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Abstract

IMPORTANCE—Sarcoidosis is a major cause of ocular or periocular inflammation. The 

pathogenesis of sarcoidosis is incompletely understood and diagnosis often requires a biopsy.

OBJECTIVE—To determine how gene expression in either orbital adipose tissue or the lacrimal 

gland affected by sarcoidosis compares with gene expression in other causes of orbital disease and 

how gene expression in tissue affected by sarcoidosis compares with gene expression in peripheral 

blood samples obtained from patients with sarcoidosis.

DESIGN, SETTING, AND PARTICIPANTS—In a multicenter, international, observational 

study, gene expression profiling of formalin-fixed biopsy specimens, using GeneChipp U133 Plus 

2 microarrays (Affymetrix), was conducted between October 2012 and January 2014 on tissues 

biopsied from January 2000 through June 2013. Participants included 12 patients with orbital 

sarcoidosis (7 in adipose tissue; 5 affecting the lacrimal gland) as well as comparable tissue from 6 

healthy individuals serving as controls or patients with thyroid eye disease, nonspecific orbital 

inflammation, or granulomatosis with polyangiitis. In addition, results were compared with gene 

expression in peripheral blood samples obtained from 12 historical individuals with sarcoidosis.

MAIN OUTCOMES AND MEASURES—Significantly differentially expressed transcripts 

defined as a minimum of a 1.5-fold increase or a comparable decrease and a false discovery rate of 

P < .05.

RESULTS—Signals from 2449 probe sets (transcripts from approximately 1522 genes) were 

significantly increased in the orbital adipose tissue from patients with sarcoidosis. Signals from 

4050 probe sets (approximately 2619 genes) were significantly decreased. Signals from 3069 

probe sets (approximately 2001 genes) were significantly higher and 3320 (approximately 2283 

genes) were significantly lower in the lacrimal gland for patients with sarcoidosis. Ninety-two 

probe sets (approximately 69 genes) had significantly elevated signals and 67 probe sets 

(approximately 56 genes) had significantly lower signals in both orbital tissues and in peripheral 

blood from patients with sarcoidosis. The transcription factors, interferon-response factor 1, 

interferon-response factor 2, and nuclear factor κB, were strongly implicated in the expression of 

messenger RNA upregulated in common in the 3 tissues.
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CONCLUSIONS AND RELEVANCE—Gene expression in sarcoidosis involving the orbit or 

lacrimal gland can be distinguished from gene expression patterns in control tissue and overlaps 

with many transcripts upregulated or downregulated in the peripheral blood of patients with 

sarcoidosis. These observations suggest that common pathogenic mechanisms contribute to 

sarcoidosis in different sites. The observations support the hypothesis that a pattern of gene 

expression profiles could provide diagnostic information in patients with sarcoidosis.

Sarcoidosis is a granulomatous inflammatory disease; the pathogenesis is incompletely 

understood. Several studies have suggested an infectious or environmental trigger. For 

example, catalase-peroxidase derived from Mycobacterium tuberculosis has been detected in 

tissue from approximately 50% of patients with sarcoidosis but not in healthy individuals 

serving as controls.1

Sarcoidosis is an indiscriminate disease. Although it most commonly involves the lung and 

hilar or mediastinal lymph nodes, sarcoidosis can affect many other sites, including the 

brain, skin, additional lymph nodes, liver, kidney, muscle, heart, and joints. The eye is 

arguably the most frequent extra-pulmonary site of involvement.2–4 Several structures within 

or around the eye can be affected, including the uveal tract, lacrimal gland, optic nerve, 

conjunctiva, and orbit.4–6

Gene expression microarray is a valuable technique to characterize molecular events within 

a tissue. Several groups, including ours,7 have used this type of analysis of messenger RNA 

transcripts to study sarcoidosis in sites, including the lungs,8–10 lymph nodes,11 peripheral 

blood,12–15 heart,16 and skin.17

We have organized an international consortium of ocular pathologists and orbital surgeons to 

advance the understanding of orbital inflammatory diseases including sarcoidosis. We 

collected formalin-fixed, paraffin-embedded biopsy specimens from the lacrimal gland and 

orbital fat from centers throughout the world. The RNA extracted from these tissues was 

examined by microarray analysis. Our observations relating to sarcoidosis are the subject of 

this report. We sought evidence to implicate specific genes that might be characteristic of 

ocular tissue affected by sarcoidosis. In addition, we wished to determine whether transcripts 

implicated in the eye were identical to transcripts implicated in other tissues affected by 

sarcoidosis.

