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Supporting Information 

Appendix 1 Supplementary materials and methods 

Main inclusion criteria  

To participate in this study, candidates had to meet the following eligibility criteria at the time of 

the day 1 visit or at the time point specified in the individual eligibility criteria listed:  

1. Aged Ó 18 years at the time of informed consent.  

2. Healthy volunteers (HVs) had to be in good overall health, as determined by the investigator, 

based on medical history, physical examination (per standard dermatology practice) and vital 

signs.  

3. Participants with lupus had to present with active discoid lupus erythematosus (DLE) or 

subacute cutaneous lupus erythematosus (SCLE) skin disease (with or without systemic 

manifestations of systemic lupus erythematosus [SLE], as defined by at least four out of 11 

American College of Rheumatology 1997 classification criteria1,2 for SLE).  

 

Main exclusion criteria  

Candidates were excluded from study entry if any of the following exclusion criteria existed at 

the time of the day 1 visit or at the time point specified in the individual criterion listed:  

1. History of any clinically significant medical condition, as determined by the investigator, 

which could have impacted study analyses, including, but not limited to: 

a.  History of HIV; history of hepatitis C virus or hepatitis B virus infection; symptoms 

of bacterial or viral infection (including skin infection) within 14 days before the day 

1 visit; history of malignancy in the last 5 years (nonmelanoma skin cancer that was 

considered cured by the investigator was not exclusionary). 
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2. Enrolment in any other drug or biologic study or treatment with an investigational drug or 

approved therapy for investigational use within 28 days (or five half-lives of the agent, 

whichever was longer) before the day 1 visit.  

3. Any live or attenuated immunization or vaccination within 28 days before the day 1 visit.  

 

Participants with DLE or SCLE were also excluded if they met any of the additional criteria:  

4. Evidence of skin conditions other than DLE or SCLE at the day 1 visit that, in the opinion of 

the investigator, would have interfered with the study execution or analysis.  

5. Change in dosage of antimalarial or systemic immunosuppressive within 28 days before the 

day 1 visit. 

6. Treatment with prednisone at a daily oral dose > 15 mg or equivalent. Prednisone dosage 

must have been stable for Ó 28 days before the day 1 visit.  

7. Treatment with high-potency topical steroid and/or other topical agents (e.g. tacrolimus, 

pimecrolimus) to the skin lesions of interest (i.e. lesion for punch biopsy or tape harvesting) 

within 7 days before the day 1 visit.  

8. Treatment with any of the following medications within 3 months before the day 1 visit:  

ï Cyclophosphamide.  

ï Any biologics (e.g. fusion proteins, therapeutic proteins or monoclonal antibodies) for 

SLE, including, but not limited to, belimumab or rituximab.  

 

Study assessments 

Baseline characteristics collected and analysed included medical history, including disease-

specific classification criteria if applicable, patient-reported outcome (visual analogue scale 

pruritus), physical examinations (per standard dermatology practice), height, weight and 
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concomitant therapy and procedures. Additionally, the following disease-activity indices were 

collected and analysed: for the DLE and SCLE cohorts, Cutaneous Lupus Erythematosus Disease 

Area and Severity Index.3  

Photographing of the taping site was maintained as part of the data for each participant for 

later validation of the transcription profile with skin manifestation. 

Participants who underwent a punch biopsy on day 1 attended a follow-up visit 7 to 14 

days later to have sutures removed and report procedure-related adverse events (AEs) or serious 

AEs. Participants who did not undergo a punch biopsy received a follow-up call 48 h after their 

day 1 visit. 

Tape RNA extraction and quantification 

A total of 30 adhesive tape sample kits were received by DermTech Inc. (La Jolla, CA, U.S.A.). 

Each adhesive tape sample kit contains 4 adhesive tapes strips, and 4 tape strips were used to 

collect each patient sample (1 kit = 4 tapes = 1 sample). Total RNA was isolated from the sample 

kits by placing each tape strip into a microcentrifuge tube containing 220ɛL of proprietary lysis 

solution. The lysates from 4 adhesive tape strips were pooled prior to purification with the 

Arcturus PicoPure RNA Isolation Kit (Life Technologies, Carlsbad, CA, U.S.A.). 

Quality control for tape RNA samples is as follows. 2ɛL of the isolated RNA product, or a 

sample from a serial dilution of a known quantity of universal human reference (UHR) RNA, was 

added to a reverse transcription reaction (consisting of 2ɛL sample RNA, 5ɛL water, 2ɛL of 5x 

VILO Reaction Buffer and 1ɛL of 10X SuperScript Enzyme mix) with a final reaction volume of 

10ɛL. The reaction was incubated at 42°C for 60 min to convert mRNA products to cDNA, from 

which ACTB (b-actin) gene expression products were analyzed by qPCR (with PCR primers and 

TaqMan probe specific to the ACTB mRNA product) on a 7900HT ABI PCR instrument. For 
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each sample used in the gene expression analysis, Ct values and amplification curves from qPCR 

for b-actin were examined and compared to those from UHR RNA. Mean sample Ct values = 

25.36, SD = 2.89, indicating adequate template quality. No samples were removed from analysis 

due to suboptimal template quality. 

 

Gene expression analysis and quality control 

Gene expression analysis using the QuantStudio 12K Flex was a four-step process that included 

RNA normalization/reverse transcription, preamplification of cDNA, PCR product cleanup and 

qPCR gene expression quantification on TaqMan Custom OpenArray plates (for 2 custom panels 

of 56-genes each). Three concentrations of UHR (250, 750, and 1000pg) were used for gene 

expression analysis.  

