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Abstract

Allergic rhinitis (AR) is a common condition. Estimates of its prevalence vary widely but good
epidemiologic studies suggest that 20 to 30% of adults and up to 40% of children are affected".
Symptoms can have significant negative impact on the patients quality of life, often interfere with sleep,
and contribute to poor performance at work and school. In approaching the patient with rhinitis
symptoms, clinicians must distinguish AR from non-AR (NAR) and nasal symptoms due to mechanical
factors but not miss the presence of local nasal allergy. Treatment for more severe disease should
employ anti-inflammatory as well as symptomatic medication, and allergy immunotherapy (AIT) should
be strongly considered for not only its effectiveness but also its disease-modifying effects. The main
challenges in AR relate to its treatment. Symptomatic and topical anti-inflammatory medication is often
not fully effective,and AIT can be inconvenient and expensive, and there is much room forimprovement
in both forms of treatment. The cluster of differentiation (CD14) is a human gene. The protein encoded
by this gene is a glycosylphosphatidylinositol (GPI)- anchored molecule expressed mainly on cell surface
of macrophages and monocytes. The x-ray crystal structure of human CD14 protein shows a
monomeric, bent solenoid molecule with a hydrophobic amino-terminal pocket that can bind to many
acylated ligands. CD14 acts as a pattern recognition receptor that promotes innate immune responses
to infection by sensitizing host cells to bacterial LPS (endotoxin), lipoproteins, lipoteichoic acid, and
other acylated microbial products. It allows delivery of these microbial products to many TLR signaling
complexes which then induce intracellular proinflammatory signaling cascades after ligand binding.
Many research works have studied the role of CD14 in different allergic phenotypes. Results of these
studies were controversial, as some studies have found that the sCD14 level in certain allergic diseases
was significantly higher in periods of illness than its level at recovery period. While other studies
reported inversely relationship between serum sCD14 level and certain allergic phenotypes. Also, up till
now, few studies have focused on the association between serum sCD14 level and the severity of
allergic diseases

Keywords: Allergic Diseases, Cluster of Differentiation 14

Tob Regul Sci. ™2022;8(1): 1274-1282
1274


mailto:maialsadek13@gmail.com
https://f1000research.com/articles/7-1333/v1#ref-1

Mai Alsadek Kamel Alsadek et. al
An Overview of Cluster of Differentiation 14 (CD14) and its Possible Roles in Allergic Diseases

Tob Regul Sci. ™ 2022;8(1): 1274-1282
DOI: doi.org/10.18001/TRS.8.1.101

Introduction:

Allergic rhinitis (AR) is a common condition. Estimates of its prevalence vary widely but good
epidemiologic studies suggest that 20 to 30% of adults and up to 40% of children are affected.
Symptoms can have significant negative impact on the patients’ quality of life, often interfere with
sleep, and contribute to poor performance at work and school. In approaching the patient with rhinitis
symptoms, clinicians must distinguish AR from non-AR (NAR) and nasal symptoms due to
mechanical factors but not miss the presence of local nasal allergy. Treatment for more severe disease
should employ anti-inflammatory as well as symptomatic medication, and allergy immunotherapy
(AIT) should be strongly considered for not only its effectiveness but also its disease-modifying effects.
The main challenges in AR relate to its treatment. Symptomatic and topical anti-inflammatory
medication is often not fully effective, and AIT can be inconvenient and expensive, and there is much
room for improvement in both forms of treatment. (1).

A Medline search retrieved original studies from 2005 to 2015 on the impact of AR on work
productivity. Pooled analysis of studies in which the validated Work Productivity and Activity
Impairment (WPAI) questionnaire had been used to collect data found an estimated 3.6% of missed
work time (absenteeism) and 35.9% of work performance impairment (presenteeism) due to AR. The
cost of absenteeism and presenteeism was estimated to be 3.2- to 13.5-fold higher than direct medical
costs and to represent 76 to 93% of the total costs of AR. School performance is also affected by AR.
In a case control study in the UK, students who were 15 to 17 years of age and currently symptomatic
with AR were significantly more apt to have lower examination scores in the summer compared with
the winter. The cost of AR was assessed in a representative sample of the Swedish population (18 to
65 years of age) in a report published in 2016. The mean annual direct and indirect costs because of
AR were 210 Euros and 750.8 Euros, respectively. Of the total cost, 8.1% was due to absentecism and
70.0% was due to presentecism. The remainder was equally divided between pharmaceutical and
health-care costs. The cost for the European Union countries for absenteeism and presenteeism caused

by AR in untreated or inadequately treated individuals has been estimated at 55 to 151 million Euros

per year (1).

