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Abstract

Pulmonary arterial hypertension is a common and fatal complication of scleroderma that may involve inflammatory and autoimmune
mechanisms. Alterations in the gene expression of peripheral blood mononuclear cells have been previously described in patients
with pulmonary arterial hypertension. Our goal is to identify differentially expressed genes in peripheral blood mononuclear cells in
scleroderma patients with and without pulmonary hypertension as biomarkers of disease.

Gene expression analysis was performed on a Microarray Cohort of scleroderma patients with (n = 10) and without (n = 10) pul-
monary hypertension. Differentially expressed genes were confirmed in the Microarray Cohort and validated in a Validation Cohort
of scleroderma patients with (n = 15) and without (n = 19) pulmonary hypertension by RT-qPCR. We identified inflammatory and
immune-related genes including interleukin-7 receptor (IL-7R) and chemokine receptor 7 as differentially expressed in patients with
scleroderma-associated pulmonary hypertension. Flow cytometry confirmed decreased expression of IL-7R on circulating CD4+ T-cells
from scleroderma patients with pulmonary hypertension.

Differences exist in the expression of inflammatory and immune-related genes in peripheral blood cells from patients with scleroderma-
related pulmonary hypertension compared to those with normal pulmonary artery pressures. These findings may have implications
as biomarkers to screen at-risk populations for early diagnosis and provide insight into mechanisms of scleroderma-related pulmonary
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Introduction

Pulmonary arterial hypertension (PAH) is a poorly understood,
clinically devastating disease characterized by the proliferation
of endothelial and smooth muscle cells within the precapillary
pulmonary vasculature. These changes result in a progressive
increase in pulmonary vascular resistance and, if untreated, right
ventricular failure and death. The etiology of these pulmonary
vascular changes is not known; however, inflammation and
autoimmunity may play a role.

Systemic sclerosis is a multisystem autoimmune disease that
can affect a variety of organ systems, including the pulmonary
vasculature. Up to 10-15% of scleroderma (SSc) patients develop
PAH.! Many of these patients die as a direct result of pulmonary
hypertension.? The systemic sclerosis population has a predictable
risk for developing this devastating disease and represents a group
that may benefit from early diagnosis and treatment.” However,
identification of PAH frequently occurs after the patient has
progressed to advanced disease.* Early pathologic diagnosis of
pulmonary hypertension is difficult as direct investigation of
the vascular pathology is prohibitive due to risk associated with
lung biopsy. Current noninvasive means of identifying PAH such
as transthoracic echocardiography, 6-minute walk testing and
measurement of diffusing capacity for carbon monoxide (DL,,)
are suboptimal screening tests as they become abnormal only
after significant pulmonary vasculopathy has occurred.

Previous studies have supported a role for inflammation in
various forms of pulmonary hypertension.”'* Mononuclear cells,
T and B lymphocytes, and dendritic cells have been described in
close proximity to the vasculopathy associated with idiopathic
PAH (IPAH) and scleroderma-related PAH (SSc-PAH).!*-15
Differences in percentage of T and B lymphocytes in peripheral

blood have also been noted in patients with IPAH compared to
normal controls.'®!” Furthermore, PAH is a known complication
of a number of systemic autoimmune inflammatory conditions
such as scleroderma, rheumatoid arthritis, lupus, sarcoidosis and
mixed connective tissue disease.'®"

In concert with chronic inflammation, immunologic
mechanisms may contribute to the progression of PAH.?-** SSc-
PAH patients can have positive antinuclear and anticentromere
antibodies, compared to SSc patients with pulmonary fibrosis
and no evidence of PAH.*%

Thus, we sought to identify relevant differences in
inflammatory and immune-related gene expression and T-cell
lymphocyte surface markers in peripheral blood mononuclear
cells (PBMCs) that could distinguish SSc-PAH patients from SSc
without PAH. We then examined for cell surface protein changes
related to the changes noted in gene expression. These differences
in immune phenotype may potentially aid in early diagnosis
and provide insight into the inflammatory and autoimmune
pathogenesis of SSc-PAH.