To convert target gene mRNA to cDNA, duplicate 96-well reverse transcription (RT) plates (1 

RT plate for each gene panel) were prepared by adding 1ng of total RNA in a volume of 5ɛL for 

samples with total RNA yield Ó2 ng to the RT reaction. For samples with total RNA yields <2 ng, 

the RNA solution was concentrated down to å10ɛL using a Savant DNA 120 Concentrator 

(Thermofisher Scientific, Carlsbad CA.), and 5ɛL of the concentrated RNA was added to the RT 

reaction. Each RT reaction also included 2ɛL of 5x VILO Reaction Buffer and 1ɛL of 10x 

SuperScript Enzyme mix; The RT reaction plates were incubated at 42°C for 60 minutes. The 2 

RT plates were prepared in parallel. 

Two different custom preamplification master mixes were prepared by adding 2.5ɛL water, 25ɛL 

of 2X TaqMan PreAmp MasterMix, and 12.5uL of TaqMan Custom PreAmp Pool, total 40ɛL, 

for either gene panel A or gene panel B (See tables S1 and S2 for gene panels). All 40ɛL of the 
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preamp master mix for Panel A was added to cDNA wells on RT plate 1, and 40ɛL of the preamp 

master mix for Panel B were added to the cDNA wells on the RT plate 2. The 2 RT plates were 

returned to the thermocycler for a 16-cycle preamp reaction (95oC for 10 min and 16 cycles of 

95oC at 15 sec and 60oC at 4 min, then 4oC hold). The pre-amplified cDNA products from each 

reaction underwent PCR cleanup using the DNA Clean and Concentrator-25 kit from Zymo 

Research (Irvine, CA). The cleaned PCR products cDNA were concentrated to a final volume of 

9ɛL. 

These pre-amplified and cleaned PCR products from each of the samples and 3 UHR controls for 

both panels A and B (Tables S1 and S2) were divided into 3 replicates of 3ɛL each. An equal 

volume (3ɛL) of 2X TaqMan OpenArray (OA) Realtime Master Mix was added to each sample 

replicate before these reaction mix solutions were transferred to 384-well OpenArray sample 

plates per plate maps generated with the QuantStudio 12K Flex Sample Tracker software. The 

384-well OpenArray sample plates were then loaded onto the QuantStudio Accufill instrument 

and reaction mix from the 384-well sample plates dispensed onto the TaqMan Custom OA plates 

specifically for either panel A or B. The custom TaqMan OA plates were sealed and loaded onto 

the QS 12K Flex instrument for a 40-cycle qPCR reaction (95oC for 20 sec and 40 cycles of 95oC 

for 1 sec and 60oC for 20 sec). A total of 6 QuantStudio Custom TaqMan OA plates were run (3 

for panel A [Table S1] and 3 for panel B [Table S2]).  

The quality control process for gene level expression data was as follows. Each tape-derived 

RNA sample was run in triplicate runs for each gene panel.  The Thermo Fisher QuantStudio 

system supplies two quality control measures, (1) amplification score and (2) Cq confidence 

value, both are based on ThermoFisher developed algorithms to measure the quality of the 

qPCR reaction. Thresholds for these measures were set according to manufacturer 
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recommendations (amplification score >1.1 and Cq confidence value >0.8). The entire run for a 

sample replicate was omitted if more than 50% of the Ct values did not meet the acceptance 

criteria. Samples were also required to have acceptable data on both gene panels in order to be 

included in further analyses. After removal of failing replicates, the proportion of replicates not 

meeting these thresholds was <2%. Any Ct values greater than 25 were considered above the 

upper limit of quantitation and were imputed as 25. dCt values were calculated by normalizing 

the raw Ct values to the average of housekeeping genes within the same run. Deviation from the 

median was within 0.5Ct for each triplicate for the majority the data (97%) included in the final 

statistical analysis. 

 

Statistics 

Due to the small number of participants with DLE or SCLE, and some biomarker specimens 

being used up in the interim analysis (see Biomarker samples used in interim and final analyses 

below), no more than four participants in each disease group had both tape-derived RNA and 

biopsy immunohistochemistry (IHC) for the final analyses. Given 42 of the 94 total genes were 

measured a second time in an interim analysis for 15 tape samples (with 5 samples measured at 

both interim and main analysis), to increase sample size, we pooled the data from interim and 

final analysis for these 42 genes based on the 5 bridging samples for all statistical analysis except 

for the principal component and gene-cluster determination analyses.  

The following strategy was used to derive log2 expression values from the raw tape-

derived RNA data. Housekeeping genes were used to calibrate dCt in each replicate plate. For 

each sample by gene, dCt results were averaged across replicates in each batch. For each assay 

batch, ddCt was calibrated using the bridging samples. The ddCt results from the two batches 

were combined. For each gene, log2 expression (ñddCt) was calibrated to the mean of ddCt for 
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age-matched HVs. The missing log2 expression values were imputed using a multivariate 

unsupervised random forest approach.4 

Individual samples were plotted on the first two principal components of log2 expression 

for all candidate genes. Using the gene expression data generated in the final analysis, candidate 

genes were grouped into four gene clusters based on the hierarchical clustering of the consensus 

of 1000 K-means results, after bootstrapping 80% of samples at each iteration 

(ConsensusClusterPlus R package). Using pooled data generated from interim analyses and final 

analyses, gene set scores and differences in gene set scores among disease groups were estimated 

using a linear mixed-effects model, with fixed effects for sample type and random intercepts for 

genes and samples. P-values from multiple comparisons were adjusted using Tukeyís correction. 

Spearmanís correlations and associated p-values were calculated to determine the associations 

between biomarkers from skin tapeñderived RNA and IHC based on skin biopsies. 

