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What's already known about this topic?  20 

There is a strong genotype-phenotype connection in atopic dermatitis (AD) patients suffering 21 

from filaggrin (FLG) haploinsufficiency, but acquired FLG deficiency can also occur in AD 22 

patients. It is not revealed whether clinical and laboratory characteristics of AD are influenced 23 

only by genetic or also by acquired FLG alterations. 24 

What does this study add? 25 

1. Actual skin barrier impairment in AD patients with severe skin inflammation can be as 26 

much altered in FLG wild-type patients as in FLG mutants and correlates with severity of skin 27 

inflammation (SCORAD). 28 

2. On the other hand constant barrier deficiency in filaggrin mutants results an increased risk 29 

of allergic sensitisation compared to wild-type patients, who suffer only from temporary 30 

barrier disruption.31 
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 33 

Summary 34 

Background: Filaggrin (FLG) deficiency is a well-known predisposing factor for the 35 

development of atopic dermatitis (AD). Decreased FLG expression can be the result of 36 

haploinsufficiency or of severe inflammation, which can cause acquired FLG alterations. FLG 37 

mutations are related to several clinical and laboratory parameters of AD; however, some 38 

recent data seem to contradict these associations. 39 

Objectives: Our aim was to determine which clinical and laboratory parameters are 40 

connected to FLG haploinsufficiency and which ones are also associated with acquired FLG 41 

alterations due to severe skin symptoms in AD patients.  42 

Methods: We introduced a novel classification of AD patients based on FLG mutations and 43 

SCORAD. Based on these parameters, we created three groups of AD patients: mild-to-44 

moderate wild-type (A), severe wild-type (B) and severe mutant (C) patients. In all groups, 45 

we assessed laboratory and clinical parameters, and performed immunohistochemical 46 

analysis.  47 

Results: Groups B and C contained patients with equally severe symptoms based on the 48 

SCORAD. The two severe groups did not differ significantly with respect to barrier-specific 49 

parameters, whereas group A had significantly better results for the barrier function 50 

measurements. However, significant differences were detected between groups B and C with 51 

respect to the allergic sensitisation-specific parameters.  52 

Conclusions: These findings suggest that skin barrier function correlates with severity of skin 53 

inflammation and can be equally impaired in FLG mutant and wild-type AD patients with 54 

severe symptoms. Nevertheless, our results also suggest that FLG mutant patients may have a 55 

more increased risk of allergic sensitisation compared to wild-type patients, who probably 56 

suffer only from temporary barrier disruption. 57 

58 



Introduction 59 

Atopic dermatitis (AD) is a chronic inflammatory skin disease that affects up to 20% of the 60 

white European paediatric population
1
. AD is often accompanied by other allergic diseases 61 

(e.g., allergic rhinitis and bronchial asthma) and leads to an impaired quality of life
2,3

. 62 

Previously, the development of AD was primarily explained by the dysregulation of immune 63 

responses (the inside-out theory); however, in the last few years, the role of skin barrier 64 

alterations have been highly emphasised (the outside-in theory)
4,5,6

. 65 

The filaggrin (FLG) protein, which is produced from the profilaggrin precursor and is located 66 

in the granular and corneal layers of the skin, has a pivotal role in the formation of the skin 67 

barrier
6,7

. Active FLG has a major role in crosslinking keratin filaments and participates in the 68 

development of the cornified envelope, and its degradation products are important 69 

components of natural moisturising factors (NMFs)
8,9

. NMFs buffer the pH of the skin and 70 

have a role in UV protection (e.g. urocanic acid), as well as in immunomodulation
10-12

. The 71 

intragenic variation with respect to the copy number of FLG monomers is correlated with the 72 

occurrence of AD, and fewer FLG repeats in the profilaggrin gene contributes significantly to 73 

the development of AD
13

. 74 

Previous investigations have demonstrated that major (R501X and 2282del4) as well as minor 75 

(S3247X, R2447X and 3702delG) FLG null mutations are  responsible for the development of 76 

ichthyosis vulgaris (IV), and these mutations are also major predisposing factors for AD
14,15

