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Abstract
Background and Aims—Inflammatory bowel disease (IBD) refers to two chronic
inflammatory diseases of the intestine: ulcerative colitis and Crohn’s disease. IBD results from
environmental factors (e.g. bacterial antigens) triggering a dysregulated immune response in
genetically predisposed hosts. While the basis of IBD is incompletely understood, a number of
recent studies have implicated defective innate immune responses in the pathogenesis of IBD. In
this regard, there is much interest in therapies that activate innate immunity (e.g. recombinant
GM-CSF).

Methods—In this study, we screened expression and function of circulating leukocyte GM-CSF
receptor (CD116) mRNA and surface protein in 52 IBD patients and 52 healthy controls.

Results—Our results show that both granulocyte and monocyte CD116 levels, but not CD114 or
IL-3Rα, were significantly repressed in IBD compared to control (p<0.001) and disease controls
(irritable bowel syndrome, IBS, p<0.001; rheumatoid arthritis, RA, p<0.025). IBD-associated
CD116 repression was more prominent in patients with ulcerative colitis compared to Crohn’s
disease (p<0.05), was independent of disease activity (p>0.05) and was not influenced by current
medications (p>0.05). Receiver operating characteristic (ROC) curve analysis revealed that
leukocyte CD116 expression is a sensitive (85%) and specific (92%) biomarker for IBD.
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Moreover, granulocyte CD116-mediated function (phosphorylation of STAT3) paralleled
decreased expression of CD116 in IBD granulocytes compared to control (p<0.001).

Conclusion—These studies identify repression of CD116 as a distinguishing feature of IBD and
implicate an associated defect in innate immune responses toward GM-CSF.
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Introduction
The inflammatory bowel diseases (IBD), including ulcerative colitis (UC) and Crohn’s
disease (CD) are chronic mucosal inflammatory disorders which result from a dysregulated
immune response in genetically predisposed hosts1. Although the etiology of CD and UC
remains unclear, accumulating evidence suggests that dysfunction of the mucosal immune
system plays an important role in the pathogenesis of IBD. Significant evidence, in fact,
implicates impaired innate immunity (granulocytes, macrophages and dendritic cells) in
IBD, particularly CD2. These defects include reduced barrier function, delayed bacterial
clearance, hyporesponsive neutrophils and defective macrophage cytokine secretion 2, 3.
Such defects have the potential to allow abnormal microbial invasion and pathological T-
cell mediated chronic inflammation.

The effective treatment of IBD is currently an area of intense investigation. Treatment of
IBD includes lifestyle changes, medical management, and surgical interventions. The use of
biological therapies has gained much attention in recent years4. A seminal advance was the
introduction of anti-TNF-α monoclonal antibody, which is particularly effective in Crohn’s
disease 1. The efficacy of this therapy alone likely reflects the pleiotropic influence of TNF-
α, although anti-TNF-α therapy is often limited by a loss of efficacy, therefore underscoring
the need for other therapies. Given the central role of innate immune cells in IBD,
considerable attention has been given to granulocyte-macrophage colony-stimulating factor
(GM-CSF)5. Recent studies, for example, have suggested that auto-antibodies to GM-CSF
are associated with ileitis in mouse models and with progressive ileal disease in human CD
patients6. In the past several years, recombinant CSF’s have emerged as a potential tool for
the treatment of IBD 5, showing some promise in the treatment of active CD patients with
recombinant human GM-CSF (rhGM-CSF) 7–10. The efficacy of rhGM-CSF has been
hampered by significant variability amongst CD patient populations 5.

The GM-CSF receptor (also called CD116) belongs to the family of colony-stimulating
hematopoietic growth factor receptors 11, which includes three structurally distinct receptors
which bind GM-CSF, M-CSF or G-CSF. The M-CSF receptor (CSF1R; also known as
CD115 or FMS) is a homodimeric type III receptor tyrosine kinase. CD116 (also called
CSF2R) consists of a unique α-chain and a common β-chain (βc) which is shared with the
interleukin (IL)-3 and IL-5 receptor. The G-CSF receptor (CSF3R or CD114) is typical of
the type I cytokine receptor family11. CD116 is most prominently expressed on myeloid
lineages and on epithelial cells 11.

