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Abstract

Background—The immunopathogenesis of chronic rhinosinusitis (CRS) is largely unknown,
but it is thought that different inflammatory profiles are responsible for the different CRS
subtypes. 25-hydroxyvitamin-D (25-VD3) has been shown to alter inflammatory mediators in
other disease processes and 25V D3 deficiency is associated with CRS with nasal polyps
(CRSWNP), but it is unknown if 25V D3 levels impacts local inflammation in CRS. This study
investigated the correlation between plasma 25-VD3 and sinonasal mucus MCP-1, RANTES and
bFGF levels in patients with CRS.

Methods—Study subjects undergoing endoscopic sinus surgery (ESS) for CRS were
prospectively enrolled from January 2012-August 2014. Control subjects included patients
undergoing ESS for non-inflammatory pathology. Blood and sinonasal mucus were collected at
the time of ESS. Plasma 25-VD3 was measured by ELISA and mucus levels of MCP-1, RANTES,
and bFGF by cytometric bead array (CBA).

Results—A total of 57 patients were enrolled and categorized as CRS without nasal polyps
(CRSsSNP) (n=31), CRSWNP (n=14) and controls (n=12). No significant correlation was found
between MCP-1 and 25-VD3. There was a significant negative correlation between 25-VD3 and
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RANTES (r=-0.612; p=0.026) and bFGF (r= -0.578; p=0.039) in CRSWNP patients; however,
there was no significant correlation in CRSsNP patients.

Conclusion—This data suggests that 25-VD3 may play a role in regulation of RANTES and
bFGF expression in CRSWNP. This may occur through regulation of nasal polyp fibroblasts or
other immune cells. Further investigation is warranted to better elucidate the role of RANTES,
bFGF and 25-VD3 in CRSWNP.
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INTRODUCTION

Chronic rhinosinusitis (CRS) encompasses a broad group of disorders characterized by
persistent inflammation of the nasal mucosa and paranasal sinuses that affects up to 16% of
the US population and creates a significant socio-economic burden [1]. While the
immunopathogenesis of CRS remains largely unknown, current research has provided better
insight into potential etiologies. The current evidence supports two predominant immune
phenotypes in CRS that arise secondary to skewing of the T helper (Th) cells. In general,
CRS without nasal polyposis (CRSSNP) is Th1-skewed whereas CRS with nasal polyposis
(CRSWNP) is Th2-skewed. This skewing impacts expression of local inflammatory
mediators, which subsequently act in an autocrine and paracrine fashion to influence the
local mucosal inflammatory response that is characteristic of CRS. The mechanism of T cell
differentiation is incompletely understood, but is likely regulated by the complex interplay
of the local cytokine milieu, activation signals and the inflammatory cell infiltrate. The local
inflammatory mediator profile for CRS subtypes is still under investigation, but evidence
suggests that CRSsNP and CRSWNP are unique disease entities associated with separate and
distinct inflammatory mediator profiles within the sinonasal mucosa or mucus [2,3].
Additionally, these differing mediator profiles may explain the disparate histologic findings
and distinct inflammatory cell profiles seen in CRS subtypes.

One recognized regulator of the immune response that may impact immune-mediated
diseases is Vitamin D3 (VD3) [4]. VD3 is a naturally occurring steroid hormone that enters
circulation either through epidermal transfer or intestinal absorption. Once in the body, VD3
is hydroxylated in the liver to form 25-hydroxyvitamin D3 (25-VD3), the most abundant but
largely inactive form of the vitamin. It is later converted to its more active form, 1,25-
hydroxy VD3 (1,25-VD3) through a second hydroxylation step that primarily occurs in the
kidney. Interestingly, patients with CRSWNP have been shown to have to be VD3 deficient
and that deficiency is associated with more severe disease [5,6]. However, the means
through which VD3 may impact the immunopathogenesis of the disease remains largely
unknown.