 

Immunohistochemistry 

Tissue sections 4-µm thick were prepared. Presence of lesions was confirmed by evaluation of 

adjacent haematoxylin and eosin sections (data not shown). Sections were placed on charged 

slides, thoroughly dried, deparaffinized and rehydrated. Heat-mediated epitope retrieval was 

performed at 95¯C using the Cell Conditioning 1 retrieval solution (pH 8; Ventana Medical 

Systems, Inc., Oro Valley, AZ, U.S.A.). The following antibodies were used: CD45, mouse 

monoclonal immunoglobulin (Ig) G1 (Abcam, Cambridge, MA, U.S.A.); CD303, mouse 

monoclonal IgG1 (Dendritics, Lyon, France); and myxovirus resistance protein A (MXA), mouse 

monoclonal IgG2a (provided by Dr. Georg Kochs, Institut fuer Virologie, Freiburg, Germany). 

IHC was performed using Ventana Discovery Ultra automated platform (Ventana Medical 
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Systems, Inc.). CD45 and CD303 antibody immunoreactivity was detected using the Ventana 

OmniMap-HRP detection kit, followed by incubation with Ventana Purple chromogen. MXA 

antibody immunoreactivity was detected using the Ventana ChromoMap-AP detection kit, 

followed by incubation with Ventana Red chromogen. Details are provided in table S3. 

Slides were digitized with a Pannoramic P250 scanner (3DHISTECH, Budapest, 

Hungary) at 200× resolution and skin biopsies were hand-annotated to define epidermis and 

dermis. Customized image analysis algorithms were written with Visiopharm, Inc. (Hoersholm, 

Denmark), software using a combination of colour deconvolution and median filters. Area of 

immunoreactivity was quantified as percent area, with the total tissue area as the denominator. 

 

Biomarker samples used in interim and final analyses 

A 4- to 6-mm punch biopsy specimen was collected. Seventeen punch biopsy samples were 

obtained (eight with DLE, one with SCLE, and eight HVs) and analysed in two batches. The 

interim analysis included five participants with DLE and four HVs; the final analysis included 

five participants with DLE, one with SCLE and eight HVs. Seven participants (three with DLE 

and four HVs) were analysed in both batches and were used to bridge the results between the two 

batches. 

Skin tape samples were taken according to standard DermTech, Inc., (La Jolla, CA, 

U.S.A.) protocols. In HVs, four tapings were collected from healthy skin, with the mastoid 

process the preferred site for healthy or unaffected skin. Thirty RNA samples from tape 

harvesting of 20 participants (nine with DLE and one with SCLE who had both affected and 

unaffected samples and 10 HVs with an unaffected sample) were assayed in two batches. The 

first batch was used to provide an interim study assessment: 15 tape-derived RNA samples from 

five participants with DLE and five HVs were assayed on a panel of 62 candidate genes plus five 
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housekeeping genes. The interim assessment also included whole blood RNA samples for 10 

participants. The final batch assayed 22 (2 of the samples did not pass QC and were removed 

from statistical analysis) tape-derived RNA samples from 6 HVs, six with DLE, one with SCLE 

and on a panel of 94 candidate genes plus four housekeeping genes. Five samples had a high 

enough RNA yield to be conducted in both batches and were used to bridge results between the 

two batches. Forty-two candidate genes were included on both the interim and final panels. 

 

Safety  

The following safety information was collected: procedure-related AEs and serious AEs; 

haematology (haemoglobin, red blood cell count, white blood cell count and differential, platelet 

count and C-reactive protein); urinalysis (blood, protein, glucose and a pregnancy test for female 

participants); and vital signs (temperature, pulse rate and systolic and diastolic blood pressure) 

were assessed in all cohorts. Serology included, but was not limited to:  

1. DLE and SCLE cohorts: lupus autoantibodies (antinuclear antibodies, antiñdouble-stranded 

DNA, anti-Smith, anti-ribonucleoprotein, anti-Ro/SSA, anti-La/SSB, anti-histone), 

complement component 3, complement component 4.  

2. HV cohort: antinuclear antibodies. 
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Supporting Information 

Table S1 Gene panel A 

Position on chip Gene symbol Affy_ID Taqman_ID Ref Seq a(mRNA) Gene title (name) 

Amplicon length, 

bp 

1 STING 224929_PM_at Hs00736958_m1 NM_198282 Stimulator of interferon genes 56 

2 EPSTI1  227609_PM_at  Hs01566789_m1 NM_001002264 Epithelial stromal interaction 1  59 

3 IFNG 210354_PM_at Hs00989291_m1 NM_000619 IFN-gamma 73 

4 BAFF 223502_PM_s_at Hs00198106_m1 NM_001145645 B-cell activating factor  84 

5 ISG20 33304_PM_at Hs00158122_m1 NM_002201 

Interferon stimulated exonuclease 

gene 20kDa 73 

6 
IFITM3 

212203_x_at Hs03057129_s1 NM_021034 

interferon induced transmembrane 

protein 3 105 

7 IFIT1  203153_PM_at  Hs01911452_s1 NM_001548 

Interferon-induced protein with 

tetratricopeptide repeats 1  156 

8 
TRANK1 

213261_at 
Hs00389727_m1 

NM_014831 

Tetratricopeptide Repeat and 

Ankyrin Repeat Containing 66 

9 CXCR3 217119_PM_s_at Hs01847760_s1 NM_001142797 

Chemokine (C-X-C motif) 

receptor 164 

10 YWHAZ 200640_at Hs00852925_sH 

NM_001135699.1; 

NM_001135701.1; 

