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1 | INTRODUCTION

Abstract

The proteins of the secretoglobin (SCGB) family are expressed by secretory tissues of
barrier organs. They are embedded in immunoregulatory and anti-inflammatory pro-
cesses of airway diseases. This review particularly illustrates the immune regulation of
SCGBs by cytokines and their implication in the pathophysiology of airway diseases.
The biology of SCGBs is a complex topic of increasing importance, as they are highly
abundant in the respiratory tract and can also be detected in malignant tissues and as
elements of immune control. In addition, SCGBs react to cytokines, they are embed-
ded in Thl and Th2 immune responses, and they are expressed in a manner depend-
ent on cell maturation. The big picture of the SCGB family identifies these factors
as critical elements of innate immune control at the epithelial barriers and highlights
their potential for diagnostic assessment of epithelial activity. Some members of the
SCGB family have so far only been superficially examined, but have high potential for

translational research.
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the upper airways® and are differentially regulated by inflammatory

Secretoglobins (SCGBs) are mediators that are produced by the ep-
ithelial surfaces and glandular tissues and therefore play an import-
ant role in diseases of barrier organs such as the respiratory tract.
They are involved in allergic asthma, rhinitis, cystic fibrosis (CF),
and chronic obstructive pulmonary disease (COPD). All members of
the SCGB family with the exception of SCGB1D2 are expressed in

cytokines.? These potentially anti-inflammatory and immunoregula-
tory mediators are small (10 kDa) secreted proteins that are only ex-
pressed in mammals. The evolutionary success of mammals is based
on complex epithelial barrier organs, in which SCGBs fulfill complex
functions. The aim of this review is to summarize in particular the
immunoregulatory functions of SCGBs and their implication in the

pathophysiology of airway diseases.
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2 | THE SECRETOGLOBIN FAMILY

To date, eleven human genes and five pseudogenes have been identi-
fied as members of the SCGB family. They were discovered indepen-
dently by several groups and have various commonly used names,
which are listed in Table 1. SCGBs are located in a cluster on chromo-
some 11g22.2 through 11g13.1 with the exception of SCGB3A1 and
SCGB3A2, which are located on chromosome 5. The entire SCGB fam-
ily has been genetically linked to several diseases®* in particular, the
SCGB1A1 +38A/G polymorphism has been identified as a risk factor
for asthma.®> A study considering the Korean population suggested
that there was a correlation between SCGB3A2 polymorphisms and
asthma, but this remains to be confirmed for other populations.®

The eleven members of the human SCGB family are small mol-
ecules of about 10 kDa. The basis of the structure is the so-called
“globin-fold,” which refers to the structure of hemoglobin.” It de-
scribes a pocket made up of a bundle of eight alpha-helices con-
nected by short loops® (Figure 1). The best-studied family member,
SCGB1A1, is a homodimer and its two 70-amino acid subunits are
linked by disulfide bonds and are arranged antiparallel. Each mono-
mer consists of four a-helices and a pB-turn between a-helix-2 and
-3, but no B-sheet structure is formed.” Due to the dimerization
prior to secretion, SCGBs are very resistant to heat, pH, and degra-
dation by proteases. Comparisons of the deduced protein sequence
of SCGB2A1 with the amino acid sequences of SCGB2A2 and the
other members of the SCGB gene family show that SCGB2A1 is
much more similar to SCGB2A2 (58% homology®) than to the other
members of the gene family.!* This could be the reason, why these
two SCGB family members have redundant functions.

3 | BIOLOGY OF SECRETOGLOBIN
FAMILY MEMBERS

SCGB1A1 is the best-studied member of the SCGB family and also
one of the most abundant proteins in the lining fluids of the airways.

However, the overall role of SCGB1A1 in the context of inflamma-
tory processes is still not thoroughly understood. To give an exam-
ple, SCGB1A1 can be used as a damage marker in COPD,15 as it is
induced by acute lung injury.}®!” In contrast, animal knockout stud-
ies'® and also human gene defects show that SCGB1A1 is involved in
anti-inflammatory functions.>?° SCGB1A1 can be measured in urine,
serum, and airway lining fluids and is eliminated by glomerular filtration,
almost completely reabsorbed and catabolized by proximal tube cells.?!