A potential mechanism by which VD3 may affect CRS is by altering the local inflammatory
profile. This effect has been demonstrated in other inflammatory disease processes [7], but

the impact of VD3 on the local inflammatory mediator profile within the sinonasal mucus in
patients with CRS has not been investigated. The goal of this present investigational study is
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to ascertain if there is a significant correlation between systemic levels of 25-VD3 and levels
of monocyte chemoattractant protein-1 (MCP-1), Regulated upon Activation Normal T cell
Expressed and Secreted (RANTES) and basic fibroblast growth factor (bFGF). These
mediators were selected because they are known to be altered in patients with CRS and are
reported to be impacted by VD3 [8,9,10]

MATERIALS AND METHODS

STUDY POPULATION

The institutional review boards at Oregon Health & Science University (OHSU, Portland,
OR, USA) and the Medical University of South Carolina (MUSC, Charleston, SC, USA)
approved the study protocol prior to initiation, and written informed consent was obtained
from all patients for sample repositories. Subjects were enrolled between January 2012 and
August 2014. Patients were included if they were undergoing endoscopic sinus surgery for
chronic rhinosinusitis as defined by the 2007 Multi-Disciplinary Sinusitis Guidelines [1].
The diagnosis of CRSWNP was made by preoperative nasal endoscopic examination and
patients with allergic fungal rhinosinusitis or Samter’s triad were included in the CRSWNP
group. Control patients were those who were undergoing endoscopic sinus surgery for non-
inflammatory reasons including, meningioma, cerebrospinal fluid leak repair or trans-
sphenoidal skull base surgery. Patients were excluded if they had taken oral steroids or
immunotherapy during the four weeks preceding surgery, or if they had underlying diseases
that may influence the local or systemic immune response such as rheumatoid arthritis,
immunodeficiency, or cystic fibrosis. Additionally, subjects were excluded from final
analysis if specimens were damaged during the aspiration process or if mediator results were
found to be outside of the detection limits of the assay. This occurred in one CRSsNP for
RANTES and bFGF. Two patients, one control and one CRSWNP, did not have plasma
available and therefore do not have 25-VD3 levels.

COLLECTION OF PLASMA AND SINONASAL MUCUS

At the time of surgery, two 10mL. blood samples were taken from the patient; one in a
vacuum tube containing clot activator for serum and one vacuum tube with an anticoagulant
for plasma. Mucus was collected as previously described [11]: briefly, after the induction of
anesthesia but prior to the application of any intranasal topical agent or injection, a
polyurethane sponge (Greer Labs, Lenoir, NC., USA) was atraumatically placed into the
middle meatus under endoscopic guidance. The sponges were left in place for ~5 minutes,
removed and placed into a centrifuge chamber. Sponges contaminated with blood were
discarded in order to avoid alteration in assay results by potential circulating inflammatory
mediators. Following harvest, all samples were immediately placed on ice and transported to
the laboratory where they were immediately stored at =80 °C following initial processing for
storage. The blood samples were centrifuged at 2,000rpm (500 g) for 15 minutes in order to
fully separate the plasma and serum. Plasma and serum were placed in labeled cryovials,
snap-frozen in liquid nitrogen and stored at —80°C until time of assay. Mucus samples were
centrifuged at 4°C, 3,000rpm (15 cm) for 30 minutes to extract the entire sample from the
sponge. These samples were then placed in cryovials, flash-frozen in liquid nitrogen and
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stored at —80°C until time of assay. Plasma and mucus collected at OHSU were shipped
overnight on dry ice to MUSC for assay.

MEASUREMENT OF PLASMA 25'HYDROXY VITAMIN D3 AND INFLAMMATORY MEDIATORS

We elected to measure 25-VD3 since this form of VD3 is commonly used to determine VD3
status in clinical practice due to its long half-life. Levels of 25VD3 were determined by
enzyme-linked immunosorbent assay (ELISA; Alpco Immunoassays, Salem, NH., USA)
according to the manufacturer’s instructions. VD3 insufficiency can be defined as
<30ng/mL. and deficiency as <20ng/mL. as previously described [12]. Inflammatory
mediators were measured using commercially available Cytometric Bead Array (CBA)
systems (BD Biosciences, San Diego, CA., USA). Kits and reagents were purchased for
MCP-1, RANTES and bFGF. Undiluted samples of nasal mucus were added to
MultiScreenHTS Assay System bottom-filtered 96-well plate (EMD Millipore, Billerica,
MA., USA). The assay was carried out according to manufacturers' instructions, including
aspirating well contents with a MultiScreenHTS vacuum manifold (EMD Millipore) set no
higher than 10 cm. Hg. The samples were read on a Guava easyCyte 8HT flow cytometer
(EMD Muillipore) and analysis was performed with FCAP Array Software Version 1.0.1 (BD
Biosciences, San Jose, CA., USA).

