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Abstract

Introduction—Sarcoidosis has traditionally been thought of as a compartmentalized disease – 

the inflammatory milieu within pulmonary granulomas harbors products of activated genes leading 

to the manifestation of the autoimmune process. However, recent research has shown that such 

a compartmentalized view of sarcoidosis may not be entirely accurate and that distinguishing 

biomarkers may be identified from the peripheral blood.1

Methods—Twenty participants were recruited from a convenience sample from the Francis 

I. Proctor Foundation at the University of California, San Francisco (UCSF). This study 

was approved by the UCSF Institutional Review Board and adhered to the tenets of the 

Declaration of Helsinki. Participants had peripheral whole blood drawn into PAXgene blood 

RNA tubes (QIAGEN, Germantown, MD) and prepared and stored at −80C according to 

manufacturer’s recommendations. Samples were deidentified and laboratory personnel handing 

samples and interpreting data were masked. Differential gene expression was performed to 

identify host transcriptome signatures.2 Briefly, analysis of sequenced data was made using a rapid 

computational pipeline developed in-house to classify host genes. Quality filtered RNA transcripts 

were aligned to the ENSEMBL CRCh38 human genome using STAR2. Genes were filtered to 

include only protein-coding genes that were expressed in at least 25% of the patients. Gene count 

data were analyzed with DESeq2.3 Differentially expressed genes with false discovery rate (FDR) 

<0.01 were considered as notable.

Results—Ten participants with uveitis compatible with sarcoidosis (8 with pulmonary 

involvement, 1 with CNS involvement, and 1 with conjunctival granulomas), 9 participants with 

Vogt-Koyanagi-Harada (VKH)-associated uveitis, and 9 healthy controls were enrolled into the 

study. Ten genes exhibited at least two-fold difference in expression in sarcoidosis participants 

compared to controls (Table 1 and Figure 1). When examining all differential genes identified 

(FDR<0.01) in patients with sarcoidosis compared to controls, there was no overlap of these 
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differentially expressed genes in VKH compared to controls or in VKH compared to sarcoidosis 

patients (Figure 1C).

Conclusions—We compared the peripheral blood signatures of patients with sarcoid-associated 

uveitis to those with another granulomatous, but clinically distinct disease, VKH and control 

patients. Sarcoidosis exhibited a unique transcriptome compared to controls. Additionally, there 

was not overlap in differentially expressed genes when comparing sarcoidosis to VKH.

A limitation of the present study is that the peripheral blood of patients with sarcoidosis 

and VKH were obtained at various disease states. Of the 10 sarcoidosis patients, 4 had 

uveitis that was in a medication-free remission, 2 had controlled inflammation on topical 

or intraocular steroids, and 4 had controlled inflammation on systemic immunosuppression. 

Those using systemic immunosuppression or in medication-free remission may exhibit 

transcriptome signatures different from those with active or uncontrolled inflammation. 

In pulmonary tuberculosis, the peripheral blood transcriptome reverts to that of controls 

after treatment.4 However, autoinflammatory transcriptomes may persist unlike infectious 

processes. Four of our patients described were in a medication-free remission with respect 

to their uveitis, though the transcriptome of these patients resembled that of the other 

sarcoidosis patients. It is possible that there was sub-clinically active disease elsewhere in 

their body responsible for the persistence of their transcriptional profile.

Our sarcoidosis patients had extraocular involvement and disease burden outside of the eye 

likely plays a role in the peripheral blood transcriptome that we identified. Future studies 

where patients with ocular disease alone, but in whom a suspicion for sarcoidosis exists 

(based on International Workshop of Ocular Sarcoidosis features) may employ examination 

of inflamed aqueous or vitreous.5,6

Genes that are differentially expressed may be clinically useful as non-surgical disease 

biomarkers for sarcoidosis. Moreover, such differential gene expression may also allow for 

the stratification of patients based on disease severity, disease location, and may inform 

future therapeutic targets.

Acknowledgments:

Funding/Support:

This study was supported by the Huang Pacific Foundation (Drs. Gonzales and Doan), a That Man May See Seed 
Grant (Dr. Gonzales), a Research to Prevent Blindness Career Development Award (Dr. Doan), and a National 
Institutes of Health-National Eye Institute award K08EY02986 (Dr. Doan).