Interestingly, the feline CH1 gene, known as the allergen Fel d1
(WHO/IUIS allergen nomenclature), is a member of the SCGB fam-
ily?? and its structure is very similar to the one of SCGB1A1. A Fel d1-
specific IgE reaction occurs in 90-95% of patients with cat allergy. Fel
d1 is found in salivary, perianal, and lacrimal glands and is produced
by squamous epithelial cells and sebum glands of cats.?® This could be
of great interest as it is also discussed that SCGB1A1 is involved in the
pathophysiology of allergic diseases. This illustrates the complex func-
tions of this gene family in barrier organs and the need to place SCGBs
in the context of organ and disease, which is intended with this review.

Little is known about receptors or molecular mechanisms of the
SCGB protein family. However, there are indications that SCGB3A2
bindstothe macrophage receptorwith collagenous structure (MARCO),
a scavenger receptor. Its binding can be inhibited by lipopolysaccharid
(LPS) competition.'2 SCGB1A1 has several properties in common with
lipocalin-1 and also binds to the lipocalin-1-receptor.’®> The members
of the lipocalin family are part of the large class of adipocytokines,
which include not only the lipocalins but also retinol-binding proteins,
a-microglobulin, B-lactoglobulin, et cetera. However, exact receptors

and signaling cascades remain to be determined.'

4 | CELLULAR SOURCE OF
SECRETOGLOBIN FAMILY MEMBERS

Together with the surfactants, SCGBs represent a prototypical gene
family for epithelial cells and are used to define maturation and lin-
eage of this cell type.?t Interestingly, there are differences in the

TABLE 1 Overview of the commonly used names of the secretoglobin family members

International nomenclature (uniprot) Commonly used names

SCGB1A1

Secretoglobin family 1A member 1, Clara cell protein, Uteroglobin, CC10, CC16, CCSP, Blastokinin,

Clara cell phospholipid-binding protein (CCPBP), Urinary protein 1(UP-1)

SCGB1B3
SCGB1C1
SCGB1D1
SCGB1D2
SCGB1D4
SCGB2A1
SCGB2A2
SCGB2B2
SCGB3A1

Secretoglobin family 1B member 3

Secretoglobin family 1C member 1, Secretoglobin RYD5

Secretoglobin family 1D member 1, Lipophilin A (LIPHA, LPNA)

Secretoglobin family 1D member 2, Lipophilin B (LIPHB, LIPN)

Secretoglobin family 1D member 4, 1IS (Interferon-gamma inducible secretoglobin)

Secretoglobin family 2A member 1, Mammoglobin B/2(MGB2, UGB3), Lipophilin C (LIPHC), Lacryglobin
Secretoglobin family 2A member 2, Mammoglobin A/1 (MGB1, UBG2)

Secretoglobin family 2B member 2, secretoglobin-like protein, SCGBL, SCGB4A2

Secretoglobin family 3A member 1, Uteroglobin-related protein 2 (UGRP2), High in normal protein 1,

HIN-1, Cytokine HIN-1, Pneumo secretory protein 2 (PnSP-2)

SCGB3A2

Secretoglobin family 3A member 1, Uteroglobin-related protein 1, UGRP1, High in normal protein 2,

HIN-2, Pneumo secretory protein 1 (PnSP-1)
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(A)

(B)

FIGURE 1 Cartoon model of human SCGB1A1 structure extracted from the Uniprot database P11684. Shown are the two homodimers
(yellow and blue) in an antiparallel formation (A). Location of cysteine residues is shown in yellow (B). SCGB1A1 has four alpha-helical
bundles connected by three loops. The dimers are separated by an interface featuring a cavity formed across two monomers and it enables

the binding of hydrophobic ligands as for instance phospholipids, steroids, and various inflammation mediators

spatiotemporal expression of SCGB1A1, SCGB3A1, and SCGB3A2
during embryogenesis in mice. SCGB3A?2 is expressed early in em-
bryogenesis, both in small and large airways, while SCGB1A1 is only
expressed in later embryogenesis. Furthermore, SCGB3A1 is only
expressed in large airways over the same time period as SCGB1A1,
suggesting unique functions for each protein.25

We know that club cells, formerly known as Clara cells, are the
main producers of SCGB1A1. Alveolar type Il cells are derived from
the club cells and could also produce SCGB1A1. Since alveolar type
Il cells also produce surfactant protein, it is possible that there is a
relation between the two proteins. SCGB1A1 may even protect sur-
factant from the hydrolysis by phospholipase 2 (PLA2)?° and there-
fore plays an important role in supplying the lower airways with
surfactant proteins.27 Pulmonary surfactant is a complex mixture of
phospholipids, neutral lipids, and proteins that maintain airway pa-
tency by lowering alveolar surface tension.?® In addition, PLA2 can
hydrolyze the phospholipids and reduce the patency of the airways.