Immunopathogenesis of Allergic Rhinitis:
1- Sensitization to allergens
AR is an IgE-mediated disease, triggered by exposure to environmental allergens. Those

allergens are usually proteins and glycoproteins that come from airborne particles including pollens,
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dust mites, insect feces, animal dander and molds. Sensitization rates vary between populations
according to the host genetic factors and the type of allergens to which the patient is exposed ( 2).

Clinical expression of the discase is a result of a cascade of immunological and biochemical
events. Allergens are inhaled, superimposed to nasal mucosa, and diffuse into nasal tissues. Then,
antigen-presenting cells (APCs) break antigens into antigenic peptides and migrate to lymph nodes to
present the peptides to naive CD4+ T lymphocytes (T cells) (3).

The process of activation of CD4+ T lymphocytes includes the interaction of specific surface
T-cell receptors with allergen MHC class IT complexes on the APCs. Dendritic Cells (DCs) and signals
from antigen presentation assist in the differentiation of naive T  helper cells into Th2

(4).

Th2 lymphocytes activate the production of specific cytokines such as IL-4 that sustains Th2
cells. Th2 cells also produce IL-13 and prompt CD40 ligand (CD40L), which with IL-4 promotes
heavy-chain class switching in B lymphocytes allowing the synthesis of IgE antibodies from B-cells
(3).

IgE antibodies have the ability to bind to high-affinity receptors on the surface of dendritic cells,
low-affinity receptors on monocytes-macrophages and B-lymphocytes and on high-affinity tetrameric
receptors FceRIl on mast cells and on basophils. The latter interaction induces the cellular allergic
reaction and the activation of several signaling cascades. One of these leads to granule exocytosis and
release of preformed or newly created inflammatory mediators (such as histamine, leukotrienes,
prostaglandins, platelet-activating factor, etc.) (3).

Recent studies reported that nasal allergen challenge also leads to an increase in T cells that
express the prototypic Th2 chemokine receptor CCR4 and increased numbers of the Th2
transcriptional factors STATG6 and GATAS3 in T cells and an increase in the ratio of GATA3:T-bet-T
cells in the nasal mucosa of AR patients compared to healthy people (5).

This agrees with the studies which reported that exaggerated Th2 responses observed in
pathogenesis of AR may be due to dysregulation of Th1 transcription factors (6).

The previous theory of Th1/Th2 imbalance promoted AR is supported by identification of new
T-helper families, such as regulatory T cell (Treg), Th17 and Th9 (7).

Treg cells play major role in preventing T helper 2 (Th2) differentiation, controlling airway
inflammatory response, and inhibiting inappropriate Th2 responses to different acroallergens. This is
done by their contact with immune cells or by producing anti-inflammatory cytokines such as
interleukin (IL)10 and transforming growth factor (TGF)-beta (8).

Tob Regul Sci. ™2022;8(1): 1274-1282
1276



Mai Alsadek Kamel Alsadek et. al
An Overview of Cluster of Differentiation 14 (CD14) and its Possible Roles in Allergic Diseases

2- Phases of nasal allergic reaction

The nasal allergic reaction is distinguished in early and late phases. The symptoms of early phase
begin almost immediately after exposure to the responsible allergen, arrive at a peak in a few minutes,
and subside within one to several hours (4).

Within minutes from the exposure, the interaction between IgE and allergen leads to
degranulation of mast cells and release of inflammatory mediators such as leukotrienes, prostaglandins,
cytokines, and histamine. These molecules are responsible for symptoms such as sneezing, itching,
nasal discharge, and nasal congestion. Histamine binds with H1 receptors and provokes all symptoms
of the early phase (4).

