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Abbreviations used

AD: Atopic dermatitis

ASST: Autologous serum skin test

CCL: C-C chemokine ligand

CRS: Chronic rhinosinusitis

CSU: Chronic spontaneous urticaria

EoE: Eosinophilic esophagitis

TARC: Thymus and activation-regulated chemokine

TSLP: Thymic stromal lymphopoietin

VEGF: Vascular endothelial growth factor
With the development of targeted therapies for allergic diseases,
the need for biomarkers supporting disease diagnosis and
management has increased. Recent research has elucidated the
pattern of cytokines and their distinct roles in the pathogenesis
of allergic diseases. This means that cytokines should be
considered as biomarkers. In this review article, we summarize
published findings and critically discuss the use of cytokine
measurements in association with disease diagnosis and
management. Among the variety of suggested cytokines, thymus
and activation-regulated chemokine (TARC) stands out and can
indeed serve as a biomarker of atopic dermatitis. Both biologic
characteristics and technical issues determine the reliability and
limit the use of blood cytokines as biomarkers. (J Allergy Clin
Immunol 2022;150:251-8.)
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Efforts in unraveling the pathogenic mechanisms of allergic
diseases have resulted in the development of novel targeted
therapies. Because patient selection is crucial for the success of
these therapies, reliable biomarkers that point to the correct
diagnosis, objectively monitor disease activity, indicate treat-
ment response, and define subtypes predicting disease progres-
sion are needed. A biomarker is a defined characteristic that is
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measured as an indicator of normal biologic processes, patho-
genic processes, or responses to an exposure or intervention.1

Blood biomarkers would be ideal, as they are easily accessible.
Notably, the standards for validation of biomarkers are high.1

Multiple clinical trials are required to demonstrate that the rela-
tionship between the change in each biomarker and the change
in each outcome is generalizable.1 Here, we critically discuss
the reliability of blood cytokines as biomarkers in selected
diseases.
AD
For atopic dermatitis (AD), thymus and activation-regulated

chemokine (TARC), which is a key chemokine (C-C chemokine
ligand 17 [CCL17]) in homing TH2 cells to the skin, is one of the
most studied markers (Table I).2-45 Direct correlations of TARC
levels in the blood with AD severity have been found in both chil-
dren and adults4-6,13,16 and confirmed by a meta-analysis.3 In
response to therapy, a decrease in TARC levels has been reported
for topical corticosteroids,5 ciclosporin,6 mycophenolate so-
dium,8 and dupilumab.11,14 Application of the Grading of Recom-
mendations, Assessment, Development, and Evaluation
(GRADE) approach revealed that TARC levels in blood show a
high level of evidence as a biomarker for AD correlating with
its severity.2 Interestingly, after reduction of ciclosporin therapy,
a rise in TARC levels preceded clinical relapse.6 Notably, in
healthy children, physiologic TARC levels are age-dependent,
with the highest levels in the age group 0 to 1 year.46 TARC levels
may serve as a diagnostic tool, as they are significantly higher in
patients with AD than in patients with psoriasis and healthy con-
trols.9 However, TARC levels are not only increased in AD, and
thus, they might not discriminate from relevant differential diag-
noses such as bullous pemphigoid, scabies, cutaneous T-cell lym-
phoma, or the lymphocytic variant of hypereosinophilic
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TABLE I. Blood cytokines as markers of diagnoses, subtypes, disease severity. and response to therapy in selected allergic

diseases

Disease Cytokine

Diagnostic Subtypes Severity Response to therapy

Ref (n) Ref (n) Ref (n) Ref (n)

AD CCL17/TARC Psoriasis 4 (60;

AD, 20)

3 (MA,

4 LT),

2 (R)*

2 (R)*

SCORAD 4 (20) TCS 5 (15)

Limitations: SCORAD 5 (29) Ciclosporin 6 (7)

Scabies 7 (1;

AD, 0)

LSS 6 (177) Ciclosporin, EC-

MPS

8 (45)

Bullous

pemphigoid

9 (29;

AD, 0)

SASSAD 10 (259) Dupilumab 11 (55)