. 77 

Recently, several research groups have reported associations between FLG mutations and the 78 

severity of AD, early disease onset, allergic sensitisation, the frequency of eczema herpeticum 79 

outbreaks and the degree of the skin barrier defects, which are characterised by high 80 

transepidermal water loss (TEWL)
16-18

. However, others have not detected any correlations 81 

between FLG mutations and TEWL, skin diffusion or permeability, and suggest that FLG 82 

haploinsufficiency may have a minor role in the barrier abnormalities characteristic of AD
19

, 83 

or explain this contradiction with low patient numbers
10

. We suggest that this discrepancy 84 

may result from the fact that until now, most studies investigating the effects of FLG 85 

haploinsufficiency did not take into consideration the SCORAD (SCORe Atopic Dermatitis) 86 

value as an independent parameter to differentiate the compared groups. Patients without FLG 87 

mutations (wild-type) can also suffer from severe AD, and the actual severe skin 88 

inflammation (high SCORAD) can cause acquired FLG disruption and alter the barrier 89 

functions. 90 



In the current investigation our aim was to study whether the acquired FLG deficiency as a 91 

consequence of actual skin inflammation can result the same barrier disruption as FLG 92 

mutations. Therefore, we established three patient groups (mild-to-moderate and severe wild-93 

type and severe mutant) and systematically analysed and compared the most frequent AD-94 

related clinical (SCORAD, TEWL, patients’ atopic history) and laboratory parameters (serum 95 

thymic stromal lymphopoietin [TSLP] levels, total and specific IgE levels) among these 96 

groups, as well as FLG content and epidermal thickness was also measured after 97 

immunohistochemical staining. Of great importance, our results clearly identified the 98 

parameters that are mainly related to FLG genotype and those that are also connected to the 99 

severity of skin inflammation. 100 

101 



Materials and methods 102 

Patients 103 

Peripheral blood was obtained from 49 Caucasian AD patients, 22 males and 27 females 104 

(mean age: 19 years, range: 5-36 years) with mild-to-moderate or severe clinical symptoms. 105 

Skin biopsy specimens were also collected from 6 patients. All patients suffered from 106 

extrinsic type of AD. Their mean total IgE serum level was 3370 kU/L, mean objective 107 

SCORAD (OSCORAD) was 31,51, mean LDH was 436,9 U/L, and mean eosinophil count 108 

was 0,49 G/L. Patients with AD did not suffer from any concomitant skin diseases at the time 109 

of the examination and had not been treated with any moisturizers for one day, topical 110 

corticosteroids for three days and with systemic immunosuppressants for 28 days prior to 111 

examination. The following laboratory parameters were examined: serum TSLP level, total 112 

IgE and specific IgE levels (house dust mites, ragweed and cat dander). Data on the patients’ 113 

history of other allergic diseases and sensitisation were recorded. The severity of AD was 114 

determined using OSCORAD (Objective SCORe Atopic Dermatitis) and was also checked by 115 

epidermal thickness measurement on biopsy specimens. Three groups were formed according 116 

to their FLG status and clinical severity: Group A, patients with mild-to-moderate AD 117 

symptoms (OSCORAD ≤ 25) without FLG mutations (n=10); Group B, patients with severe 118 

AD symptoms (OSCORAD > 25) without FLG mutations (n=22); and Group C, patients with 119 

severe AD symptoms (OSCORAD > 25) who carried FLG mutations (n=17, of which 15 120 

were heterozygotes for one of the two alleles [11 patients for 2282del4 and 4 patients for 121 

R501X], and 2 were compound heterozygotes). The compound heterozygous patients 122 

belonged to the severe FLG mutant group, and they had no concomitant IV. Healthy controls 123 

(n=10) were included as the basis for the comparison of barrier function and serum TSLP 124 

levels. All participants provided written informed consent according to the principles of the 125 

Declaration of Helsinki. The study was approved by the local ethics committee. 126 

Filaggrin genotyping 127 

Analysis of the FLG mutations R501X and 2282del4 was performed for all patients. DNA 128 

isolated from peripheral blood mononuclear cells was subjected to polymerase chain reaction 129 

(PCR) amplification. Primers for genotyping were ACG TTC AGG GTC TTC CCT CT and 130 