References

1. Koth LL, Solberg OD, Peng JC, Bhakta NR, Nguyen CP, Woodruff PG. Sarcoidosis blood 
transcriptome reflects lung inflammation and overlaps with tuberculosis. American journal of 
respiratory and critical care medicine. 2011;184(10):1153–1163. [PubMed: 21852540] 

2. Lalitha P, Seitzman GD, Kotecha R, et al. Unbiased Pathogen Detection and Host Gene Profiling for 
Conjunctivitis. Ophthalmology. 2019;126(8):1090–1094. [PubMed: 30953744] 

3. Love MI, Huber W, Anders S. Moderated estimation of fold change and dispersion for RNA-seq 
data with DESeq2. Genome biology. 2014;15(12):550. [PubMed: 25516281] 

Gonzales et al. Page 2

Ocul Immunol Inflamm. Author manuscript; available in PMC 2023 July 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



4. Berry MP, Graham CM, McNab FW, et al. An interferon-inducible neutrophil-driven blood 
transcriptional signature in human tuberculosis. Nature. 2010;466(7309):973–977. [PubMed: 
20725040] 

5. Herbort CP, Rao NA, Mochizuki M. International criteria for the diagnosis of ocular sarcoidosis: 
results of the first International Workshop On Ocular Sarcoidosis (IWOS). Ocular immunology and 
inflammation. 2009;17(3):160–169. [PubMed: 19585358] 

6. Mochizuki M, Smith JR, Takase H, Kaburaki T, Acharya NR, Rao NA. Revised criteria of 
International Workshop on Ocular Sarcoidosis (IWOS) for the diagnosis of ocular sarcoidosis. The 
British journal of ophthalmology. 2019;103(10):1418–1422. [PubMed: 30798264] 

7. Schremmer B, Manevich Y, Feinstein SI, Fisher AB. Peroxiredoxins in the lung with emphasis on 
peroxiredoxin VI. Sub-cellular biochemistry. 2007;44:317–344. [PubMed: 18084901] 

8. Weber G, Nakamura H, Natsumeda Y, Szekeres T, Nagai M. Regulation of GTP biosynthesis. 
Advances in enzyme regulation. 1992;32:57–69. [PubMed: 1353938] 

9. Salvatore D, Bartha T, Larsen PR. The guanosine monophosphate reductase gene is conserved in 
rats and its expression increases rapidly in brown adipose tissue during cold exposure. The Journal 
of biological chemistry. 1998;273(47):31092–31096. [PubMed: 9813009] 

10. Lok DJ, Van Der Meer P, de la Porte PW, et al. Prognostic value of galectin-3, a novel marker 
of fibrosis, in patients with chronic heart failure: data from the DEAL-HF study. Clinical research 
in cardiology : official journal of the German Cardiac Society. 2010;99(5):323–328. [PubMed: 
20130888] 

11. Yoo KH, Sung YH, Yang MH, et al. Inactivation of Mxi1 induces Il-8 secretion activation in 
polycystic kidney. Biochemical and biophysical research communications. 2007;356(1):85–90. 
[PubMed: 17350592] 

12. Schreiber-Agus N, Meng Y, Hoang T, et al. Role of Mxi1 in ageing organ systems and 
the regulation of normal and neoplastic growth. Nature. 1998;393(6684):483–487. [PubMed: 
9624006] 

13. Saclier M, Lapi M, Bonfanti C, Rossi G, Antonini S, Messina G. The Transcription Factor 
Nfix Requires RhoA-ROCK1 Dependent Phagocytosis to Mediate Macrophage Skewing during 
Skeletal Muscle Regeneration. Cells. 2020;9(3).

14. O’Connor C, Campos J, Osinski JM, Gronostajski RM, Michie AM, Keeshan K. Nfix expression 
critically modulates early B lymphopoiesis and myelopoiesis. PloS one. 2015;10(3):e0120102. 
[PubMed: 25780920] 

15. Loilome W, Wechagama P, Namwat N, et al. Expression of oxysterol binding protein isoforms in 
opisthorchiasis-associated cholangiocarcinoma: a potential molecular marker for tumor metastasis. 
Parasitology international. 2012;61(1):136–139. [PubMed: 21763455] 

16. Kolobynina KG, Solovyova VV, Levay K, Rizvanov AA, Slepak VZ. Emerging roles of the 
single EF-hand Ca2+ sensor tescalcin in the regulation of gene expression, cell growth and 
differentiation. Journal of cell science. 2016;129(19):3533–3540. [PubMed: 27609838] 

17. Chen ES, Song Z, Willett MH, et al. Serum amyloid A regulates granulomatous inflammation 
in sarcoidosis through Toll-like receptor-2. American journal of respiratory and critical care 
medicine. 2010;181(4):360–373. [PubMed: 19910611] 

18. Gabrilovich MI, Walrath J, van Lunteren J, et al. Disordered Toll-like receptor 2 responses in the 
pathogenesis of pulmonary sarcoidosis. Clinical and experimental immunology. 2013;173(3):512–
522. [PubMed: 23668840] 

19. Oswald-Richter KA, Culver DA, Hawkins C, et al. Cellular responses to mycobacterial antigens 
are present in bronchoalveolar lavage fluid used in the diagnosis of sarcoidosis. Infection and 
immunity. 2009;77(9):3740–3748. [PubMed: 19596780] 