STATISTICAL ANALYSIS

RESULTS

Statistical analysis was conducted using GraphPad Prism 6.0 software (La Jolla, CA., USA).
A D'Agostino & Pearson omnibus test was used to determine if continuous variables were
normally distributed. A one-way analysis of variance (ANOVA) with post hoc t-test was
used for normally distributed data (determination of differences in 25-VD3 levels by
diagnosis). A Kruskal-Wallis test with post hoc Dunn's multiple comparisons was to test for
significant differences immune mediator levels by diagnosis as these values were not
parametrically distributed. Two-sided correlation coefficients were examined using either a
Pearson (parametrically distributed data) or Spearman correlation analysis (for
nonparametric data).

Samples from 57 participants were enrolled and collected from OHSU (n=12) and MUSC
(n=45) consisting of controls (n=12), and participants with both CRSsNP (n=31) and
CRSWNP (n=14). There were a total of 26 (45.6%) males and 31 (54.5%) females with a
total mean[SD] age of 48.7[18.9] years. Mean 25-VD3 levels were significantly different
between control subjects (19.8[8.9]ng/mL.) and CRSsNP (33.4[11.0]ng/mL.; p<0.001) after
adjusting for multiple comparisons (Table 1). Mean 25-VD3 levels were not statistically
different between CRSsNP and CRSwWNP (26.3[10.18] ng/mL.; p=0.055; Figure 1). There
were no significant differences between mean MCP-1 levels in any of the control, CRSsNP,
or CRSwWNP subgroups. Mean levels of RANTES was lower in CRSwNP (102.8[59.8]pg/
mL.) compared to both mean levels of controls (250.5[263.3]pg/mL.) and CRSSNP
(248.2[238.5]pg/mL.). However none of these average differences reached statistical
significance. Control patients had significantly lower mean levels of bFGF when compared
to both CRSsSNP (p<0.001) and CRSwWNP (p=0.013; Figure 2). There was no significant
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correlation between systemic levels of 25-VD3 and MCP-1 in either CRS subgroup
(p=0.495). Using a Spearman’s correlation, there was a significant negative correlation
between 25-VD3 and RANTES in CRSWNP (rs= —0.612; p=0.026) but not in CRSSNP (rs=
-0.196; p=0.299; Figure 3). Additionally, there was a significant negative correlation
between 25-VD3 and bFGF in CRSWNP patients (rs= —0.578; p=0.039).

DISCUSSION

VD3 is a known regulator of the immune response and many cells of the immune system
possess the vitamin D receptor (VDR) [2]. Additionally, VD3 has been shown to alter the
expressed cytokine profile in various immunologic disease processes [13,14]. However, it
has not been determined if it affects the inflammation that is central to CRS. Our lab
previously demonstrated an association between VD3 insufficiency / deficiency in adult and
pediatric patients with CRSWNP and AFRS [3,4]. This association was again demonstrated
in this study and was recently corroborated in a study from Taiwan that also noted an
inverse correlation between serum levels of 25-VD3 and severity of nasal polyposis [15].
They concluded that VD3 deficiency was associated with worse disease scores and
postulated that low levels of VD3 may fail to reduce the level of cytokines released by
inflammatory cells and fibroblasts thus contributing to the perpetuation of chronic
inflammation. Notably, our control population had the lowest mean 25-VD3. However, this
group did not consist of healthy control patients and many had significant risk factors for
hypovitaminosis D including: African American ethnicity (50%), obesity (50%), current
tobacco abuse, and chronic diseases such as diabetes and chronic obstructive pulmonary
disease [12,16,17].