During the late phase, the most dominant symptom is nasal congestion. The mediators that
have been released in the early phase stimulate the infiltration of nasal mucosa by basophils,
cosinophils, neutrophils, mast cells and mononuclear cells. The mast cells have been found to play a
major role not only in the allergic response but also in maintaining the allergic response chronically
).

This is mainly related to the fact that mediators released by mast cells degranulation play an
important role in the recruitment of Th2 lymphocytes to target organs (9).

The cysteinyl leukotrienes are mainly responsible for the activation of cosinophils. Eosinophils
are predominant in the late phase response and are associated with the progression of allergic
symptoms. Proinflammatory mediators, cationic proteins, eosinophil peroxidase, and cysteinyl

leukotrienes are released from eosinophils ( 10 ;9).
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Figure 1: Early and late phases showing the pathophysiological processes and drivers of allergic
rhinitis (11).
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Cluster of Differentiation 14 (CD14)
Structure:

The cluster of differentiation (CD14) is a human gene. The protein encoded by this gene is a
glycosylphosphatidylinositol (GPI)- anchored molecule expressed mainly on cell surface of
macrophages and monocytes. The x-ray crystal structure of human CD14 shows a monomeric, bent
solenoid molecule with a hydrophobic amino-terminal pocket that can bind to many acylated ligands
12).

Tissue distribution:

CD14 is expressed as a membrane form (mCD14) on cell surfaces of macrophages, neutrophils
and dendritic cells. It can be secreted into the medium in a soluble form (sCD14) which is secreted
mainly by the liver and monocytes. The soluble form is also identified in the human breast milk with
subsequent effects in the breastfed baby (13).

Functions and signaling pathways of CD14:

CD14 acts as a pattern recognition receptor that promotes innate immune responses to infection
by sensitizing host cells to bacterial LPS (endotoxin), lipoproteins, lipoteichoic acid, and other acylated
microbial products. It allows delivery of these microbial products to many TLR signaling complexes
which then induce intracellular proinflammatory signaling cascades after ligand binding (14).

CD14 was identified as a co-receptor for TLR in detection of pathogen-associated molecular
patterns (PAMPs). However, in the last decade, CD14 was considered to activate NFAT, regulating
the life cycle of myeloid cells in a TLR4-independent manner. It also transports inflammatory lipids
to induce phagocyte hyperactivation (15).

CD14, together with TLR4 and MD-2, constitute a multi-receptor complex that can recognize
LPS on the cell membrane. The primary role identified for CD14 in LPS recognition was promoting
the sensitivity of the innate immune cells to this inflammatory stimulus. CD14 is capable of binding
LPS at very low concentrations allowing its delivery to the TLR4-MD2 complex for the initiation of
the transduction pathway (16).

TLR4 is a specialized receptor that can engage all four adaptors (TIRAP, MyD88, TRAM and
TRIF). Therefore, it is the only TLR that can activate both the TIRAP-MyD88-dependent pathway
and the TRAM-TRIF-dependent pathway leading to the secretion of type-I interferons (IFNs) (17).

In the presence of LPS, CD14 and TLR4-MD2 are engaged together inside lipid rafts. After
translocation into those lipid rafts, TLR4 activates the TIRAP-MyD88-dependent pathway, which
leads to activation of NF-kB. Subsequently, the entire receptor complex, including CD14, is
internalized and redirected into the endosome from which the activation of the TRAM-TRIF pathway
begins ( 18).

In addition to the previously mentioned signaling pathways, CD14 has TLR4-independent

signal transduction pathway in myeloid cells, such as DCs. After LPS stimulation, CD14 activates src
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family kinase (SFK) and PLCy 2 which in turn, hydrolyzes membrane phosphatidylinositol
bisphosphate (PIP2) generating inositol-triphosphate (IP3) and dyacylglycerol (DAG) leading to an
increase in intracellular Ca* concentration and activation of the phosphatase Calcineurin.
Cytoplasmic NFAT transcription factors are subsequently dephosphorylated and migrate to the
nucleus as shown in (12).

The importance of CD14-NFAT pathway in LPS-activated DCs include regulation of I1L-2,
production of prostaglandin E, (PGE,) and induction of a proapoptotic pathway in terminally
differentiated DCs (12).