Based on established defects in innate immunity and variable rhGM-CSF efficacy in IBD
treatment, we hypothesized that IBD leukocytes differentially express CD116 relative to a
healthy control population. Therefore, we undertook a screen to define levels of leukocyte
GM-CSF receptor levels (CD116) in CD and UC patients. We report here that repressed
expression of leukocyte CD116 is a novel, distinguishing feature of IBD.
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Material and Methods
Human subjects

The institutional review board of the University of Colorado Denver approved all human
studies. CD and UC patients were diagnosed using established criteria, and CD phenotype
was per the Montreal criteria12 (see Table 1 for patient characteristics). IBS patients were
diagnosed by ROME III criteria13. Rheumatoid arthritis patients were diagnosed based on
criteria of the American College of Rheumatology14. Medications were recorded at time of
blood draw and the attending physician recorded a clinical estimation of disease activity,
which included disease remission, mild disease, moderate disease or severe disease.

Leukocyte isolation, RNA isolation and transcriptional analysis
Whole venous blood granulocytes were isolated as previously described15. RNA was
isolated using Trizol (Invitrogen, Carlsbad, CA) and cDNA synthesized as described
previously 15. Potential contaminating genomic DNA was digested using Turbo DNA-free
(Ambion, Austin, TX, USA). Changes in gene expression in granulocytes isolated from
patient whole blood was compared to that of granulocytes isolated from healthy controls.
Semi-quantitative and real-time PCR were performed using increasing numbers of cycles of
95°C for 45 sec, 59°C for 35 sec and 72°C for 45 sec and a final extension time of 7 min.
The following primers were used to quantify expression in isolated granulocytes: CSF1R
(M-CSFR, CD115): forward 5′-CTGCCTGCCACTTCCCCA -3′ and reverse 5′-
ACGCTGCCATTGCCCACA -3′; CSF2R (GM-CSFR, CD116): forward 5′-
GCAGACGTCCGCATCTTGA-3′ and reverse 5′-CCGTCGTCAGAACCAAATTCA-3′;
CSF3R (G-CSFR, CD114): forward 5′-AGCCCCAAGTCCTATGAGAAC-3′ and reverse
5′-GCAGGAGGGGGAAGTTGAG-3′; IL3RA: forward 5′-
CGCAAACACACGTGCCTGG -3′ and reverse 5′-CTTTGCCCGCCTCCCAGA -3′; β-
actin: forward 5′-GCACTCTTCCAGCCTTCCTTCC-3′ and reverse 5′-
CAGGTCTTTGCGGATGTCCACG-3′. Transcript levels were analyzed by comparison of
2−Δ CT (where CT is the PCR threshold cycle number for either the gene of interest or the
gene control) as described in detail elsewhere16. Intron-spanning primer pairs were designed
using Primer3 software (http://frodo.wi.mit.edu/). Primer properties and secondary
structures including hairpins, self-dimers, and cross-dimers were evaluated in a second step
using Netprimer software (http://www.premierbiosoft.com/netprimer). Samples were
controlled for β-actin.

GM-CSF receptor (CD116) staining
Whole blood (100 μL) was incubated with phycoerythrin-labeled mouse anti-human CD116
(2.5 μL) (BD Pharmigen, San Jose, CA) in the dark for 30 minutes at 4°C. The red blood
cells (RBC) were then lysed using BD pharm lyse™ (2 mL) (BD Pharmigen, San Jose, CA)
for 15 minutes in the dark at room temperature. The cells were then washed with FACS
wash (phosphate-buffered saline (PBS) and 1% bovine serum albumin) and fixed in 2%
paraformaldehyde. CD116 expression on granulocytes and monocytes was evaluated using
flow cytometry (FACSCantoII and Diva software, BD Biosciences, San Jose, CA).
Granulocytes and monocytes were gated according to forward- and side-scatter properties
and result presented as the mean fluorescence intensity (MFI) for indicated surface markers.

