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Abbreviations

AD: Atopic dermatitis

AL-101: Amerchol L-101

ACD: Allergic contact dermatitis
CA: Contact allergy

CD: Contact dermatitis

CTL: Cytotoxic CD8+ T cell

DEG: Differentially expressed gene
Fc: Fold change

FDR: False discovery rate

GZMB: Granzyme B

GNLY: Granulysin

IFN-y: Interferon gamma

PCA: Principal Component Analysis
Pet: Petrolatum

PT: Patch test

gRT-PCR: Quantitative reverse transcription polymerase chain reaction
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Abstract

Background: Diagnosis of contact allergy (CA) to Amerchol L-101 (AL-101), a marker for
lanolin allergy, is problematic. Positive patch-test (PT) reactions are frequently doubtful or

weakly positive and difficult to associate with clinical relevance.

Objective: To gain further insight on the allergic or irritant nature of skin reactions induced by
AL-101 PT.

Methods: We retested in a dose-response fashion, ten subjects with AL-101 CA and
performed comprehensive transcriptomic analysis (gene arrays, gRT-PCR) of samples of their

skin reactions.

Results: Eight of the ten CA subjects reacted positively upon retest, whilst two did not react.
Most of AL-101 positive PT expressed an allergy signature with strong activation of gene
modules associated with adaptive immunity and down-regulation of cornification pathway
genes. Besides, the breadth of gene modulation correlated with the magnitude of PT reactions
and the concentration of AL-101 applied. However, we observed that some of the positive PT
reactions to AL-101 expressed no/few allergy biomarkers, suggesting the induction of an

irritant skin inflammation in these samples.
Conclusions: This study confirms that AL-101 is an allergen that can cause both contact

allergy and contact irritation. Our results also highlight that molecular profiling might help to
strengthen clinical diagnosis.

Keywords: Allergic contact dermatitis, contact allergy, irritant contact dermatitis, irritant

reaction, lanolin, patch testing, transcriptomic profiling, Amerchol L-101.
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1. Introduction

Lanolin, also called wool wax, is a natural substance derived from secretions of the
sebaceous glands of sheep. It serves as a protective coating on sheep wool. Lanolin consists of
a complex and variable mixture of alcohols, fatty acids, esters and polyesters of high-
molecular-weight alcohols * . Because of its emollient and moisturizing properties, lanolin is
widely used in cosmetics, such as creams, powders, lipsticks, shampoos, soaps, and shaving
creams. Lanolin is also found in ointment bases for topical medications. Other uses are in
industrial applications, such as lubricants in ball bearings **.

Lanolin is considered to be a weak sensitizer. The prevalence of lanolin sensitization
in referred dermatitis patients was reported to range from 1.2% to 6.9% > 2. Although lanolin
contact allergy is uncommon on normal skin and with cosmetic usage, several studies have
reported that lanolin-containing products may cause allergic contact dermatitis (ACD) after
repeated and prolonged topical exposure, or after exposure on compromised skin >*°. The
diagnosis of lanolin contact allergy (CA) is routinely performed by patch-testing, using
lanolin alcohols and Amerchol L-101 (AL-101), two major derivatives of the sheep wool wax
refining and purification process '*. At the present time the sensitizer/s in lanolin are not
identified. However, the alcohol fraction is considered to be the major sensitizing part of
lanolin 3. The use of AL-101 in patch-test (PT) procedures has been shown to provide
additional diagnostic value .

However, the existence of lanolin allergy has long been a subject of debate. Clinicians
often experience difficulties when performing PTs with lanolin derivatives. Positive PT
reactions are often doubtful, and the morphologically weak positive reactions are rarely found
to have any clinical relevance . In addition, various studies showed a significant lack of
reproducibility in the results of AL-101 and lanolin alcohol PTs **. A compound such as AL-
101 has irritant properties, attributable to the mineral oil it contains, which, although resulting
in a morphologically positive patch test, might in fact be a false-positive one >****. Therefore,
a diagnosis of contact allergy to lanolin based on a positive AL-101 PT is regularly
questioned.

We recently conducted an extensive analysis of the transcriptomic signatures of
positive PT reactions to several reference chemical allergens (also referred to as haptens) and
irritants **. Our results identified the core signature of chemical allergen-induced reactions
providing mainly a framework to improve CA diagnosis, and eventually also ACD.

