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Figure 3 Neonatal NMF as a function of age in days andj§jtan (FLG) genotype ELG
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Figure 4 Box-plot of Raman-derived NMF content ‘correcteaiDay of life by filaggrin
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Figure 5 ROC curve of neonatal Raman-derived NMF(correabeddt 3 of life) sensitivity
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<0.001]

Tables 2 figures
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19-12-0602R2 abstract

Background Carriers of loss-of-function mutations in the filaggrin (LoF FLG) gene have less
natural moisturising factor (NMF) in their stratum corneum (SC) and an increased risk of atopic
dermatitis (AD). NMF can be measured non-invasively by Raman spectroscopy. The use of
Raman-derived NMF at birth to screen for FLG genotype could inform targeted AD prevention,
but values in neonatal populations are largely unexplored.

Objective To examine the associations between Raman-derived neonatal NMF measurements
and FLG genotype.

Methods NMF was measured by Raman Spectroscopy in the SC of the thenar eminence within 4
days of birth in 139 term neonates. FLG genotyping was performed for 117 neonates (84%).

Results The mean (SD) NMF was 0.37 (0.11) g/g protein, with values increasing across the first
three days [Day 1 vs. 3: 0.29 (0.09) vs. 0.43 (0.08, P <0.001]. Twelve infants (10.3%) were
carriers of LoF FLG, all heterozygous. NMF was lower in LoF FLG carriers compared with wild
type [0.27 (0.08) vs. 0.38 (0.11) g/g protein, P <0.001]. NMF had good discriminatory power for
FLG genotype [area under the receiver operating curve (AUROC): 0.79, 95% Cl: 0.66, 0.91, P
<0.001]. This improved after correcting Day 1 and 2 measurements to Day 3 [AUROC: 0.83, 95%
Cl: 0.75, 0.92, P <0.001].

Conclusion This study suggests that Raman-derived NMF measured in the early postnatal period
may have the potential to classify by FLG genotype. The full translational value of this needs to
be determined.
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Introduction

Filaggrin deficiency due to loss-of-function mutats in the filaggrin gene (LoFLG), is
associated with impaired skin barrier function gtalys a central role in the inherited risk of
atopic dermatitis (AD)" 2 Filaggrin is degraded in the stratum corneum (8asing a
mixture of hygroscopic amino acids that collectwehake up the majority of natural
moisturising factor (NMF), which in turn plays dean skin barrier function and hydratidn
Carriers of LOAFFLG mutations have reduced levels of NMF in the SC thond, NMF could
be potentially be used as a surrogate markerFfad® genotype® > Skin NMF can be
measured quickly and non-invasively using Ramanfomamh microspectroscopy ° In a
study of 132 Irish children (aged 4-16 years) withderate-to-severe AD, Raman-derived
NMF concentrations identified subpopulations thatresponded closely withLG genotype,
with lower NMF values in those with one or tW.G mutations”. In addition to the risk
associated with LoFFLG mutations FLG intergenic copy number variation (CNV) may also
contribute to AD risk’. Allelic variants of theFLG gene show between 10-12 almost
identical tandem repeats of the filaggrin protaieaded in exon & Thus,FLG CNV varies
within a population, which may influence filaggriexpression. In an lIrish paediatric
population, CNV within thd=LG gene was compared between 696 cases with AD add 62
controls (no AD), wheréLG mutation carriers were excludédThe control group had a
significantly higher number of repeats than the é€3es, with a reduced odds ratio of AD for
each additional unit of copy number. The same stagwrted a small positive correlation
between urocanic acid, flaggrin breakdown product and CNV in 31 AD caseko
provided tape-stripped samples of the SC. Thesdinfys indicate thaFLG CNV may
determine the quantity of filaggriexpressed in the skin and in turn influence AD ,risk
independent ofFLG genotype. No study has examined the correlatiowdst Raman-

derived NMF and~LG CNV. As AD typically begins early in life, the us¢ Raman-derived
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NMF at, or shortly after, birth as a screening ttwl FLG genotype and potentially CNV

could inform early, targeted prevention of AD imigh-risk subgroup. However, studies that
have examined neonatal NMF values have only medssmeall groups and none have
reported associations witALG genotype®*’. Here, we report the distribution of NMF

concentrations in the first 4 days of life and thesssociation with-LG genotype andFrLG