Numerous inflammatory mediators have been shown to be altered in CRS [18]; however, the
mediators investigated in this study were selected because there is evidence to support an
association between VD3 and their expression [8, 9, 10]. MCP-1, also known as CCL2, is
one of the key chemokines that regulates migration and infiltration of monocytes and
macrophages to sites of inflammation. These cells are critical to the immune response and
are affected by VD3 [19]. Our research group previously demonstrated an increase in
MCP-1 in sinus tissue taken from patients with CRSWNP and AFRS when compared to
controls [20] and VD3 has been shown to decrease the expression of MCP-1 from peripheral
blood monocytes in other disease processes [8]. However, we did not note any correlation
between systemic mean levels of 25-VD3 and MCP-1 in CRS participant subgroups or
controls. Interestingly, we found a negative correlation between RANTES and 25-VD3 in
CRSwWNP (p=0.018) but not in CRSsNP (p=0.299). Similarly, there was a negative
correlation between plasma levels of 25-VD3 and local levels of bFGF in patients with
CRSwWNP patients (p=0.010); but, there was no significant correlation in CRSsNP subgroup
(p=0.221). This is notable given the different histology of the two disease phenotypes. Nasal
polyposis seen in patients of Western descent is marked by an eosinophilic infiltrate,
massive tissue edema, proliferation of stromal and epithelial elements and thickening of the
basement membrane [21] whereas CRSsSNP is characterized by more prominent fibrosis of
the extracellular matrix [18] and lacks a profound eosinophilic infiltrate.
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Nasal polyps (NP) develop in the setting of chronic inflammation of the nasal mucosa, but
the pathogenesis that leads to the proliferation of these benign tissue growths remains
unclear. RANTES, also known as CCL5, is a member of the C-C chemokine family and has
a variety of functions but is well-described as an eosinophil chemoattractant and activator.
In addition to activating and promoting the release of several factors including eosinophilic
cationic proteins, major basic proteins, reactive species and lysosomal enzymes from
eosinophils, RANTES is able to recruit monocytes, basophils and CD4+ T lymphocytes to
the nasal mucosa [22]. Through these mechanisms, RANTES is thought to play a significant
role in perpetuating the inflammation seen in CRS and the development of eosinophilic NP
[23].

Also known as FGF-2, bFGF is a multifunctional protein that is a member of a family of
heparin-binding polypeptide growth factors that are involved in numerous biological
activities including cellular proliferation and differentiation, neoangiogenesis and tissue
remodeling [24]. Additionally, bFGF is thought to play a significant role in airway
remodeling in the setting of chronic inflammation due to its ability to promote migration
and/or proliferation of vascular endothelial cells, myofibroblasts and fibroblasts [25].
However, there is a paucity of literature on the role of bFGF and remodeling in chronic sinus
disease. Mahfouz et al. [26] noted that bFGF RNA was significantly upregulated in tissue
samples taken from antrochoanal polyps when compared to controls and patients with
CRSsNP, and in studies specifically looking at CRSWNP, bFGF was elevated at both the
mRNA and protein levels when compared to controls[24, 27]. Additionally, both studies
comment that bFGF interacting with fibroblasts may also be a key component in polyp
development.

The above studies,?426:27 along with our current investigation, appear to conflict with
previous murine studies reported by Sautter et al., in which FGF-2 was down-regulated at
one and three weeks in a murine model of CRS [28]. However, there are several limitations
to direct comparison of the human and mouse experimental models. In the latter, FGF
regulation was determined by real-time reverse transcription polymerase chain reaction (RT-
PCR) evaluation of mRNA transcripts, not protein expression. Beyond the first two time
points, FGF-2 mRNA expression was no longer statistically significant. Multiple factors are
involved in whether or not an RNA transcript is translated into a functional protein in
general, and FGF-2 is extensively regulated through post-translational mechanisms as well.

There is evidence to suggest that nasal polyp fibroblasts are responsive to VD3. Topical
calcitriol, the active form of VD3, has been shown to inhibit nasal polyp fibroblast
proliferation in a dose-dependent fashion [10]. Rostkowska-Nadolska et al. also noted that
these antiproliferative effects were maximized when combining calcitriol with budesonide.
While this study did not determine a mechanism through which VD3 affects nasal polyp
fibroblasts, the authors concluded that VD3 may downregulate VDR-dependent chemokines
that play an important role in NP formation. Based on our results, it is possible that the
inverse relationship between bFGF and VD3 in patients with CRSWNP could explain these
findings. In a similar study from the same group, the administration of topical calcitriol or
tacalcitol, a synthetic VD3 analogue, also significantly down-regulated NP fibroblast
production of RANTES in a dose-dependent fashion [9]. Again, these effects were
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augmented by combining VD3 with a topical steroid. There were several drawbacks to the
current study including small sample size and challenges with collecting large amounts of
mucus. Additionally, our control population did not consist of normal, healthy controls
which may provide a better comparison subgroup.