Methods

Subjects and recruitment

All subjects were recruited and prospectively enrolled from
the Pulmonary Hypertension and Scleroderma clinics at
the University of Colorado Denver and at the Pulmonary
Hypertension Association biennial meeting. All recruited
subjects provided written consent to participate in this study,
and the protocol was approved by the institutional human-
subjects review board (Colorado Multiple Institutional Review
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Cohort Microarray Validation

Subjects SSc-PAH SSc without PAH  p value  SSc-PAH SSc without PAH  p value
n 10 10 15 19

Age (years) 61.7+9.4 51.2+*11.0 0.03 59.3 £ 10.1 51.0+ 8.5 0.014
Ethnicity (number)

NHW 10 6 12 14

AA 0 1 2 2

HL 0 1 1 3

AS 0 1 0 0

Unknown 0 1 0 0

Gender (% female) 100 100 86.7 84.2

Oral Pulmonary hypertension 100 n/a 100 n/a

therapy (%)

WHO functional class 2.7£05 25+0.8 0.44
6 MWD (m) 301.5 = 100.0 300.9 £91.9 0.99
Pulmonary function tests

Dlco (%) 39.6 £ 15.7 70.6+ 29.4 0.02 35.6% 18.8 78.6 + 33.8 0.001
FVC/DLco 23+09 1.4+ 0.5 0.03 2.1£ 0.8 1.2+0.3 0.001
FVC (%) 79.3+13.7 86.6 £ 13.9 0.28 634t 11.1 89.1 £ 16.1 <0.0001
Transthoracic echo data

RAP (mmHg) 72+ 33 73+ 3.7 0.97
RVSP (mmHg) 80.2 £ 20.3 67.6 £ 29.8 0.28
TR Jet(m/s?) 42+ 0.6 3.8+0.8 0.17
Right heart catheterization data

RAP (mmHg) 54+37 48 £ 3.1 0.67
mPAP (mmHg) 429+938 39.1 £8.0 0.29
PVR (WU) 8.0+ 4.4 70+28 0.51
CO (L/min) 48* 1.6 49+ 1.7 0.90
Cl (L/min/m?) 25+*09 27+08 0.75

Table 1. Microarray and Validation Cohort subject demographics. SSc-PAH and SSc without PAH have a statistically significant difference in age (p = 0.03) in the Microarray
and Validation Cohorts. There was no statistical difference in hemodynamic values between the two cohorts. NHW = Non-Hispanic White; AA = African American; HL =
Hispanic Latino; AS = Asian. TTE = transthoracic echo,; RAP = right atrial pressure; RVSP = right ventricular systolic pressure; TR Jet = tricuspid regurgitant jet. mPAP = mean
pulmonary artery pressure, PVR = pulmonary vascular resistance, CO = cardiac output; C/ = cardiac index. All values are expressed as mean * standard deviation.

Board [COMIRB] protocol number 06-0247) at the University
of Colorado Denver.

Scleroderma patients were identified using American College
of Rheumatology diagnostic criteria.?” Patients with SSc but
without PAH were clinically identified by a normal 2nd heart
sound, lack of tricuspid regurgitation murmur and an estimated
RVSP <35 mmHg on a transthoracic echocardiogram when
available. The SSc without PAH subjects in the Microarray and
Validation Cohorts were prospectively followed for a 2-year
period to confirm the absence of PAH by these criteria. Right
heart catheterization (RHC) was performed on all patients with
SSc-PAH to confirm the diagnosis. Pulmonary arterial
hypertension was defined as a resting mean pulmonary artery
pressure (mPAP) >25 mmHg with pulmonary artery occlusion
pressure of <15 mmHg.

An initial cohort composed of scleroderma patients with
and without pulmonary hypertension, referred to as the
Microarray Cohort, underwent microarray gene expression
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analysis. The microarray cohort was composed of 10 SSc-
PAH and 10 SSc without PAH subjects (Table 1). A second
larger cohort referred to as the Validation Cohort contained
15 SSc-PAH and 19 SSc without PAH subjects (Table 1). The
microarray cohort was matched by gender, disease severity
(mean PAP, cardiac output, and pulmonary vascular resistance)
and medication. Exclusion criteria included pulmonary
venous hypertension (pulmonary artery occlusion pressure
>15 mmHg), significant obstructive or restrictive lung disease
on pulmonary function testing (FEV, < 70% or FVC < 70%,
respectively). Due to concern for the impact on peripheral
blood gene expression, patients with continuously infused
medications such as intravenous prostacyclin therapy were
excluded, as were patients on high doses of methotrexate
or corticosteroids. Additionally, patients with evidence of
other active disease processes unrelated to PAH within the
preceding 30 days (e.g., systemic infection, bleeding diathesis
or hospitalization for other processes) were excluded.
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Blood collection and isolation of PBMCs

