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INTRODUCTION
Hand eczema (HE) is one of the most common chronic 
inflammatory skin diseases, which leads to disability and 
economic burden [1]. HE ranks the 2nd place among the 
causes of temporary disability, in both the case number 
and the course duration [2]. In addition, the prevalence 
of hand eczema has increased during the COVID-19 
pandemic [3-5].

Currently, there is no single approach to treating patients 
with HE in different countries. Immunosuppressants, im-
munomodulators, vitamins, physical factors are most often 
among the list of preferred therapeutic agents [6]. In recent 
years, a number of fundamentally new low molecular 
weight drugs have also been developed that can selectively 
block certain cytokines and intracellular signaling proteins 
[7]. However, most of these drugs have not yet completed 
the testing phase. Moreover, all of them are expensive and 
not available in various countries.

Thus, in the absence of a clear management protocol and 
unconditionally effective treatment options of eczema, the 
basis for HE patient treatment is corticosteroids (both topical 
and systemic) [8]. However, its effectiveness may decrease 
over the treatment course [9]. At the same time, some pa-
tients do not respond to treatment with glucocorticoids at all.

To date, there is a significant amount of work devoted 
to revealing the molecular mechanisms of glucocorticoid 

resistance [10-12]. It is known that sensitivity to glucocor-
ticosteroids largely depends on the structure and function 
of the glucocorticoid receptor [11, 13]. It has been shown 
that some cytokines and vitamins can affect the production 
of various glucocorticoid receptor subunits, modulating the 
cell response to glucocorticoids [14]. It has also been shown 
that the sensitivity of glucocorticoid receptor depends on 
the structure of its own gene (NR3C1) [15]. The association 
between some SNPs of the NR3C1 gene and the emergence 
of glucocorticoid resistance in some patients has been 
proved [16, 17]. However, the final disclosure of patho-
genetic mechanisms and the detection of highly specific 
predictors of glucocorticoid resistance are still far away. 

THE AIM
The aim of the study was to reveal the possible effective pre-
dictors of glucocorticoid resistance in patients with HE based 
on the demographic, clinical, and molecular-genetic data.

MATERIALS AND METHODS
Totaly 143 patients with HE (42 % female and 58% male, 
mean age – 42.2 ± 11.1 years) were included in the study. 
All patients were treated in the outpatient setting at the 
Medical Center «Eledia» (Ukraine, Sumy) – the clinical 
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base of the dermatovenerology department of the Medical 
Institute of Sumy State University (government license 
№ 597170). The diagnosis of «Hand eczema» was estab-
lished in accordance with the International Guidelines for 
the diagnosis, prevention, and treatment of hand eczema 
[18]. The complaints, medical history, and clinical criteria 
(localization, erythema, serous wells, infiltration, vesi-
cles, cracks, peeling) were used. Eczema severity was 
measured using Hand Eczema Severity Index described 

by – HECSI (1-16 = mild, 17-37 = moderate, > 37 = 
severe) [19, 20].

Study Design. Demographic (аge, gender, smoking, 
exposure (potentially harmful occupation, eg welder, 
chemical worker), and clinical data (body mass index 
(BMI), baseline HECSI) were determined in all patients 
before treatment. Also, the plasma content of IgE, IL-17A, 
IL-2, 25(OH)D were measured in all patients. Moreover, 
all subjects were genotyped by Bcl-1 polymorphism of 

Table I. Characteristics of the patients with hand eczema stratified by the sensitivity to glucocorticoids

Parameter Responders
n = 92

Non-responders
n = 51 Р

Age, years 43.1 ± 11.6 40.7 ± 9.9 0.200

Female (%) 35 (38.0) 25 (49.0)
0.203

Male (%) 57 (62.0) 26 (51.0)

