1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

WEALTY 4
of %,

SERVIC

A
u
Yeyvaaa

/ HHS Public Access

Author manuscript
JAMA Ophthalmol. Author manuscript; available in PMC 2018 November 01.

Published in final edited form as:
JAMA Ophthalmol. 2017 November 01; 135(11): 1156-1162. doi:10.1001/jamaophthalmol.2017.3458.

Gene Expression Profiling Reveals Heterogeneity of Nonspecific
Orbital Inflammation Affecting the Lacrimal Gland

James T. Rosenbaum, MD1:2:3 Dongseok Choi, PhD14:5 Christina A. Harrington, PhDS,
David J. Wilson, MD1, Hans E. Grossniklaus, MD?, Cailin H. Sibley, MD3, Sherveen Salek,
MD12 John D. Ng, MD?, Roger A. Dailey, MD1, Eric A. Steele, MD?, Brent Hayek, MD’,
Caroline Craven, MD’, Deepak P. Edward, MD8, Azza Maktabi, MD8, Hailah al Hussain, MD8,
Valerie White, MD?, Peter Dolman, MD?, Craig N. Czyz, DO0, Jill A. Foster, MD11, Gerald J
Harris, MD12, Youn-Shen Bee, MD13, David Tse, MD4, Chris Alabiad, MD14, Sander Dubovy,
MD14, Michael Kazim, MD?®, Dinesh Selva, MBBS, FRANZCO, FRACS!S, Patrick Yeatts,
MD17, Bobby Korn, MD8, Don Kikkawa, MD18, Rona Silkiss, MD19, Jennifer Sivak-Callcott,
MD?20, Patrick Stauffer, BAL, and Stephen R. Planck, PhD12:3

1Casey Eye Institute, Oregon Health & Science University, Portland, Oregon, United States
2Devers Eye Institute, Legacy Health System, Portland, Oregon, United States
3Medicine, Oregon Health & Science University, Portland, Oregon, United States

40OHSU-PSU School of Public Health, Oregon Health & Science University, Portland, Oregon,
United States

5Graduate School of Dentistry, Kyung Hee University, Seoul, Korea

Corresponding author pre-publication: Stephen Planck, plancks@ohsu.edu. Corresponding author post-publication: James
Rosenbaum, rosenbaj@ohsu.esu, Casey Eye Institute, L467AD, Oregon Health & Science University, 3181 SW Sam Jackson Park
Road, Portland, OR 97239.

Author Contributions: Drs. Rosenbaum and Planck had full access to all the data in the study and take responsibility for the integrity
of the data and the accuracy of the data analysis.

Study concept and design: Rosenbaum, Choi, Harrington, Planck.

Acquisition, analysis, or interpretation of data: Rosenbaum, Choi, Harrington, Wilson, Grossniklaus, Sibley, Ng, Dailey, Steele,
Hayek, Craven, Edward, Maktabi, Hussain, White, Dolman, Czyz, Foster, Harris, Bee, Tse, Alabiad, Dubovy, Kazim, Selva, Yeatts,
Korn, Kikkawa, Silkiss, Sivak, Stauffer, Planck, Salek

Drafting of the manuscript: Rosenbaum, Choi, Harrington, Sibley, Planck.

Critical revision of the manuscript for important intellectual content: Rosenbaum, Choi, Harrington, Wilson, Grossniklaus, Sibley, Ng,
Dailey, Steele, Hayek, Craven, Edward, Maktabi, Hussain, White, Dolman, Czyz, Foster, Harris, Bee, Tse, Alabiad, Dubovy, Kazim,
Selva, Yeatts, Korn, Kikkawa, Silkiss, Sivak, Stauffer, Planck, Salek

Statistical analysis. Choi, Sibley

Obtained funding: Rosenbaum, Choi, Planck.

Administrative, technical, or material support: Rosenbaum, Harrington, Wilson, Grossniklaus, Ng, Dailey, Steele, Hayek, Craven,
Edward, Maktabi, Hussain, White, Dolman, Czyz, Foster, Harris, Bee, Tse, Alabiad, Dubovy, Kazim, Selva, Yeatts, Korn, Kikkawa,
Silkiss, Sivak, Stauffer, Planck

Study supervision: Rosenbaum, Harrington, Planck.