Methods

This report is part of a series characterizing gene expression in orbital inflammatory 

diseases. Gene expression profiling was conducted between October 2012 and January 2014 

on tissues biopsied from January 2000 through June 2013; analysis is ongoing. The research 

adhered to the tenets of the Declaration of Helsinki and was approved by the institutional 

review boards at Oregon Health & Science University; Columbia University; University of 

California, San Diego; Wake Forest University; Medical College of Wisconsin; Mount 

Carmel Health System; and University of Miami; as well as by the University of British 

Columbia Clinical Research Ethics Board, the Royal Adelaide Hospital Research Ethics 

Committee, and the King Khaled Eye Specialist Hospital Human Ethics Committee/
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Institutional Review Board. Written informed consent was obtained when required by the 

local review boards.

The methods for this study, including tissue collection; RNA extraction; RNA quality 

assessment; microarray (GeneChip U133 Plus 2; Affymetrix);Database for Annotation, 

Visualization, and Integrated Discovery (DAVID)18; and statistical analysis have been 

previously described.19 (Unpublished data; last microarray assays were run in January 2014 

and last biopsy specimens were obtained from surgeries performed in June 2013; data 

analysis continues. The investigators were the same as the authors of the present report.) For 

the purpose of the present report, gene transcripts were identified as significantly 

differentially expressed if 1 or more of the array probe sets mapped to a gene were measured 

at more than 1.5-fold higher or lower levels compared with healthy tissue with a false 

discovery rate20 value of P < .05. DAVID18 was used to convert the lists of probe sets into 

gene lists.

The diagnosis of sarcoidosis was made by the referring center. All patients had noncaseating 

granuloma observed in either the lacrimal gland or orbital biopsy specimen. The diagnosis 

was independently confirmed by 2 ocular pathologists (D.J.W. and H.E.G.). Additional 

clinical information was unavailable for 2 of the 7 patients with sarcoidosis involving orbital 

adipose tissue. Among the other 5 patients, 3 had hilar and/or mediastinal adenopathy 

demonstrated on either chest radiography or chest tomographic scan. One patient had 

granulomas observed on a lip biopsy specimen. The fifth patient had an elevated serum 

angiotensin-converting enzyme (ACE) level as well as evidence for granuloma on the orbital 

biopsy specimen. Among the 5 patients with sarcoidosis affecting the lacrimal gland, 1 

patient had unavailable clinical information. Three of the other 4 individuals had adenopathy 

demonstrated on chest radiography or chest tomographic scan. One patient with a normal 

chest radiograph had an elevated serum ACE level as well as evidence for disease in the 

lacrimal gland. Among the patients tested, the ACE level was elevated in 2 of 4 and the 

serum lysozyme level was elevated in 1 of 3 individuals.

Results

Demographics

Table 1 reports the characteristics of patients whose tissue was analyzed in this study. 

Important factors included age, sex, corticosteroid treatment, disease duration prior to 

biopsy, and the site of biopsy (lacrimal gland or orbital fat). Data are also provided on a 

control group with no known orbital inflammatory disease.

Comparisons With Healthy Orbital Tissue

The microarray data indicated substantial differences between tissues from patients with 

sarcoidosis and healthy controls. For orbital adipose tissue, signals from 2449 probe sets 

(transcripts from approximately 1522 genes) were significantly higher (>1.5-fold difference 

with a false discovery rate [FDR] value of P < .05) in the sarcoidosis tissues and 4050 

(approximately 2619 genes) probe sets were significantly lower (eTables 1 and 2 in the 

Supplement). Table 2 lists genes identified by probe sets with the highest relative signals in 
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orbital adipose tissue from patients with sarcoidosis compared with controls without 

inflammation. For the lacrimal gland, signals from 3069 probe sets (approximately 2001 

genes)were significantly elevated and 3320 probe sets (approximately 2283 genes) were 

significantly decreased in sarcoidosis tissues (eTables 3 and 4 in the Supplement). Table 3 

lists genes identified by probe sets with the highest relative signals in the lacrimal gland. Of 

the probe sets indicating higher gene expression, 1102 (approximately 739 genes) were 

identified for both the adipose and lacrimal gland tissue. Similarly, 1008 probe sets 

(approximately 744 genes) were represented in both lists, indicating significantly lower 

transcript levels.