ATG GGA ACC TGA GTG TCC AG for R501X; CAG TCA GCA GAC AGC TCC AG and 131 

AAA GAC CCT GAA CGT CGA GA for 2282del4. PCR amplification conditions were as 132 

follows: 1 cycle of 95°C for 5 minutes; 35 cycles of 95°C for 30 seconds, 64°C for 30 133 



seconds, and 72°C for 30 seconds; and 1 cycle of 72°C for 10 minutes. followed by 134 

sequencing using an ABI Prism 3100 genetic analyser (Applied Biosystems, Foster City, 135 

CA)
21

.  136 

Measurement of TEWL 137 

Measurements were performed under standardised conditions at a temperature of 22-25 ˚C 138 

and a humidity level of 40-60 %. Before the measurements were taken, patients were allowed 139 

to adapt to the room conditions for 5 minutes. TEWL measurements (g/hm
2
) were carried out 140 

with Tewameter TM300 (Courage and Khazaka, Cologne, Germany) on nonlesional and 141 

lesional skin on both forearms, from the cubital fossa down to the wrist. The duration of the 142 

measurements, performed in triplicate, was 30 seconds.  143 

Immunohistochemical staining and whole-slide imaging 144 

For immunohistochemical analyses, paraffin-embedded sections from lesional AD skin (2 145 

patients from each group were selected randomly, altogether 6 samples), and healthy controls 146 

(n=2) were deparaffinised using xylene and ethanol. Heat-induced antigen retrieval was 147 

performed using citrate/TRIS buffer, and sections were preprocessed with H2O2 for 5 minutes, 148 

followed by the blocking of endogenous peroxidase activity and nonspecific binding sites for 149 

15 minutes. Sections were stained with an antibody against human filaggrin (mouse IgG: 150 

Abcam, Cambridge, UK). Subsequently, Anti-mouse polyclonal antibodies from the Dako 151 

Real EnVision Detection System kit (Dako, Glostrup, Denmark) were employed. Staining 152 

was detected with the Vector VIP Kit (VECTOR Laboratories, Burlingame, CA). Sections 153 

were counterstained with methylene green. The slides were digitalised using a Pannoramic 154 

SCAN digital slide scanner with a Zeiss plan-apochromat objective (magnification: 20X, 155 

Numerical aperture: 0.8) and Hitachi (HV-F22CL) 3CCD progressive scan colour camera 156 

(resolution: 0,2325 μm/pixel). Epidermal thickness as a well-accepted method for the 157 

measurement of the severity of skin inflammation in AD
20

 and immunostainings were 158 

analysed with Pannoramic Viewer 1.15.2 (3DHistech Ltd., Budapest, Hungary), using the 159 

HistoQuant application. Region of interests (ROIs) (n=20/slide) were selected in the corneal 160 

layer, and then the Field area [FA (mm
2
)] and the Mask area [MA (mm

2
)] were calculated by 161 

the software. The FA shows the whole area of the ROI, and the MA represents the filaggrin-162 

positive area. The MA/FA values were calculated for all ROIs. 163 

 164 

TSLP ELISA  165 



Serum was isolated from patients and aliquoted, and the TSLP levels were determined using 166 

the ELISA Human TSLP Quantikine Immunoassay according to the manufacturer’s 167 

instructions (R&D Systems, Minneapolis, MN). 168 

 169 

Statistical analysis 170 

To determine statistical significance of the results, the Kruskal-Wallis test and the Mann-171 

Whitney test were used to analyse nonparametric distributions, and Fisher’s exact test was 172 

applied to compare specific IgE values and the history of sensitisation. P-values <0.05 were 173 

considered statistically significant (*p<0.05; **p<0.01; ***p<0.005). 174 

Results 175 

Skin barrier dysfunction and serum TSLP levels are equal in severe AD patients 176 

irrespective of FLG genotype 177 

When comparing the OSCORAD of each patient group, significant differences were observed 178 

between the mild-to-moderate (Group A) and severe groups (Groups B and C) (P<0,0001). 179 

The comparison of the severe FLG wild-type (Group B) with the severe FLG mutant group 180 

(Group C) revealed no significant difference in their OSCORAD levels (Fig. 1a).  181 

Then, TEWL was measured on nonlesional (Fig. 1b) and lesional AD skin (Fig. 1c). 182 