NM_001135700.1; 

NM_001135702.1; 

NM_003406.3; 

NM_145690.2 

tyrosine 3-

monooxygenase/tryptophan 5-

monooxygenase activation 

protein; zeta polypeptide 97 
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Position on chip Gene symbol Affy_ID Taqman_ID Ref Seq a(mRNA) Gene title (name) 

Amplicon length, 

bp 

11 TNFSF10 202687_PM_s_at Hs00234356_m1 NM_001190942 

Tumor necrosis factor (ligand) 

superfamily, member 10 61 

12 CCR7 206337_PM_at Hs01013469_m1 NM_001838 C-C chemokine receptor type 7 58 

13 RARRES2 209496_PM_at Hs00161209_g1 NM_002889 

Chemerin (retinoic acid receptor 

responder protein 2) 114 

14 HERC5  219863_PM_at  Hs00180943_m1 NM_016323 

HECT and RLD domain 

containing E3 ubiquitin protein 

ligase 5 76 

15 UBC 208980_s_at Hs00824723_m1 NM_021009.5 ubiquitin C 71 

16 CLEC4C 1555687_PM_a_at Hs01092462_m1 NM_203503 

C-type lectin domain family 4, 

member C (BDCA2) 72 

17 SPATS2L 215617_at;222154_s_at;232961_at;241812_at Hs01016364_m1 

NM_001100422; 

NM_001100423; 

NM_001100424; 

NM_001282735; 

NM_001282743; 

NM_001282744; 

NM_015535 

Spermatogenesis Associated, 

Serine-Rich 2-Like 89 

18 CCL4 204103_PM_at Hs00605740_g1 NM_002984 Chemokine (C-C motif) ligand 4 151 

19 
TRIM56 

231876_at;214808_at;226040_at 
Hs00604613_m1 

NM_030961 

Tripartite motif-containing protein 

56 155 

20 TNF 207113_PM_s_at Hs00174128_m1 NM_000594 TNF-alpha 80 

21 DDX58 222793_PM_at Hs00204833_m1 NM_014314 

DEAD (Asp-Glu-Ala-Asp) box 

polypeptide 58 76 
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Position on chip Gene symbol Affy_ID Taqman_ID Ref Seq a(mRNA) Gene title (name) 

Amplicon length, 

bp 

22 XAF1 206133_at Hs01550142_m1 NM_017523; NM_199139 XIAP-associated factor 1 146 

23 IL6 205207_PM_at Hs99999032_m1 NM_000600 Interleukin 6 118 

24 CMKLR1 210659_at;207652_s_at;229121_at Hs01081979_s1 

NM_001142344; 

NM_004072; 

NM_001142343; 

NM_001142345 Chemokine like receptor 1 73 

25 

CD123/ 

IL3RA 206148_at Hs00608141_m1 

NM_001267713; 

NM_002183 Cluster of differentiation 123 70 

26 MX1  202086_PM_at  Hs00182073_m1 NM_001144925 

Myxovirus (influenza virus) 

resistance 1  99 

27 IFI27 202411_PM_at  Hs01086373_g1 NM_001130080 

interferon, alpha-inducible protein 

27 68 

28 OAS2  204972_PM_at  Hs00213443_m1 NM_016817 

2'-5'-oligoadenylate synthetase 2, 

69/71 kDa  63 

29 IFI44  214059_PM_at  Hs00951349_m1 NM_006417 Interferon-induced protein 44  81 

30 IL8 202859_PM_x_at Hs01553824_g1 NM_000584 Interleukin 8 91 

31 LY6E  202145_PM_at  Hs03045111_g1 NM_002346 

Lymphocyte antigen 6 complex, 

locus E  66 

32 IP10 204533_PM_at Hs01124251_g1 NM_001565 

 Interferon gamma-induced 

protein 10 (Chemokine [C-X-C 

motif] ligand 10) 135 

33 IFIT3  204747_PM_at  Hs01922752_s1 NM_001549 

Interferon-induced protein with 

tetratricopeptide repeats 3  137 
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Position on chip Gene symbol Affy_ID Taqman_ID Ref Seq a(mRNA) Gene title (name) 

Amplicon length, 

bp 

34 B2M 232311_at Hs00984230_m1 NM_004048.2 beta-2-microglobulin 81 

35 CCL3 no probe Hs04194942_s1 NM_002983 Chemokine (C-C motif) ligand 3 95 

36 ISG15  205483_PM_s_at  Hs01921425_s1 NM_005101 ISG15 ubiquitin-like modifier  140 

37 RTP4  219684_PM_at  Hs00223342_m1 NM_022147 

Receptor (chemosensory) 

transporter protein 4  58 

38 CXCL11 210163_PM_at Hs04187683_g1 NM_005409 

Chemokine (C-X-C motif) ligand 

1 113 

39 GAPDH AFFX-HUMGAPDH/M33197_3_at Hs02758991_g1 

NM_002046.4; 

NM_001256799.1 

glyceraldehyde-3-phosphate 

dehydrogenase 93 

40 USP18  219211_PM_at  Hs00276441_m1 NM_017414 Ubiquitin specific peptidase 18  102 

41 CMPK2 226702_PM_at Hs00332806_m1 NM_001256478 

cytidine monophosphate (UMP-

CMP) kinase 2, mitochondrial 74 

42 TCF4 

212387_at;212386_at;203753_at;213891_s_at;212385_

at;228837_at;212382_at;222146_s_at Hs00162613_m1 

NM_003199; 

NM_001243235; 

NM_001083962; 

NM_001243234; 

NM_001243231; 

NM_001243227; 

NM_001243232; 