We applied a widely used functional annotation software tool, DAVID,18 to probe the Gene 

Ontology (GO) Biological Process, Kyoto Encyclopedia of Genes and Genomes (KEGG) 

pathway, and Biocarta pathway databases to identify relationships among the transcripts 

with altered expression. Both the inflamed orbit and lacrimal gland tissues were significantly 

enriched in transcripts characteristic of T cells, B cells, and innate immune cells. 

Immunoglobulin transcripts were highly enriched in the inflamed orbit but not in the 

lacrimal gland, perhaps owing to the abundance of plasma cells in healthy lacrimal gland 

tissue. Orbit adipose tissue from patients with sarcoidosis was notably deficient in 

transcripts related to metabolism (eg, the insulin-signaling pathway) and in the transforming 

growth factor β signaling pathway. The inflamed lacrimal tissues had decreased levels of 

genes related to protein synthesis, which is consistent with impaired lacrimal function 

known to be frequent in sarcoidosis.21

Comparisons With Blood From Patients With Sarcoidosis

Rosenbaum et al7 have previously reported on transcripts that are upregulated in the blood of 

patients with sarcoidosis. We compared the list of probe sets identified in the blood study 

using the same selection criteria as described above with the list of probe sets with increased 

signals in both the lacrimal gland (eTable 3 in the Supplement) and orbital adipose (eTable 1 

in the Supplement) tissue and found 92 probe sets (OMIM 147796) in common (Table 4 and 

eTable 5 in the Supplement). Several of these genes are associated with interferon responses 

(eg, CXCL10 [OMIM 14731],22 GBP5 [OMIM 611467],23 STAT1 [OMIM 600555],24 

TGM2 [OMIM 190196],25 AIM2 [OMIM 604578],26 WARS [OMIM 191050],27 ICAM1 
[OMIM 147840],28 TNFAIP2 [OMIM 603300],29 SLAMF8 [OMIM 606620],30 and JAK2 
[OMIM 147796]31). Similarly, there were 67 probe sets with decreased signals in peripheral 

blood in the prior report7 and in both orbital adipose tissue and lacrimal gland in the present 

study (eTable 6 in the Supplement).

Angiotensin-converting enzyme and lysozyme levels are frequently measured in serum in 

the investigation of possible sarcoidosis. Although transcripts for neither ACE nor lysozyme 

levels were elevated in the blood samples we studied, we detected a marked elevation of 

ACE levels in the lacrimal gland and orbital adipose tissue (P ≤ .001 for both tissues). The 

transcript for lysozyme levels was markedly elevated in the orbital adipose tissue (P < .001) 

but reduced in the lacrimal gland. Presumably, this difference results from lysozyme being 

normally synthesized in the lacrimal gland. Synthesis should be reduced by replacement of 

the healthy tissue with granulomata.
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Comparisons With Genetic Studies

Polymorphisms in annexin A11 (ANXA11 [OMIM 602572]) have been implicated in 

predisposition to sarcoidosis.32 We found that the expression of messenger RNA for 

ANXA11 was substantially reduced within the orbit affected by sarcoidosis (P ≤ .01). This 

might imply that the genetic polymorphism reduces the function of ANXA11. We did not 

find alterations of ANXA11 expression in the lacrimal gland or the blood.

An “in silico” study combined genomics, proteomics, and transcriptomics to suggest 9 

candidate genes in sarcoidosis: SERPIN B1 (OMIM 130135), FABP4 (OMIM 600434), S 
100A8 (OMIM 123885), HBEGF (OMIM 126150), IL-7R(OMIM 146661), LRIG1(OMIM 

608868), PTPN23(OMIM 606584), DPM2(OMIM 603564), and NUP214 (OMIM 

114350).33 Our study found that 7 of these 9 genes were differentially regulated in either the 

orbit or the lacrimal gland affected by sarcoidosis (eTables 1 and 3 in the Supplement). 

Some of the transcripts were identified by more than 1 probe set, and not all probe sets 

indicated differential regulation. This is consistent with the probe set identifying a specific 

splice variant.

Comparisons With Other Orbital Inflammatory Diseases

Sarcoidosis is one of several systemic diseases that are known to cause inflammation in the 

orbit.34 In parallel studies, we investigated gene expression profiles of orbital adipose tissues 

from 6 individuals with granulomatosis with polyangiitis (GPA) (previously termed Wegener 
granulomatosis), from 25 individuals with Graves ophthalmopathy (also termed thyroid eye 
disease) and from 25 participants with nonspecific orbital inflammation (NSOI). 

(Unpublished data; last microarray assays were run in January 2014 and last biopsy 

specimens were obtained from surgeries performed in June 2013; data analysis continues. 