Confflict of Interest Disclosures: Dr. Rosenbaum has consulted for Genentech and was a coinvestigator on a study funded by
Genentech to evaluate the use of rituximab for orbital inflammatory diseases. No other disclosures were reported.

Previous Presentations. Some of these data will be presented at the annual meeting of the Association for Research in Vision and
Ophthalmology; May 2017; Baltimore, Maryland. The raw and normalized gene expression microarray data will be uploaded to the
GEO database.

Additional Contributions: RNA extraction and microarray assays were performed in the Oregon Health & Science University Gene
Profiling Shared Resource. Kristina Vartanian, BS, Integrated Genomics Laboratory, Oregon Health & Science University, provided
excellent technical support for the microarray work. There was no financial compensation.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Rosenbaum et al. Page 2

SIntegrated Genomics Laboratory, Oregon Health & Science University, Portland, Oregon, United
States

‘Ophthalmology, Emory University, Atlanta, Georgia, United States
8Research Department, King Khaled Eye Specialist Hospital, Riyadh, 11462 Saudi Arabia

°Department of Ophthalmology and Visual Sciences, University of British Columbia, Vancouver,
BC, Canada

10Division of Ophthalmology, Ohio University, Columbus, OH 43228

1Department of Ophthalmology, The Ohio State University, Columbus, OH 43215
2Department of Ophthalmology, Medical College of Wisconsin, Milwaukee, WI 53226
13Kaohsiung Veteran's General Hospital, Kaohsiung City, Taiwan

14Department of Ophthalmology, University of Miami, FL 33101

15Department of Ophthalmology, Columbia University, New York, NY 10032
160phthalmology Network, Royal Adelaide Hospital, Adelaide, SA 5000, Australia
1"Department of Ophthalmology, Wake Forrest University, Winston-Salem, NC 27103
18Department of Ophthalmology, University of California, San Diego, CA 92037
19Silkiss Eye Surgery, Oakland, CA 94609

20Department of Ophthalmology, University of West Virginia, Morgantown, WV 26506

Abstract

Importance—Although a variety of well characterized diseases such as sarcoidosis and
granulomatosis with polyangiitis (GPA) affect the lacrimal gland, many patients with
dacryoadenitis are labelled as having nonspecific orbital inflammation (NSOI) on the basis of
histology and systemic disease evaluation. The ability to subdivide these patients should facilitate
selection of effective therapies.

Objective—The a priori hypothesis was that gene expression profiles would complement clinical
and histopathologic evaluations in identifying well-characterized diseases and in subdividing
NSOI into clinically-relevant groups.

Design—Gene expression levels in biopsies of inflamed and control lacrimal glands were
measured with microarrays. Stained sections of the same biopsies were used for evaluation of
histopathology.

Setting—Tissues were obtained from oculoplastic surgeons at 7 centers representing 5 countries.
Gene expression analysis was done at the Oregon Health & Science University.

Participants—48 subjects: 4 thyroid eye disease, 7 sarcoidosis, 3 GPA, 28 NSOI, and 6 healthy
controls.

Main Outcome(s) and Measure(s)—The primary outcome was subdivision of samples based
on gene expression of our published list of ~40 differentially expressed transcripts in blood,
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lacrimal gland, and orbital adipose tissue from patients with sarcoidosis. Stained sections were
evaluated for no, mild, moderate, or marked inflammation, granulomas, nodules, or fibrosis by two
independent ocular pathologists masked to the clinical diagnosis.

Results—The mclust algorithm segregated the samples into 4 subsets with differences illustrated
by a heat map and multidimensional scaling plots. Most of the sarcoidosis samples are in subset 1,
which had the highest granuloma score. Interestingly, 3 NSOI samples in subset 1 had no apparent
granulomas. 32% of the NSOI samples could not be distinguished from samples of healthy
controls, while other examples of NSOI tended to group with gene expression resembling TED or
GPA.. The 4 subsets could also be partially differentiated by their fibrosis, inflammation, and
granuloma scores.