BMI, kg/m2 25.7 ± 3.9 25.4 ± 4.0 0.681

BMI ≥ 25 kg/m2 (%) 55 (59.8) 31 (60.8) 0.907

Smokers (%) 30 (32.6) 21 (41.2) 0.306

Exposure (%) 20 (21.7) 12 (23.5) 0.806

IgE, iu/ml 101.4 ± 33.9 109.9 ± 31.1 0.138

IL-17, pg/ml 80.2 ± 28.3 93.2 ± 27.5 0.009

IL-2, pg/ml 26.6 ± 8.9 29.8 ± 8.9 0.045

25(OH)D, ng/ml 32.4 ± 12.2 28.7 ± 10.4 0.070

Bcl-1 С/С (%) 32 (34.8) 7 (13.7)

0.025Bcl-1 С/G (%) 46 (50.0) 33 (64.7)

Bcl-1 G/G (%) 14 (15.2) 11 (21.6)

Mild eczema (%) 36 (39.1) 11 (21.6)

0.009Moderate eczema (%) 36 (39.1) 17 (33.3)

Severe eczema (%) 20 (21.8) 23 (45.1)

HECSI baseline score 26.4 ± 21.1 35.3 ± 21.7 0.018

HECSI 2-week score 11.1 ± 8.7 25.8 ± 17.4 < 0.001

Notes: BMI – body mass index; HECSI – Hand Eczema Severity Index.

Table II. The regression analysis of glucocorticoid resistance predictors 

Predictor
Univariate Analysis Multivariate Analysis

OR 95 % CI P OR 95 % CI   P

Gender 0.64 0.32-1.28 0.204

Overweight 1.04 0.52-2.10 0.907

Smoking 1.45 0.71-2.94 0.307

Exposure 1.11 0.49-2.50 0.806

IL-17 2.61 1.28-5.29 0.008 1.92 0.85-4.35 0.117

IL-2 2.30 1.14-4.64 0.019 1.87 0.87-4.01 0.110

25(OH)D 2.29 1.13-4.62 0.021 1.89 0.84-4.22 0.122

Bcl-1 С/G + G/G 3.35 1.36-8.29 0.009 3.83 1.19-13.10 0.033

Bcl-1 С/G 1.83 0.91-3.71 0.092 0.73 0.27-1.99 0.545

Bcl-1 G/G 1.53 0.64-3.68 0.340

Severe eczema 2.96 1.41-6.21 0.004 2.52 1.14-5.56 0.023

Note: OR – odds ratio, 95 % CI – 95 % confidence interval.
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the NR3C1 gene. All patients were treated with cortico-
steroids for 2 weeks (mild and moderate eczema – topical 
corticosteroids (0.1 % Mometasone Furoate 2 times a day), 
severe eczema – topical corticosteroids (0.1 % Mometa-
sone Furoate 2 times a day) + systemic corticosteroids 
(Dexamethasone: 3 days – 8 mg per day, 2 days 4 mg 
per day)). After 2 weeks of treatment, the HECSI score 
was assessed (HECSI 2-week score). If the HECSI was 
reduced by more than 50 % (HECSI≥50), the patient was 
considered as «responder». If the HECSI was reduced by 
less than 50 % or increased (HECSI<50), the patient was 
considered as «non-responder». After that, a retrospective 
comparative analysis of demographic, clinical, and mo-
lecular-genetic data between the two formed groups was 
performed. Finally, the attempts to determine the effective 
predictors of glucocorticoid resistance were made. 

The study was performed in accordance with the prin-
ciples of the Helsinki Declaration of the World Medical 
Association, Order of the Ministry of Health of Ukraine № 
690 (23.09.2009), and approved by the Bioethics Commis-
sion of Sumy State University. Written informed consent 
was received from each patient before the experiment.