Using a similar approach, we searched in this study to gain further insight on the

nature of skin inflammation induced in patients with clear positive PT reactions to AL-101.
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2. Methods

Study population

Ten subjects (A1-Al0; including 7 females and 3 males, range 31-74 years, mean age 56.9
years) previously diagnosed with contact allergy to AL-101 at the Department of
Occupational and Environmental Dermatology (DOED), Skane University Hospital, Malmo
were enrolled in the study. Only subjects with previous weak positive (+: Al, A3, A5 and
A10) and strong positive (++: A2, A4, A6-A9) reactions (read at 72h) to AL-101 [100%)]
were recruited. In addition, 5 controls (referred to as control C1-C5, including 4 females and 1
male; range 48-74 years, mean age 56.4 years) not diagnosed with CA to AL-101, when
previously patch tested because of a suspected ACD, were also included.

Exclusion criteria were subjects undergoing treatment with oral corticosteroids or other
systemic treatment, ongoing eczema on the back, phototherapy or topical corticosteroids used

on the back two weeks before the study, known or suspected pregnancy.

Patch test procedure and skin samples

All participants were re-tested with a dilution series of AL-101 (Chemotechnique Diagnostics,
Vellinge, Sweden) (3% wi/w petrolatum (pet.), 10% w/w pet., 30% w/w pet., 50% w/w pet.
and 100%), as well as with petrolatum (Vaselin, APL, Stockholm, Sweden) as a control.
Solutions from Chemotechnique Diagnostics were used for AL-101 [100%] (Delivery-on
Request) and 50% w/w pet. (commercially available), and a serial dilution was then
performed at the DOED based on AL-101 as is and further diluted to: 30%, 10%, 3% wi/w in
petrolatum (pet.). Patch testing was performed with 8-mm Finn Chambers® (SmartPractice,
Phoenix, Arizona, USA) and covered with Scanpor® tape (Norgesplaster A/S, Vennesla,
Norway). 20 mg (40 mg/cm?) of test preparation was applied in the test chambers. PT
positions (on lower back) were randomized and tests were removed at 48h and read by
experienced dermatologists at 72h, in a blinded fashion (both for patient assignment and test
concentrations). Test reactions were scored according to the classification of the International
Contact Dermatitis Research Group (ICDRG) and European Society of Contact Dermatitis
(ESCD) ™. Skin reactions were clinically graded as negative (-), doubtful (+/?), weak
positive (+), strong positive (++) or extreme positive (+++) reactions (Table 1).

Punch biopsies (3mm) were collected after test readings from areas tested with AL-101
[100%, 50%, 30% and 10% pet; 3% pet PT areas were not biopsied] and pet. for subjects Al
to A10. Control subjects C1 to C5 were only biopsied from AL-101 [100%] and areas patch
tested with pet.
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Gene arrays

Affymetrix PrimeView Human Gene Expression arrays (Affymetrix, Inc., Santa Clara, CA,
USA) were used for the gene array study. They allowed the analysis of more than 36000
transcripts, including approximately 22 000 genes and unigenes.

Sample preparation for the array hybridization was carried out as described in the Affymetrix
GeneChip 3’ IVT Express Kit user manual. In brief, total RNA was extracted from skin
biopsies using the Qiagen RNeasy Mini Kit (Courtaboeuf, France) and contaminating DNA
was removed using the DNA-Free™ DNA Removal kit (Invitrogen, Cergy-Pontoise, France).
The RNA was then reverse-transcribed into double-stranded copy DNA (cDNA), and then
underwent in vitro transcription to generate biotin-labeled amplified RNA (aRNA). Purified
aRNA was hybridized to the Affymetrix GeneChip Human PrimeView arrays for 16 h at 45°
C in a GeneChip hybridization oven. Hybridized arrays were washed and stained in an
Affymetrix Fluidics Station FS450, and the fluorescent signals were measured with an
Affymetrix GeneChip Scanner 3000 7G. Fluidics and scan functions were controlled by the

Affymetrix GeneChip Command Console v4.1.3 software.

Bioinformatics and statistical analysis of gene array data

Quality control of the gene arrays was carried out using standard QC metrics and R package
quality control. Data were preprocessed (background correction and normalization) by
applying (i) function backgroundCorrect from the limma package on the perfect match (PM)
signals, (ii) the variance stabilizing transformation algorithm (function justvsn from the vsn
package '*), and (iii) a quantile normalization (function normalize from the affy package with
parameter method ="quantiles™).

To filter probe sets, they were marked as informative or noninformative based on the result of
the I/NI method . Noninformative probe sets were excluded from unsupervised analyses. All
sets were included when the statistical models were applied, but only the informative sets
were considered when correcting for multiple testing.

Single values for the probe signals for each probe set of each sample were obtained using the
summarization step of the Robust Multichip Average (RMA *°) approach (function rmaPLM
from the affyPLM package, with parameters background=FALSE and normalize=FALSE).
rmaPLM also returned standard error estimates for each estimated expression level: these
were used to incorporate weight inputs into the linear regression models.