Cutaneous

T cell

lymphoma

12 (40;

AD, 0)

SCORAD 13 (157) Dupilumab 14 (36; 35)

L-HES 15 (35;

AD, 9)

SCORAD 16 (34) Dupilumab1 TCS 14 (47)

CCL18/PARC 2 (R) 2 (R)

CCL22/MDC 2 (R) TCS 5 (15)

SCORAD 5 (29) Ciclosporin 17 (25)

SCORAD 16 (34)

CCL26/eotaxin-3 2 (R) 2 (R)

Ciclosporin 17 (25)

CCL27/CTACK 2 (R)

LSS 6 (76)

SCORAD 13 (157)

SCORAD 16 (34)

CCL13/MCP-4 Ciclosporin 17 (25)

CCL2/MCP-1 Ciclosporin 17 (25)

CXCL10 Ciclosporin 17 (25)

IFN2g Ciclosporin 17 (25)

IL-13 SCORAD 17 (25) Ciclosporin 2 (R)

17 (25)

IL-22 SCORAD 17 (25) Ciclosporin 2 (R)

17 (25)

Asthma IL-4 Atopic vs

nonatopic

18 (77)

Persistence to

middle age

19 (280)

IL-5 Persistence into

adulthood

20 (398) Oral CS 21 (20)

IL-13 Atopic vs

nonatopic

18 (77) Mild,

moderate,

severe

22 (128)

IL-25 Atopic v.

nonatopic

18 (77)

Corticoid-

responsive

23 (43)

Aspirin-

exacerbated

24 (50)

IL-33 Allergic vs

nonallergc

25 (128) Mild,

moderate,

severe

26 (45)

Eosinophilic vs

noneosinophilic

25 (128) Histopathology 27 (45)

EoE CCL17/TARC Budesonide 28 (51)

CCL26/eotaxin-3 Budesonide 28 (51)

TGF-b EoE vs

dysphagia

of other

origin

29 (58;

EoE 16)

Rhinosinusitis CCL17/TARC Dupilumab 30 (R)

31 (147)

CCL26/eotaxin-3 mucosal

eosinophils

high

32 (97)

(Continued)
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TABLE I. (Continued)

Disease Cytokine

Diagnostic Subtypes Severity Response to therapy

Ref (n) Ref (n) Ref (n) Ref (n)

BAFF CRSwNP subtypes 33 (120)

postoperative

recurrence

in CRSwNP

33 (120)

IL-17 CRSwNP 34 (50) SNOT 34 (50)

high postoperative

recurrence

34 (50)

GM-CSF Exacerbated

CRSwNP

vs sinonasal

symptoms

of other

origin

35 (19;

9; 10)

LM score 35 (9)

VEGF Exacerbated

CRSwNP

vs sinonasal

symptoms

of other

origin

35 (19;

9; 10)

LM score 35 (9)

Periostin CRSwNP vs

CRSsNP

36 (23;

13; 10)

Imaging score 36 (23) Dupilumab 37 (267);

31 (147)

Food allergy IL-6 IgE vs

non–IgE-

mediated

38 (60;

37; 23

TED 38 (60);

OIT 39 (28)

IL-10 OIT 39 (28)

IL-2 FPIES

versus

IgE-

mediated

40 (21;

11; 10)

Symptomatic

FPIES

40 (11)

IL-17 FPIES

vs IgE-

mediated

40 (21;

11; 10)

Symptomatic

FPIES

40 (11)

IL-22 FPIES

vs IgE-

mediated

40 (21;

11; 10)

Symptomatic

FPIES

40 (11)

CSU IL-6 Acute vs chronic 41 (75;

15; 60)

Spontaneous

remission

42 (58) Omalizumab 43 (8)

IFN-g SPT1 vs SPT– 44 (60;

15;15)

Omalizumab 43 (8)

CCL17/TARC Active vs

remission

45 (59)

IL-10 Acute vs chronic 41 (75;

15; 60)

ASST1 vs ASST– 41 (60;

30; 30)

IL-17 CSU vs

healthy

control

44 (71;

51; 20)

ASST1 vs ASST– 41 (60;

30; 30)

Severe

vs mild

44 (51;

13; 20)

IL-31 Pruritus 44 (51)

IL-33 IgE1 vs IgE– 44 (51;

29; 22)

Severe

vs mild

44 (51;

13; 20)

GM-CSF ASST1 vs ASST– 41 (60;

30; 30)

TARC is considered to be a biomarker for clinical severity of AD at baseline and during therapy (bold, roman). For other markers, the reliability has not sufficiently been proved

(italic). Numbers indicate the reference, as well as size of patient cohort and subgroups when indicated. For negative data, see the text.