Conclusions and Relevance—Gene expression profiling discloses clear heterogeneity among
patients with lacrimal inflammatory disease. Comparison of the expression profiles suggests that a
subset of patients with nonspecific dacryoadenitis might have a limited form of sarcoidosis, while
other patients with NSOI cannot be distinguished from healthy controls.

INTRODUCTION

Dacryoadenitis has a broad differential diagnosis that includes sarcoidosis, honspecific
orbital inflammation (NSOI), Sjégren’s syndrome, and less commonly, entities such as
granulomatosis with polyangiitis (GPA), thyroid eye disease (TED), or 1gG4-related
diseasel=>. Other considerations in the differential diagnosis include infections, tumors
including lymphoma, and lymphoid hyperplasia. Among these diagnoses, nonspecific
inflammation is the most common biopsy diagnosis?.

Although histopathology is certainly a component of the gold standard for diagnosing
diseases of the lacrimal gland, the approach has limitations. For example, GPA is a medium-
sized vessel vasculitis, but vessels of that size are rarely present within a lacrimal specimen.
Although the pathology of sarcoidosis includes granuloma, which are readily appreciated by
histology, a sampling error might exclude granulomas from the tissue which is
microscopically examined. The presence of 1gG4 positive plasma cells is emerging as an
important factor in lacrimal inflammation?, but the specificity of these cells has been
questioned®. Clearly there is opportunity to improve the diagnostic yield from lacrimal gland
biopsy. Further, an unresolved issue is whether nonspecific inflammation represents a single
diagnostic entity or a variety of different inflammations.

Implementation of molecular techniques has the potential to increase the accuracy and
specificity of diagnosing the different forms of dacryoadenitis. For example, gene expression
profiling can distinguish different causes of synovitis’, esophagitis®, or myocarditis.® We
previously employed gene expression profiling to characterize different cause of uveitis0.11
and of orbital adipose inflammation12-15, In another report, we analyzed gene expression in
lacrimal gland, orbital adipose tissue, and blood from subjects affected by sarcoidosis’®. In
that study, we selected a set of 40 mRNA transcripts that were differentially expressed in all
three diseased tissues compared to the same tissues from healthy controls?6.
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We now have compared gene expression profiles of lacrimal gland from subjects with TED,
GPA, sarcoidosis, or nonspecific orbital inflammation to profiles from normal controls.
Based on the 40 transcripts identified from our prior sarcoidosis study, we used the mclust
clustering algorithm2 to test the hypothesis that nonspecific lacrimal gland inflammation is
a heterogeneous collection of diseases which sometimes resembles sarcoidosis.

METHODS

Tissue

We collected 49 lacrimal gland biopsies from 48 subjects (one lacrimal gland from a patient
with sarcoidosis was sampled from two separate locations) from 7 international centers:
Emory University, Kaohsiung Veteran’s General Hospital, King Khaled Eye Specialist
Hospital, Medical College of Wisconsin, Ophthalmic Surgeons and Consultants (Ohio),
Oregon Health & Science University, and University of British Columbia. All tissue had
been formalin fixed and paraffin embedded. All tissues had been reviewed by an ophthalmic
pathologist from the contributing center and then further reviewed by two additional
pathologists (DJW and HEG) who collaborated in the preparation of this report. These
centers and the pathologists have previously used a similar method of tissue collection to
analyze gene expression from a variety of orbital diseases including TED13, GPA12,
sarcoidosis’6, and nonspecific orbital inflammation4. Control tissue from healthy
individuals was obtained at the time of cosmetic surgery or blepharoplasty. In some
instances, surgeons removed portions of normal lacrimal gland if the gland prolapsed during
the course of orbital surgery. The study was approved by the IRB at Oregon Health &
Science University as well as the IRB at each participating center.

