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Serum CXCL11 Correlates with Pulmonary Outcomes and
Disease Burden in Sarcoidosis

Nicholas K. Argera*, Melissa Ho?, Prescott G. Woodruff2, and Laura L. Koth@

aUniversity of California, San Francisco, Division of Pulmonary and Critical Care, 505 Parnassus
Ave, San Francisco, CA 94143, USA

Abstract

Background: Sarcoidosis is a systemic granulomatous disease of unknown etiology that affects
the lungs in 90% of patients, but has a wide range of disease manifestations and outcomes
including chronic and progressive courses. Noninvasive biomarkers are needed to assess these
outcomes and guide decisions for long term monitoring and treatment. Interferon-gamma (IFN-y)-
inducible chemotactic cytokines (chemokines), CXCL9, CXCL10 and CXCL11, show promise in
this regard because they have been implicated in the pathogenesis of and reflect the burden of
granulomatous inflammation. CXCL11 has been reported to have unique functional properties in
modulating adaptive immunity in model systems so our goal was to examine serum levels of
CXCL11 in relation to clinical outcomes in a heterogeneous cohort of sarcoidosis subjects.

Methods: CXCL19, CXCL10, and CXCL11 serum levels were measured in sarcoidosis and
healthy subjects using ELISA assay. We determined relationships between CXCL11 and standard
clinical inflammatory markers, expression of IFN-y-related genes in whole blood, organ
involvement, dyspnea scores, and measures of pulmonary function.

Results: In a cross-sectional analysis of 104 sarcoidosis subjects, serum CXCL11 was
significantly elevated compared to 49 healthy controls (p < 0.001). CXCL11 was positively
correlated with CXCL9 and CXCL10 (p < 0.001), sedimentation rate (p < 0.01), and mean
expression of three IFN-y-related genes in whole blood (GBP1, STAT1, and STAT2) (p < 0.001).
CXCL11 was inversely correlated with FVC %predicted (%pred) and FEV1 %pred and higher
levels were associated with higher patient-reported dyspnea scores. We found positive correlations
between CXCL11 and number of organs involved. Using survival analyses, we found that
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CXCL11 levels were predictive of future pulmonary function test (PFT) decline (log rank <0.001
and HR of logyo(CXCL11) = 5.1, 95% CI 1.2 — 21, p = 0.026).

Conclusions: The pattern of expression of serum CXCL11 in sarcoidosis patients suggests that
this blood measure could be helpful in identifying patients that need longer-term monitoring for
progressive thoracic and extra-thoracic sarcoidosis.
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1. Introduction

Sarcoidosis is a systemic inflammatory disease characterized by non-necrotizing
granulomatous inflammation that predominantly affects the lungs, but can affect almost any
organ system [1]. As in other granulomatous diseases, CD4* T cells that produce interferon-
gamma (IFN-y) play a vital role in sarcoidosis-associated inflammation, although the
specific antigen for these T cells is unknown [2-7]. These T helper cells traffic to affected
areas due, in part, to their expression of the chemokine receptor CXCR3 [8]. This receptor
binds to several different ligands, including the chemotactic cytokines (chemokines),
CXCL9, CXCL10, and CXCL11, which are produced by epithelial, interstitial, and immune
cells including endothelial cells, fibroblasts, and macrophages [9]. All three of these
chemokines are induced by interferon-gamma (IFN-v) as well as Toll-like receptor ligands
and TNF-a [9-11].

Several studies have shown that protein and gene expression levels of CXCL9, CXCL10,
and CXCL11 are increased in lung lavage or lung tissue in sarcoidosis subjects, suggesting a
pathogenic role in the disease [12-15]. We have been interested in the potential for these
chemokines to provide insights into sarcoidosis pathogenesis and to serve as informative
biologic markers. Our prior work has focused on analysis of peripheral blood, from which
we and others have found a robust signal of interferon inflammation, suggesting that these
chemokines could be helpful as predictive disease markers [16-18].