Whole blood was drawn from each subject via peripheral
venipuncture into BD Vacutainer® CPT tubes with sodium citrate
(Becton, Dickinson and Company, Franklin Lakes, NJ, USA). Care
was taken to standardize blood sample collection and preparation.
Blood was collected through a 21-gauge needle. Peripheral blood
mononuclear cells (PBMCs) were isolated from heparinized
blood by Ficoll-Hypaque density gradient separation, and cells
were stored in RNALater (Qiagen Inc., Valencia, CA, USA) at
-80°C. The cellular composition of the Microarray Cohort PBMC
samples was assessed and samples utilized were determined to
be greater than 87% mononuclear cells.

Microarray preparation

Total RNA was isolated from PBMCs using Trizol (Invitrogen
Corporation, Carlsbad, CA, USA) extraction and isopropyl
alcohol precipitation, followed by clean-up with a Qiagen RNeasy
mini-kit (Qiagen). RNA was quantified by spectrophotometry,
and RNA integrity was confirmed with the Agilent Bioanalyzer
(Agilent Technologies, Santa Clara, CA, USA). Microarray targets
were prepared from 5 pg of total RNA using the Affymetrix (Santa
Clara, CA, USA) kit for reverse transcription and a single round
of in vitro transcription. HG-U133+2.0 were hybridized with
10 pg of cRNA and processed per the manufacturer’s protocol.

Data analysis

Patient demographics

Statistical analysis of subject demographic data was performed
with Prism version 4.0 for windows (GraphPad Software, San
Diego, CA, USA). Unpaired t-tests were used to compare
hemodynamic data. The unpaired student ¢-test was used to
evaluate demographic data and RT-qPCR data between SSc-
PAH Microarray and Validation Cohorts. Categorical data were
evaluated with a chi-square test. Continuous data are presented
as mean * standard deviation. Categorical data are represented
as numbers and percentages. A p value of < 0.05 was considered
statistically significant for demographic and RT-qPCR data.

Microarray analysis
All microarray data met the quality control criteria established by
the Tumor Analysis Best Practices Working Group? and is available
in the Gene Expression Omnibus repository (GSE22356).
Microarray expression data were analyzed using analysis of
variance (ANOVA) methods implemented in Partek (St. Louis,
MO, USA) and prediction analysis of microarrays (PAM)*
implemented in BRB ArrayTools v3.3 developed by Drs. Richard
Simon and Amy Peng Lam.*® We identified PAH associated
differential expression by comparing the gene expression profiles
of the 10 SSc-PAH and 10 SSc without PAH PBMC samples using
a one-way ANOVA. Of the 54,675 transcripts measured on the
microarray, 2,303 were differentially abundant between these two
groups with a False Discovery Rate (FDR) threshold of 5%, and
1,517 transcripts meet a stringent unadjusted p value < 0.001.
Transcripts that were invariant across the microarray cohort
were filtered out, and the remaining 17,412 transcripts were
evaluated. Unsupervised hierarchical clustering was performed
using Euclidian distance and average linkage (Figure 1A). In order
to identify the subset of these differentially expressed transcripts
that may be the most useful for the prediction of PAH in the
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second SSc cohort, we employed the PAM method of nearest
shrunken centroids.*

Reverse transcription qPCR

Selection of differentially expressed transcripts for confirmation
and validation were based upon their ability to discriminate
between the SSc-PAH and SSc without PAH and potential
role in inflammatory or autoimmune pathogenesis (Table 2).
Confirmation and validation of candidate genes for all cohorts was
performed by real time quantitative polymerase chain reaction
(RT-qPCR) after reverse transcription of RNA using the iScript
cDNA Synthesis Kit (Bio-Rad, Laboratories, Hercules, CA, USA).
RT-qPCR was performed retrospectively on the Microarray
Cohort, then prospectively in the Validation Cohort.”’ Two
subjects from the Microarray Cohort (one SSc-PAH and one
SSc without PAH) were excluded from RT-qPCR analysis due to
degradation of RNA (Table 1).