Pathology Review

The two reviewing pathologists were tasked with confirming the diagnosis from the
institution where the biopsy was obtained. The pathologists also independently scored each
tissue on the basis of granulomas, lymphoid nodules, fibrosis, and inflammation. In each
case, an ordinal scale from zero to three was used. The scores reflected none, mild, moderate
or marked change for each given descriptor. The two pathologists’ scores were in agreement
two-thirds of the time. The scores were averaged for analyses.

RNA extraction and microarray

All tissue was sent to Oregon Health & Science University, Portland, Oregon, for RNA
extraction and microarray as previously described!213.16_|n brief, cDNA was synthesized
from purified RNA, amplified, labeled, and hybridized to Affymetrix U 133 plus 2.0 arrays,
which include probe sets for about 45,000 transcripts. Further, we have reported on the RNA
quality and the correlation between our array data and quantitative PCR18,

Statistical methods

Affymetrix cel files were imported into R statistical languagel® and expression levels were
calculated by the robust multi-array analysis?%. Mclust!” was used to cluster the normalized
gene expression values of selected probe sets. A clustering analysis is a type of unsupervised
machine learning that groups samples into clusters such that those within a cluster are more
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closely related to one another than those assigned to different clusters based on some
dissimilarity measure?L. Most of the conventional clustering algorithms such as hierarchical
clustering or ~~-means clustering require the number of clusters pre-specified, which can be a
subjective decision and disadvantage in applications?2. In contrast, mclust assumes that
samples are collected from a number of Gaussian distributions (or normal distributions).
First, It fits a range of different Gaussian mixture models, and then it chooses an optimal
number of Gaussian distributions or clusters based on the Bayesian information criterion?3,
Therefore, mclust can provide a more objective number of clusters than the conventional
clustering algorithms.

Heat maps and multidimensional scaling (MDS) plots were employed to visualize the cluster
analysis results. All computations were done using affy, limma and mclust packages of R
statistical language.

Selection of discriminating probe sets

RESULTS

In our previous study investigating gene expression differences due to sarcoidosis in lacrimal
gland, orbital tissue, or blood, we employed linear models and empirical Bayes methods24
while adjusting for potential confounding effects of sex and age. The linear models were
fitted to each tissue type separately and race was not included in the models due to too many
missing values. We reported 159 Affymetrix probe sets indicating differential expression
common to all three of these tissues (at least 1.5-fold change compared to healthy controls
with an adjusted false discovery rate (FDR) p-value < .05)16. Among them, 45 probe sets
had FDR p-values < 0.005 and were used for the analyses shown in Figures 1 and 2.
Because of redundancy in the probe sets, the 45 probe sets represent 40 different genes.

We analyzed 49 lacrimal biopsies including 7 from subjects with sarcoidosis, 3 from
subjects with GPA, 4 from subjects with TED, 6 from healthy controls, and 28 from subjects
with NSOI. The mean age and sex for each of these five groups is shown in Table 1.
Information on race is also provided in this table. Although the groups do differ in some
comparisons on the basis of age, sex or race, the differences are not statistically significant.
Because of the numbers of specimens in each of our disease groups, we focused our initial
analysis on 45 core probe sets that we previously reported to discriminate between gene
expression profiles of lacrimal gland, orbital tissue, and blood from subjects with sarcoidosis
when compared to profiles from healthy controlsé. Application of the mclust algorithm with
the selected probe sets used unsupervised machine learning to divide the subjects into an
optimal number of clusters with different gene expression patterns based on the Bayesian
information criterion?3. Inclusion of additional probe sets that we previously found to be
differentially expressed in orbital tissues from subjects with these diseases decreased the
consistency of clustering as indicated by the mclust partition with the disease diagnosis.