Although CXCL9, CXCL10, and CXCL11 share common functions with respect to T cell
homing [15], CXCL11 has been shown to bind to different splice variants of CXCR3 as well
as other receptors (e.g. CXCR7), which may allow it to serve different functions [9].
CXCL11 has also been shown to have differential effects on T cells in mice including
mediating polarization of T “effector” cells to a more regulatory phenotype, although the
mechanism by which this could potentially occur in humans is unclear [19]. CXCL9 and
CXCL10 have been shown to be increased in the serum of sarcoidosis patients [17], but little
is known about the role(s) of serum CXCL11 in disease manifestations or clinical course.
Given that CXCL11 is induced by IFN-y, we hypothesized that CXCL11 would 1) be
increased in sarcoidosis subjects compared to health and 2) be correlated with objective
measures of disease severity. In the current study, we sought to 1) assess the serum levels of
CXCL11 in relation to CXCL9, CXCL10, and other blood markers of inflammation, 2)
analyze the relationship of CXCL11 to clinical features such as organ involvement and
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pulmonary function tests (PFTs), and 3) examine the predictive value of CXCL11 for
longitudinal decline in pulmonary function.

2. Methods

2.1 Study Population and Measurements

Sarcoidosis subjects who met established ATS diagnostic criteria [20] were enrolled at any
point in their disease course as part of the University of California, San Francisco (UCSF)
sarcoidosis cohort as previously described [21]. Healthy control subjects were recruited from
the Bay Area community. Blood samples and clinical data that were collected at study visits
and used in these analyses included demographics, date of tissue biopsy, organ involvement
assessed by physician review of medical records [21], UCSD “Shortness of Breath”
(dyspnea) questionnaire [22—-24], chest X-ray imaging, clinical laboratory tests, and
pulmonary function tests which include forced expiratory volume in 1 second (FEV1)
percent predicted (%opred), forced vital capacity (FVC %pred), FEV1/FVC ratio, diffusing
capacity for carbon monoxide (DLCO %pred), and total lung capacity (TLC %pred).
Immunosuppression use was recorded at each study visit and categorized as a binary
variable of use of none or any of the following: oral corticosteroids, methotrexate,
azathioprine, colchicine, hydroxycholoroquine, or anti-TNF-a therapy. Subjects had follow-
up study visits every 6 to 12 months for up to five years with collection of all the same
clinical data except for chest imaging. Gene expression levels of IFN-y-related genes were
measured from whole blood RNA from the same subject samples used for this analysis
(results have been previously reported [18]).

2.2. Protein Assay

Levels of CXCL9, CXCL10, and CXCL11 in serum were measured using Quantikine®
Colorimetric Sandwich ELISA kits purchased from R&D Systems (Minneapolis, MN,
USA). The assays have been optimized for detection of these proteins within human serum.
Samples were thawed, aliquoted into sample wells in duplicate, and processed in one batch.
Duplicates were averaged for each sample. Seven standard control samples were run on each
plate along with a reagent blank to generate standard curves to calculate protein
concentrations. Per manufacturer’s instructions, the lowest detectable levels for CXCL9,
CXCL10, and CXCL11 were 31.2 pg/mL, 7.8 pg/mL, and 62.5 pg/mL respectively; the
upper limits of detection were 2000 pg/mL, 500 pg/mL, and 4000 pg/mL, respectively.

2.3 Statistical Analysis

Data were analyzed for normality using a Shapiro-Wilk test. Chemokine levels were
normalized using logyg transformation given their skewed distributions. The Chi-squared or
Fisher-exact tests were used for categorical variables. ANOVA analysis was used for more
than two group comparison analyses, unless variables were non-normally distributed in
which case, a Kruskal-Wallis test was used along with a Dunn’s test of multiple pairwise
comparisons. The #test or Wilcoxon rank-sum test were used for two group comparisons of
continuously distributed parametric or non-parametric data, respectively. Spearman rank
correlation tests were used to determine the correlation coefficients between CXCL11 and
variables of interest. The variable termed, “Interferon Factor” (IFN Factor) consisted of a
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composite score of centered and scaled means for three genes as described previously [18].
Where indicated, analyses were adjusted for several confounders including presence of
immunosuppression use, sex, age, race, and prior smoking using ordered logistic regression
(as opposed to linear regression since 50.4% of values were below the lower limit of
detection for the CXCL11 measurement, which does not allow for normalization after logqq
transformation). To adjust for immunosuppression use, sex, age, and race in our analysis of
CXCL11 and organ number, we performed a non-parametric Kernel regression with
bootstrap testing using 1000 replicates to determine statistical significance given the highly
skewed distribution of CXCL11 values [25, 26]; we also used linear and ordered logistic
regression models to confirm our findings. We performed time to event analyses for PFT
decline using the log-rank test and Cox proportional hazards modeling. Analyses were done
using Stata/SE 15.1 software (StataCorp LLC, College Station, TX) and GraphPad Prism 6
software (GraphPad Software, Inc., La Jolla, CA).