The gene array dataset generated in this study were also compared to previous datasets
obtained from skin biopsies of positive PT reactions induced by reference chemical allergens

and irritants 4.
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Expression values were modeled using different mixed linear regression models, with the
group of chemicals for the previous dataset (chemical allergens, irritants, controls) and the
treatment condition for the new samples (AL-101 [100%], [50%], [30%], [10%], controls AL-
101 [100%], petrolatum) as fixed factor and a random effect for each patient. Mixed linear
regression models were applied using function Ime from the nlme package %°. Comparisons of
interest were then analyzed through statistical contrasts, using the emmeans package **. P-
values from paired t-tests were adjusted for multiple hypotheses using the Benjamini and
Hochberg false discovery rate (FDR) controlling procedure (function p.adjust from package
stats with parameter method="BH").

Multiple analyses were performed on the gene array data to determine whether global gene
expression levels differed between the different treatment conditions (AL-101 [100%], [50%],
[30%], [10%] and controls) and to identify genes and pathways preferentially/specifically
induced. Comparisons were also performed to investigate the nature of Amerchol-induced
response versus those induced by reference chemical allergens and irritants.

In Table S1, to determine the effect of AL-101 [100%], the statistical model used was signal
~ -1 + Condition where Condition represents the treatment condition. To account for the
paired design, an additional random effect was included (~ 1 | Donor). The model estimated
the average gene expression level in AL-101 100% condition after correction for the donor
effect.

Results from Table S1 report fold change (Fc), the FDR adjusted p-values and information
for each identified gene (Symbol and Description).

In Figure 1 and Table S2, differentially expressed genes (DEGSs) identified in AL-101
[100%] samples were included in an input list for the MGSA algorithm (using the mgsa
function from the mgsa package ). The model assumed that some gene sets were active and
that all gene members of active sets were themselves active. Fitting the model amounts to
inferring the probability of every set to be active given the input list (i.e., scores reported for
each gene set are not p-values and the closer to 1, the better). The approach was applied to
Gene Ontology terms (from the Biological Process tree). Only sets with at least 10 genes and
a maximum of 1000 genes were considered.

In Figure 2A, the PCA of differential expression was performed with probe set Fc neither
centered nor scaled, using function prcomp from package stats. To investigate the type of the
response to Amerchol, the inductions for the new samples were projected onto the PCA of the
inductions of the previous chemical allergen and irritant samples.

In Figure 2B, the venn diagrams (created with eulerr package in R) include the number of
DEGs (adjusted p < 0.05, fold-change > 1.41 or < 1/1.41) in each group (allergens, irritants
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and AL-101 [100%]) and the intersection represents the DEGs that are positively correlated
for 2 or all the groups. Table S3 reports DEGs specific to the AL-101-induced skin
inflammation.

In Figure 3, a heatmap was used to illustrate individual variations of 52 allergy DEGs
(selected from Lefevre et al. **) in the different Amerchol-treated samples.

Gene clustering was performed using the complete agglomerative method, passing the
Euclidean distance between scaled probe set signals to function hclust from package stats.

In Figure 4, to determine correlations existing between the magnitude of the allergy signature
and the applied Amerchol dose, the value of each gene induction (Log2(Fc)) was added to
obtain an average level for the 52 allergy DEGs.

In Figure S1, similar approach was used to establish correlations between the magnitude of

the allergy signature and the intensity of the patch test reactions.

gRT-PCR

Total RNA samples were also used for quantitative RT-PCR (qRT-PCR) analysis. qRT-PCR
investigations were performed using a StepOnePlus PCR system (ThermoFisher, Villebon-
sur-Yvette, France). CD69 and granulysin (GNLY) primers (QuantiTect Primer Assays) were
from Qiagen (Courtaboeuf, France). CD8A, interferon gamme (IFNG), granzyme B (GZMB)
and glyceraldehyde 3-phosphate deshydrogenase (GAPDH) were designed using the publicly
Universal Probe Library Assay Design Center
(https://lifescience.roche.com/en_fr/brands/universal-probe-library.html#assaydesign-center)
and produced by Sigma (Saint-Quentin-Fallavier, France).

Primers are listed in Table S4.

Analysis of gQRT-PCR data

In Figure S2, expression values for each mRNA transcript in each sample were normalized to
values obtained for housekeeping gene (GAPDH), and results were presented as Fc versus
controls.