The mclust results based on the core probe sets are shown in the heat map (Figure 1) and the
multidimensional scaling plot (Figure 2). These probe sets discriminate among the controls
and the 3 known diseases: sarcoidosis, TED, and GPA. As seen in both the heat map and the
MDS plot, 6 of the 8 sarcoidosis samples, two of the three GPA samples, three of the four
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TED samples, and 5 of the 6 control samples cluster together. These same genes subdivide
the NSOI samples into the 4 clusters Three of the 28 NSOI samples have a gene expression
pattern resembling sarcoidosis even though granulomas were not detected in the biopsies by
either pathologist. Clinical information was available on two of the 3 subjects with NSOI
whose gene expression profile resembled sarcoidosis. Both subjects were observed without
therapy and neither had chest computerized tomography imaging. Other NSOI samples
group with other diagnoses including GPA, TED, or controls. In both Figures 1 and 2,
underlining is used to identify the two samples from different portions of the lacrimal gland
from the same individual. The pattern seen in the heat map and the proximity of the two data
points shown in the MDS plot indicate that the reproducibility of the method is good.

We next analyzed the lacrimal biopsies based on the pathologist’s scoring for fibrosis,
inflammation, lymphoid nodules or granulomas. In Figure 3A, the biopsies have been
grouped based on the gene expression cluster. Using Chi square analysis, the clusters differ
for each of these four pathology scores (Fibrosis: p-value = 0.014; Inflammation: p-value =
0.001; Granuloma: p-value = 0.001; Nodules: p-value = 0.002). We then analyzed how the
four pathology scores correlated with the histologic diagnosis. As shown visually in Figure
3B and as confirmed by Chi square analysis, lymphoid nodules do not discriminate among
the various diagnoses (p=0.75). The quantification of fibrosis tends to be a useful
discriminator, although the differences did not reach statistical significance (p=0.09). On the
other hand, either the detection of granulomas or the extent of inflammation had a non-
random distribution among the diagnoses as determined by Chi square (p<0.001 for either
variable), although the inflammation scores showed considerable overlap.

An important question to address is whether results could be attributed to an effect from
medication. Data on prednisone usage was known for 25 subjects in this study. For the six
subjects receiving prednisone, the dosages were moderately high and ranged from 20 to 60
mg/day (mean 39.2 mg/day). With only 6 subjects receiving prednisone, statistical
conclusions about the impact of the prednisone should be tentative. However, the MDS plot
shown as Figure 4 highlights those on prednisone therapy. Both of the sarcoidosis subjects
who did not cluster with the other sarcoidosis samples were receiving prednisone at the time
of the biopsy. The subject with GPA receiving prednisone appears to be shifted to the right
as well. Corticosteroids are known to have major effects on gene expression?3, and it is
plausible therefore to speculate that their use affected some results.

Finally, potential uses of gene expression profiling are to be able to predict prognosis or to
identify therapy that has a high likelihood of success. Although the size of the database and
the duration of follow up data are not adequate to address these issues thoroughly, one
clinical vignette might be instructive. One subject who was included in the study had a
history of well documented Graves’ disease more than a decade prior to the onset of orbital
disease. Her orbital imaging showed bilateral but asymmetric inflammation that involved the
inferior and superior rectus muscles, as well as orbital fat, the lacrimal glands and the
cavernous sinus. The radiologist felt that the findings were atypical for thyroid orbitopathy
due to the lacrimal and sinus involvement. The pathologist read the biopsy as nonspecific
inflammation. Her gene expression profile also supported this conclusion with a pattern of
gene expression that fell into cluster 1 rather than with the thyroid eye disease samples. The
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patient responded to rituximab therapy, an approach which was not effective for thyroid eye
disease in a randomized controlled trial2°.

DISCUSSION

Our observations based on gene expression indicate clearly that nonspecific inflammation
within the lacrimal gland is a heterogeneous collection of diseases. The data suggest that a
minority of patients with nonspecific lacrimal gland inflammation might have a localized
form of sarcoidosis, even if granulomas are not present in the biopsy section examined.
Other examples of NSOI resemble either GPA or TED in terms of the pattern of gene
expression. More detailed clinical information and more extensive follow up information
would help determine if these subjects followed different clinical courses that correlated
with the pattern of gene expression.