ASST, Autologous serum skin test; BAFF, B-cell–activating factor; CRSsNP, chronic rhinosinusitis without nasal polyps; CRSwNP, chronic rhinosinusitis with nasal polyps;

CTACK, cutaneous T cell–attracting chemokine; CXCL10, C-X-C motif chemokine ligand 10; FPIES, food protein–induced enterocolitis syndrome; L-HES, lymphocyte-variant

hypereosinophilic syndrome; LM, Lund-Mackay computed tomography scan score; LSS, Leicester severity score; LT, longitudinal randomized controlled trials; MA, meta-analysis;

MCP, monocyte chemoattractant protein; MDC, macrophage-derived chemokine; MPS, mycophenolate sodium; OIT, Oral immunotherapy; PARC, pulmonary and activation-

regulated chemokine; R, review; Ref, reference; SASSAD, Six Area, Six Sign of Atopic Dermatitis; SCORAD, Scoring Atopic Dermatitis; SNOT, Sino-nasal Outcome Test; SPT,

skin prick test; TCS, topical corticosteroid; TED, therapeutic elimination diet; VEGF, Vascular endothelial growth factor.

*The overall evidence for TARC as a biomarker correlating with severity is based on GRADE (grading of recommendations, assessment, development, and evaluations): it is very

high in adult AD and high in pediatric AD (see Renert-Yuval et al2).
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FIG 1. Patterns of potential blood cytokine biomarkers in allergic diseases. Despite disease-typical patterns,

the cytokine expression is overlapping. Blood cytokines are not disease-specific and may have their origin

from several diseased organs. Thus, concomitant diseases may affect the specificity of cytokines as

diagnosis and treatment response markers. Examples of epithelial cells (yellow), TH2 cells (blue), TH17 cells

(green), TH22 cells (gray), and proinflammatory and anti-inflammatory (orange) cytokines are given. BAFF,

B-Cell–activating factor; CTACK, cutaneous T cell–attracting chemokine;MDC, macrophage-derived chemo-

kine; PARC, pulmonary and activation-regulated chemokine.
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syndromes.7,9,12,15 The presence of respiratory allergic disease
does not seem to affect serum levels of TARC.6

Compared with TARC, other markers have been studied less
intensively. Elevated blood levels of CCL22 and CCL27 have
been detected in patients with AD as compared with in healthy
controls, and they are correlated with disease severity.2,5,6 IL-13,
a key cytokine in AD pathogenesis and target of novel therapies,
may also serve as a potential biomarker. Serum IL-13 and IL-22
levels are increased in patients with AD compared with in healthy
controls; they are correlated with disease severity and decrease af-
ter treatment.17,47 The identification of endotypes based on serum
markers might have an implication for future precision medicine
approaches.48,49
ALLERGIC ASTHMA
The immunopathogenesis of allergic asthma is characterized