CNV.
Methods

Participants were recruited from the postnatal wafdCork University Maternity Hospital in
Cork, Ireland. NMF (g/g of protein) was measurea aepth of 20 +/- 5 um in the SC of the
thenar eminence within 4 days of birth in full-temaonates>37 weeks’ gestation) using
Raman spectroscopy. The instrument used was atypetdRaman spectroscopy system
designed specifically for the non-invasiwevivo determination of NMF concentrations of
the thenar eminence (NMF-scan, RiverD Internatidh., Rotterdam, The Netherlands).
The instrument determines the NMF value followihg tnethod described by Caspers et al.
(2001), using the following conversion: 1 arb uni®.407 g/g protei’. Raman spectra were
recorded with a 785-nm infrared laser, with a maximlaser power of 30 mW. The
instrument is a class 1M laser device and is bpéi and skin-safe, that does not cause any
local effects such as erythema or swelling. An agerof 22 Raman spectra at different
locations of the thenar eminence were measurednfant. NMF concentrations from the
individual Raman spectra were averaged to calctiifeenean NMF concentration for each
participant. Of the 150 participants recruited he study, 139 (93%) had successful NMF
measurementd=(gure 1). Neonatal transepidermal water loss (TEWL) wasasue=d on the
volar forearm using a closed chamber system vapanipelfin Technologies, UK). Infants
were acclimatized to the room conditions [mean (&Mperature and humidity: 24 (1) °C

and 49 (7) %, respectively] for at least ten misuiefore TEWL measurements were taken.
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Buccal swabs were collected from 118 neonates uSiragene DNA OG 250 saliva kits
(DNA Genotek, Ontario, Canada) for the analysid=bG genotype FLG genotyping was
performed using Microfluidics PCR for full coveragéFLG repeat alleles using a method
previously described by Wong et §018)*. Of the 118 DNA samples taken, one sample
failed to amplify on PCR. One-hundred and sevengssenples were successfully genotyped.
FLG CNV of repeats 8 and 10 was determined usingivelatoverage-based metrias £

116). All identified mutations were validated wiBanger Sequencing.
Results
Neonatal NMF and FLG genotype

Subject characteristics are presented able 1. Neonatal NMF measurements in the first 4
days of life showed a normal distributiohhe mean (SD) NMF value was 0.37 (0.11) g/g
protein and values ranged from 0.11 to 0.59 g/gepnoNMF concentrations increased with
age across the first three days of life [Day 1Day 3: 0.29 (0.09) vs.0.43 (0.08) g/g protein,
P <0.001] Eigure 2). The mean neonatal TEWL (SD) value was 8.10 {5@ke/m%h
(range: 2.53 to 32.43,g./m%h) with no significant correlation between NMF ahBWL

values [Spearman’s Rhp)(0.023,P >0.05].

Twelve infants (10.3%) were carriers of LEBEG mutations, all of whom were heterozygous
for the mutation. There was no significant diffeserin TEWL between LofFLG carriers
and wildtype [median (IQR): 7.41 (1.87, 12.31) 693 (4.53, 9.73).gw/m’/h, P = 0.590)].
NMF concentrations were significantly lower in L&EG carriers compared with wild type
[0.27 (0.08) vs. 0.38 (0.11) g/g protein<B.001] Figures 3 and4). A receiver operating
characteristic (ROC) curve was constructed to eranthe predictive ability of Raman
spectroscopy to stratify neonates BlyG genotype Figure 5). Raman-derived NMF had

good discriminatory power foFLG genotype in neonates [area under the ROC curve
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(AUROC): 0.79, 95% CI: 0.66, 0.91,40.001]. Based on ROC curve analysis, the optimal
cut-off value for mean NMF in the first 4 days adgp-natal life to distinguish b¥LG

genotype was 0.32 g/g protein, with a sensitivit8% and specificity of 74%.