In Figure 5, to determine correlations existing between the magnitude of the allergy signature
and the applied Amerchol dose, the value of each gene induction (Log2(Fc)) was added to

obtain an average level for the 5 allergy DEGs.
Data Availability

Expression microarray data have been deposited in Gene Expression Omnibus

(https://www.ncbi.nlm.nih.gov/geo) under accession no. GSE169573.
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3. Results

AL-101 PT results

Ten subjects with previously documented CA to AL-101, and five non-allergic control
subjects, were retested with AL-101, before being biopsied for extensive genomic and
molecular profiling of their patch-tested skin.

Eight subjects (subjects A3-A10) reacted positively upon re-testing, with weak (+,
n=6) and strong positive (++, n=2) reactions at the maximum AL-101 dose [100%]. Two
subjects (subjects Al & A2) did not react. One subject from the control group (C5) showed a
doubtful reaction (+/?), while the four others (C1-C4) had negative reactions.

CA subjects were tested with several AL-101 dilutions (50% pet., 30% pet., 10% pet.
and 3% pet.). A progressive decrease in the intensity of the PT reactions was observed with
dilutions, but with a clear difference between subjects. Four of the eight positive PT subjects
(subjects A7-A10) were still positive with doubtful or weak reactions at AL-101 [10%], while
subject A3 was negative at the first dilution [50%].

In total, more doubtful (n=11) and weak (n=12) reactions were observed, and no
extreme (+++) reactions were noted (Table 1). Of note, we mostly observed doubtful (n=5)
and weak reactions (n=2) to the commercially available dose of AL-101 [50%, pet], which is

used by most clinicians.

Main signaling pathways activated by AL-101 are comparable to that of reference
contact allergens

We next searched to define the genes and the signaling pathways activated in
Amerchol-induced skin inflammation. We first evaluated the number of differentially
expressed genes (DEG) in AL-101 biopsy samples from CA subjects, when compared to their
respective controls (biopsy samples collected from the pet-applied skin of the same subject).
1510 DEGs, including 873 upregulated and 637 downregulated genes, were found to be
modulated consistently among the ten AL-101 [100%] samples (Table S1). By comparison,
no statistically significant DEGs were detected in samples from the five control subjects (data
not shown).

Gene ontology (GO) annotations revealed several upregulated pathways in Amerchol-
inflamed skin, mainly related to immune pathways (including ‘“‘antigen processing and

presentation”, “immune effector process”, “response to cytokine”, “leukocyte activation”,

“inflammatory response”), epidermal compartment (“peptide cross-linking”) and metabolism
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(“cellular response to ketone”). In contrast, a significant down-regulation of genes associated
to the “cornification” pathway was observed (Figure 1 and Table S2).

We then compared gene profiling of Amerchol-inflamed skin with the transcriptomic
signatures of positive PT reactions to several reference chemical allergens (nickel,
methylisothiazolinone, linalool hydroperoxide) and irritants (SLS, nonanoic acid and
cantharidin), evaluated in a previous study from our group *. To this end, we executed a
hypothesis-free principal component analysis (PCA) of data from the full set of genes
measured on the arrays for each AL-101 samples. To compensate for donor-induced
variability, the gene expression level of the control sample (pet) of each donor was subtracted
from the corresponding-treated samples of the same donor. Projecting the resulting data on
previous PCA comparing gene expression in chemical allergen (also called hapten) and
irritant samples **, we found that the gene inductions for positive AL-101 samples (+/?, + and
++) overlapped for the most part with the inductions recorded for hapten but not irritant
samples, typifying an allergen-like response to Amerchol (Figure 2A, colored symbols).

To further characterize the Amerchol-induced skin inflammation, we next analyzed
common and unique DEGs in AL-101, hapten and irritant skin samples. As represented in the
Venn diagram depicted in Figure 2B, we identified 266 DEGs commonly regulated by the
three groups, 1061 DEGs regulated by both AL-101 and haptens, and only 8 DEGs regulated
by both AL-101 and irritants (Figure 2B). We also found 214 DEGs specific to the AL-101-
induced skin inflammation, including CD36 and FOXOL1 transcripts, which are associated
with energy metabolism, or IGFBP3, IGFBP4 and GIGYF2 transcripts, associated with
insulin-like growth factor receptor signaling pathway (Table S3).

Collectively, these results therefore demonstrate that molecular signatures of positive
patch test reactions to AL-101 are highly similar to those of reference chemical allergens but

not of irritants.

The majority of the AL-101-induced PT reactions displays an allergy signature

We have previously identified and selected 52 DEGs as the basis of a hapten core
signature. The latter mainly consisted of several T-cell- and cytotoxic-related transcripts **,
which are up-regulated within the 72 hours following hapten re-test. We then analyzed the
induction of these 52 DEGs in the different AL-101-treated skin samples. Illustrated as a
heatmap representing individual gene expression variations (Figure 3), or as box and whisker
plots representing the average level of the 52 DEG inductions, results showed a clear gene
induction - dose response effect in the ten CA subjects (Figure 4A). In contrast, very low

gene induction was observed in the four controls C1-C4 who reacted negatively to AL-101
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[100%], and a substantial transcript upregulation was detected for several of the 52 DEGS in
the 5™ subject (C5) who developed a doubtful reaction (Figures 3-4).

