of allergic airway inflammation after blocking 
IL-6R signaling (30) supports this potential mecha-
nism. The suppressive effect of IL-6 on Treg cells can 
lead to an amplification of any type of immune re-
sponse and it could contribute to the exuberant in-
flammation detected in asthmatic lungs (Fig. 1).  

 Leukocytes (T cells, macrophages, neutrophils, 
etc.) are the primary targets of IL-6 in the lung due to 
the abundant expression of IL-6R in these cells. 
However, IL-6 can also provide signals to cells lacking 
IL-6R expression if sIL-6R is available. Thus, in the 
presence of sIL-6R, IL-6 can directly affect the function 
of a number of other non-inflammatory cells in the 
lung (e.g. epithelial cells, endothelial cells, smooth 
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muscle cells, fibroblasts). Although neutrophils and 
macrophages are an important source of sIL-6R, CD4 
T cells upon activation can also secrete large amounts 
of sIL-6R (28, 29). Thus, CD4 T cells too could con-
tribute to pathogenesis of pulmonary diseases by 
providing sIL-6R and conferring responsiveness to 
IL-6 (Fig. 1). Although IL-6 is required for mucus 
production in the airways likely through its effect on 
IL-13 production by CD4 T cells, we cannot rule out a 
direct effect of IL-6 on goblet cells in the lung if sIL-6R 
is also present. Moreover, IL-6 could modulate the 
proliferation and/or survival of interstitial fibroblasts 
and contribute to pulmonary fibrosis without the 

need of IL-13 as a mediator. Lastly, a potential effect 
of IL-6 on smooth muscle cells could affect the me-
chanical function of the lung without affecting in-
flammation.  

Thus, the pleotropic character of IL-6 provides a 
variety of mechanisms by which this cytokine can 
contribute to specific aspects of complex lung diseases 
such asthma. Although most effect may come from its 
modulatory role of the immune response, the pres-
ence of the trans-signaling pathway for IL-6R opens 
other avenues for the effects of IL-6 on structural 
components of the lung.  

 
Figure 1. Potential mechanisms by which IL-6 can contribute to lung diseases. IL-6 in the lung can be produced by different sources such 
as epithelial cells, interstitial fibroblasts, macrophages and other inflammatory cells. The production is induced in response to a variety of 
stimuli, defined as “insults” because they often cause cell stress or damage. These include allergens, respiratory viruses, excercice, 
environmental particles, inhaled toxic particles. IL-6 can regulate different aspects of the CD4 T cell mediated response including cytokine 
production, sIL-6R production, suppressive activity. These mediators in turn contribute to the damage of the lung through their effects on 
mucus production, matrix deposition, protease release from granulocytes among others. In the presence of sIL-6R, IL-6 can also regulate 
different functional aspects of non-immune cells such as epithelial cells. 

 

Conclusions 
 In summary, IL-6 is now emerging as a poten-

tially pivotal player in the pathogenesis of lung dis-
eases. Over the last two decades, more attention and 
emphasis was given to a number of other cytokines 

such as IL-4, IL-5, IL-13 and IL-17. In contrast, IL-6 has 
previously been relegated to be a byproduct of ongo-
ing inflammation in the airways. However, as dis-
cussed here, it is evident that IL-6 can play an active 
role in mediating specific aspects in a number of lung 
diseases. The success of tocilizumab (the anti-IL-6R 
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blocking Ab) in certain human inflammatory diseases 
and its recent approval for treatment of rheumatoid 
arthritis reveals the contribution of IL-6 in disease 
pathogenesis. In the lung, IL-6 dissociates from other 
inflammatory markers. IL-6 can be a key modulator of 
the overall immune response as well as the function of 
non-immune cells. The recent mouse studies together 
with the revealing results from the GWAS demon-
strating a genetic link of IL-6R and human asthma 
show that IL-6 (or IL-6R) could be a target for treat-
ment of asthma, COPD or other pulmonary diseases. 
Future studies will be needed to address the clinical 
importance of these findings on IL-6 for the treatment 
of pulmonary diseases.  
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