3. Results

3.1. Characteristics of sarcoidosis subjects & healthy controls

The sample sizes for our sample for cross-sectional analyses consisted of 104 sarcoidosis
subjects and 49 healthy controls who had paired blood measurements and clinical data
available (N = 96 from enrollment visit and N = 8 from visit 2 or 3). The demographic
characteristics are summarized in Table 1. On average, sarcoidosis subjects were older than
healthy controls. Gender, race, and prior tobacco smoking history were similar between the
two groups. Table 2 summarizes Scadding stage, immunosuppression history, extra-thoracic
organ involvement and pulmonary physiology testing results for sarcoidosis subjects [21].
Two subjects with Scadding stage 0 had prior lung involvement that had radiographically
resolved at enrollment, five had abnormal pulmonary function tests, and two had isolated
neurologic disease. Fifty-four percent of subjects were taking systemic immunosuppressive
therapy at time of their blood draw visit. The majority of subjects had extra-thoracic
involvement defined by physician assessment of medical records.

3.2. Chemokine levels were increased in sarcoidosis relative to healthy controls

There were no statistically significant correlations between CXCL9, CXCL10, or CXCL11
levels and age, gender, or prior smoking status in either healthy controls or sarcoidosis
subjects (p >0.05) in analyses that compared disease and health separately. While CXCL9
and CXCL10 levels did not vary by race, African American subjects, regardless of case
status, had significantly higher CXCL11 levels than other races (p < 0.05). The levels of all
three chemokines were increased in sarcoidosis subjects relative to healthy controls (p <
0.001) (Figure 1). Although sarcoidosis subjects were older on average than healthy
controls, all chemokine levels were statistically significantly higher in sarcoidosis after
adjusting for age, race, sex, and prior smoking status using ordered logistic regression.
Amongst sarcoidosis subjects, there was no statistically significant difference in CXCL11
levels between those on or off immunosuppression treatment (p = 0.30).
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3.3. Relationship of CXCL11 to inflammatory blood markers

Among sarcoidosis subjects, we assessed the correlation of CXCL11 with inflammatory
markers and genes related to IFN-y signaling. CXCL11 levels had a statistically significant
positive correlation with levels of CXCL9 and CXCL10 (Spearman p = 0.59 and 0.57,
respectively) (Figure 2A-B), although CXCL9 and CXCL10 had a stronger correlation with
each other (Spearman p = 0.718). In healthy controls, CXCL9 and CXCL10 were not
statistically significantly correlated with CXCL11 and had a lower inter-correlation with
each other (Spearman p = 0.32) (Supplemental Figure S1 A&B). CXCL11 was also
positively correlated with erythrocyte sedimentation rate (ESR) (Spearman p = 0.38) (Figure
2C) while correlation with serum angiotensin-converting enzyme (ACE) level was weak
(p=0.19, 0.062). We previously reported significant increases in gene transcript levels related
to IFN-y pathways from whole blood in sarcoidosis subjects relative to healthy controls
[18]. Given that CXCL11 is known to be induced by IFN-vy, we evaluated its association
with IFN-y-related genes we previously measured. We found a statistically significant
correlation between CXCL11 and STAT1, STATZ, and GBFI separately or using the mean
value of the three genes (previously referred to as the “IFN Factor”) (Figure 2D and
Supplementary Table S1) [18]. CXCL11 was also positively correlated with several other
IFN-y related genes, including /CAMI, IRF1, IRF7, IRF9, and TAPI, with the greatest
correlation occurring for 7API (a surface transporter involved in HLA-1 processing) and
ICAM1 (a transmembrane protein involved in leukocyte trafficking), which have both have
been implicated in sarcoidosis (p = 0.39 and 0.37, respectively, p < 0.01) (Supplementary
Table S1) [27-30]. These correlations remained statistically significant after adjusting for
age, sex, race, immunosuppression use, and prior smoking status using ordered logistic
regression. These same associations were not seen between these genes and other markers
such CRP, ESR, or ACE (p > 0.05), except for GBPI and ACE (p = 0.21, p = 0.044).
Sedimentation rate and the IFN Factor were not statistically significantly correlated with
CXCL11 in healthy controls (Supplemental Figure S1 C&D). These results indicate that
CXCL11 levels may be more specific for sarcoidosis-related IFN-y-type inflammation
compared to clinically available protein inflammatory markers (e.g. CRP and ESR).