The investigators were the same as the authors of the present report.)To evaluate the 

uniqueness of the genes with increased expression in tissues from individuals with 

sarcoidosis, we performed 2 sets of comparisons.

First, we compared the expression data from orbital adipose tissues from patients with 

sarcoidosis with those from patients with GPA, thyroid eye disease, or NSOI and from those 

without orbital inflammation to determine the probe sets with significantly higher or lower 

signals (>1.5-fold difference, FDR P < .05). In comparing sarcoidosis with GPA tissues, we 

identified 200 genes with probe sets that had significantly higher signals and 42 with lower 

signals in the sarcoidosis tissues. (Unpublished data; last microarray assays were run in 

January 2014 and last biopsy specimens were obtained from surgeries performed in June 

2013; data analysis continues. The investigators were the same as the authors of the present 

report.) The counts for the other comparisons are shown in Venn diagrams (Figure, A).

Second, we compared the list of probe sets with higher signals in blood, orbital adipose 

tissue, and lacrimal gland tissue of patients with sarcoidosis vs healthy controls (eTable 5 in 

the Supplement) with a list of probe sets indicating increased expression in orbital adipose 

tissue of patients with GPA or NSOI based on the same significance criteria and the same set 

of un-inflamed orbit control tissues. The counts of genes in each category are displayed in 

Figure, B. Most of the genes with at least 1 probe set having a significantly increased signal 
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in all 3 sarcoidosis tissues did not overlap the lists of genes with significantly increased 

signals in orbital tissue from patients with either GPA or NSOI. The sarcoidosis-only portion 

of the diagram includes 53 genes. Further analysis by querying the University of California, 

Santa Cruz, Transcription Factor Binding Site database with DAVID (Expression Analysis 

Systematic Explorer threshold, P ≤ .05) revealed that the group of 53 genes was significantly 

enriched in binding sites for 3 transcription factors: 17 have transcription factor–binding 

sequences for interferon-response factor 1, 27 have transcription factor binding sequences 

for interferon-response factor 2, and 23 have binding sequences for nuclear factor κB(eTable 

7 in the Supplement). Neither of the interferon-response factors was enriched in the 112 

genes in the GPA-only category and interferon-response factor 1 was not enriched in the 

NSOI-only group of 392 genes.

Discussion

The extra pulmonary involvement in sarcoidosis is a mystery. For example, it is unknown 

why one patient develops uveitis while another develops cutaneous disease and central 

nervous system manifestations. Genetic factors might contribute to the site specificity of the 

disease. There could also be a stochastic effect in the way that a putative inciting antigen 

might be distributed within the body. Our study indicates that, regardless of the site involved, 

the inflammation tends to activate similar genes. For example, previous studies6,7 implicated 

the intracellular signaling molecule, STAT1, in sarcoidosis on the basis of findings in 

peripheral blood and conjunctival granuloma.

Our data in the present study also point to signal transducer and activator of transcription 

(STAT1) as a potential contributor to sarcoidosis in the orbit or lacrimal gland since we 

detected elevated STAT1 transcript levels in all 3 tissues (Table 4). The validity of this 

finding is supported by other groups who have detected upregulation of STAT1 in peripheral 

blood,12 skin,17 or lung15 from patients with sarcoidosis. Interferons signal via STAT1. 

Interferon γ has been implicated in granuloma formation35 and the pathogenesis of 

sarcoidosis.22 Interferon alfa or beta therapy is known to trigger sarcoidosis.36 Both GBP5 
(guanylate binding protein 5) and AIM-2 (absent in melanoma) transcripts are elevated in all 

3 tissues studied and are induced by interferon γ23,26 as are other elevated transcripts that 

we identified, including CXCL10.22 SLAMF8 (Slam family member 8) is a macrophage 

activation marker also induced by interferon γ.30 Thus, upregulation of SLAMF8 fits well 

with the current understanding of the pathogenesis of sarcoidosis. Several other transcripts 

that we found to be upregulated in the orbit in tissue from patients with sarcoidosis have 

been implicated in studies on sarcoidosis in other tissues, including Fcγ receptor 1 (CD64 

[OMIM 147840]),37 ICAM-1 (OMIM 146760),38 and IL-1β (OMIM 147720).39,40

One of the most elevated transcripts observed across all 3 tissues, ankyrin repeat domain 22 

(ANKRD22), was confirmed by 2 independent probe sets on the array. It codes for a protein 

with no known function. The ANKRD22 transcripts are increased in the blood of patients 

with pancreatic cancer41 or during ovulation.42 Two transcripts, GBP5 and AIM-2, which 

were upregulated in all 3 of the tissues we studied, play a role in regulating inflammasomes, 

which are intracellular proteins that control the activation of IL-1β. Another elevated 
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transcript that codes for the receptor, P2X7, plays an important role in the formation of 

multinucleated giant cells,43 which are a hallmark of sarcoidosis.