NM_001243233; 

NM_001243236; 

NM_001243230; 

NM_001243228; 

NM_001243226 

Transcription factor (E protein) 

E2-2  93 
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Position on chip Gene symbol Affy_ID Taqman_ID Ref Seq a(mRNA) Gene title (name) 

Amplicon length, 

bp 

43 SIGLEC1  44673_PM_at  Hs00988063_m1 NM_023068 

Sialic acid binding Ig-like lectin 1, 

sialoadhesin  56 

44 TRIM38 

235084_x_at;203567_s_at;238972_at;203568_s_at;203

610_s_at Hs00197164_m1 NM_006355 Tripartite Motif Containing 38 99 

45 CXCL9 203915_PM_at Hs00970538_m1 NM_002416 

Chemokine (C-X-C motif) ligand 

9 137 

46 CCL19 210072_PM_at Hs00171149_m1 NM_006274 Chemokine (C-C motif) ligand 19 61 

47 MOV10 223849_s_at;233917_s_at Hs00253093_m1 

NM_020963; 

NM_001130079; 

NM_001286072 

Moloney Leukemia Virus 10 

Protein 86 

48 CCL5 1555759_PM_a_at Hs00174575_m1 NM_002985 Chemokine (C-C motif) ligand 5 63 

49 RSAD2  213797_PM_at  Hs00369813_m1 NM_080657 

Radical S-adenosyl methionine 

domain containing 2  76 

50 IFI44L  204439_PM_at  Hs00915294_g1 NM_006820 Interferon-induced protein 44-like  83 

51 IRF7 208436_PM_s_at Hs01014809_g1 NM_001572 Interferon regulatory factor 7 77 

52 PLSCR1  241916_PM_at  Hs01062171_m1 NM_021105 Phospholipid scramblase 1  152 

53 GALM 235256_s_at;234974_at Hs00373403_m1 NM_138801 Galactose Mutarotase 78 

54 IFI6  204415_PM_at  Hs00242571_m1 NM_002038 

Interferon, alpha-inducible protein 

6  115 

55 OAS1  202869_PM_at  Hs00973637_m1 NM_016816 

2'-5'-oligoadenylate synthetase 1, 

40/46 kDa  65 
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Position on chip Gene symbol Affy_ID Taqman_ID Ref Seq a(mRNA) Gene title (name) 

Amplicon length, 

bp 

56 OAS3  218400_PM_at  Hs00934282_g1 NM_006187 

2'-5'-oligoadenylate synthetase 3, 

100 kDa  189 
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Table S2 Gene panel B 

Position on chip Gene symbol Affy_ID TaqMan Assay ID Ref Seq Gene name 

Amplicon 

length, bp 

1 ITGAM 205786_s_at Hs01064805_m1 NM_001145808.1;NM_000632.3 

integrin; alpha M (complement component 3 

receptor 3 subunit) 78 

2 TF 203400_s_at Hs01067777_m1 NM_001063.3 transferrin 102 

3 CD207 220428_at Hs00210453_m1 NM_015717.3 CD207 molecule; langerin 105 

4 SERPINB3 209720_s_at Hs00199468_m1 NM_006919.2 

serpin peptidase inhibitor; clade B (ovalbumin); 

member 3 70 

5 TNFSF10 202688_at Hs00234356_m1 NR_033994.1;NM_003810.3 

tumor necrosis factor (ligand) superfamily; 

member 10 61 

6 CD3D 213539_at Hs00174158_m1 NM_001040651.1;NM_000732.4 CD3d molecule; delta (CD3-TCR complex) 92 

7 MR1 210223_s_at Hs01042278_m1 

NM_001531.2;NM_001194999.1;NM_0011

95000.1 major histocompatibility complex; class I-related 78 

8 MMP1 204475_at Hs00899660_g1 NM_001145938.1;NM_002421.3 

matrix metallopeptidase 1 (interstitial 

collagenase) 134 

9 STAT1 

AFFX-

HUMISGF3A/

M97935_3_at Hs01013996_m1 NM_007315.3;NM_139266.2 

signal transducer and activator of transcription 1; 

91kDa 66 

10 YWHAZ 200640_at Hs00852925_sH 

NM_001135699.1;NM_001135701.1;NM_0

01135700.1;NM_001135702.1;NM_003406.

3;NM_145690.2 

tyrosine 3-monooxygenase/tryptophan 5-

monooxygenase activation protein; zeta 

polypeptide 97 

11 GNLY 205495_s_at Hs00246266_m1 NM_012483.2;NM_006433.3 granulysin 80 

12 MS4A4A 219607_s_at Hs01106866_m1 

NM_024021.3;NM_148975.2;NM_0012432

66.1 

membrane-spanning 4-domains; subfamily A; 

member 4A 92 

13 OASL 205660_at Hs00984390_m1 NM_198213.2;NM_003733.3 2'-5'-oligoadenylate synthetase-like 107 

14 IL15 205992_s_at Hs01003716_m1 NM_172175.2;NR_037840.2;NM_000585.4 interleukin 15 117 

15 GAPDH 

AFFX-

HUMGAPDH/

M33197_3_at Hs02758991_g1 NM_002046.4;NM_001256799.1 glyceraldehyde-3-phosphate dehydrogenase 93 

16 CD14 201743_at Hs02621496_s1 

NM_001040021.2;NM_000591.3;NM_0011

74105.1;NM_001174104.1 CD14 molecule 140 

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) Lupus Sci Med

 doi: 10.1136/lupus-2020-000428:e000428. 8 2021;Lupus Sci Med, et al. Merola JF

https://www.affymetrix.com/analysis/netaffx/fullrecord.affx?pk=HG-U133_PLUS_2:220428_AT