Epithelial cells are the main producers of SCGB1A1, for example
in the upper airways, endometrium, prostate, and other secretory
tissues. In the lung, putative stem cells, airway progenitor cells, and
niche-localized stem cells are discussed as additional SCGB1A1 pro-
ducers in addition to club cells.?* It has been shown that, in the uterus,
the endometrium can produce SCGB1A1, when stimulated with pro-
gesterone, a process triggered via the progesterone receptor.29 In
the male prostate, however, SCGB1A1 is constitutively produced.30
In addition, subpopulations of bone marrow cells seem to be able to
produce SCGB1A1%! and there is also evidence of an association of

9,108

SCGB1A1 with alveolar macrophages.24 SCGB1A1 gene expression
has been detected in human alveolar macrophages using real-time
PCR in all subjects.®?3% Recently, we showed that SCGB1A1 is also
produced by lymphocytes.>* In addition, the human protein atlas
indicates many cell types that appear to produce SCGB1A1, such
as muscle cells and keratinocytes.3® However, there is a lack of pro-
spective evidence to confirm these screening results. For the other
SCGB family members, several cellular sources have been identified
in almost all tissues, which are summarized in Table 2.

5 | SECRETOGLOBINS IN DISEASES OF
THE UPPER AND LOWER AIRWAYS

The SCGB family is involved in many diseases of the upper and lower
airways.>*38 In this review, we collected literature on acute (aller-
gic rhinitis and common cold) and chronic airway diseases (allergic
asthma, COPD, and cystic fibrosis). With regard to upper airway dis-
eases, recent studies have mainly focused on SCGB1A1. In general,
SCGB1A1 levels are decreased in patients with inflammatory dis-

eases of the upper airways compared to healthy controls.3%4°

5.1 | Acute respiratory diseases

Viral infections have an impact on SCGB1A1 levels: urine levels of
SCGB1A1 are elevated in infants with acute bronchiolitis** and also



3
&
N
T
o
o
>
"aNnssI3 9y} ul u1a304d aY3 JO UOoISsaIdXa 1X UOIFBWIJUOD JaY3INy PaaU ING ‘SANSSI) 950y} Ul passaidxa s| ulajold ay3 1ey) ‘suoliedipul aie a4ayy ;¢
0eT'sE ¢ é ¢ X i ¢ 1o€4] Adeunn pue Asupry|
0eT'sE X X 2 ¢ X é X unis
08T'SE é é é é é X é é i W33SAS JejnaseAolpied)
0T'SE é X X é X ¢ é X ¢ W9)SAS |eul}sajulol}SeD)
0eT'sE X X X é ¢ é é é X X pooig
0£T'SE ¢ ¢ 3 X 3 ¢ X X X sanssi} o1reydwA| @ mollew suog
0£T'SE é ¢ é ¢ Aseyinyid
zet X |ewoe|
0ET'SE'Y X é ¢ X é ¢ ¢ AJeAies spuejo
[TTENEYS
0£T'SE ¢ é X e X X ¢ X ¢ ¢ aAI3ONpoIday
0ET'sE ¢ X ¢ ¢ X é X ayeysoud sanssi} ajel
Wa3SAS
1ET'0ET'8IT'SE (4 g X X X X X ¢ X aAdNpoiday
0ET'TIT'SE i X X X X é ¢ ¢ anssi} ysealq sanssi} ojewa
0eT'56'T X X X X X X X X X 10eJ3 Auojesidsay
sloquiaw Ajlwey uiqo|3039429s ay3 Suissaidxa sanssi) Jualalylg
0eT'sE X X X X X X S|[92 9[Psn|
se X X X X X X X X X X X S[|192 [eljdyydy  S||92 |eWAYDUDSIIN
Se've X s|122 YN
seve X X SIIB2 L 6195 pajeursiio
se've X SIERK:] J1eydwAl
se X ¢ s||92 213pUaQg
0eT'se X X X X X sajAd0|nuelD
se X X X sageydouoel B
e X X X S9}Ad0UO|\  pa3jeulSiio pIoJRAIA
sloquiaw Ajlwey uiqo|303a429s ay3 3uissaidxa sadAj ||92 Jualalyig

S9JUaISJRY  ZVEEODS TVEAODDS ¢dcdDdS ¢VedODS TvedaOdS vATdOdS ¢drdOdS  1ATgOdS  1I27d9D0S  €491990S  TVIEODS

s1oquiaw Ajlwey uiqo|30319.423s JuaJa44Ip ay3 3ulssaldxa sanssi) pue sadAy |92 JO MAIAIDAOQ 7 379V.L




MOOTZ eT AL.