Transcripts that are increased in expression are potential targets for therapy of sarcoidosis. 

Transcripts for JAK2, which is activated by STAT1, were elevated in the blood, lacrimal 

gland, and anterior orbit. A JAK2 inhibitor is now commercially available to treat 

rheumatoid arthritis.44 Our work suggests that the JAK2 inhibitor may have therapeutic 

benefit in treating sarcoidosis as well.

A potential weakness of our study is the relatively small number of samples tested. We 

believe that this weakness is rebutted by finding the same transcript upregulated in 3 

different tissues, by finding some transcripts detectable by more than 1 probe set, and by the 

independent confirmation in other studies as noted above. A previous study45 used 

quantitative reverse transcriptase polymerase chain reaction to validate the accuracy of our 

microarray technique. Our present sample size is too small to analyze additional variables, 

such as the effect of corticosteroid therapy, the correlation with prognosis, the effect of 

ethnicity, or the effect of disease duration. We chose to focus our discussion on transcripts 

with increased levels, but transcripts that are relatively reduced in expression could be 

equally important in understanding pathogenesis.

Currently available blood tests for sarcoidosis, such as an ACE or serum lysozyme level, 

have limited sensitivity and poor specificity.46 Biopsy of a lymph node by mediastinoscopy 

has morbidity and substantial expense. A chest computed tomographic scan used to search 

for symmetric hilar adenopathy exposes a patient to a large amount of irradiation and fails to 

definitively exclude entities such as lymphoma.

Based on our observations and those of others,15 we believe that detection of a relatively 

small number of transcripts in peripheral blood could be used to diagnose sarcoidosis. 

Peripheral blood gene expression can apparently distinguish between sarcoidosis and 

another granulomatous disease, tuberculosis.15 Although sarcoidosis usually involves hilar 

lymph nodes, adenopathy can resolve while residual disease is left in an organ such as the 

eye.5 Sarcoidosis is a potential cause of idiopathic uveitis,47 granulomatous hepatitis,48 

pachymeningitis,49 orbital inflammation, and multifocal central nervous system disease.50 

Biopsy of these tissues may be impossible or associated with considerable morbidity.

Conclusions

We believe that this is the first report to use microarray to analyze gene expression in tissue 

samples from the orbit or lacrimal gland from patients with sarcoidosis. Although additional 

work is indicated to devise an algorithm to enable the accurate diagnosis of sarcoidosis on 

the basis of gene expression in peripheral blood, we believe that these algorithms will prove 

more accurate than measurement of a single protein. In a recent study,51 an algorithm using 

gene expression in peripheral blood accurately identified active tuberculosis in African 

children. Furthermore, we predict that these algorithms will spare many patients the 

potential morbidity and expense of invasive procedures.
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Figure. Venn Diagrams Illustrate the Extent of Gene Expression Differences Between Disease 
Groups
A, Estimated counts of genes with significantly different expression in comparisons of 

orbital adipose tissue. B, Estimated counts of genes with increased expression in blood, 

orbital adipose tissue, and lacrimal gland tissue from patients with sarcoidosis compared 

with orbital adipose tissue from other disease groups. GPA indicates granulomatosis with 

polyangiitis; NSOI, nonspecific orbital inflammation; and TED, thyroid eye disease.
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Table 2

Probe Sets With Some of the Highest Signals in Orbital Adipose Tissue Compared With Uninflamed Controlsa

Probe Set Gene Title Fold Difference P Value for FDR

209396_s_at Chitinase 3–like 1 (cartilage glycoprotein-39) 93.5 1.5 × 10−6

1555745_a_at Lysozyme 93.3 8.98 × 10−7

214677_x_at Immunoglobulin λ constant 1 (Mcg marker) 53.5 1.84 × 10−4

224795_x_at Immunoglobulin κ locus; immunoglobulin kappa constant 45.0 2.00 × 10−4

217022_s_at Immunoglobulin heavy locus; immunoglobulin heavy constant α 1; immunoglobulin 
heavy constant α 2 (A2m marker)