Levels of NMF were shown to increase over the finsee days of life which reflects rapid
post-natal processing of filaggrin monomers follogvi transition from the aqueous
intrauterine environment to the dry post-natal semwvinent. This represents a potential
confounding factor in the association between neddMF andFLG genotype so a linear
fit of the average NMF in the first three days veamstructed to account for this potential
confounding. This resulted in a slope of 0.0723 gygtein per day. Taking this to be the
“build-up rate” of NMF over this period, NMF measunents taken at Day 1 and Day 2 were
“corrected” to Day 3 [measured NMF + 0.0723*(3-Agedays] and associations wiLG
genotype were re-examined. After this correctiberé was no significant difference in NMF
across age in days. NMF was still significantly é&swn LoF FLG carriers compared with
wild type [Mean (SD): 0.34 (0.07) vs. 0.44 (0.09y grotein,P <0.001]. The AUROC
improved after correction to 0.83 [95% CI: 0.79)2X).P <0.001]. The optimal Day 3 NMF
cut-off from the ROC analysis was 0.40 g/g protgith a sensitivity of 92% and specificity

of 70%.

Neonatal NMF and FLG copy number variants

The frequency of the 10, 11 and 12 repeat allelethis population was 54.4, 32.8 and
12.7%, respectively. The frequencies of total CN¥ presented iffable 2. Associations
between CNV and NMF were examined excludiigG mutation carriers. There was no
significant correlation between Raman-derived NMid #otal FLG CNV [Spearman’s rho
(r): 0.110,P = 0.272]. There was still no significant corretatiwith total CNV when NMF

values were corrected to Dayr340.173,P=0.083].
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Discussion

This is the largest study to describe Raman-deriMddF concentrations in a neonatal
population. Neonatal NMF values were lower tharugalreported in older children aged 4-
16 years with moderate-to-severe ADSkin physiology is dynamic in the early postnatal
period, as demonstrated by the increasing NMF cunations across age in days in this
study. In fact, NMF concentrations have been shtavbe stabilizing and to demonstrate
regional differences over the first year of fife'* NMF levels during the newborn period are
additionally influenced by the major environmernthhnge of skin adaption from the aqueous
intrauterine environment to the dry extrauterin@iemment. In rats, filaggrin proteolysis
was found to only begin after birth, with filaggrimccumulating throughout the entire
thickness of the SC during late fetal developniei@iespite this, we have demonstrated that
Raman-derived NMF concentrations measured in tts¢ 4 days of life can differentiate
between LoA-LG mutation carriers and wildtype with significantigduced levels of NMF

in carriers of LOFFLG mutations. This predictive ability increased aftee observed
increase in NMF across the first three days of Wfas accounted for. LoIFLG gene
mutations are not only associated with the incideoic AD, but also with the severity and
persistence of the disease Early screening foFLG gene status may allow for targeted

prevention of the specific subtype of AD associatéti LoF FLG mutations.

We did not find a significant correlation betweeankan-derived NMF an&LG CNV. In
their study of 31 tape-stripped children with ADro&n and colleagues reported a small
positive association betweéi.G CNV and urocanic acid, with CNV accounting for ~18%
of the variation in this NMF component. Positiverretations with two other filaggrin
breakdown products, histidine and pyrrolidone-Ssoaylic acid were not significarlt The

NMF-scan instrument used in our study was not aesigo measure individual constituents
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of NMF. Additionally, the early postnatal period ynae too early to detect any associations

between NMF an&LG CNV, given that NMF concentrations are still deyehg in the SC.

Despite LOFFLG corresponding to a low NMF, there was wide intetividual variation
within the two genetic groups, with low NMF valualso observed in the wild-type group,
even after correcting NMF values to Day 3. Thisataon within the wild type and mutation
groups may reflect other genetic and environmefatetiors affecting filaggrin expression.
Small gene deletions and LoF mutations in othedexpnal differentiation complex genes
would not have been detected by our genetic asalgsproach. Raman spectroscopy is
therefore potentially more useful than genetic ysial as it measures the functional

consequences of all potential mutations and meshanaffecting NMF production.