The level of IL-17A in blood serum was measured using 
Human IL-17A ELISA Kit (Enzyme-linked Immunosor-
bent Assay for quantitative detection of human IL-17A, 
Invitrogen, Carlsbad, CA, USA) according to manufac-
turer’s protocol. All samples were evaluated in duplicate. 
Absorbance was measured at 450 nm. The detection of 
IL-2 serum concentration was based on Sandwich-ELISA 
(Enzyme-linked Immunosorbent Assay) method using Hu-
man IL-2 (Interleukin 2) Kit (Elabscience, Wuhan, China) 
according to manufacturer’s instructions. The duplicate 
evaluation of samples was done. The optical density was 
measured at a wavelength of 450 nm. Blood level of vita-
min D3 was measured using 25-OH-Vitamin D direct ELI-
SA Kit (Enzyme immunoassay for the quantitative direct 

determination of 25-OH-Vitamin D in human serum and 
plasma, IBL International GMBH, Hamburg, Germany). 
The absorbance of each well was measured at 450 nm.

The Bcl-1 polymorphism (rs41423247) of the glucocor-
ticoid receptor gene (NR3C1) was genotyping using the 
PCR-RFLP method according to Fleury et al. [21]. Whole 
venous blood was used for genetic analysis (blood was 
collected in vacutainers with EDTA and stored at -20℃). 

Statistical analysis was performed using the program 
SPSS 22.0. Quantitative variables were tested for normal 
distribution by the Shapiro-Wilk method. Continuous 
data in graphs and tables are expressed as mean ± stan-
dard deviation. Comparisons of the averages between 
responders and non-responders were performed using the 
independent t-test for unpaired samples. The mean values 
of baseline HECSI and 2-weeks HECSI were compared 
by dependent t-test for paired samples. A comparison 
of the frequencies of factors distribution between two 
subgroups was performed using the Pearson test. Binary 
logistic regression was used to reveal possible predictors 
of glucocorticoid resistance under the univariate analysis. 
Multivariate logistic regression was used to identify the 
most effective predictors of glucocorticoid resistance. 
P-value < 0.05 was considered significant.

RESULTS 
Corticosteroid therapy was prescribed to all 143 patients 
with HE. Two weeks after treatment, the patients were 
divided into two subgroups depending on the change in 
the HECSI score. The characteristics of two subgroups are 
presented in Table I. 

The differences in age, male/female ratio, BMI, smokers, 
people with a harmful profession, and the IgE plasma con-
tent were not revealed (P > 0.05). Wherein, the plasma level 
of IL-17A and IL-2 in non-responders was significantly 

Fig. 1. The baseline HECSI and 2-week HECSI in 
responders and non-responders groups. The P 
values are obtained from dependent t-test for 
paired samples
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higher compared to responders (P = 0.009, and P = 0.045 
respectively). On the other hand, 25(OH)D blood content 
in non-responders was lower, but this difference was not 
confirmed statistically (P = 0.070). In addition, the number 
of patients with severe eczema (P = 0.009), the baseline  
(P = 0.022), and 2-week (P < 0.001) HECSI scores in 
non-responders were significantly higher than in respond-
ers. The results of the NR3C1 gene Bcl-1-polymorphism 
genotyping showed that the ratio of C/C, C/G, and G/G 
genotypes significantly differs between the subgroups of 
responders and non-responders (P = 0.025).

The results of comparison between baseline HECSI and 
2-week HECSI in responders and non-responders groups 
are presented in Figure 2. After two weeks of treatment, 
it was found that HECSI has decreased by 63% in the 
responders group (P < 0.001), and by 8% – in the non-re-
sponders group (P = 0.010).

The final step of our study was the regression analysis of 
the obtained data in order to identify possible predictors 
of glucocorticoid insensitivity (Table II). The results of the 
univariate analysis showed that such factors as serum IL-
17A more than 85 pg/mol, serum IL-2 more than 28 pg/
mol,  blood vitamin 25(OH)D less than 30 ng/mol, severe 
eczema and the C/G- and GG-genotypes of NR3C1 gene 
Bcl-1 polymorphism significantly increases the risk of 
glucocorticoid resistance (P > 0.05). 

After that, all factors with a P value of less than 0.1 were 
used for multivariate logistic regression. The results of the 
final model showed that Bcl-1 C/G- and GG-genotypes 
(OR =3.83; P = 0.033), as well as severe eczema (OR = 2.52; 
P = 0.023), are the significant predictors of the glucocorti-
coid resistance onset.