2 wiLey-L

children infected with respiratory syncytial virus (RSV) show ele-
vated serum levels of the protein.*? The susceptibility for viral infec-
tions may depend on the patient's serum SCGB1A1 levels: a study
including elite athletes associated lower serum SCGB1A1 levels with
a higher susceptibility to viral infections.*® In contrast to the sys-
temic SCGB1A1 levels, the SCGB1A1 concentration in nasopharyn-
geal aspirates was lower than in healthy controls and correlated
negatively with the severity.* The increased levels of the protein in
both urine and serum, but decreased levels in nasopharyngeal fluids,
could be the result of viral damage to the epithelial barrier and in-
creased leakage to the periphery. Interestingly, SCGB1A1 knockout
mice show more severe lung inflammation after an adenovirus infec-
tion,* which suggests a protective role for SCGB1A1.

As mentioned above, fewer studies have focused on other
SCGBs, but it has been shown that SCGB1C1 is also important for
the protection of lung epithelial cells: It recognizes and removes
pathogens from the airway mucosa.* It also seems to be involved
in the development of a common cold.»#¢#” Elite athletes appear to
be more prone to upper airway infections and expression of serum
SCGB1C1. Thus, SCGB1C1 could serve as a parameter for suscepti-
bility to respiratory infections, as described for SCGB1A1.4347

Similar to viral infections, patients with allergic rhinitis have
decreased levels of SCGB1A1 in the nasal fluid: children with birch
pollen allergy show decreased levels of SCGB1A1 in the nasal fluid
during and out of birch pollen season compared to healthy con-
trols.*® In addition, it has been shown in patients with intermittent?’
and persistent38 allergic rhinitis that the SCGB1A1 levels in nasal
fluid within one hour after allergen challenge correlate inversely
with the symptoms of rhinitis. To the best of our knowledge, the role
of other SCGBs in allergic rhinitis has not yet been described.

5.2 | Chronic respiratory diseases
Asthma patients show lower serum SCGB1A1 levels than healthy
controls regardless of whether the diagnosis was topic, atopic, re-
fractory, or non-refractory asthma.*®°°-52 This suggests a different
picture than in acute diseases, in which the serum SCGB1A1 levels
are increased. The SCGB1A1 levels in bronchoalveolar lavage flu-
ids (BALF)SO as well as in the urine®® of children with asthma were
also lower compared to healthy controls. Additionally, lower serum
SCGB1A1 levels appear to be associated with a longer disease dura-
tion,>*° but there was no evidence of an association with severity.54
In severe asthma, both the SCGB1A1 level and the surfactant protein
D level correlate with remodeling indices, suggesting that the pro-
teins are involved in the repair processes.52 Club cell-positive epithe-
lial cells are also reduced in small airways>® of patients with asthma,
which is one possible explanation for the reduced SCGB1A1 levels.
Conflicting results have been reported for frequently used
asthma drugs: on the one hand, budesonide increases the number of
club cells, but not the SCGB1A1 content in BALF.>’ Dexamethasone,
on the other hand, decreases mucus production by the club cells and
also decreases SCGB1A1 levels, either by reducing the number of

club cells or by inhibiting SCGB1A1 secretion.>® Again, this evidence
focuses on SCGB1A1, while little information is available on the im-
plication of other SCGBs in disease. It is known, however, that the
SCGB3A2 sputum levels are increased in asthma and rhinitis com-
pared to healthy controls.>’

SCGB1A1 has also been intensively studied in context of COPD,
which, like asthma, is also an obstructive pulmonary disease, in
which SCGB1A1 levels correlate inversely with the disease severity
(lower levels are associated with higher severity).60 Serum, sputum,
and BALF SCGB1A1 levels in COPD patients and smokers are lower
than in healthy, non-smoking controls.243?4%¢1 Unsurprisingly, lower
SCGB1A1 levels have been associated with rapid FEV1 deteriora-
tion.? Serum SCGB1A1 levels were also associated with the risk
of COPD progression.®® A potentially protective role of SCGB1A1
for lung tissue”®* has also been suggested in COPD: SCGB1A1
reduces both airway inflammation and smoking-induced decline in
lung function, which are the most important pathogenic markers for
COPD.®° This protective effect is also observed upon early inter-
vention with recombinant SCGB1A1, as it upregulates surfactant
protein and VEGF expression in infants with respiratory distress
syndrome (IRDS).%*