Merola RNA Tape Sampling Manuscript Supplementary Materials 

18 

 

Position on chip Gene symbol Affy_ID TaqMan Assay ID Ref Seq Gene name 

Amplicon 

length, bp 

17 LILRA4 210313_at Hs00429272_g1 NM_012276.3 

leukocyte immunoglobulin-like receptor; 

subfamily A (with TM domain); member 4 76 

18 S100A9 203535_at Hs00610058_m1 NM_002965.3 S100 calcium binding protein A9 83 

19 CD86 205686_s_at Hs01567026_m1 

NM_175862.4;NM_001206925.1;NM_0068

89.4;NM_176892.1;NM_001206924.1 CD86 molecule 104 

20 CD8A 205758_at Hs00233520_m1 

NM_001768.6;NR_027353.1;NM_171827.3

;NM_001145873.1 CD8a molecule 58 

21 CXCL13 205242_at Hs00757930_m1 NM_006419.2 chemokine (C-X-C motif) ligand 13 70 

22 KLRK1 205821_at Hs00183683_m1 NM_007360.3 

KLRC4-KLRK1 readthrough;killer cell lectin-

like receptor subfamily K; member 1 85 

23 CD69 209795_at Hs00156399_m1 NM_001781.2 CD69 molecule 94 

24 AIM2 206513_at Hs00915711_m1 NM_004833.1 absent in melanoma 2 142 

25 GZMB 210164_at Hs00188051_m1 NM_004131.4 

granzyme B (granzyme 2; cytotoxic T-

lymphocyte-associated serine esterase 1) 114 

26 VCAM1 203868_s_at Hs00365486_m1 

NM_001199834.1;NM_080682.2;NM_0010

78.3 vascular cell adhesion molecule 1 122 

27 IL1B 39402_at Hs01555413_m1 NM_000576.2 interleukin 1; beta 136 

28 IL24 206569_at Hs01114274_m1 

NM_001185156.1;NM_001185157.1;NM_0

06850.3;NM_001185158.1 interleukin 24 67 

29 IL10RA 204912_at Hs00155485_m1 NM_001558.3;NR_026691.1 interleukin 10 receptor; alpha 72 

30 CASP1 211368_s_at Hs00354836_m1 

NM_033292.3;NM_033293.3;NM_033294.

3;NM_033295.3;NM_001257118.1;NM_00

1223.4;NM_001257119.1 caspase 1; apoptosis-related cysteine peptidase 76 

31 IL22 222974_at Hs00220924_m1 NM_020525.4 interleukin 22 68 

32 IL13 207844_at Hs01124272_g1 NM_002188.2 interleukin 13 73 

33 S100A7 205916_at Hs00161488_m1 NM_002963.3 S100 calcium binding protein A7 105 

34 UBC 208980_s_at Hs00824723_m1 NM_021009.5 ubiquitin C 71 

35 IGJ 212592_at Hs00950678_g1 NM_144646.3 

immunoglobulin J polypeptide; linker protein for 

immunoglobulin alpha and mu polypeptides 85 

36 ICAM1 202638_s_at Hs99999152_m1 NM_000201.2 intercellular adhesion molecule 1 99 
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Position on chip Gene symbol Affy_ID TaqMan Assay ID Ref Seq Gene name 

Amplicon 

length, bp 

37 IL9 208193_at Hs00914237_m1 NM_000590.1 interleukin 9 104 

38 CD163 203645_s_at Hs01016662_m1 NM_004244.5;NM_203416.3 CD163 molecule 87 

39 B2M 232311_at Hs00984230_m1 NM_004048.2 beta-2-microglobulin 81 

40 TRGV9 209813_x_at Hs01379483_g1   T cell receptor gamma variable 9 72 

41 SERPINB4 211906_s_at Hs01691254_g1   

serpin peptidase inhibitor; clade B (ovalbumin); 

member 4 156 

42 HESX1 211267_at Hs00172696_m1 NM_003865.2 HESX homeobox 1 110 

43 KLRF1 220646_s_at Hs00212979_m1 NM_016523.1 

killer cell lectin-like receptor subfamily F; 

member 1 70 

44 CD19 206398_s_at Hs01047409_g1 NM_001178098.1;NM_001770.5 CD19 molecule 88 

45 KLRD1 210606_x_at Hs00233844_m1 

NM_002262.3;NM_001114396.1;NM_0073

34.2 

killer cell lectin-like receptor subfamily D; 

member 1 100 

46 IL7R 205798_at Hs00902338_g1 NM_002185.3 interleukin 7 receptor 89 

47 PRF1 214617_at Hs00169473_m1 NM_005041.4;NM_001083116.1 perforin 1 (pore forming protein) 106 

48 MS4A1 210356_x_at Hs00544819_m1 NM_152866.2;NM_021950.3 

membrane-spanning 4-domains; subfamily A; 

member 1 123 

49 CD83 204440_at Hs01077170_g1 NM_004233.3;NM_001251901.1 CD83 molecule 126 

50 CXCL10 204533_at Hs01124252_g1 NM_001565.3 chemokine (C-X-C motif) ligand 10 83 

51 S100A8 202917_s_at Hs00374264_g1 NM_002964.4 S100 calcium binding protein A8 107 

52 KRT6A 209125_at Hs01699178_g1 NM_005554.3 keratin 6A 83 

53 HLA-DRB1 208306_x_at Hs03027795_uH NM_021983.4 

major histocompatibility complex; class II; DR 

beta 4 131 

54 FAS 204781_s_at Hs00907759_m1 

NR_028033.2;NR_028035.2;NM_000043.4;