3.4. Relationship of CXCL11 to pulmonary function and organ involvement

CXCL11 levels were statistically significantly increased in subjects with abnormal (<80%
predicted) FVC %pred, FEV1 %pred, and DLCO %pred (Figure 3A). We found that percent
FVC %pred was negatively correlated with CXCL11 in analyses with or without adjusting
for immunosuppression use and prior smoking using ordered logistic regression (p = 0.014)
(Spearman p = -0.22, p = 0.031) (Figure 3B). There was a negative correlation with

FEV1 %pred (p = -0.21, p = 0.058), which was significant after adjusting for
immunosuppression use and prior smoking (p = 0.022) (Figure 4C). There was also a trend
towards a negative correlation with DLCO (p = 0.095) in adjusted analyses. Comparison of
CXCL11 levels with patient reported outcome scores for dyspnea where increasing score
indicates more dyspnea showed a positive correlation using both adjusted and unadjusted
analyses (Figure 4D) [22-24]. In contrast, there were no correlations between dyspnea
scores and CXCL9 or CXCL10. Collectively these results show that CXCL11 correlates
with objective and subjective and subjective measures of pulmonary measurements.

Respir Med. Author manuscript; available in PMC 2020 June 01.
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We tested whether CXCL11 had an association with extra-thoracic organ involvement. First,
using a binary grouping, we found higher CXCL11 levels in subjects who had more than one
organ involved with disease as compared to only one organ involved (mean CXCL11 150 vs.
96 pg/mL, SD =61 vs. 120, p =0.032, N = 36 vs. 68). Next, to determine if there was a
correlation between CXCLI1 and greater number of organs involved, we categorized
subjects into groups with 1, 2, 3, or 4 or more organs and found a positive correlation
(Spearman p = 0.19, p = 0.044). To determine if this positive correlation was present while
adjusting for age, race, gender, and immunosuppression use, we performed a non-parametric
Kernel regression [25, 26] and found that CXCL11 positively correlated with number of
organs involved (p = 0.002) (Figure 4B). Similar results were found using both an adjusted
linear and ordered logistic regression models (p = 0.047 and p = 0.038).

3.4. CXCL11 levels and longitudinal pulmonary function decline

To determine the predictive value of CXCL11, we used longitudinal pulmonary function
measures to identify subjects who had a decline in absolute FVC and DLCO values of =10%
or =15%, respectively over the course of their follow-up (up to five years) (N = 33) [31]. We
then performed a time to event analysis to determine if serum CXCL11 level measured at
enrollment was predictive for risk of eventual PFT decline. To calculate total time at risk, we
included all sarcoidosis subjects who had at least one follow-up visit and censored subjects
at the time of their last follow-up study visit, which amounted to 226 person-years. We
determined a log-rank statistic and Cox proportional hazard while adjusting for age, sex,
race, and immunosuppression use, as well as initial CXR Scadding stage to account for
initial radiographic burden of pulmonary involvement [32]. The adjusted log-rank test p-
value for the effect of increasing CXCL11 on cumulative incidence of absolute FVVC or
DLCO decline was <0.001. We found a positive hazard ratio (HR) for CXCL11 for eventual
PFT decline (HR of logo(CXCL11) = 5.1, 95% CI 1.2 — 21, p = 0.026). A relationship
between CXCL11 and decline in lung function was also found if subjects were dichotomized
as either having CXCL11 levels that were undetectable (62.5 pg/mL; N = 37) or detectable
(>62.5 pg/mL; N = 48) (adjusted log-rank test p <0.001 and adjusted HR (2.5, 95% CI 1.1 -
5.7, p = 0.027) (Figure 5). These data show that CXCL11 is informative not only in cross-
sectional assessment of disease severity, but also in longitudinal assessment of physiologic
decline.