In contrast to asthma and COPD, recurrent, exacerbative in-
fections are one of the key problems in cystic fibrosis. Decreased
SCGB1A1 sputum levels are associated with exacerbation®® and
more intense airway inflammation.®® Since Pseudomonas aeruginosa
is one of the most common pathogens in cystic fibrosis, the neg-
ative correlation of sputum SCGB1A1 levels with pathogen loads
indicates the protective role of the protein in pro-inflammatory dis-
eases.®>®” In addition to SCGB1A1, SCGB3A1 is also significantly
downregulated in sputum.®®

Overall, these findings suggest an anti-inflammatory function of
SCGB1AL1. It appears that SCGB1A1 is decreased in local airway in-
flammation in both acute and chronic diseases, but the serum levels
are only increased in acute and not in chronic airway diseases. This
discrepancy may result from differences in epithelial permeability in
acute viral infections (damage to the epithelial barrier) as opposed
to chronic airway diseases, which are associated with thickened, re-

modeled epithelial barriers.

6 | CURRENT STATUS OF
SECRETOGLOBINS AS BIOMARKERS

The members of the SCGB family are easily accessible, chemically sta-
ble, and abundant in several biomatrices (serum, BALF, nasopharyn-
geal fluids, urine, exhaled breath condensate®). Since they can be
detected in many secretory tissues, they have a high potential as bio-
markers for diagnostic and prognostic assessment as well as for ther-
apy monitoring. SCGB1A1 has been proposed as a predictive marker
for the risk of impaired lung function,'>’° determination of COPD se-
verity,36’36""0""2'63 lung epithelium damage in asthma®® and might serve
as a diagnostic parameter for acute respiratory distress syndrome.”*
Ininduced sputum from patients with allergic rhinitis, SCGB1A1 levels
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increase after allergen-specific immunotherapy (AIT),3* which may
qualify SCGB1A1 as a marker for therapy monitoring.

The role of this protein family as a biomarker has not only been
investigated in the context of inflammatory airway diseases, but
the members of the SCGB family generally play an important role
in malignant diseases and can also be of potential use in oncology
(Supplemental Table 1).

7 | SECRETOGLOBINS AND IMMUNE
REGULATION

71 | General anti-inflammatory mechanisms

The therapeutic application of recombinant SCGB1A1, either
via intravenous or intratracheal injection, reduced inflamma-
tion in several experimental disease models (obliterative bron-
chiolitis,”? infant respiratory distress syndrome,’* damage from
mechanical ventilation,”® acute lung injury*®*’). In addition, sup-
plementation of exogenous SCGB1A1 may reduce the elevated
pro-inflammatory cytokines and inflammatory build-up caused
by SCGB1A1 germline deficiency.”* SCGB1A1 supports repair
processes and preserves the function of surfactants, while it
also has a modulating effect on the surfactant metabolism.* In
a recent study, we have shown that AIT induces local SCGB1A1
expression after three years of therapy, which co-insides with a
reduction in allergic inflammation.®* In addition, SCGB1A1 ren-
ders its anti-inflammatory potential by inhibiting monocyte and
neutrophil chemotaxis.”>”® The family of powerful chemotactic
factors for neutrophils (fMLP) mediates chemoattraction via a
family of G protein-coupled receptors (formyl peptide receptors,
FRP). SCGB1A1 binds to FRP2, thereby inhibiting the chemotactic
attraction of neutrophils.78 These findings demonstrate the anti-
inflammatory effects of SCGB1A1 and suggest that SCGB1A1 in-
fluences immunoregulatory responses.