Primers and probes for the following genes were obtained
from Applied Biosystems (ABI) Assays on Demand using their
recommended conditions (Foster City, CA, USA): Leucine Rich
Repeat Neuronal 3 (LRRN3, Hs00539582_s1), Noggin (NOG,
Hs00271362_s1), Transforming Growth Factor Beta Receptor
2 (TGFBR2, Hs00234253_m1), Interleukin 7 Receptor (IL-
7R, Hs00904814_m1), and Chemokine Receptor 7 (CCR7,
Hs99999080_m1). The Affymetrix probe ID for these genes was
utilized to select ABI primer/probe sets on the ABI website (http://
www4.appliedbiosystems.com/tools/umapit/). This provided
primer/probe sets near the 3’ end of the gene adjacent to the
Affymetrix probe and within the coding region of the gene when
possible. TagMan® MGB probes and primers were FAM™ and
VIC® dye-labeled; TagMan® MGB Universal PCR Master Mix was
obtained from ABI. The BioRad iCycler™ iQ Multicolor Real-
Time PCR Detection System (Bio-Rad) and Applied Biosystems
7300 Real Time PCR System were used to evaluate the 5 genes
of interest. All experimental samples and standards were run
in duplicate and averaged. Results were standardized to the
expression of the control gene human -2 microglobulin (B2M).
B2M was utilized as a control due to its high and consistent gene
expression on microarray analysis among all microarray subject
samples.

Immunofluorescence staining of PBMCs

The Flow Cytometry cohort data are listed in Table 3. PBMCs
were isolated from potassium/EDTA anticoagulated blood by
Ficoll-Hypaque density gradient separation after 1:1 dilution
with Dulbecco’s PBS (Mediatech, Inc., Manassas, VA, USA). Cells
were washed in a FACS buffer consisting of 1% bovine serum
albumin (Sigma-Aldrich, St. Louis, MO, USA) in DPBS and
surfaced stained with unlabeled anti-CCR7 (BD Pharmingen, San
Diego, CA, USA) for 25 minutes at 4°C, washed with FACS buffer,
and stained with a secondary biotinylated antimouse IgM for 20
minutes at 4°C. Cells were washed and stained with anti-CD4 or
CD8 (PerCP; BD Pharmingen), anti-CD127 (FITC; eBioscience,
Inc., San Diego, CA, USA), anti-CD45RA (APC; BD Pharmingen),
and streptavidin-PE (BD Pharmingen) for 20 minutes at 4°C. Cells
were washed and resuspended in 1% formaldehyde (Polyscience,
Inc., Warrington, PA, USA) in DPBS. Fluorescence minus one
(FMO) was used on representative samples from both controls
and patients for establishing appropriate gates in the fully stained
samples.*
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Figure 1. (A) Unsupervised dendrogram and Heatmap. Unsupervised hierarchical clustering was performed using the 17,412 probesets. The red boxes below the dendrogram
indicate SSc without PAH; blue boxes indicate SSc-PAH. Blue color in the Heat map indicates relatively low transcript expression, red color indicates relatively high transcript
expression. (B) Supervised principal component analysis of the Microarray Cohort. SSc without PAH (n = 10, red) and SSc-PAH (n = 10, blue). At p < 0.0001, 459 genes
were differentially expressed between the two groups.

Gene of interest Gene symbol Affymetrix ID Fold Change p value

Interleukin 7 Receptor IL7R 205798 _at l1.95 3.94 x 10°®

Leucine Rich Repeat Neuronal 3 LRRN3 209840_s_at 209841 _s_at | 13.91 l4.84 4.59 x 10 1.21 x 107
Noggin NOG 231798_at 13.04 2.12 x 10~
N-myristoyltransferase 2 NMT2 215743 _at 1222 6.92 x 1077

Tubulin, epsilon 1 TUBE1 226181 _at 11.93 2.11 x 10
Microtubule-associated protein 9 MAP9 228423 _at 12.06 3.19 x 10°°

Full length insert cDNA clone ZD45C02 = 1556054 _at 12.42 3.19 x 107°
Chemokine Receptor 7* CCR7 206337_at 12.20 6.82 x 107
Transforming Growth Factor § Receptor 2* | TGFBR 2 208944 _at 1133 1.12 x 10~

Table 2. Genes selected from microarray analysis. Gene symbol and Affymetrix ID are listed. The first 8 transcripts were selected by PAM analysis. * = transcripts not included
in PAM analysis, but selected for potential interest. Fold change represents the change in microarray gene expression comparing SSc-PAH gene expression to SSc without
PAH gene expression. p value is the statistically significant difference in the microarray analysis gene expression comparing SSc-PAH to SSc without PAH. LRRN3 is counted
as two transcripts.