Significantly increased TEWL was observed in the severe groups (Group B, and C) relative to 183 

the mild-to-moderate group (Group A) for both nonlesional skin (P=0,0100 and P=0,0262, 184 

respectively) and lesional skin (P=0,0234 and P=0,0464, respectively). No difference was 185 

detected between the two severe groups (Groups B and C) with respect to TEWL for either 186 

the lesional or the nonlesional skin. When determining the serum TSLP levels (Fig. 1d), 187 

Group A also appeared to differ from Groups B and C, although this difference was not 188 

statistically significant, but group B and C showed nearly the same TSLP levels. 189 

Importantly, TEWL measured for nonlesional skin (Fig. 1e) and lesional skin (Fig. 1f) 190 

showed strong a correlation with the OSCORAD score (P=0,0063, Spearman’s rho=0,48 for 191 

nonlesional skin and P=0,0029, Spearman’s rho=0,61 for lesional skin). 192 

Allergic sensitisation is associated with FLG haploinsufficiency 193 

In contrast to the barrier measurements, for which the two severe groups had similar results, 194 

our data indicate that the level of allergic sensitisation differed between the two severe 195 



groups. The occurrence of allergic asthma and rhinitis in the personal medical history of the 196 

patients was detected significantly more frequently in the FLG mutant group (P=0,0166 and 197 

P=0,0154) than in the wild-type groups (Groups A and B, respectively) (Fig. 2a). With respect 198 

to the levels of serum total IgE (Fig. 2b), a three-level tendency was observed. Prominent 199 

differences were found between the severe groups (Groups B and C) and between the wild-200 

type groups (P=0,0181). In addition, a significant difference was found between Groups A 201 

and Group C (P=0,0229) (Fig. 2B). These distinctions appeared even stronger when 202 

measuring specific IgE levels for ragweed (Fig. 2c) and cat dander (Fig. 2d) in AD patients; 203 

indeed, significant differences were observed between the mutant and the wild-type groups 204 

(P=0,0090 and P=0,0472 for ragweed and P=0,0338 and P=0,0021 for cat dander in groups A 205 

and B and groups B and C, respectively). No significant differences were found between 206 

groups B and C with respect to the specific IgE levels for house dust mites (Fig. 2e). 207 

Epidermal FLG content is altered equally in severe AD patients with and without FLG 208 

mutations 209 

Beside the SCORAD, skin inflammation was also detected by epidermal thickness 210 

measurement, and the two severe groups (B and C) showed significantly increased acanthosis 211 

compared to group A (P<0,0001) (Fig. 3f). In the skin of severe AD patients, reduced or 212 

lacking FLG staining was observed, both in FLG mutants (Fig. 3c) or in wild-type patients 213 

(Fig. 3b). In the skin of the normal controls (Fig. 3d) and AD patients with mild-to-moderate 214 

symptoms (Fig. 3a), normal FLG immunostaining was found in the upper granular layer and 215 

the lower corneal layers of the epidermis. When the FLG content was measured using the 216 

HistoQuant analysis software, a significantly lower FLG level was observed in AD skin 217 

biopsies relative to samples from normal controls (P=0,0001 for mild-to-moderate, and 218 

P<0,0001 for severe groups). In addition, there were significant differences between group A 219 

and groups B and C (P=0,0010 and P=0,0036, respectively) (Fig. 3e). No differences were 220 

detected between the severe groups. 221 

222 



Discussion 223 

AD is a multifactorial disease that is driven by different genetic and environmental factors. 224 

Crucial events that have been identified in the development of the disease
22,23

, are overactive 225 

adaptive and dysregulated innate immune responses and also impaired skin barrier function. 226 

One basic component of the physicochemical barrier is FLG, which may show genetic 227 

alterations (e.g. FLG null mutations and copy number variations in 20-60% of Caucasian AD 228 

patients), or acquired damages due to the effects of cytokines produced by T helper (Th) cell 229 

subtypes (Th2 and Th22) in AD
24-26

. Other barrier gene mutations (KLK7, SPINK5, Claudin-230 

1) may also predispose to AD, although the occurrence of these alterations in the background 231 

of the disease development is still not clearly known. Acquired barrier disruption can also be 232 

caused by the frequent usage of detergents, as well as allergens and toxic mediators; however, 233 

up to now only Th2 and Th22 cytokines were proved as modifiers of FLG expression
27