7.2 | Secretoglobins and the innate immune system
Further evidence suggests that SCGB1A1 interacts with CXCL8
(IL-8), a pro-inflammatory chemokine that attracts neutrophils and
is produced by many immune and mesothelial structural cells in-
cluding epithelial cells, endothelial cells, fibroblasts, macrophages,
and granulocytes. In this context, two mechanisms have been de-
scribed: A) where SCGB1A1 is able to bind IL-8 directly, thereby
reducing airway neutrophilia?® and B) where SCGB1A1 inhibits
airway epithelial cells from producing IL-8—although the recep-
tors have not been examined in detail. This could be important for
COPD patients, as they express higher IL-8 levels than healthy con-
trols,”® but also for children with cystic fibrosis, in whom SCGB1A1
correlates negatively with IL-8 levels and the severity of the in-
flammatory processes.”® The anti-inflammatory effect of SCGB1A1
on neutrophils is not limited to IL-8, but also modulates neutrophil

migration via other chemokines and their receptors (CXCR1 and
CXCR2).”?

In addition, SCGB1A1 mediates the regulation of the innate im-
mune system via dendritic cells, by inhibiting their ability to mobilize
T helper 17 (Th17) cells in an OVA-induced allergic rhinitis model.&°
Furthermore, mice lacking SCGB1A1 have strongly reduced cyto-
kine and chemokine responses in the alveolar milieu.8! Activation
of the innate immune system by LPS has been studied with re-
spect to both SCGB1A1 and SCGB3A2. Inhalation of LPS increases
SCGB1A1 levels in the blood and decreases SCGB1A1 levels in air-
way fluids, likely by modifying the permeability of the airway epi-
thelia.8? Interestingly, pretreatment with prednisolone inhibited the
SCGB1A1 response to LPS-induced airway inflammation, potentially
by controlling vascular leakage.®® Tumor necrosis factor-alpha (TNF-
a), in turn, increases SCGB1A1 levels in BEAS-2B bronchial epithelial
cells.®*

Interestingly, SCGB1A1 also interacts with fibronectin, an extra-
cellular matrix protein that has been described to form complexes
with IgA and to accumulate in the kidney when SCGB1A1 levels
were decreased. Reconstitution of SCGB1A1 inhibits the formation
of these complexes between fibronectin and IgA85 and prevents
glomerulopathy in mice.8>8 Furthermore, SCGB1A1 prevents the
deposition of fibronectin not only in the lung but also in the kidney.®”
In contrast to SCGB1A1, SCGB3A2 inhibits LPS-induced airway in-
flammation along with the LPS-triggered expression of TNF-a and
also of CXCL8.%8

In conclusion, the anti-inflammatory function of SCGB1A1 be-
comes evident as it inhibits CXCL8 and modifies the activity of den-
dritic and epithelial cells.

7.3 | Secretoglobins and the type-1 adaptive
immune response

Similar to TNF-a, IFN-y induces SCGB1A1 expression, also via JAK-
STAT pathways.®”7° IFN-y is produced by Th1 cells after T-cell re-
ceptor activation and plays an important role in the induction of
MHC class Il molecules and thus of antigen presentation, which is
essential for the cellular response to infections. IFN-y also interferes
with other members of the SCGB family, however, unlike SCGB1A1,
IFN-y downregulates the gene expression of SCGB3A1.°! It induces
phosphorylation of and thereby activation of STAT1, which leads to
the inhibition of the promoter activity of the SCGB3A1 gene.”* Taken
together, IFN-y has different effects on the members of the SCGB
family: it stimulates the production of SCGB1A1°% and SCGB3A2
while inhibiting SCGB3A1.7*

74 | Secretoglobins and the type-2-mediated
immune response

Our work and that of others have shown that in type-2 diseases such
asallergicrhinitis, the expression of SCGB1A1 is downregulated, while
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TABLE 3 Overview of the impacts of Th1l and Th2 cytokines, common inflammatory mediators, and mediators of the innate immune

system on secretoglobin expression

Adaptive immune system

Regulation

SCGBs Thi Th2

Mediators IFN-y IL-4 IL-5 IL-13
SCGB1A1 A® v v
SCGB1B3

SCGB1C1 \4 A A
SCGB1D1 \{

SCGB1D2

SCGB1D4 A A\ A\
SCGB2A1 \4 A A
SCGB2A2 A

SCGB2B2

SCGB3A1 \4 A A
SCGB3A2 A v v v

Common
inflammatory
mediators Innate immune system
IL-10 TNF-a LPS References
A o 19,48,82-84,89
2
A 2
A 2,89
A 2
A 2
2,91,107
A 4 2,92,106,128,129

We have preliminary data that does not confirm the upregulation of SCGB1A1 and downregulation of SCGB3A1 through IFN-y stimulation.