by an armory of mainly TH2 cytokines.50,51 Compared with
healthy controls, children and adults with asthma have higher
serum levels of IL-4, IL-5, IL-13, IL-25, and IL-33 (Table
I).18,25,26,52-55 Elevated IL-25 levels have been reported to indi-
cate aspirin-exacerbated respiratory disease.24 IL-13 and IL-33
levels are correlated with disease severity,22,26,27 and higher IL-
4, IL-13, and IL-25 levels may differentiate individuals with
atopic asthma from those with nonatopic asthma.18,22,53,54 Persis-
tence of asthma in children and adults may be predicted by
elevated levels of IL-5 and IL-4, respectively.19,20 Clustering of
blood markers, including cytokines, revealed endotypes of
asthma; however, a correlation with asthma severity or symptom
control did not exist.56,57 After oral corticosteroid therapy for un-
controlled asthma, IL-5 and IL-13 serum concentrations decline,
although an elevated IL-5 concentration may persist despite clin-
ical remission.21,58 In subjects with severe, uncontrolled asthma
treated with tezepelumab, which is an anti–thymic stromal lym-
phopoietin (TSLP) mAb, a reduction of IL-5 and IL-13 levels
was noted, suggesting their potential to serve as biomarkers for
treatment response.59 High serum levels of IL-5 are a predictor
for frequent exacerbations in children and have been reported to
decrease after successful treatment.60,61 High IL-25 plasma levels
have been suggested as an indicator for corticosteroid-responsive
TH2 cell–associated asthma.23

In spite of these observations, the reliability of blood cytokines
is insufficient for them to serve as biomarkers, and thus, they are
not listed among the parameters recommended for the diagnosis
and management of allergic asthma.62 On the other hand, level of
fractional exhaled nitric oxide, which is considered to be a surro-
gate for elevated IL-4 and IL-13 levels,63 has been proved to be a
predictive biomarker for severe asthma exacerbations,64-66 as
well as for treatment responses to inhaled corticosteroids67 and
dupilumab.68
EoE
The diagnosis and treatment follow-up of eosinophilic esoph-

agitis (EoE) requires repeated endoscopies and biopsies for
histopathologic analysis.69 Therefore, the need for easily acces-
sible and reliable biomarkers (eg, blood cytokines) is great. By
applying a cytokine panel, blood levels of IL-4, IL-5, IL-6, IL-



FIG 2. The process of biomarker (BM) development. The identification of potential biomarkers is promoted

by novel technologies, allowing efficient screening and unbiased selection. The evaluation and proof of a

biomarker require independent studies considering technical and methodologic as well as patient- and

disease-related factors. For instance, during biomarker development, evaluation of associations between a

biomarker and disease status, as well as demographic or clinical characteristics (such as age, sex, and body

mass index [BMI]), or in patients with disease, stage, medication, or other disease characteristics, determine

the design of future validation studies.
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8, IL-17, IL-13, IL-12p70, CD40L, and IL-1a were found to be
significantly increased in patients with EoE compared with in
healthy controls, but they are unsuitable to indicate treatment
response.70 Plasma eotaxin-3 level, as well as absolute eosinophil
count and eosinophil-derived neurotoxin (EDN) level, were
elevated in patients with active EoE compared with in controls,
whereas IL-5 level was not.71 Strikingly, eotaxin levels increased
after mepolizumab therapy.72 Among patients with dysphagia,
serum levels of TGF-b were significantly increased in patients
with EoE.29 Both IL-13 and TGF-b decreased after therapy,
correlating with an improvement of fibrostenotic and inflamma-
tory severity scores29 (Table I). Of note, other studies investi-
gating IL-4, IL-5, IL-6, IL-9, IL-13, TGF-a, TGF-b, TNF-a,
eotaxin-1, eotaxin-2, eotaxin-3, TSLP, and periostin did not find
significant differences between patients with EoE and controls
or correlations with treatment response.73-76 In children with
EoE, plasma eotaxin-3 level was significantly increased in pa-
tients with EoE, but it was less accurate in distinguishing patients
with EoE from controls than was a panel of eosinophil-associated
biomarkers, including eotaxin-3 together with absolute eosino-
phil counts.77 A systematic review of minimally invasive
biomarker studies in EoE revealed inconsistent results. Only
eotaxin-3 and TARC levels, as well as absolute eosinophil count,
eosinophil cationic protein level, and mast cell tryptase level,
could be considered as potential biomarkers discriminating pa-
tients with active versus treated EoE.28
RHINOSINUSITIS
A recent review concluded that blood cytokines are not