4. Discussion

Sarcoidosis is a systemic disease involving granulomatous inflammation and a common
inflammatory signature characterized by IFN-y [5, 6, 16, 33]. In this study, we performed
cross-sectional and longitudinal analyses to examine the pattern of induction of the
chemokine, CXCL11, in relation to other IFN-induced chemokines and manifestations of
sarcoidosis [17]. We found that CXCL11 was not only increased in sarcoidosis subjects
relative to healthy controls, but also correlated with inflammatory blood markers as well as
clinical measures of disease severity including pulmonary function tests, organ involvement,
and patient-reported dyspnea. One of the major challenges in managing patients with
sarcoidosis is determining their disease activity and overall prognosis given the lack of a
gold standard test for granulomatous inflammation, aside from tissue biopsy, which is
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invasive and impractical to do longitudinally. Because of this, the heterogeneous nature of
our cohort prevented us from establishing the relationship between CXCL11 and definitive
presence of on-going granulomatous inflammation. However, we did find that CXCL11 had
useful prognostic value given that subjects with higher CXCL11 levels had a shorter time to
PFT decline, suggesting that those with higher CXCL11 levels could have worse outcomes.
We believe that one of the reasons CXCL11 shows promise as a serum marker is because it
reflects IFN-y-mediated inflammation in the tissue.

CXCL11 recruits immune cells, including CD4* T helper cells, to sites of inflammation in
response to local production of IFN-y [8, 34]. The potential relevance of this mechanism to
sarcoidosis-associated granulomatous inflammation in the local environment has been
suggested by previous studies showing that relative to healthy controls, sarcoidosis subjects
have increased CXCL11 in bronchoalveolar lavage (BAL) fluid, alveolar macrophages, and
lung tissue [12-14]. Our study takes this concept further by not only demonstrating that
levels in the serum are also increased in sarcoidosis relative to health, but these serum levels
also correlate with pulmonary disease manifestations. Furthermore, CXCL11 levels
correlated with systemic manifestations, in addition to measures of pulmonary involvement,
as evidenced by the positive correlation with total number of organs involved.

While other inflammatory markers have been shown to be increased in the peripheral blood
of sarcoidosis subjects, including CRP and ESR, the potential value of CXCL11 as a
biologic marker is that it is more specific for IFN-y-mediated inflammation [35, 36]. In our
analyses, neither of these traditional markers were correlated with the IFN-y-related genes
STAT1, STAT2, GBPI, TAPI1, or ICAMI. Of note, ACE level was not associated with any of
the measures of disease severity we analyzed, although it was increased in sarcoidosis
subjects relative to healthy controls (data not shown) and weakly correlated with GBP1.
Aside from sarcoidosis, the level of CXCL11 in the serum has shown promise as a predictive
marker in other granulomatous diseases such as tuberculosis (TB). Kim et a/., showed that
whole blood Cxc/11 mRNA expression was increased in subjects with active pulmonary TB
compared to healthy controls [37]. Other groups have also shown that CXCL11 levels (as
well as CXCL9 and CXCL10) are increased in in the serum of subjects with confirmed
active TB as compared to suspected TB cases and healthy controls [38, 39].

Although CXCL9 and CXCL10 are similar to CXCL11 with respect to their relationship to
IFN-y and the CXCRS3 receptor, our specific interest in CXCL11 is driven by its unique
properties. Mechanistically, CXCL9, CXCL10, and CXCL11 all bind to CXCR3, which has
three splice variants (CXCR3A, CXCR3B, and CXCR3yjy) [9]. All three chemokines bind to
CXCR3A and CXCR3B, but CXCL11 is the only one that binds to the CXCR3,; spice
variant, as well as the CXCR7 receptor [40, 41]. While some aspects of CXCL11 function
are unclear, such as the fact that it has been shown to polarize T cells to a regulatory
phenotype in mice, other properties, such as its unique affinity for CXCR7, suggest that it
may serve specific roles in trafficking of leucocytes to areas of granulomatous inflammation
[19]. For example, in a zebrafish model of mycobacterial infection, abrogation of expression
of the orthologues of CXCL11 and CXCR3 resulted in decreased granulomatous
inflammation [42]. In humans, although CXCR7 has not been found to be expressed by
blood leucocytes from healthy human donors, it has been found to be expressed in
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atherosclerosis-related macrophages and upregulated during the transition of monocytes to
tissue-infiltrating macrophages [43]. CXCL11 may thus play a role in both the trafficking of
monocytes to areas of inflammation and in their differentiation into macrophages associated
with granulomas.