DISCUSSION
Today, glucocorticoids are the treatment basis for patients 
with HE [8]. However, not all patients have well response 
to corticosteroid treatment, while some are completely 
insensitive to these drugs [9].

It is known that the sensitivity of cells to glucocorticoids 
depends mainly on the structure and activity of the gluco-
corticoid receptor [11, 13]. In our work, we have analyzed 
the association between Bcl-1-polymorphism of the gluco-
corticoid receptor gene (NR3C1) and GR. Bcl-1-polymor-
phism is a C to G substitution in 646 position of the 2 intron 
of the NR3C1 gene [21]. Some studies have shown that 
the minor G-allele is associated with increased sensitivity 
to glucocorticoids [17, 22], while others have shown that 
the G-allele is associated with decreased production of the 
glucocorticoid receptor alpha-subunit and increased meth-
ylation of the NR3C1 gene promoter [16, 23]. The results 
of our study revealed that GR more often occurs in minor 
G-allele carriers. It was also established that the C/G- and 
G/G-genotypes are the strong independent predictors of 
GR in patients with HE.

It has been shown that alpha-subunit of the glucocorti-
coid receptor is required for the binding of glucocorticoids, 
while the presence of a beta-subunit (instead of alpha-sub-

unit) leads to a loss of glucocorticoid sensitivity [11]. Ex-
periments by Vazquez-Tello et al. demonstrated that IL-17 
and IL-23 increase the expression of beta-subunit, while 
IL-2 leads to the inhibition of alpha-subunit production 
[24]. Thus, these interleukins inhibit the interaction be-
tween glucocorticoid receptor and glucocorticoids through 
different mechanisms.

Our results showed that the blood content of IL-17A and 
IL-2 in patients with GR is significantly higher compared to 
hormone-sensitive subjects. Also, the univariate regression 
demonstrated that elevated blood levels of these cytokines 
are the predictors of the GR onset in patients with HE.

It is also known that vitamin D can modulate the immune 
response and influence the production of various cytokines 
[25]. Nanzer et al. revealed that vitamin D3 inhibits the 
IL-17A and IL-22 expression in cell culture from asth-
matic patients [26]. Interesting to note that synthesis of 
mentioned cytokines in this experiment was not affected 
by glucocorticoids.

In our study, it was found that patients with GR have sig-
nificantly lower blood content of vitamin D3 than eczema 
patients with preserved response to glucocorticoids. Also, 
vitamin D3 deficiency has been identified as a predictor 
of GR development.

There are several important limitations in our work that 
should be mentioned. Our study was not prospective and 
placebo-controlled. The cytokines, IgE, and 25(OH)D were 
not evaluated after the treatment. Only one clinically signifi-
cant NR3C1 gene polymorphism was investigated. Moreover, 
the study was conducted on a relatively small patient sample. 
All these circumstances allow us to draw only preliminary 
conclusions and push us to conduct further research.

CONCLUSIONS
Thus, the obtained results revealed that insensitivity to 
glucocorticoids in patients with hand eczema is related 
to NR3C1 gene Bcl-1 polymorphism, eczema severity 
and blood level of IL-17A, IL-2, 25(OH)D. The results of 
the final adjustment showed that minor G-allele of the 
NR3C1 gene Bcl-1 polymorphism and severe eczema are 
the strongest predictors of the glucocorticoid resistance.

REFERENCES
	 1.	� Politiek K., Oosterhaven J.A., Vermeulen K.M., Schuttelaar M.L. 

Systematic review of cost-of-illness studies in hand eczema. Contact 
Dermatitis. 2016;75(2):67-76. doi:10.1111/cod.12590.

	 2.	� Halioua B. Eczéma des mains : handicap et impact [Hand eczema: 
disability and impact]. Ann Dermatol Venereol. 2014;141(1):S111-S116. 
doi:10.1016/S0151-9638(14)70148-6.