applicable as biomarkers for allergic rhinitis and allergen-specific
immunotherapy against inhaled allergens.78 In chronic rhinosinusi-
tis (CRS), mainly tissue markers have been applied to identify en-
dotypes and monitor treatment response.30 Higher blood levels of
IL-17 and B-cell–activating factor have been reported in patients
with CRS with nasal polyps than in controls.33,34 High levels of
B-cell–activating factor have been found to predict postoperative
recurrence of polyps, whereas GM-CSF and vascular endothelial
growth factor (VEGF) indicated disease exacerbation in patients
with CRS with nasal polyps33,35 (Table I). A decrease in blood
eotaxin-3, periostin and TARC levels has been observed after dupi-
lumab therapy.31,37
FOOD ALLERGY
In patients with food allergy, serum IL-6 levels were shown to

discriminate between IgE-mediated and non–IgE-mediated sub-
groups and to also be correlated with the response to a therapeutic
elimination diet.38 After 6 months of oral immunotherapy in chil-
dren with cow’s milk allergy, an increase in serum levels of IL-6
and IL-10 was reported, whereas IL-4, IL-5 and IL-12p70 levels
did not change.39 A decrease in levels of IL-5 and IL-13 secreted
by stimulated PBMCs has been repeatedly observed after oral or
sublingual immunotherapy with food allergens, whereas the data
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on IL-4, IL-10, TGF-b, and IFN-g are inconsistent.79-82 Of note,
marked immunologic responses are often transient and have been
observed during the initial phases of immunotherapy.83 Epicuta-
neous immunotherapy with peanuts resulted in a decrease in the
numbers of IL-4– and IL-13–producing T cells in the peripheral
blood.84

Acute food protein–induced enterocolitis syndrome reactions
are associated with a significant elevation of the numbers of TH17
and innate inflammatory cytokines (IL-17A, IL-22, IL-17C,
CCL20, IL-8, oncostatin M, leukemia inhibitory factor, TNF-a,
IL-10, and IL-6), which may clearly distinguish them from the
asymptomatic status and IgE-mediated food allergy.40
CSU
Elevated levels of TH1 cell–/TH2 cell– and TH17 cell–related

cytokines have been observed in the blood of patients with
chronic spontaneous urticaria (CSU) compared with in the blood
of healthy controls.41-45,85 Subgroup analyses have revealed
higher levels of IL-6, IL-10, and IL-13 in acute versus chronic ur-
ticaria; higher levels of GM-CSF, IL-10, and IL-17 in autologous
serum skin test–positive versus autologous serum skin test–
negative CSU; higher levels of IFN-g, IL-2, IL-12p70, and IL-
21 in skin prick test–positive versus skin prick test–negative
CSU41; and higher levels of IL-33 in IgE-positive versus IgE-
negative CSU44 (Table I). Serum TARC levels were found to be
increased in patients with active CSU compared with in healthy
controls, with the levels decreasing in the remission phase.45,85

IL-17 and IL-33 plasma levels were correlated with disease activ-
ity, whereas IL-31 was associated with the intensity of pruritus.44

However, a study that aimed at verifying previous data, did not
find any direct correlation between blood levels of TSLP, TNF-
b, IL-6 IL-9, IL-33, IL-31, IL-18, VEGF, complement C5a, neo-
pterin, and histamine and disease severity.86
CONCLUSION
Even though a number of blood cytokines have been correlated

with allergic disease diagnoses and treatment responses, only
TARC/CCL17 can be considered a biomarker for AD.2Why is the
identification of blood cytokines as biomarkers challenging?
Allergic diseases are complex and often not restricted to single or-
gans; rather, they are characterized by a systemic inflammation.17

As blood cytokine levels might be affected by concomitant
allergic diseases, their relevance as markers in a certain disease
should be evaluated critically31 (Fig 1). Blood cytokines have
been studied mainly in small populations. Moreover, most results
have not been verified by independent investigators. As blood cy-
tokines have a very short half-life and their blood levels are rela-
tively low, technical issues (eg, blood sampling and processing, as
well as measuring techniques) become important to guarantee
quality and reliability of a biomarker (Fig 2). In the future, ana-
lyses of blood cytokine panels (eg, multiplex analyses) after a
standardized process of blood sampling and/or cytokine expres-
sion in tissues obtained by noninvasive methods might overcome
these difficulties.
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