NM_152871.2;NR_028034.2;NR_028036.2 Fas cell surface death receptor 118 

55 CCL2 216598_s_at Hs00234140_m1 NM_002982.3 chemokine (C-C motif) ligand 2 101 

56 ITGAX 210184_at Hs01015070_m1 NM_000887.3 

integrin; alpha X (complement component 3 

receptor 4 subunit) 69 
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Table S3 Detailed immunohistochemistry methods 

Marker Antigen retrieval 

Antibody 

final 

concentration 

or dilution 

Antibody 

incubation time 

and temperature 

Ventana 

pre-

treatment 

kit used 

Ventana 

secondary 

detection kit 

used Chromogen 

Autostainer 

platform used 

CD45 CC1, 64 min at 93°C 0.5 µg/mL 

60 min, ambient 

T°C 

Chromo-

HRP Map 

kit 

Omni Mouse-

HRP Ventana Purple Ventana Ultra 

CD303 CC1, 64 min at 93°C 20 µg/mL 1 h, 36 °C 

Chromo-

HRP Map 

kit 

Omni Mouse-

HRP Ventana Purple Ventana Ultra 

MXA-1 CC1, 60 min at 95 °C 

1:3500 

dilution of the 

stock 

60 min, ambient 

T°C 

Chromo 

Red kit 

Ultra Mouse-

AP Ventana Red Ventana XT 
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Table S4 Biopsy sites 

Participant number Biopsy site 

Cutaneous lupus erythematosusa  

1 Left eyebrow 

2 Left temple  

3 Vertex, scalp  

4 Left shoulder/upper back 

7 Left posterior scalp  

13 Scalp 

21 NAb 

22 Center of posterior shoulders  

23 Left scalp 

24 (subacute cutaneous lupus erythematosus) Left, mid back just below bra line 

Healthy volunteers  

5 Left upper extremity 

6 Right upper extremity  

8 Left arm (medially, near axilla) 

9 Right inner upper arm  

10 Right inner upper extremity  

11 Right upper inner arm  

12 Right flank  

15 Inner right upper arm  

17 Upper right arm  

18 Right forearm  

NA, not applicable. 
aAll participants had discoid lupus erythematosus except where indicated. bBiopsy sample is 

missing.  
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Table S5 Morphologic descriptions of biopsied samples 

Diagnosis 
Subject 

Number 

Interface 

dermatitis 

Acanthosis, 

hyperkeratosis  

or other 

epidermal 

changes 

Perivascular 

dermatitis 

Periadnexal 

dermatitis 

Cumulative 

Score 
Additional features 

DLE 1 2 2 1 2 7 

Moderate interface dermatitis with segmental epidermal and 

papillary dermal necrosis, and multifocal coccoid bacteria in 

overlying serocellular crust 

DLE 2 1 1 2 2 6 Moderate numbers of intraepithelial CD45+ round cells 

DLE 3 2 2 2 2 8 

Liquefactive necrosis of papillary dermis, epidermal and 

follicular acanthosis, orthokeratotic epidermal hyperkeratosis, 

moderate numbers of intraepithelial CD45+ round cells 

DLE 4 3 1 3 2 9 

Vacuolar interface dermatitis with multifocal dyskeratosis and 

moderate CD45+ inflammatory cell infiltration into stratum 

spinosum 

DLE 7 3 3 2 2 10 

Severe epidermal and follicular parakeratotic hyperkeratosis 

with follicular plugging; prominent deep dermal perivascular 

lymphocytic infiltrate 

DLE 13 n/a n/a n/a n/a n/a Block missing 

DLE 22 n/a n/a 3 2 n/a 

Epidermis missing from block (separated during processing). 

Presence of multifocal small mononuclear cells at the 

dermal/epidermal junction with basement membrane 

thickening suggests detached epidermis is secondary to 

prominent interface dermatitis 

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) Lupus Sci Med

 doi: 10.1136/lupus-2020-000428:e000428. 8 2021;Lupus Sci Med, et al. Merola JF



Merola RNA Tape Sampling Manuscript Supplementary Materials 

23 

 

Diagnosis 
Subject 

Number 

Interface 

dermatitis 

Acanthosis, 

hyperkeratosis  

or other 

epidermal 

changes 

Perivascular 

dermatitis 

Periadnexal 

dermatitis 

Cumulative 

Score 
Additional features 

DLE 23 3 2 3 3 11 

Prominent basement membrane thickening, follicular plugging 

with associated moderate epidermal and follicular 

hyperkeratosis and acanthosis, and prominent interface 

dermatitis involving follicles and deep perivascular 

lymphocytic/mononuclear cell infiltrate 

SCLE 24 1 0 1 1 3 
Interface dermatitis mild and focal with a moderate amount of 

CD45+ intraepithelial lymphocytes 

Morphologic scores from examination of H&E and anti-CD45 reacted tissue sections from biopsy of affected sites.  