20. Bell RD, Winkler EA, Singh I, et al. Apolipoprotein E controls cerebrovascular integrity via 
cyclophilin A. Nature. 2012;485(7399):512–516. [PubMed: 22622580] 

21. Reyat JS, Chimen M, Noy PJ, Szyroka J, Rainger GE, Tomlinson MG. ADAM10-Interacting 
Tetraspanins Tspan5 and Tspan17 Regulate VE-Cadherin Expression and Promote T Lymphocyte 
Transmigration. Journal of immunology (Baltimore, Md : 1950). 2017;199(2):666–676. [PubMed: 
28600292] 

Gonzales et al. Page 3

Ocul Immunol Inflamm. Author manuscript; available in PMC 2023 July 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 1. Peripheral blood transcriptomes between patient groups.
A) Volcano plot of the relative abundance distributions of transcripts for 19 patients. The 

x-axis shows the log2 fold of relative abundance ratio between patients with sarcoidosis 

and patients without uveitis. The y-axis shows the negative log10 of adjusted P-values. 

B) Heatmap of differentially expressed transcripts between control, VKH, and sarcoidosis 

patients. Normalized expression levels, arranged by unsupervised hierarchical clustering, 

reflecting over-expression (brown) or under-expression (blue) of genes (rows) for each 

peripheral blood sample (columns). 38 transcripts identified for control compared to 

sarcoidosis and 3 transcripts identified for control compared to VKH using FDR <0.01. 

C) Venn diagram showing the lack of overlapping differential genes between patient groups.
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Table 1.

Genes that exhibited ≥ 4-fold expression in sarcoidosis compared to controls (False Discovery Rare (FDR) < 

0.01).

Gene* Full name* Function* Possible connection(s) to 
sarcoidosis

GPX1 Glutathione 
peroxidase 1

Catalyzes the reduction of organic hydroperoxides and hydrogen 
peroxide by glutathione, and thereby protect cells against oxidative 
damage

Peroxiredoxins, including 
glutathione peroxidase 1, are 
expressed in the lung. Expression 
of peroxiredoxins is elevated in 
sarcoidosis.7

GMPR Guanosine 
monophosphate 
reductase

Catalyzes the irreversible and NADPH-dependent reductive 
deamination of GMP to IMP. The protein also functions in the 
re-utilization of free intracellular bases and purine nucleosides.

Role in cellular metabolism.8,9

LGALS3 galectin 3 Plays a role in numerous cellular functions including apoptosis, 
innate immunity, cell adhesion and T-cell regulation. The protein 
exhibits antimicrobial activity against bacteria and fungi.

Biomarker associated with 
fibrosis.10

MXI1 MAX interactor 1 Transcriptional repressor thought to negatively regulate MYC 
function and is therefore a potential tumor suppressor. This protein 
inhibits the transcriptional activity of MYC by competing for 
MAX, another basic helix-loop-helix protein that binds to MYC 
and is required for its function.

Associated with cell growth and 
maintaining differentiated state as 
well as may be associated with 
downregulation of interleukin 8, 
which is involved in neutrophil 
chemotaxis.11,12

NFIX Nuclear factor I X A transcription factor that binds the palindromic sequence 5’-
TTGGCNNNNNGCCAA-3 in viral and cellular promoters. The 
encoded protein can also stimulate adenovirus replication in vitro.

Involved in macrophage function 
and B lymphopoiesis.13,14

OSBP2 Oxysterol binding 
protein 2

Binds oxysterols such as 7-ketocholesterol and may inhibit their 
cytotoxicity.

Associated with inflammation and 
may be a biomarker for some 
tumor metastases.15

TESC Tescalcin Plays important roles related to chromatin remodeling, 
transcriptional regulation, and epigenetic modification.2

Associated with cell growth and 
differentiation.16

TLR2 Toll-like receptor 2 Fundamental role in pathogen recognition and activation of innate 
immunity. Leads to an up-regulation of signaling pathways to 
modulate the host’s inflammatory response. This gene is also 
thought to promote apoptosis in response to bacterial lipoproteins. 
This gene has been implicated in the pathogenesis of several 
autoimmune diseases.

Associated with mediating 
granulomatous inflammation.17–19

TMCC2 Transmembrane and 
coiled-coil domain 
family 2

Involved in protein binding. Associated with mediating 
inflammation.20

TSPAN5 Tetraspanin 5 Mediates signal transduction events that play a role in the 
regulation of cell development, activation, growth and motility.

Associated with T lymphocyte 
transmigration.21

*
National Center for Biotechnology Information https://www-ncbi-nlm-nih-gov.ucsf.idm.oclc.org/guide/genes-expression/ accessed April 1, 2020.
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