We also observed that the average level of the 52 DEG inductions increased with the
intensity of the PT reactions (Figure S1). However, when individual data were taken into
account, a substantial degree of variability was recorded between subjects. Hence, subjects Al
and A2, who developed negative PT reactions upon re-testing, but also subject A3, showed
no/weak baseline gene inductions for each of the AL-101 doses tested (Figure 4, Figure S1).
Comparative analysis demonstrated that gene inductions for these 3 subjects were in the same
range as the data obtained from the skin lesions of patients with “positive” PT reactions to
reference irritants (Figure 4). On the other hand, strong inductions were detected in subjects
A4, A5, A6, A8 and A9 at the maximal dose of AL-101, and in subjects A7 and A10 at all
doses tested (Figure 4). Subjects A5, A6, A8 and A9 developed weak or doubtful positive PT
response when tested with AL-101 50%, but a weak allergy core gene signature was observed
in their skin biopsies (Figure 4, Figure S1).

In aggregate, results thus demonstrate that the majority (7/10), but not all, of AL-101-
induced skin reactions (mainly at the maximal AL-101 dose) displays a contact allergy
signature (Table 1), which is dose-dependent and correlates with the intensity of the patch-

test response.

A small set of biomarkers allows for robust detection of AL-101-induced allergy

Finally, we aimed to validate our gene array results by confirming the expression of a
small set of allergy biomarkers by qRT-PCR. We selected 5 genes present in our core allergen
signature based on their relevance for ACD pathophysiology, and then explored their
expression in the respective AL-101 samples. Our results demonstrated that there was an
excellent correlation between gene array data and gRT-PCR results for these 5 genes (data
not shown). They confirmed the strong upregulation of CD8A, CD69, Granzyme B (GZMB),
Granulysin (GNLY), and IFNG mRNA transcripts in the different samples tested with AL-
101 [100%], comparatively to the data obtained from positive PT reactions to reference
irritants (Figure 5, Figure S2). No gene induction was detected in subjects A2 and A3 and
the 5 control subjects. A weak gene induction was detected this time with subject A1 (Figure
5, Figure S2).

Results therefore suggest that there is an infiltration of activated cytotoxic CD8+T

lymphocytes in a majority of the subjects with positive AL-101 PT reactions.
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4. Discussion

The main objective of our study was to better understand the nature of PT reactions
induced by the lanolin derivative, AL-101. Our gene profiling study univocally demonstrated
that AL-101 is a contact allergen. Indeed, most of the positive PT reactions induced by this
chemical displayed a robust allergy signature. Additionally, our results confirmed that the use
of AL-101 for the diagnosis of contact allergy to lanolin can lead to questionable results.
Positive PT results to AL-101 were not reproduced in some subjects upon re-testing, and our
transcriptomic study highlighted a lack of allergic response in a subject (subject A3) with a
positive PT reaction. Interestingly, dilution series experiments demonstrated a significant
correlation between the concentration of AL-101 applied, the magnitude of positive patch test
reactions and the breadth of gene modulation induced after patch-testing, suggesting that
molecular profiling approaches could be of major value to monitor the development of PT
reactions, and help the clinician to refine his diagnosis.

Test reactivity to AL-101

AL-101 is routinely used as a representative marker for lanolin allergy. This
commercial product is manufactured by the hydrolysis of wool fat, and consists of lanolin
alcohols, cholesterols and sterols * with an addition of mineral oil. Analogous to lanolin, the
sensitizers in AL-101 are not identified, but are certainly comprised in the alcoholic fraction
7,23.

In this study, re-testing with AL-101 induced positive patch tests in 8 of 10 CA
subjects. We also observed significant variations in the strength of the PT reactions between
the initial response at diagnosis and the present investigation, with only two subjects (instead
of six) developing a strong positive (++) PT reaction at the highest AL-101 concentration.
Such findings are not unexpected, as several studies have already reported variability in PT
results to AL-101 or lanolin alcohol **%*, This phenomenon has also been described for other
contact allergens like metal salts: gold, cobalt, aluminium, palladium, and nickel 2°>% but also
non-metals such as formaldehyde, fragrance mixes and eugenol 2**. There are multiple
methodological reasons which can explain differences in test reactivity over time for the same
preparation: (i) differential skin adherence of the PT, (ii) different amounts or distribution of