Scale: 0, none; 1, mild, focal to multifocal; 2, moderate, multifocal; 3, severe, regionally extensive. Colors correlate with score. Features are grouped under one scale while cumulative score is colored according to a 

separate scale 

DLE, discoid lupus erythematosus, SCLE, subacute lupus erythematosus  

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) Lupus Sci Med

 doi: 10.1136/lupus-2020-000428:e000428. 8 2021;Lupus Sci Med, et al. Merola JF



Merola RNA Tape Sampling Manuscript Supplementary Materials 

24 

 

Table S6 Removed genes 

Removed genes 

IL9, IL24, IL13, IL22,  

TRGV9, CD10, MS4A1, TNFSF10 
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Table S7 Candidate genes by cluster 

Cluster 1 

(CLE cluster) 

Cluster 2  

(CLE2 cluster) 

Cluster 3  

(IFN cluster) 

Cluster 4 

BAFF PLSCR1 IFI44L HLA-DRB1 

ITGAX HERC5 IFI27 KRT6A 

ISG15 STAT1 IFI6 S100A7 

CCL2 PRF1 OAS1 S100A9 

CD163 TRANK1 OAS2 CD14 

IP10 LY6E OAS3 CCL3 

CXCL13 ISG20 RSAD2 CXCR3 

GZMB KLRD1 CCL5 CMKLR1 

TNF SPATS2L CXCL9 LILRA4 

IL1B MR1 GNLY 
 

SERPINB4 TF OASL 
 

IL6 GALM CMPK2 
 

SERPINB3 IFITM3 EPSTI1   

IFIT3 MOV10 MX1   

IL8 TRIM38 SIGLEC1   

CCL4 TRIM56 USP18   

IFIT1 HESX1 IFI44   

MMP1 KLRF1 XAF1   

ICAM1 CLEC4C     

MS4A4A IFNG     
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Cluster 1 

(CLE cluster) 

Cluster 2  

(CLE2 cluster) 

Cluster 3  

(IFN cluster) 

Cluster 4 

CXCL11 RARRES2     

CD69 STING     

CD86 CD207   

IL7R TCF4   

CD83 CASP1   

CD8A CD3D   

IL10RA IRF7   

KLRK1 VCAM1   

CD123/IL3RA DDX58   

CCR7 FAS   

IGJ IL15   

 RTP4   

 

Gene lists of the four gene clusters obtained from consensus of K-mean clustering algorithm. 

AIM2, S100A8, ITGAM, and CCL19 were not consistently grouped with any of the four clusters 

and were removed from the table. Cluster 1: CLE cluster. Cluster 2: CLE2 cluster. Cluster 3: IFN 

cluster. CLE, cutaneous lupus erythematosus; IFN, interferon. 
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Table S8 Comparisons of cutaneous lupus erythematosus-affected, cutaneous lupus erythematosus-unaffected and healthy volunteer 

skin samples by gene cluster 

 Cluster 1 Cluster 2 Cluster 3 Cluster 4 

Comparison fc p fc p fc P fc p 

CLE-A vs. HV-U 4.11 0.005 2.67 0.001 23.25 <0.001 1.13 0.963 

CLE-U vs. HV-U 1.15 0.95 1.45 0.388 3.08 0.139 0.71 0.766 

CLE-A vs. CLE-U 3.59 0.012 1.84 0.077 7.54 0.002 1.59 0.598 

CLE-A, cutaneous lupus erythematosus-affected skin; CLE-U, cutaneous lupus erythematosus-unaffected skin; fc, fold change;  

p, p-value; HV-U, healthy volunteer-unaffected skin. 
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Table S9 Ingenuity pathway analysis of gene clusters  

Ingenuity canonical pathways ñlog(p-value) Molecules 

CLE-associated cluster (1) 

Communication between innate 

and adaptive immune cells 

16.3 CCL4, CCR7, CD83, CD86, CD8A, 

CXCL10, CXCL8, IL1B, IL6, TNF, 

TNFSF13B 

TREM1 signalling 13.4 CCL2, CD83, CD86, CXCL8, ICAM1, 

IL1B, IL6, ITGAX, TNF 

Role of hypercytokinemia/ 

hyperchemokinemia in the 

pathogenesis of influenza 

13 CCL2, CCL4, CXCL10, CXCL8, 

IFIT3 ,IL1B ,IL6, ISG15, TNF 

Granulocyte adhesion and 

diapedesis 

12.1 CCL2, CCL4, CXCL10, CXCL11, 

CXCL13, CXCL8, ICAM1, IL1B, 

MMP1, TNF 

IFN-dominant cluster (3) 
  

Role of hypercytokinemia/ 

hyperchemokinemia in the 

pathogenesis of influenza 

8.9 CCL5, MX1, OAS1, OAS2, OAS3, 

RSAD2 

Interferon signalling 4.4 IFI6, MX1, OAS1 

Role of pattern recognition 

receptors in recognition of 

bacteria and viruses 

4.3 CCL5, OAS1, OAS2, OAS3 

Pathogenesis of multiple 

sclerosis 

3.8 CCL5, CXCL9 

Ingenuity pathway analysis on two clusters reveals overlap with genes classically associated with 

immune-mediated pathogenesis in lupus erythematosus. The top 4 enriched pathways are shown 

for each cluster, ranked by -log(p-value) after correction for multiple comparisons. CLE, 

cutaneous lupus erythematosus, IFN, interferon. 
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Table S10 Twenty-twoñgene INF signature 

Included genes based on whole blood 

CMPK2, DDX58, EPSTI1, HERC5, IFI27, IFI44, IFI6, IFIT1, IFIT3, 

ISG15, LAMP3, LIPA, LY6E, MX1, OAS1, OAS3, PLSCR1, RSAD2, 

RTP4, TIMM10, UBE2L6, USP18 
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Figure S1 Schematic of study goals. This cross-sectional study compared a non-invasive method (collection of RNA from the skin 

surface using a tape device) with a relatively invasive method (full-thickness tissue biopsy). RNA from candidate genes was compared 

with hallmark proteins for consensus of upregulation and for correlation. IHC, immunohistochemistry. *Photograph courtesy of 

DermTech, Inc. (La Jolla, CA, U.S.A.). **Used with permission of Mayo Foundation for Medical Education and Research, all rights 

reserved. 
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