This study has several important limitations. First, the sensitivity of the CXCL11 ELISA
assay that we used had a lower limit of detection of 62.5 pg/mL. Future studies should try to
use assays that have lower levels of detection to allow for better interpretation of values
before this lower limit, which may even strengthen the associations we have reported.
Second, because our cohort includes subjects who were not enrolled at the time of their
diagnosis, our ability to extrapolate our data to newly-diagnosed subjects is limited and we
cannot generalize about the prognostic information of CXCL11 levels at initial diagnosis.
However, despite the lack of a gold standard to determine if subjects in our cohort had
clinically active or resolved disease, the relationship between CXCL11 and both cross-
sectional and longitudinal measures of disease severity suggest that has it value even in a
heterogeneous population, which is important to clinicians treating sarcoidosis patients at all
phases of their disease. Third, we also cannot address whether CXCL11 is associated with
progressive fibrotic lung disease as our cohort sample size was too small to test this
question. Lastly, we are cautious about interpreting CXCL11 in non-white populations given
our sample size and recommend performing chemokine measurements in larger cohorts that
include regions with higher prevalence of non-white populations, such as the GRADS cohort
[44].

5. Conclusions and Future Directions

In summary, we provide evidence that CXCL11 is increased in the serum of sarcoidosis
subjects relative to healthy controls. Moreover, serum CXCL11 appeared to correlate with
measures of sarcoidosis disease burden, specifically organ involvement, respiratory
symptom severity, and pulmonary function abnormalities. CXCL11 may also be useful in
identifying those at risk for more rapid pulmonary function decline. Additional human-based
and model system studies will be necessary to measure the expression of CXCL11 in
patients with newly diagnosed sarcoidosis and to understand how CXCL11 and other
interferon-related chemokines are modulated, either directly or indirectly, by corticosteroids.
Determining the relationship of serum CXCL11 levels with circulating immune cells, such
as monocytes and their expression of chemokine receptors would further the mechanistic
understanding of this chemokine in the disease.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights

Serum CXCL11 was elevated in sarcoidosis subjects vs. healthy controls
(p<0.001).

Serum CXCL11 positively correlated with CXCL9, CXCL10, ESR and IFN-
vy-related genes.

Serum CXCL11 negatively correlated with pulmonary function measures
(FEV1 & FVC).

Serum CXCL11 positively correlated with organs involvement in sarcoidosis
subjects.

Subjects with increased CXCL11 levels suffered declines in PFTs more
quickly.

Respir Med. Author manuscript; available in PMC 2020 June 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Arger etal.

Log,o[Chemokine] (pg/mL)

Page 14

I *%k% I
0g9p
08800
o °C§@8
o BSo

O.OT T

Healthy Sarc

CXCL9

Fig. 1.

Serum chemokine levels in sarcoidosis and healthy control subjects.
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Levels of the CXCL9, CXL10, and CXCL11 were measured using Quanitikine® ELISA kits
from 104 sarcoidosis subjects and 49 healthy control subjects. Measured values are
displayed as logqg transformations of chemokines with bars designating mean values with
95% confidence intervals (*** = p < 0.001). The lower limits of assay detection are denoted
by the dashed lines and grey open circles represent individual subject measurements.
Abbreviations: “Healthy” = healthy control measurements; “Sarcoid” = sarcoidosis

measurements.
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Fig. 2.

Cgrrelations of serum CXCL11 with other blood measurements in sarcoidosis subjects.

In sarcoidosis subjects, CXCL11 levels were positively correlated with A) CXCL9 and B)
CXCL10, C) ESR and D) a gene expression composite score reflecting IFN-y-related
signaling (genes, GBP1, STAT1, and STAT2). Blood samples were processed and analyzed
as described in Methods. Data are displayed as logyg transformation of individual CXCL11
levels (represented by open gray circles) with Spearman correlations (**p <0.01 and
***n<0.001). Abbreviations: ESR = Erythrocyte Sedimentation Rate, IFN Factor =
Interferon Factor, IFN-y = Interferon-gamma.
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Fig. 3.
Relationships between serum CXCL11 levels and pulmonary function measurements and
dyspnea scores.