Flow cytometry scatter patterns. Results are presented as the percentage, or mean
Cells were analyzed using a FACSCalibur flow cytometer (BD  fluorescent intensity (MFI) of positively stained cells within the
Immunocytometry Systems, San Jose, CA, USA), as previously ~ gated population. Expression of CD4 and CD8 on T cells was

described.”*** Data analysis was performed using Flow]Jo software analyzed in a bivariate dot plot. Because CD127 expression was
(Tree Star Inc., Ashland, OR, USA). The number of events not bimodal, expression levels on CD4" T cells were determined
collected ranged between 1 and 3 million. For data analysis, an by subtracting the mean fluorescence intensity (MFI) of the FMO

initial lymphocyte gate was set based on forward and 90° light ~ control from the CD127 MFI on the population of interest.
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Flow cytometry cohort SSc-PAH

n 10 11

Age (years) 59.8 + 8.0 60.1 £ 125
Ethnicity (number)

NHW 6 10

AA

HL 1

AS 0 1

Al 1 0

Gender (% female) 80 63.6

Oral pulmonary hypertension 100 n/a
therapy (%)

6 MWD (m) 304.6 + 75.5

Pulmonary function tests

FVC (%) 85.5 £ 20.7 90.1 £ 13.9
Dlco (%) 40.7£ 13.9 773 £ 215
FVC/DLco 22+05 1.2+03
Transthoracic echo data

TTE RAP (mmHg) 78+ 177 5.3 +2.4
TTE RVSP (mmHg) 68.6 £ 17.7 29.1£83
TTE TR jet (m/s?) 37+03 24+04
Right heart catheterization data

RAP (mmHg) 49+ 40

mPAP (mmHg) 41.7 £9.7

PVR (WU) 8.6+ 3.6

CO (L/min) 44109

Cl (L/min/m?) 2.6+03

SSc without PAH  p value

cohort was unable to distinguish SSc-PAH from SSc
without PAH with adequate sensitivity or specificity
(Figure 1A). We therefore performed a supervised
analysis (one-way ANOVA) identifying 2,303
transcripts differentially expressed between these
two groups with a False Discovery Rate threshold
of 5%. 1,517 transcripts met a stringent unadjusted
p value of < 0.001. A principal component analysis
(PCA) plot of the supervised clustering is shown in
Figure 1B. The optimal PAM classifier to distinguish
SSc-PAH from SSc without PAH contained eight
probe sets representing six well-described transcripts
(Table 2). Cross-validation of this classifier resulted
in the correct classification of 9 of 10 SSc-PAH and 9
of 10 SSc without PAH samples, and yields positive-
and negative-predictive values of 90%.

0.95

RT-qPCR results
0.57

0.0003
6.2 10

Microarray Cohort

Figure 2 demonstrates the RT-qPCR results
performed retrospectively for the five selected
genes, NOG, LRRN3, TGFfR2, IL-7R, and CCR7
which distinguish SSc-PAH from SSc without PAH
in the Microarray groups. SSc-PAH subjects have
statistically significant decreased copy number
expression for all genes evaluated.

0.25
8.7 x 10~
46 x 10~

Validation Cohort

RT-qPCR performed prospectively on a separate
Validation Cohort elicited similar results to the
Microarray Cohort. Figure 3 shows the relative RT-
qPCR gene expression in the SSc-PAH subjects and
SSc controls. All genes investigated were validated
with the exception of TGFBR2, which showed a

Table 3. Flow Cytometry Cohort subject demographics. SSc-PAH and SSc without PAH do not have a

trend toward statistical significance (p = 0.14).

statistically significant difference in age (p > 0.05). NHIW = Non-Hispanic White; AA = African American;

HL = Hispanic Latino; AS = Asian; Al = American Indian. TTE = transthoracic echo; RAP = right atrial
pressure; RVSP = right ventricular systolic pressure; TR Jet = tricuspid regurgitant jet. mPAP = mean
pulmonary artery pressure, PVR = pulmonary vascular resistance, CO = cardiac output; C/ = cardiac

index. All values are expressed as mean + standard deviation.