16 (iii) differences in test reading (here, readings were

the substance in the chamber
performed at D3 only) and also (iv) seasonal factors **. Alternatively, (v) variation in

individual skin sensitivity % or (vi) the presence of high concentrations of mineral oils or
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contaminants (such as detergent) in AL-101 mixture may have caused irritancy, leading to
false positive PT reactions during the initial test explorations %3¢,

To diagnose individuals with true allergic reactions, we then retested subjects with
dilution series. Serial dilution patch testing is often recommended when the diagnosis of CA
is problematic *°. Hence, it is considered that the strength of allergic reactions gradually
reduces with decreasing concentration, while a false-positive irritant reaction disappears
abruptly when the concentration is lowered. Here, we observed significant variations in PT
reactivity during serial dilutions, with one subject (A3) reacting negatively to all dilutions of
AL-101 below 100%, whereas four of the subjects (A7-A10) reacted even to the low AL-101
[10%] concentration, supporting the finding of AL-101 as a true hapten in the latter (15).

Of note, the commercially available test preparation for AL-101 is classically [50%
pet]. Increasing the maximal AL-101 concentration to [100%] in dilution series allowed us to
confirm PT positivity in 5 subjects (A4, A5, A6, A7 and A8) who developed doubtful
reactions at [50%, pet], and also to detect reactivity (albeit false positive) in subject A3. Thus,
increasing the AL-101 concentration from [50%, pet] to [100%; 40 mg/cm?] increases PT
sensitivity, but with the risk to bring false positive reaction, as described in our transcriptomic
study. The decision on optimal patch test concentration (actually dose in mg/cm2) is tricky as
considerations have to be taken on the significance of a false negative reaction due to a too
low test dose versus a false positive reaction due to a too high test dose. Knowledge on the
clinical relevance of a positive reaction at patch testing with 100% and negative at 50%,
would help the decision-making concerning test concentration for AL-101. This knowledge is

presently missing.

The molecular signatures of Amerchol-induced reactions

Our gene profiling study demonstrated that the molecular pathways which are
activated in response to Amerchol application largely overlapped with the pathways found in
the skin of allergic individuals patch-tested with reference allergens, such as nickel,

methylisothiazolinone, linalool peroxide *

or para-phenylenediamine and epoxy resin-
bisphenol A *'. Recently, Dhingra et al. suggested that molecule-dependent profiles could
exist between contact allergens, and they reported that a significant T2 bias with Ty22
polarization characterized the responses induced by molecules such as fragrances, whereas
type-1/type-17 phenotypes predominated for molecules like nickel . Although we detected
several DEGs that were most prominently modulated in the Amerchol-induced response, none
of these DEGs was related to a specific inflammatory pathway susceptible to typify the

Amerchol inflammation. In contrast, several of the pathways and biomarkers common to
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Amerchol and other reference allergens were linked to the activation of the adaptive immunity
and cytotoxic CD8+ T cells (CTLs), suggesting that AL-101-induced inflammation is also
characterized by infiltration of activated cytotoxic CD8+T lymphocytes in a majority of the
patch-tested subjects. Hapten-specific CTLs have long been considered to be the primary
effector cells responsible for the formation and recurrences of ACD lesions.

The interest of gene profiling to strengthen clinical diagnosis

Beyond an in-depth characterization of Amerchol-induced inflammation, our results
also illustrated the value of gene profiling to help to strengthen clinical diagnosis. Indeed, we
observed a significant correlation between the magnitude of patch-test reactivity and the
induction (differential gene expression) of our set of core allergy biomarkers. Similar
correlations were also noted with the applied dose. Hence, several of the doubtful (+/-)
reactions induced in the AL-101 dilution series (notably for subject A7) expressed a clear
allergy signature, but with a low intensity (Figures 3-5, Figures S1-S2). This indicates that
doubtful and weakly positive PT reactions to Amerchol, which are much more prevalent in

clinic than the stronger (++) reactions ®*°

should not be overlooked by clinicians and
considered non-allergic, because they can be infiltrated by low numbers of hapten-specific
effector T cells.

On the other hand, we detected a clear + positive PT to AL-101 [100%] in subject A3, but
with no/very mild allergy signature in subject biopsy. We detected a weak increase in T cell
transcripts, such as CD3D, TRAT1, THEMIS, CD2 or CD69, but no upregulation for markers
associated to cytotoxicity (Granzyme B, Granzyme A, Granulysin, IFNG) (Figure 3). In
contrast, in this subject, inflammation may have been induced by the activation of innate
immunity, as we detected a significant upregulation of several DEGs associated with the GO
term “inflammatory pathways”, including DEGs coding for the chemokines IL-8, CCL17,
CCL19, CCL20; the matrix metalloproteinase MMP9 or the S100 family proteins S100A7,
S100A7A, S100A8 and S100A9 (data not shown). Coupled with the fact that this subject
failed to react to dilution series, this suggests that subject A3 is probably not sensitized to AL-
101, but she developed irritancy to AL-101 during patch-testing, which translated into a + (yet
false-positive) patch test reaction.