. FLG 234 

haploinsufficiency exhibits one of the strongest genotype-phenotype associations with the 235 

clinical and laboratory characteristics of AD, but recent studies are not consistent concerning 236 

the connection between FLG mutations and skin barrier parameters.  237 

In this study, our aim was to determine if actual severe skin inflammation can cause as severe 238 

barrier defects as genetic FLG alterations, and which clinical and laboratory parameters are 239 

connected to FLG haploinsufficiency and which ones are also associated with acquired FLG 240 

alterations. 241 

In order to answer this specific question, a novel subdivision of AD patients was introduced in 242 

this study. Based on actual disease severity, defined by the OSCORAD, and on the FLG 243 

genotype, we created three patient groups (wild-type patients with mild-to-moderate 244 

symptoms or severe symptoms – Groups A and B; and mutant patients with severe symptoms 245 

– Group C). Using this system, we had two groups suffering from severe symptoms (B, C) but 246 

differing in their FLG genotype and two groups with a wild-type FLG genotype (A, B) but 247 

with different SCORAD values. Therefore, we were able to determine which investigated 248 

parameters are related to the actual severe skin inflammation (which is responsible for the 249 

acquired FLG alterations) and which are related to the FLG genotype. Previous studies 250 

suggest that minor FLG mutations (S3247X, R2247X and 3702delG) are less prevalent in 251 

continental Europe than in United Kingdom and Irish populations
6
, and in a larger German 252 

cohort were present in <1%
7
. Therefore our patients were genotyped for the two most 253 

common loss-of-function mutations (R501X and 2282del4), first in the Hungarian population. 254 



We do not assume that the exclusion of the minor variants would have altered our findings 255 

significantly.  256 

In our study, significant differences in TEWL were found between the mild-to-moderate and 257 

severe groups for both nonlesional and lesional skin areas whereas no differences were 258 

observed between the two severe AD groups irrespective to their FLG genotype. This 259 

observation emphasises that beside genetic FLG haploinsufficiency, actual disease severity 260 

can also influence barrier functions remarkably, which is also supported by the strong 261 

correlation between the OSCORAD and TEWL. 262 

In the last few years, measuring TEWL has become the most acceptable noninvasive method 263 

to examine skin barrier alterations in AD patients
28,29

. Certain groups have found significant 264 

differences in TEWL between AD patients with and without FLG haploinsufficiency
30,31

; 265 

however, others could not confirm these results
10,20

. The reason for this contradiction could be 266 

that in those studies in which the association between the FLG genotype and TEWL was 267 

detected, the SCORAD values were also different between the compared patient groups; 268 

whereas when there were no differences found between the above-mentioned groups, the 269 

SCORAD values were nearly equal, so the effect of SCORAD on TEWL was not calculated. 270 

In the last few years the importance of measuring TSLP levels in patients suffering from AD 271 

increased remarkably. Elevated TSLP levels in the skin are highly characteristic of AD, and in 272 

skin biopsy specimens, expression of TSLP was shown to correlate with the severity of the 273 

disease. Significant elevation of serum TSLP levels were also detected in AD patients
32,33

. 274 

More recently, increased serum TSLP level was measured in mouse models with epidermal 275 

barrier defects
34

. In our study, serum TSLP levels were almost equal in the severe patient 276 

groups, similar to TEWL. TSLP levels in the sera of the mild-to-moderate group were lower, 277 

but not significantly, compared to the severe groups. Since serum TSLP level can be 278 

influenced by other factors and this method just partly indicate skin barrier function, this can 279 

explain why no significant difference was detected between the severe and mild-to-moderate 280 

groups. In summary, the skin barrier functions (measured by TEWL both on nonlesional and 281 

lesional skin) were influenced equally by a hereditary lack of FLG and by acquired FLG 282 

insufficiency, driven by severe skin inflammation. 283 

To demonstrate that actual skin inflammation (measured by OSCORAD and epidermal 284 

thickness) is strongly connected to FLG alterations in AD patients, immunohistochemical 285 

staining of skin biopsies was also performed. Similar to the TEWL and TSLP results, FLG 286 



expression was not detected or was significantly decreased in both severe groups, irrespective 287 

of the origin of the FLG deficiency. In addition, very recent data in the literature also 288 