S

Figure (2): CD14 has 3 main functions. In panel 1, CD14 stimulates NF-kB-dependent
cytokine production by recognizing low LPS doses. In panel 2, CD14 allows TLR4 endocytosis and
type-1 IFN expression. In panel 3, CD14 has autonomous signaling functions leading to the

activation of NFATc¢ transcription factor family members (12).

Role of CD14 in Allergic diseases:
Many research works have studied the role of CD14 in different allergic phenotypes. Results of

these studies were controversial, as some studies have found that the sCD14 level in certain allergic
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diseases was significantly higher in periods of illness than its level at recovery period. While other
studies reported inversely relationship between serum sCD14 level and certain allergic phenotypes.
Also, up till now, few studies have focused on the association between serum sCD14 level and the
severity of allergic diseases (19).

The CD14 affects the immune response in different allergic phenotypes by several mechanisms.
It is considered to be a marker of monocyte/macrophages activation which has a significant effect on
the balance between Th1 and Th2 cytokines. Also, the sCD14 has been reported to have an essential
role in the regulation of T and B cells proliferation and activation (20).

Acting as a receptor for lipopolysaccharide (LPS), the CD14 can provoke antigen presenting
cells (APCs) to produce cytokines, such as TNF-alpha, IL-6, IL-8, and IL-12. Also, it induces
endocytosis pathway of toll-like receptor-4 (TLR-4), and also provides significant molecular signals
for the receptor subunits of IL5, IL3, and GM-CSF in human eosinophils (12; 21).

A specific region in chromosome 5(5q31-32) which contains a group of cytokine genes that
regulate the allergic immune response, such as interleukin 4(IL-4), interleukin 13(IL-13), interleukin
9(IL-9), and granulocyte-monocyte-colony-stimulating factor (GM-CSF) was also identified to
include the CD14 gene explaining the role of CD14 in different allergic conditions (21).

Regarding its role in allergic diseases, recent studies have suggested the measurement of serum
levels of sCD14 in allergic patients as it might be helpful in the future to divide patients into atopic
and non-atopic and could be used as a strong biological marker for diagnosis of certain allergic diseases

and evaluation of the discase severity (22).

References:

Dahanayake, J.M., Perera, P.K., Galappaththy,P., & Samaranayake, D. Efficacy and safety of two
Ayurvedic dosage forms for allergic rhinitis: Study protocol for an open-label randomized controlled
trial. Trials. 2020; 21(1): 37.

Burbank, A.]., Sood, A.K., Kesic, M.]., Peden, D.B., & Hernandez, M.L. Environmental
determinants of allergy and asthma in early life. Allergy Clin Immunol. 2017; 140: 1-12.

Sin, B., & Togias, A. Pathophysiology of Allergic and Nonallergic Rhinitis. Proceedings of the
American Thoracic Society.2011; 8: 106-114.

Papadopoulos, N. G., & Guibas, G. V. Rhinitis subtypes, endotypes, and definitions. Immunology
and Allergy Clinics. 2016; 36(2): 215-233.

Eifan, A. O., Furukido, K., Dumitru, A., Jacobson, M. R., Schmidt-Weber, C., Banfield, G.,
Durham, S.R., & Nouri-Aria, K. T. Reduced T-bet in addition to enhanced STAT 6 and GATA 3
expressing T cells contribute to human allergen-induced late responses. Clinical & Experimental
Allergy. 2012; 42(6): 891-900.

Tob Regul Sci. ™2022;8(1): 1274-1282
1280



10.

11.

12.

13.

14.

15.

16.

17.

18

19.

Mai Alsadek Kamel Alsadek et. al
An Overview of Cluster of Differentiation 14 (CD14) and its Possible Roles in Allergic Diseases

Eifan, A. O., & Durham, S. R. "Pathogenesis of rhinitis." Clinical & Experimental Allergy. 2016;
46(9): 1139-1151.

Wisniewski, J.A., & Borish, L. Novel cytokines and cytokine-producing T cells in allergic disorders.
Allergy Asthma Proc. 2011; 32: 83-94.