The complexity of the diagnosis of lanolin allergy
Uldahl et al. recently conducted a repeated-open application test (ROAT) study with 3
different lanolin-containing creams to assess the clinical relevance of Amerchol-induced PT

reactions *°. Twelve of the fifteen subjects analyzed here (with the exception of subjects A2,
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A4 and A7) participated in the ROAT study. Confirming previous works
observed that none of the participants with positive PT to AL-101 had any skin reactions
during ROAT. It is always difficult to determine whether the lanolin markers used for patch-
testing, such as AL-101, are representative of the lanolin derivatives encountered in daily-life
products. Therefore, it would be interesting in a future study to characterize and compare the
molecular signatures of contact dermatitis lesions induced by repeated or prolonged topical
exposure to lanolin-containing products, with those of AL-101- or lanolin-induced PT
reactions. The identification of a CA signature in active lesions could help clinicians to better
understand the nature and the clinical relevance of the lanolin-induced inflammation,
particularly in subjects with atopic dermatitis (AD), where the differential diagnosis is
complicated by the presence of an underlying disease. Recent promising gene profiling works
have shown that CA signatures to reference allergens such as nickel segregate from those of

other types of dermatoses, such as AD or psoriasis >"**.

Limitations of the study

Despite well-matched recruitment, this study included only a limited number of
subjects:10 subjects with previous positive patch test reactions to AL-101 and 5 control
subjects. Thus, it will be interesting to extend our results to a larger cohort.

Another important limitation of our study is related to the fact that the use of
molecular profiling for the diagnosis of contact allergy is still in its infancy. Hence, to date, no
clinical studies have accurately determined the performance (i.e., sensitivity and specificity)
of these approaches. As our study shows, the mean induction of the 52 core allergy genes is
sometimes only slightly different from the data obtained from the skin lesions of patients with
“positive” PT reactions to reference irritants; as illustrated in subject C5 in Figure 4. For this
subject, a substantial transcript upregulation was detected for several of the 52 DEGs (Figure
3). However, it was difficult to state with certainty, based on mean gene induction level,
whether the molecular response was an allergic reaction or not (Figure 4 & Table 1). Of
note, the 5 genes selected for gRT-PCR validation, and that are relevant for ACD
pathophysiology, were negative for this subject (Figure 5 and Figure S2). Thus, it will be
crucial to determine in future studies gene induction thresholds that accurately discriminate
weak allergic reactions from false positive responses. This will require combined assays of
PTs and ROATS performed with the same culprit molecule(s), as well as in-depth molecular

profiling.

Conclusion

This article is protected by copyright. All rights reserved.



In conclusion, this study confirms that AL-101 is an allergen that can cause both
contact allergy and contact irritation. In addition, our results also highlight that molecular
profiling could open important avenues to guide the development of future diagnostic

approaches to improve the diagnosis of lanolin allergy.
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Figure legends

Figure 1: Signaling pathway analysis of Amerchol patch test responses.

Shown are the most significant hits for the GO terms “biological process” for genes
predominantly regulated in AL-101 [100%] patch test reactions.

The bar size indicates the level of the estimated frequency for the activation of the respective

pathway (from 0 to 1).

Figure 2: Comparison of Amerchol effects with existing datasets from allergen and
irritant patch test reactions.

A-Principal component analysis performed on the full set of genes measured on the
arrays. Gene inductions in Amerchol samples were projected onto a previous PCA obtained
from induction comparisons between allergen and irritant patch test reactions. In this PCA,
the gene expression level of the control sample of each subject is subtracted from the
corresponding treated sample from the same subject to compensate for donor-induced
variability. Results depict sample location in the first two components (PCs), with the controls
at coordinate 0. Together, the first 2 components represented approximately 65% of the
variance. Subject numbers are reported above each sample.

B-Venn diagram representing common and unique DEGs in AL-101 [100%] and
allergens and irritant patch test samples.

Blue circle indicates genes (n=2312) predominantly modulated in the allergen samples.

Red circle indicates genes (n=672) predominantly modulated in the irritant samples.

Grey circle indicates genes (n=1549) predominantly modulated in the AL-101 [100%]
samples.

Intersections represent the common DEGs.