	 3.	� Techasatian L., Thaowandee W., Chaiyarit J. et al. Hand hygiene 
habits and prevalence of hand eczema during the COVID-19 
pandemic. Journal of Primary Care & Community Health. 2021;12:1-6. 
doi: 10.1177/21501327211018013.

	 4.	� Singh M., Pawar M., Bothra A., Choudhary N. Overzealous hand 
hygiene during the COVID 19 pandemic causing an increased incidence 
of hand eczema among general population. J Am Acad Dermatol. 
2020;83(1):e37-e41. doi: 10.1016/j.jaad.2020.04.047.



Ahmad Methkal, Larisa Kuts

2080

	 5.	� Giacalone S., Bortoluzzi P., Nazzaro G. The fear of COVID19 infection is 
the main cause of the new diagnoses of hand eczema: Report from the 
frontline in Milan. Dermatol Ther. 2020;33(4):e13630. doi: 10.1111/
dth.13630.

	 6.	� Elsner P., Agner T. Hand eczema: treatment. Journal of the European 
Academy of Dermatology and Venereology. 2020; 34(1):13-21. 
doi:10.1111/jdv.16062.

	 7.	� Hajar T., Gontijo J.R.V., Hanifin J.M. New and developing therapies for 
atopic dermatitis. An Bras Dermatol. 2018;93(1):104-107. doi:10.1590/
abd1806-4841.20187682.

	 8.	� Chong M., Fonacier L. Treatment of Eczema: Corticosteroids and Beyond. 
Clin Rev Allergy Immunol. 2016;51(3):249-262. doi:10.1007/s12016-
015-8486-7

	 9.	� Crane M.M., Webb D.J., Watson E. et al. Hand eczema and steroid-
refractory chronic hand eczema in general practice: prevalence and 
initial treatment. Br J Dermatol. 2017;176(4):955-964. doi:10.1111/
bjd.14974.

	 10.	� Adcock I.M., Barnes P.J. Molecular mechanisms of corticosteroid 
resistance. Chest. 2008;134(2):394-401. doi:10.1378/chest.08-0440.

	 11.	� Inui S., Sumikawa Y., Asada H., Itami S. Glucocorticoid resistance in 
atopic dermatitis associated with decreased expression of glucocorticoid 
receptor-alpha in peripheral blood mononuclear cells. J Dermatol. 
2010;37(5):496-499. doi:10.1111/j.1346-8138.2010.00866.x.

	 12.	� Wilkinson L., Verhoog N.J.D., Louw A. Disease- and treatment-
associated acquired glucocorticoid resistance. Endocr Connect. 
2018;7(12):R328-R349. doi:10.1530/EC-18-0421.

	 13.	� Jain A., Wordinger R.J., Yorio T., Clark A.F. Role of the alternatively spliced 
glucocorticoid receptor isoform GRβ in steroid responsiveness and 
glaucoma. J Ocul Pharmacol Ther. 2014;30(2-3):121-127. doi:10.1089/
jop.2013.0239.

	 14.	� Deckert V., Subandiyah K., Fitri L. Level of 25(OH)D Serum, Expression of 
Interleukin 4 and Glucocorticoid Receptor of Mononuclear Cell in Steroid 
Resistance Nephrotic Syndrome Children. Journal of Tropical Life Science. 
2015;5(3):141-146. doi:10.11594/jtls.05.03.06.

	 15.	� Panek M., Pietras T., Szemraj J., Kuna P. Association analysis of the 
glucocorticoid receptor gene (NR3C1) haplotypes (ER22/23EK, N363S, 
BclI) with mood and anxiety disorders in patients with asthma. Exp Ther 
Med. 2014;8(2):662-670. doi:10.3892/etm.2014.1734.

	 16.	� Li-Tempel T., Larra M.F., Sandt E. et al. The cardiovascular and 
hypothalamus-pituitary-adrenal axis response to stress is controlled by 
glucocorticoid receptor sequence variants and promoter methylation. 
Clin Epigenetics. 2016;8:12. doi:10.1186/s13148-016-0180-y.