Askenasy, N., Kaminitz, A., & Yarkoni, S. Mechanisms of T regulatory cell function. Autoimmunity
reviews. 2008; 7(5): 370-375.

Prokopakis, E., Vardouniotis, A., Kawauchi, H., Scadding, G., Georgalas, C., Hellings, P.,
Velegrakis, G., & Kalogjera, L. The pathophysiology of the hygiene hypothesis. International journal
of pediatric otorhinolaryngology. 2013; 77(7): 1065-1071.

Gelfand, E. W. Inflammatory mediators in allergic rhinitis. Journal of allergy and clinical
immunology. 2004; 114(5): 135-138.

Bjermer, L., Westman, M., Holmstrom, M., & Wickman, M. C. The complex pathophysiology of
allergic rhinitis: scientific rationale for the development of an alternative treatment option. Allergy,
Asthma & Clinical Immunology. 2019; 15(1): 1-15.

Zanoni, 1., & Granucci, F. Role of CD14 in host protection against infections and in metabolism
regulation. Frontiers in cellular and infection microbiology. 2013; 3: 32.

Funda, D. P., Tuckovi, L., Farré, M. A,, Iwase, T., Moro, L., & Tlaskalovi-Hogenovi, H. CD14
is expressed and released as soluble CD14 by human intestinal epithelial cells in vitro:
lipopolysaccharide activation of epithelial cells revisited. Infection and immunity. 2001; 69(6): 3772-
3781.

Kelley, S. L., Lukk, T, Nair, S. K., & Tapping, R. I. The crystal structure of human soluble CD14
reveals a bent solenoid with a hydrophobic amino-terminal pocket. The Journal of Immunology.
2013; 190(3): 1304-1311

Wu, E. L., Harris, W.C., Babcock, C.M., Alexander, B.H., Riley, C.A., & McCoul, E.D. Epistaxis
risk associated with intranasal corticosteroid sprays: a systematic review and meta-analysis.
Otolaryngol. Head Neck Surg. 2019; 161: 18-27.

Miyake, K., Ogata, H., Nagai, Y., Akashi, S., & Kimoto, M. Innate recognition of
lipopolysaccharide by Toll-like receptor 4/MD-2 and RP105/MD-1. J. Endotoxi Res. 2000; 6: 389-
391.

Akira, S., & Hoshino, K. Myeloid differentiation factor 88-dependent and -independent pathways
in toll-like receptor signaling. J. Infect. Dis. 2003; 187(2): 356-363.

. Kagan, J. C, Su, T., Horng, T., Chow, A., Akira, S., & Medzhitov, R. TRAM couples endocytosis

of Toll-like receptor 4 to the induction of interferon-beta. Nat. Immunol. 2008; 9: 361-368.
Garty, B.Z., Monselise, Y., & Nitzan, M. Soluble CD14 in children with status asthmaticus. Isr
Med Assoc J. 2000; 2:104-107.

Tob Regul Sci. ™2022;8(1): 1274-1282
1281



Mai Alsadek Kamel Alsadek et. al
An Overview of Cluster of Differentiation 14 (CD14) and its Possible Roles in Allergic Diseases

20. Kusunoki, T., Nakahata, T., Miyanomae, T., & Inoue, Y. Possible dual effect of CD14 molecule
on atopy. American journal of respiratory and critical care medicine. 2002; 165(4): 551-552.

21. Hamajima, Y., Fujieda, S., Sunaga, H., Yamada, T., Moribe, K., Watanabe, N., & Murakami, S.
Expression of Syk is associated with nasal polyp in patients with allergic rhinitis. Auris Nasus Larynx.
2007; 34(1):49-56.

22. Marzouni, H.Z., Farid-Hosseini, R., Jabari-Azad, F., Tavakkol-Afshari, J., Tehranian, F.,
Khoshkhui, M., Nikpoor,A.R. & Mohammadi, M. CD14 as A Serum Immune Biomarker and
Genetic Predisposition Factor for Allergic Rhinitis. Iranian Journal of Ortorhinolaryngology. 2019;
31(102): 1.

Tob Regul Sci. ™2022;8(1): 1274-1282
1282