Figure 3: Allergy signature in Amerchol samples

A set of 52 DEGs illustrating the core transcriptome of reference chemical allergens was used
to analyse AL-101-induced reactions. Results are depicted as a heatmap, in which samples are
grouped by subject and arranged by AL-101 doses, from 10% to 100%. Blue, white and red

colors represent respectively low, moderate and high signal intensity.

Figure 4: Correlations between allergy DEG inductions and applied Amerchol doses and

the magnitude of patch test reactions
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Box-and-whisker plots depict the distribution of the average levels of the 52 allergy DEG
inductions (Log2(Fold change)) in samples applied with different AL-101 concentrations.
Each symbol represents a sample. Results from previous allergen and irritant reference data

sets are shown for comparison.

Figure 5: Validation of small set of segregating allergy biomarkers by gRT-PCR.
Box-and-whisker plots depict the distribution of the average levels of variations in CD8A,
GNLY, GZMB, CD69 and IFNG gene inductions (Log2(Fold change)) as assessed by qRT-
PCR, in samples applied with different AL-101 doses.

Each symbol represents a sample. Results from previous allergen and irritant reference data

sets are shown for comparison.
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Tables

Table 1: Subjects’ demographics, clinical history and patch test results.

Patch tests

Previous
Patch tests

Investigators

Accepted Article

Patients Occégg%;izn;ez:hwh Occlusion time: 48h interpretation
Reading: 72h based on patch test
Number | Gender/Age | Clinical history | Dose of AL-101  Results Results and gene profiling results
100% - +
50% - NT No Contact Allergy
.. 30% - NT suggesting possible
Al M4 Dermatitis 10% ) NT C%%tact iqrfitation
3% - NT in previous patch tests
Pet - NT
100% - ++
50% - - No Contact Allergy
A2 Fl62 Contact 30% - NT suggesting possible
dermatitis 10% - NT Contact Irritation
3% = NT in previous patch tests
Pet - NT
100% + +
50% - NT No Contact Allergy
L. 30% - NT suggestin
A3 F/54 Hand dermatitis 10% ] NT Conta%? Irritgti on
3% - NT
Pet - NT
100% 1 -+
50% 2+ -
Atopic and 30% - NT
o F/36 contactpdermatitis 10% - NT Contact Allergy
3% = NT
Pet = NT
100% + +
50% 2+ NT
. 30% - NT
A5 F/56 Leg dermatitis 10% ) NT Contact Allergy
3% - NT
Pet - NT
100% + ++
50% 2+ ++
. L. 30% 2+ NT
AB F/61 Eyelid dermatitis 0 ) NT Contact Allergy
3% - NT
Pet - NT
100% + ++
50% 0+ +
Atopic dermatitis, 30% 20+ NT
AT M/e8 hand dermatitis 10% 2+ NT Contact Allergy
3% - NT
Pet - NT
100% + ++
50% 20+ NT
Hand and lip 30% 2+ NT
& F/31 dermatitis 10% 20+ NT Contact Allergy
3% - NT
Pet - NT
100% ++ ++
50% + NT
. 30% + NT
A9 F/53 Dermatitis 10% ol NT Contact Allergy
3% - NT
Pet - NT
100% ++ +
Al10 M/74 Hand dermatitis 50% + NT
30% i NT Contact Allerav
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10% + NT
3% + NT
Pet - NT
100% - -
50% - NT
. 30% - NT ;
c1 F/50 Hand dermatitis 10% ) NT Negative
3% - NT
Pet - NT
100% - -
50% - NT
. .. 30% - NT ;
c2 M/74 Atopic dermatitis 10% ) NT Negative
3% - NT
Pet - NT
100% - -
50% - NT
.. 30% - NT ;
c3 F/48 Hand dermatitis 10% ) NT Negative
3% - NT
Pet - NT
100% - -
50% - NT
30% - il Negative
C4 F/54 - 10% i R g
3% - NT
Pet - NT
100% 2+ -
50% 2+ NT
. 30% 2+ NT No Contact Aller
5 F/56 Hand dermatitis 10% - NT but questionable reSL)J/Its
3% - NT
Pet - NT
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M=Male. F=Female.
AL-101=Amerchol L-101.

Pet=Petrolatum

NT: not tested
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Figure 1
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Figure 3
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Figure 4

Core gene induction

52 genes
3.0- (52 g )
AL-101 doses:
O 100%
L] 50%
A 30%
) O 10%
LL
cgn Intensitiy of patch test reactions:
= . ++
2 Q-
2
Q O 2+
© O -
@
>
<

Controls CA patients Reference
This article is protected Bl@b@yright. All rights reserved.



Figure 5

Core gene induction
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