42.8 1.22 × 10−4

203915_at Chemokine (C-X-C motif) ligand 9 35.0 6.22 × 10−5

215121_x_at Immunoglobulin λ light chain-like; immunoglobulin λ constant 1 (Mcg marker); 
immunoglobulin λ variable 1–44

34.8 3.47 × 10−4

216491_x_at Immunoglobulin heavy constant μ 34.2 7.80 × 10−5

212671_s_at Major histocompatibility complex, class II, DQ α 1, DQ α 2, DQ α 1 chain–like 30.9 1.05 × 10−5

209875_s_at Secreted phosphoprotein 1 29.5 2.39 × 10−3

1555756_a_at C-type lectin domain family 7, member A 28.9 7.07 × 10−5

202834_at Angiotensinogen (serpin peptidase inhibitor, clade A, member 8) 28.3 9.29 × 10−5

219386_s_at SLAM family member 8 25.5 7.40 × 10−6

219159_s_at SLAM family member 7 24.7 1.16 × 10−4

222838_at SLAM family member 7 23.3 2.12 × 10−5

211429_s_at Serpin peptidase inhibitor, clade A (α-1 antiproteinase, antitrypsin), member 1 21.1 4.50 × 10−5

209696_at Fructose-1,6-bisphosphatase 1 18.4 1.63 × 10−7

205890_s_at GABA B receptor, 1; ubiquitin D 18.3 7.05 × 10−5

203936_s_at Matrix metallopeptidase 9 (gelatinase B, 92-kDa gelatinase, 92-kDa type IV 
collagenase)

17.7 1.17 × 10−6

209201_x_at Chemokine (C-X-C motif) receptor 4 17.4 3.32 × 10−5

Abbreviations: FDR, false discovery rate; GABA, γ-aminobutyric acid; SLAM, signaling lymphocyte activation molecule.

a
Only the probe with the highest fold difference for a given gene is reported. Only probe sets with adequate annotation are included. The complete 

list of probe sets is reported in eTable 1 in the Supplement.
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Table 3

Probe Sets With Some of the Most Increased Signals in Lacrimal Gland Compared With Uninflamed Controlsa

Probe Set Gene Title Fold Difference P Value for FDR

210809_s_at Periostin, osteoblast specific factor 54.1 2.52 × 10−9

209395_at Chitinase 3–like 1 (cartilage glycoprotein-39) 52.1 5.69 × 10−6

204580_at Matrix metallopeptidase 12 (macrophage elastase) 38.7 2.10 × 10−4

205890_s_at γ-Aminobutyric acid B receptor, 1; ubiquitin D 35.3 9.31 × 10−9

208168_s_at Chitinase 1 (chitotriosidase) 34.8 3.69 × 10−7

219386_s_at SLAM family member 8 31.6 5.23 × 10−7

206134_at ADAM-like, decysin 1 29.7 2.36 × 10−5

202834_at Angiotensinogen (serpin peptidase inhibitor, clade A, member 8) 29.1 1.76 × 10−6

209875_s_at Secreted phosphoprotein 1 28.8 3.95 × 10−5

204416_x_at Apolipoprotein C-I 27.0 3.69 × 10−7

203936_s_at Matrix metallopeptidase 9 (gelatinase B, 92-kDa gelatinase, 92-kDa type IV 
collagenase)

26.8 6.87 × 10−8

211429_s_at Serpin peptidase inhibitor, clade A (α-1 antiproteinase, antitrypsin), member 1 26.6 2.24 × 10−6

220423_at Phospholipase A2, group IID 24.5 2.00 × 10−8

218404_at Sorting nexin 10 23.6 3.47 × 10−5

213831_at Major histocompatibility complex, class II, DQ α 1, DQ α 1 chain–like 22.0 3.17 × 10−2

1553706_at Htra serine peptidase 4 21.7 2.18 × 10−5

206214_at Phospholipase A2, group VII (platelet-activating factor acetylhydrolase, plasma) 21.5 1.34 × 10−6

203915_at Chemokine (C-X-C motif) ligand 9 20.7 3.75 × 10−5

206420_at Immunoglobulin superfamily, member 6 20.7 3.09 × 10−5

32128_at Chemokine (C-C motif) ligand 18 (pulmonary and activation-regulated); c-C motif 
chemokine 18–like

19.8 7.65 × 10−5

Abbreviations: FDR, false discovery rate; SLAM, signaling lymphocyte activation molecule.

a
Only the probe with the highest fold difference for a given gene is reported. Only probe sets with adequate annotation are included. The complete 

list of probe sets is reported in eTable 3 in the Supplement.
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