Flow cytometry

There was a significant decrease in the percentage
of CD4* T cells expressing IL-7R on the cell
surface (Figure 4A). In addition, Figure 4B shows

Results

Study population and hemodynamic characteristics
Table 1 displays the characteristics of the Microarray and Validation
Cohorts. The SSc-PAH and SSc without PAH subjects were
matched according to gender, ethnicity, medications, and disease
severity. The majority of subjects in both study cohorts were non-
Hispanic white women. The SSc-PAH subjects in the Microarray
and Validation Cohorts were older than those without PAH.
SSc-PAH subjects in the Microarray and Validation Cohorts
had evidence of moderate-to-severe PAH with mean pulmonary
artery pressures of 42.9 + 9.8 mmHg and 39.1 + 8.0 mmHg,
respectively. Measured hemodynamic values of SSc-PAH subjects
were not statistically different between the Microarray and
Confirmatory Cohorts (Table 1).

Microarray analysis
While there was evidence of clustering within the SSc without PAH
and SSc-PAH groups, unsupervised analysis of the microarray

VOLUME 3 « ISSUE 5

a representative example of a leftward shift in the
MFI of IL-7R on CD4* cells. Overall, a significant reduction in
the amount of IL-7R on a per cell basis, as detected by MFI, was
seen on CD4* T cells from the SSc-PAH subjects as compared
to the expression on CD4* T cells derived from the blood of
SSc without PAH (Figure 4C). Since IL-7R is an important
survival factor for memory T cells, we evaluated differences in
IL-7R expression on memory CD4* and CD8* T-cell subsets.
As previously described®, memory compartments were defined
as naive (CCR7%, CD45%), central memory (CCR7*, CD45%),
effector memory (CCR7-, CD45") and terminally differentiated
effector memory (TEMRA) (CCR7-, CD45") T cells. Overall, we
identified a statistically significant decrease in the percentage of
central memory and effector memory CD4" T cells expressing
IL-7R in patients with SSc-PAH as compared to SSc control
subjects (Figure 5). Expression of IL-7R in the remaining memory
compartments, naive, and terminally differentiated memory
CD4" cells approached statistical significance (Figure 5). These
findings were not noted when comparing memory compartments
of CD8" T cells expressing IL-7R in scleroderma patients with and
without pulmonary hypertension (data not shown). Differences

WWW.CTSJOURNAL.COM
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Figure 2. RT-gPCR of Microarray Cohort. Genes selected for confirmation of the microarray results. Relative expression of SSc-PAH (n = 9) versus SSc without PAH
(n = 9) was significantly different for all 5 genes. IL-7R (140 £ 53 n =9 vs. 340 £ 93 n =9, p <0.01); CCR7 (93 £9.9,n=9vs. 39+ 31,n =9, p = 0.01); LRRN3
(11 +£72,n=9vs32+15n=9,p<0.01); NOG (28 + 18,n=9vs. 86 £ 63,n =9, p =0.02), and TGFBR2 (360 + 92, n =9 vs. 550 + 160,n =9, p <0.01).
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Figure 3. RT-qPCR of Validation Cohort. Genes selected for validation of the microarray results. Relative expression of SSc-PAH (n = 15) versus SSc without PAH (n = 19)
was significantly different for 4 genes. TGFBR2 was not validated in this cohort, but approached statistical significance. IL-7R (294 £ 158 n = 15 vs. 496.9 £ 248, n = 19,
p=0.01); CCR7 (167 £ 121,n = 15vs. 333.9 £ 209.5,n =19, p = 0.01); LRRN3 (18.1 £ 12.7,n =15vs. 29.6 £ 15.4,n =19, p = 0.03); NOG (2.8 £ 2.1,n =15 vs.
79+ 6.7,n=19,p<0.01); TGFBR2 (180 £ 53.5,n = 15,2154 £ 76.2,n =19, p =0.14).
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Figure 4. (A) The expression of IL-7R on CD4+ cells is decreased in scleroderma patients with PAH compared to SSc without PAH, by flow cytometric analysis. (B) Subjects
with SSc-PAH have decreased expression of IL-7R on CD4+ T cells. Representative histograms of IL-7R mean fluorescence intensity (MFI) on CD4+ T cells from subjects with
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SSc, with and without PAH. (C) Comparison of IL-7R MFI on CD4+ T cells from subjects with SSc, with and without PAH.
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Figure 5. Flow cytometry of PBMCs for IL-7R expression in all CD4 memory compartments. SSc-PAH (n = 10); SSc without PAH (n = 11). Differences between PBMCs from
SSc-PAH and SSc without PAH in IL-7R expression in central memory (CM) and effector memory (EM) memory compartments were statistically significant. IL-7R expression
in naive and T effector memory RA+ (TEMRA) memory compartments was not statistically different between SSc-PAH and SSc without PAH. Evaluation of CD8+ cells did
not yield statistically significant differences in IL-7R in any of the memory compartments (data not shown).