A, Cytokine induces expression of the SCGB.
V, Cytokine downregulates the expression of the SCGB.
? We have preliminary data not confirming these findings.

b After LPS treatment, SCGB1A1 levels decrease in airway fluids but increase in blood.

allergen-specificimmunotherapy induces the expression of SCGB1A1
in the upper and lower airways.34’48 In general, it is believed that AIT
suppresses Th2 immune responses and SCGB1A1 may contribute to
this effect, as it was previously described that SCGB1A1 suppresses
osteopontin,”® a cytokine with Th2-promoting functions.”*

Since SCGB1A1 appears to play a role in type-2 immune regula-
tion, the question arises as to which signaling pathways trigger the
SCGB1A1 promoter. The transcription factors FOXA1, also known as
hepatocyte nuclear factor 3, and FOXA2 induce SCGB1A1 expres-
sion.”>?® Reduced SCGB1A1 levels in asthma are attributed to a lack
of FOXA2 expression.? Th2 cytokines such as IL-4, IL-9, and IL-13
inhibit FOXA2 and can thereby limit SCGB1A1 mRNA expression.
SCGB1A1, in turn, inhibits Th2 immune response not only by down-
regulating FOXA2, but also of SOCS-3 expression.78 SOCS-3 plays an
important role in initiating and maintaining the Th2-mediated im-
mune response.”’

SCGB1A1 also binds Ca?*, a cofactor of phospholipase A2
(PLA2), and thereby inhibits PLA2 activity,100 which is at the be-
ginning of synthesis of type-2 immunity-associated lipid mediators
(arachidonic acids).101 PLA2 can damage the membrane of alveolar
cells directly and is correlated with lung injury.}°?1% In addition,
SCGB1A1 suppresses COX2 gene expression, which is a key enzyme
in the synthesis of lipid mediators.?%*

Like SCGB1A1,SCGB3A2 appears to play animportantrolein the
immune regulation of the upper airways. SCGB3A2 knockout shows
exacerbated airway inflammation after exposure to house dust

mites (HDM).X®® Consistent with these findings, in vitro studies and

experimental asthma mouse models, show that IL-4, IL-5, and IL-13
or allergen challenge downregulate SCGB3A2 mRNA expression.2’106
In contrast to the inhibition of SCGB3A2 by type-2 cytokines, IL-4
and IL-13 have been reported to induce SCGB3A1 expression via the
binding of STAT6 to a SMAD binding element (SBE) in the SCGB3A1
promoter.’?” For an overview of the regulation of SCGBs by cyto-
kines, view Table 3 and Figure 2.

In summary, SCGBs are differentially regulated by type-2 cyto-
kines and show immunomodulatory functions. Further research is

needed on the role of SCGBs other than SCGB1A1.

8 | FINAL REMARKS

Overall, the SCGB family mediates important functions at the epi-
thelial barrier, is integrated into the immune response, and provides
interesting targets for diagnosis and therapy. Even though there is
substantial knowledge on SCGB1A1, the other family members are
open for new discoveries.

At the clinical level, SCGB1A1 is tremendously abundant in the
respiratory tract and is easily accessible in nasal secretions, induced
sputum,®* or urine.”* Its function as a lung protector is well estab-
lished® and of particular interest. SCGB1A1 may also serve as a
potential biomarker for lung tissue damage in COPD®° or follow-
ing mechanical ventilation.’® In cystic fibrosis and asthma, lower
SCGB1A1 levels are associated with exacerbation levels®® and lon-

ger disease duration,>* respectively.
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FIGURE 2 Schematic overview of the effects of Thl and

Th2 cytokines, LPS, corticosteroids, and allergen-specific
immunotherapy on SCGB1A1 and SCGB3A1 expression of airway
epithelial cells. While the impact of Th2 cytokines on SCGB1A1 and
SCGB3A1 expression has been demonstrated by multiple groups,
the effects of Thi cytokines need further investigations (dashed
line). Our preliminary data do not match this finding

At the mechanistic level, epithelial-derived SCGB1A1 has anti-
inflammatory properties and is reduced at local inflammation sites
in both type-2 diseases, asthma, and allergic rhinitis.>**° The overall
view shows a differential expression of the SCGB family members
with respect to adaptive (IFN-y, IL-4, IL-5, and IL-13) as well as innate
(TNF-a) cytokines. Future studies are required to substantiate the
role of SCGB family members, in particular, in the context of their
antagonistic regulation by innate and adaptive cytokines.
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