This study has shown that Raman-derived NMF measemes may allow for classification
by FLG genotype in the early postnatal period, potentia@presenting a much faster bedside
option for screening than genotyping. This was alsmethodological study that we believe
shows the promise of this technique. We acknowletige the small sample size and
therefore the size of the LoFL.G group in this study are limitations. There wasoat®
follow-up of infants to determine a diagnosis of ADhus, the clinical utility of identifying
those with a low NMF still needs to be determin@tk know that LOF-LG confers a strong
genetic susceptibility to AD, with an approximat@8IyL2 times increased risk of development
of any AD and an increased risk of a more sever® @ersistent AD phenotype In
comparison, the strongest other known risk fagbarental history of atopy, confers a 3.3
times increased risk of A, While FLG mutations do not predict AD developraiith
100% accuracy, non-invasive and quick screeningguRaman spectroscopy, may identify
an at-risk population who may benefit from earlyemention. Future larger studies with
serial measurements during infancy and long-terhovfioup should examine whether the

predictive accuracy of neonatal NMF féiL.G status increases over the longer neonatal
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period so that a threshold value can be establisBshdardisation of the best day of life to
measure NMF, taking into account both the predictaccuracy and the opportunistic
window of time that an infant is in hospital afteirth could optimise the utility of this
technique were it to be widely rolled out. We awgrently undertaking one of the further
longer-term studies that will be necessary to dstalhe full translational value of neonatal
Raman measurements by determination of whethee tmesisurements predict development

of AD, asthma and associated atopic comorbidities.
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Figurelegend

Figurel Study flow-diagram

Figure 2 Raman-derived NMF values across age in days139, 1 day; 25.9%, 2 days;
36.7%, 3 days; 28.1%, 4 days; 9.4%), **P<0.05

Figure 3 Neonatal NMF as a function of age in days andj§jtan (FLG) genotype ELG
wildtype vs.FLG mutation carrier)

Figure 4 Box-plot of Raman-derived NMF content ‘correcteaiDay of life by filaggrin
(FLG) genotyperf = 117)

Figure 5 ROC curve of neonatal Raman-derived NMF(correabeddt 3 of life) sensitivity
and specificity in the prediction 61LG genotype [AUC (95% CI): 0.83 (0.75, 0.9P),
<0.001]
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Table 1 Subject characteristics, NMF, TEWL and filaggrin mutation statusin those with
neonatal NM F measur ements (n = 139)

NMF measured
(n=139)

Sex [% (n) femal€] 47.5 (66)
Gestational age (weeks) [Mean (SD] 39.7 (1.0)
Agein days[mean (SD)] 2.2(0.9
Age[% (n)]

1 day 25.9 (36)

2 days 36.7 (51)

3 days 28.1 (39)

4 days 9.4 (13)
Mean (SD) NMF 0.37(0.112)
Mean (SD) TEWL 8.10 (5.31)
FLG mutation carrier, 117 measured [%,
(] 10.3(12)

SD; standard deviation, NMF; Natural moisturising factor, TEWL ; transepidermal water 10ss,
FLG,; Filaggrin



Table 2 Filaggrin copy number variants (CNV)

Excludin
FLSOg;)taI Tota group n FL(_E mutatigon
(%),n=116  carriers(n,%),
number n=104
20 42 (36.2) 37 (35.6)
21 42 (36.2) 37 (35.6)
22 8(6.9) 7(6.7)
23 21(18.1) 20 (19.2)
24 3(2.6) 3(29)

CNV; copy number variants, FLG; Filaggrin



Figurel

150 neonates
recruited within 4
days of birth
» NMF not measured
successfully (z=11)
139 with neonatal
NMF measurements

> N0 buccal swab
(n=22)

118 with buccal
swabs for FLG
genotyping

|, Failed PCR

(n=1)

117 with NMF and
FLG genotyping
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