in expression of CCR7 in CD4" and CD8" cells in SSc-PAH and
SSc without PAH were not observed using flow cytometry.

Discussion
In this study, we demonstrate significant differences in gene
expression of peripheral blood cells between scleroderma
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patients with and without pulmonary arterial hypertension
including a number of genes relevant to inflammation and
autoimmunity. We have confirmed these findings in our initial
array cohort and in a larger validation cohort. Lastly, we have
demonstrated decreased protein expression by flow cytometry
for IL-7R on circulating immune cells and differences in the
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memory compartments of CD4" cells between SSc-PAH and
SSc without PAH subjects.

As predicted by our gene expression data, changes in
immunologic phenotype are demonstrated by a decrease in the
percentage of IL-7 receptor in central and effector CD4* T-cell
memory compartments in patients with scleroderma associated
PAH. The change in expression of the immune-related transcript
interleukin 7 receptor gene is a notable finding in this study. This
transcript has previously been identified in microarray analysis as
differentially expressed in PBMCs®” in scleroderma subjects.

IL-7R is a transmembrane protein that is highly expressed
in monocytes and lymphocytes, in particular CD4* and CD8* T
cells. IL-7R signaling is responsible for maintenance of survival,
proliferation, and differentiation of lymphocytes.** Decreased
expression of IL-7R results in disruption of immune response in
both murine models and human disease.”””® Interestingly, HIV-
1 infected patients have CD4" T-cell depletion that is associated
with loss of the IL-7Ra chain.? Polymorphisms in the IL-7R
coding region have been associated with sarcoidosis.”” Both HIV-1
infection and sarcoidosis are risk factors for the development of
pulmonary hypertension.

Flow cytometry demonstrated a decrease in CD4" T cells
expressing IL-7R. These findings confirm our gene expression
findings in the microarray and RT-qPCR analyses. Although the
exact significance of these findings is unclear, they suggest the
possibility of dysregulated immunity in SSc-PAH patients.

Of additional interest, the microarray analysis also
demonstrated differential expression of the genes TGFPR2 and
Noggin (NOG) in PBMCs. The TGFp pathway is of recognized
importance in the development of some forms of PAH and may
be related to the pathogenesis of SSc-PAH.*-* We were able to
validate changes in NOG expression but not TGFPR?2 signaling
in our Validation Cohort.

Limitations to this study include the small sample size of
our array cohorts, which raises the possibility of overfitting
our classifier. However, we addressed this issue by confirming
anumber of identified genes in a separate, larger, and more diverse
validation cohort of patients. There was an age difference in the
Microarray and Validation Cohorts, and it is therefore possible
that age has contributed to the overall gene expression differences.
However, it has been previously demonstrated that patients with
SSc-PAH are older than SSc without PAH at the time of diagnosis
so the difference in age between cohorts is difficult to avoid and
may not be a significant confounder.*** Lastly, it is unknown
whether the identified gene expression differences between
SSc-PAH and SSc without PAH are a result of pulmonary arterial
hypertension or if these genes are related to the pathogenesis of
the disease.

Our work demonstrates an altered immune phenotype of
peripheral blood cells in SSc-PAH as compared to SSc without
PAH. Patients with scleroderma represent an at-risk population
that would benefit from earlier diagnosis of PAH in hopes of
altering the natural history of this disease. The genes and proteins
identified could be utilized to assist in the early diagnosis of
SSc-PAH. If these changes in cell phenotype can be related back
to the pathobiology of the disease, they may represent future
therapeutic targets.
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