strengthen our observations, since they found that FLG levels are not only influenced by FLG 289 

genotype but also by skin inflammation mediated abnormal processing of profilaggrin in AD 290 

patients
35

. 291 

In contrast to barrier functions, allergic sensitisation was associated mainly with FLG 292 

haploinsufficiency. The medical history data, which indicated the occurrence of other allergic 293 

diseases; the serum total IgE levels; as well as the presence of specific IgE against ragweed 294 

and cat dander differed prominently between the mutant and wild-type patient groups. These 295 

indicators of allergic sensitisation were remarkably more frequent in the mutant group. The 296 

reason for this difference could be that hereditary FLG deficiency results in the continuous 297 

disruption of the skin barrier over the whole lifespan, whereas acquired FLG deficiency, 298 

which is the result of actual skin inflammation, fluctuates and is not continuously present. 299 

Regarding  levels of specific IgE against house dust mites no differences were found between 300 

the distinct genotype groups. The reason for this difference could be that a shorter duration of 301 

skin inflammation and barrier impairment is sufficient to sensitise individuals against this 302 

aggressive allergen, which is not just extremely frequent, but has prominent proteolytic 303 

activity that induces inflammatory responses. 304 

Our results are consistent with those of recent works which showed that allergic rhinitis, 305 

eosinophilic esophagitis and traceable specific IgE against cat dander were more frequently 306 

present in AD patients with FLG mutations than in wild-type patients
27,36

. 307 

In summary, our results show that in AD patients with severe skin inflammation skin barrier 308 

can be as much disrupted in FLG wild-type patients as in FLG mutants and correlates with 309 

severity of skin inflammation (SCORAD). In contrast, barrier deficiency in filaggrin mutant 310 

patients seem to be more constant compared to wild-type patients, which is reflected in an 311 

increased risk of allergic sensitisation. 312 

313 
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Figure legends 414 

Figure 1. Comparison of AD severity and skin barrier functions. No difference was found 415 

between the severe groups with respect to the OSCORAD, although the mild-moderate group 416 

had significantly lower values (P<0,0001) (1a). Significant TEWL (for both nonlesional skin 417 

(1b) – P=0,0100, P=0,0262, and lesional skin (1c) P=0,0234, P=0,0464) and remarkable 418 

serum TSLP levels (1d) were observed in the severe groups relative to the mild-moderate 419 

group. A strong correlation was found between TEWL and the OSCORAD score for 420 

nonlesional (1e) and lesional (1f) skin. Values are represented as median with range. 421 

Figure 2. Occurrence of allergic sensitisation-specific parameters in AD patients. 422 

Significant differences were found between the severe mutant and wild-type patients 423 

(P=0,0166 between group A and group C, and P=0,0154 between group B and group C) when 424 

analysing the patient history data (2a). A remarkable difference was detected in the level of 425 

total IgE between the severe groups, and significant differences were found between the 426 

severe and mild-moderate groups (P=0,0181 between group A and group B, and P=0,0229 427 

between group A and group C) (2b). With respect to the ragweed-specific (2c) and cat dander-428 

specific (2d) IgE levels, significant differences were observed between the severe groups and 429 

between the severe mutant and mild-moderate groups (P=0,0090 and P=0,0472 for ragweed; 430 

P=0,0338 and P=0,0021 for cat dander in groups A and B and groups B and C, respectively). 431 

No differences were found between the severe groups in the occurrence of house dust mite 432 

specific IgE (2e). Values are represented as median with range. 433 

Figure 3. Immunohistochemistry and whole slide imaging of FLG in skin biopsies from 434 

healthy controls and AD patients. FLG immunostaining was performed for mild-to-435 

moderate patients (3a), severe wild-type patients (3b), severe mutant patients (3c) and healthy 436 

control (3d). A significantly lower FLG content was observed in the AD skin biopsies relative 437 

to the biopsies of the normal controls (P=0,0001 for mild-to-moderate, and P<0,0001 for 438 

severe groups). There were also differences between group A and groups B and C (P=0,0010 439 

and P=0,0036, respectively) (3e). Scale bar= 100m. Significant epidermal thickness was 440 

measured in groups B and C compared to group A (P<0,0001) (3f). Values are represented as 441 

median with range. 442 
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