	 17.	� Derijk R.H., van Leeuwen N., Klok M.D., Zitman F.G. Corticosteroid 
receptor-gene variants: modulators of the stress-response and 
implications for mental health. Eur J Pharmacol. 2008;585(2-3):492-
501. doi:10.1016/j.ejphar.2008.03.012.

	 18.	� Diepgen T.L., Andersen K.E., Chosidow O. et al. Guidelines for diagnosis, 
prevention and treatment of hand eczema. J Dtsch Dermatol Ges. 
2015;13(1):e1-e22. doi:10.1111/ddg.12510_1.

	 19.	� Held E., Skoet R., Johansen J.D., Agner T. The hand eczema severity index 
(HECSI): a scoring system for clinical assessment of hand eczema. A study 
of inter- and intraobserver reliability. Br J Dermatol. 2005;152(2):302-307.

	 20.	� Sobhan M., Hojati M., Vafaie S.Y. et al. The Efficacy of Colloidal Oatmeal 
Cream 1% as Add-on Therapy in the Management of Chronic Irritant 
Hand Eczema: A Double-Blind Study. Clin Cosmet Investig Dermatol. 
2020;13:241-251.

	 21.	� Fleury I., Beaulieu P., Primeau M. et al. Characterization of the BclI 
polymorphism in the glucocorticoid receptor gene. Clin Chem. 
2003;49(9):1528-1531. doi:10.1373/49.9.1528.

	 22.	� Panarelli M., Holloway C.D., Fraser R. et al. Glucocorticoid receptor 
polymorphism, skin vasoconstriction, and other metabolic intermediate 
phenotypes in normal human subjects. J Clin Endocrinol Metab. 
1998;83(6):1846-1852. doi:10.1210/jcem.83.6.4828.

	 23.	� Sinclair D., Fullerton J.M., Webster M.J., Shannon Weickert C. 
Glucocorticoid receptor 1B and 1C mRNA transcript alterations in 
schizophrenia and bipolar disorder, and their possible regulation by 
GR gene variants. PLoS One. 2012;7(3):e31720. doi:10.1371/journal.
pone.0031720.

	 24.	� Vazquez-Tello A., Halwani R., Hamid Q., Al-Muhsen S. Glucocorticoid 
receptor-beta up-regulation and steroid resistance induction by IL-17 
and IL-23 cytokine stimulation in peripheral mononuclear cells. J Clin 
Immunol. 2013;33(2):466-478. doi:10.1007/s10875-012-9828-3.

	 25.	� Calton E.K., Keane K.N., Newsholme P., Soares M.J. The Impact of Vitamin 
D Levels on Inflammatory Status: A Systematic Review of Immune 
Cell Studies. PLoS One. 2015;10(11):e0141770. doi:10.1371/journal.
pone.0141770.

	 26.	� Nanzer A.M., Chambers E.S., Ryanna K. et al. Enhanced production 
of IL-17A in patients with severe asthma is inhibited by 1α,25-
dihydroxyvitamin D3 in a glucocorticoid-independent fashion. J Allergy 
Clin Immunol. 2013;132(2):297-304.e3. doi:10.1016/j.jaci.2013.03.037.

	
ORCID and contributionship: 
Ahmad Methkal: 0000-0003-1212-1937B-D

Larisa Kuts: 0000-0002-9740-0718A,E-F

Conflict of interest: 
The Authors declare no conflict of interest. 

CORRESPONDING AUTHOR
Ahmad Methkal
Sumy State University
2 Rimskogo-Korsakova st.,  40000 Sumy, Ukraine 
e-mail: methkalam@ukr.net

Received: 28.10.2021
Accepted: 29.06.2022

A - Work concept and design, B – Data collection and analysis, C – Responsibility for statistical analysis, 

D – Writing the article, E – Critical review, F – Final approval of the article

Article published on-line and available in open access are published under Creative Common  
Attribution-Non Commercial-No Derivatives 4.0 International (CC BY-NC-ND 4.0)