Our study found some degree of fibrosis, inflammation and even lymphoid nodules among
healthy controls. This corresponds well with what has been reported in minor salivary gland
and lacrimal gland biopsies25. Some degree of fibrosis and lymphoid nodularity is frequently
detected in this tissue from individuals who have no known abnormality regarding function
of these glands. The clustering on the basis of gene expression divided the biopsies into
groups that correlated with the pathology scores more consistently than dividing the tissue
on the basis of a diagnosis such as TED, GPA, or sarcoidosis. Either grouping, i.e. by gene
expression or by diagnosis, reveals that the four pathology scores (fibrosis, inflammation,
granulomas, lymphoid nodules) do not reliably subdivide the tissues based on the overlap
shown in Figures 3A and 3B.

Our study has a variety of limitations. Centers might vary in clinical approach such as the
duration of symptoms acceptable prior to biopsy. These centers might also vary as to
pharmacologic treatment prior to biopsy. The length of time that the biopsy was in fixative
could influence the integrity of the RNA. Our data on clinical course are somewhat limited.
Finally, we show data that suggest that oral corticosteroid affects gene expression, but we do
not have adequate data to assess other medications. We also emphasize that our observations
on corticosteroids are based on a small number of subjects taking a relatively high dosage of
prednisone. In a prior study on orbital adipose tissue that focused on a different set of
transcripts, we could not show that corticosteroids affected gene expressionl3. Additional
study of this issue is warranted.

Despite these limitations, this is arguably the largest study to date on gene expression in
lacrimal inflammation; and the first to show definitively the heterogeneity of nonspecific
inflammation in that gland. Prior studies on gene expression in the lacrimal gland?” or in the
lacrimal accessory gland28 were limited to normal tissues. Our analysis supports the
conclusion that some patients with nonspecific lacrimal gland inflammation might have a
limited form of sarcoidosis, GPA, or even TED. Furthermore, the analysis demonstrates how
patterns of gene expression can provide data that complements the information gleaned by
light microscopy.
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Key Point
Question

Is nonspecific orbital inflammation (NSOI) affecting the lacrimal gland a single disease
or multiple different diseases and is it a limited form of other diseases such as sarcoidosis
or granulomatosis with polyangiitis?

Key Points/Finding

A cohort study comparing the expression of 40 genes from biopsies of patients with
lacrimal NSOI with controls indicates that NSOI is a heterogeneous collection of diseases
and suggests that it is often a limited form of known lacrimal inflammations.

M eaning

The pattern of gene expression can subdivide NSOI of the lacrimal gland and has the
potential to lead to more precise therapy as well as new insights into pathogenesis.

Tweet

Gene expression shows nonspecific lacrimal gland inflammation may be a limited form
of a known disease.
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Figure 1.
Heat map showing relative expression levels in 4 clusters based on the core probe sets.

Yellow, high expression; blue, low expression; S, sarcoidosis; G, GPA; T, TED; N, NSOI; C,
control. The number of clusters and allocation of specimens were determined by the mclust
algorithm. The underlined “S”s in cluster 1 indicate two specimens from the same subject.
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Figure 2.

The 3-dimensional MDS plot illustrates the clustering of the 4 clusters determined by mclust
analysis using 45 probe sets previously shown to be differential expressed in subjects with
sarcoidosis. The four colors indicate the 4 clusters. A rotating view of this plot is seen in

Video 1. S, sarcoidosis; G, GPA; T, TED; N, NSOI; C, control. The underlined black “S”s
indicate two specimens from the same subject.
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[a] Pathology scores by cluster
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The tissues were scored for fibrosis, granulomas, lymphoid nodules, and inflammation. A.
The scores are grouped by cluster with the letters and colors indicating the disease group. S
—sarcoidosis, T— TED, G — GPA, N — NSOI, C — control. B. The scores are grouped by
disease with the numbers and colors indicating the clusters as shown in figure 1.
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Figure 4.

The effect of prednisone on gene expression. Subjects who were known to be taking
prednisone at the time of the biopsy have been marked with a triangle. The shift to the right
of two subjects with sarcoidosis and one subject with GPA suggests that prednisone might

have affected gene expression.
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