CONCLUSION

The goals of this preliminary study were to determine if there were a potential correlation
between systemic levels of 25VD3 and local inflammatory mediators within the sinonasal
mucus of patients with CRS. To our knowledge, this is the first study to investigate this
relationship. We demonstrated an inverse correlation between plasma levels of 25VD3 and
mucus levels of bFGF and RANTES in CRSwWNP but not in CRSsNP. This data is consistent
with existing literature and gives potential insight into the association between VD3
deficiency and CRSwWNP. While this early pilot data is promising, future studies are
warranted to further elucidate the relationship between VD3 and CRS.
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Figure 1. Mean plasma levels of 25-hydroxy vitamin D3 (25-VD3)
25-VD3 as measured by ELISA from plasma collected at time of endoscopic sinus surgery.

Each symbol represents the results of individual patients with values below the dashed line
being 25-VD3 deficient. Statistics shown are results of post hoc Dunn’s multiple comparison
test between indicated groups; *p<0.01. CRSsNP, chronic rhinosinusitis without nasal
polyposis; CRSWNP, chronic rhinosinusitis without nasal polyposis; ng, nanogram; ml,
milliliter.
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Figure 2. Nasal mucuslevelsof MCP-1, RANTES and bFGF
Levels of (A) MPC-1, (B) RANTES and (C) bFGF were measured in nasal mucus by

cytometric bead array. Statistics shown are results of post hoc Dunn’s multiple comparison
test between indicated groups. Each symbol represents the results of individual patients with
values below the embedded line being 25-VD3 deficient. *p<0.01, **p<0.05. CRSSNP,
chronic rhinosinusitis without nasal polyposis; CRSWNP, chronic rhinosinusitis without
nasal polyposis; pg, picogram; ml, milliliter. bFGF, basic fibroblast growth factor;
RANTES, regulated upon activation normal T cell expressed and secreted; MCP-1,

monocyte chemoattractant protein-1;
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Figure 3. Correlation between plasma 25-VD3 levels and sinonasal mucus levels of inflammatory
mediatorsin CRSsNP (left column) and CRSwWNP (right column)

Statistics shown are the results of Spearman correlation (r) analysis for data sets not
normally distributed (A, C & E) and Pearson correlation (r) analysis for normally distributed
data (B, D & F). CRSsNP, chronic rhinosinusitis without nasal polyposis; CRSWNP, chronic
rhinosinusitis without nasal polyposis; pg, picograms; ml, milliliter; bFGF, basic fibroblast
growth factor; RANTES, regulated upon activation normal T cell expressed and secreted;

MCP-1, monocyte chemoattractant protein-1.
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Table 1
Summary of Mean Immune Mediator Levels
Controls CRSsNP CRSWNP
n 12 30 14 p value
bFGF (pg/ml) 91.9[161.4] | 159.5[98.0] | 181.8[145.2] | 0.002
RANTES (pg/ml) | 250.5[263.3] | 248.2[238.5] | 102.8[59.8] | 0.082
MCP-1 (pg/ml) | 103.1[82.8] | 147.3[240.6] | 347.0[412.8] | 0.184
25-VD3 (ng/ml) 19.7 [8.9] 33.4[11.0] 26.3[10.2] 0.002

Values represent mean[standard deviations]. P-value represents finding from the Kruskall-Wallis test statistic. CRSSNP, chronic rhinosinusitis
without nasal polyposis; CRSWNP, chronic rhinosinusitis with nasal polyposis. bFGF, basic fibroblast growth factor; RANTES, regulated upon
activation normal T cell expressed and secreted; MCP-1, monocyte chemoattractant protein-1; 25-VD3, 25-hydroxy vitamin D3; Pg, picogram; ml,
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milliliter.
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