A) CXCL11 levels were compared between sarcoidosis subjects dichotomized into two
groups based on normal or abnormal spirometry and diffusing capacity measurements using
a threshold of 80% predicted. B&C) Correlations between CXCL11 and both FVC %pred
and FEV1 %pred. D) Correlations between CXCL11 and dyspnea scores where increasing
score reflects more dyspnea. Data are displayed as A) logyg transformation of serum
CXCL11 (individual levels denoted by grey open circles), bars representing mean values
with 95% confidence intervals, and the lower limits of assay detection denoted by the dashed
line; statistical significance was determined using the Wilcoxon rank-sum test (***p< 0.001
*p <0.05). For B-D), Spearman correlations of logyg transformation of CXCL11 levels (and
Dyspnea scores) where indicated (*p <0.05, Tp = 0.058).

Abbreviations: FEV1 %pred = Forced Expiratory Volume in 1 Second percent predicted,
FVC %pred = Forced Vital Capacity percent predicted, DLCO %pred = Diffusing Capacity
for Carbon Monoxide percent predicted.
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Fig. 4.

Rglationship between serum CXCL11 levels and the number of organs involved with
sarcoidosis.

A) Correlation of CXCL11 levels and number of organs involved in sarcoidosis subjects.
Organ assessments were performed by study physician review of the patient’s records.
Thoracic lymphadenopathy and/or parenchymal involvement was counted as one organ
system (thoracic) and subjects with four or greater organs were counted as four or greater
organs. B) Relationship between CXCL11 levels and organ involvement after adjusting for
age, race, gender, and immunosuppression use. In A), data are displayed as the logyg
transformation of individual CXCL11 levels (individual values denoted by open gray circles)
with the lower limits of assay detection denoted by the dashed line and the Spearman
correlation coefficient (*p < 0.05). In B), predicted values for log;gCXCL11 at each organ
number are plotted (open circles) with 95% confidence intervals based on a non-parametric
regression model adjusting for age, race, gender, and immunosuppression use; statistical
significance was calculated by bootstrap analysis with 1000 replicates (p = 0.002). Sample
size for each number of organs involved 1) N = 36; 2) N = 35; 3) N = 16; > 4) N = 17.
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Fig. 5.

Rglationship between serum CXCL11 measurement and longitudinal decline in lung
function.

Thirty-three subjects were identified who experienced a decline in absolute FVC or DLCO
of 10% or 15%, respectively, over the study period (5 years). Total time at risk for all
subjects analyzed was 226 person-years. We used a Cox proportional hazard modeling that
adjusted for age, race, sex, immunosuppression use, and initial radiographic burden of lung
involvement as assessed by chest x-ray “Scadding Stage” to determine a hazard ratio for
CXCL11. We also dichotomized subjects based on whether they had a CXCL11 level that
was undetectable (<62.5 pg/mL, N = 37) or detectable (>62.5 pg/mL, N = 48). Using this
dichotomous designation, the adjusted log rank p-value was <0.001 and the HR was also
statically significant (hazard ratio 2.5, 95% CI 1.1 - 5.7 p = 0.027). Data are displayed as
adjusted survival curves for detectable versus undetectable CXCL11 levels. Abbreviations:
DLCO = Diffusing Capacity for Carbon Monoxide, FVC = Forced Vital Capacity, HR =
hazard ratio.
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Demographics

Table 1

Healthy Control  Sarcoidosis  p-Value
N = 49 (%) N = 104 (%)
Female 31(63) 65 (63) 0.93
Age (years) 45+19 51 +0.92 <0.001
Race 0.15
African American  5(10) 15(14)
White 30(61) 73 (70)
Hispanic 9(18) 7(6.7)
Other Ethnicity 5(10) 9(8.7)
Ever Smokers 15(31) 47 (45) 0.087
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Table 2

Sarcoidosis Subject Characteristics

Imaging: Scadding Stage N (%)

0 9(8.7)
1 13 (13)
2 49 (47)
3 10 (10)
4 23(22)
Immunosuppression use 56 (54)

Extra-thoracic involvement 71 (69)

Pulmonary Function Tests

N Mean (SD) Range

FVC %predicted 96 94 (15) 59 - 129
FEV1 %predicted 96 89 (17) 28-133
FEV1/FVC 96 0.75(0.092) 0.34-0.99
DLCO %predicted 67 72 (15) 39-108
TLC %predicted 63 94 (15) 59 -124

DLCO = Diffusing Capacity of the Lungs for Carbon Monoxide, FEV1 = Forced Expiratory Volume in 1 Second, FEV1/FVC = Forced Expiratory
Volume in 1 Second to Forced Vital Capacity ratio, FVC = Forced Vital Capacity, TLC = Total Lung Capacity.
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