Granulocyte phospho-STAT3 response to GM-CSF
Whole blood (100 μL) was stimulated with PBS or recombinant human GM-CSF
(Invitrogen, Carlsbad, CA), 180 ng/mL, for 15 minutes. The reaction was fixed and the RBC
lysed using BD™ Phosflow Lyse/Fix buffer (2 mL) (BD Biosciences, San Jose, CA) for 15
minutes at 37°C. The cells were permeabilized with BD™ Phosflow Perm Bufffer III (1 ml,
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BD Biosciences, San Jose, CA) for 30 minutes on ice. The tubes were washed and stained
with phosphorylated signal transducers and activators of transcription 3 (pSTAT3-pY705)
(BD Pharmigen, San Jose, CA) for 30 min at room temperature. The granulocytes
containing pSTAT3 were determined using flow cytometry.

Western Blot Analysis
Granulocytes were isolated to >98% purity from whole venous blood as described
elsewhere 17. Following activation with GM-CSF (1×106 granulocytes/ml 10ng/ml, 15 min),
cells were washed with ice-cold phosphate-buffered saline and lysed by sonication in Tris
lysis buffer (150 mM NaCl; 20 mM Tris, pH 5.5; 1 mM EDTA; 1 mM EGTA; 1% Triton
X-100. Protein concentration was assessed by the bicinchoninic acid (BCA) assay following
the manufacturer’s instructions (Thermo Scientific) in order to ensure equal protein loading
of each preparation. Proteins were separated by SDS-PAGE electrophoresis and transferred
to PVDF membrane (Bio-Rad Laboratories, Hercules, CA) for immunoblotting. Antibodies
utilized for this study were: anti-pSTAT3 (Cell Signaling) and anti-β-actin (Abcam).
Proteins were visualized using the SuperSignal detection substrate (Thermo Scientific).

Statistical analysis
All expression patterns were compared using analysis of variance with post-hoc Student’s t
Test for continuous variables. A Receiver Operator Characteristic (ROC) analysis is a
statistical approach for evaluating the performance of a new quantitative assay18 and was
used to determine the optimal threshold as measured by sensitivity and specificity. A p value
of <0.05 was considered statistically significant. All data are presented as the mean ±
standard error of the mean. Statistical analyses were perfomed using GraphPad Prism
software (LaJolla, CA).

Results
Initial studies were undertaken to define the levels of CD116 mRNA in IBD and control
granulocytes. As shown in Figure 1A, real-time PCR analysis for CD116 were compared in
ten healthy controls and ten patients with IBD. As can be seen, CD116 mRNA levels were
decreased by as much as 65±8% in IBD granulocytes (p<0.001). Defective CD116
expression was evident in both UC and CD, but not in granulocytes from patients with
irritable bowel syndrome (IBS, Figure 1A). To examine the specificity of this observation,
we screened monocyte expression patterns of other related cytokine receptors. As shown in
Figure 1B, no significant changes between IBD and healthy controls were observed for
CD115 (p>0.05), CD114 (p>0.05) or the IL3RA (p>0.05), demonstrating at least some
degree of specificity for CD116. Moreover, patients with rheumatoid arthritis (RA, n=9),
which serve as an inflammatory control for these studies, showed not defect in CD116
expression compared to healthy controls (Figure 1C, p>0.05).

Table 1 depicts the demographics of patients used in this study. None of the parameters
listed were significantly different between healthy controls and IBD patients (all p>0.05)
The median age of IBD [interquartile range (IQR) 29 to 51] patients was 42yo wherein 57%
were male, for which 33 patients had Crohn’s disease (CD) and 19 patients had ulcerative
colitis (UC). The median age of normal patients was 28yo (IQR 28 to 46) wherein 54% were
male. The median age of IBS patients was 36yo (IQR 26 to 54) wherein 17% were male.

Using this patient cohort, we extended our initial PCR results to define levels of surface
CD116 on circulating granulocytes and monocytes in 52 IBD patients, 52 healthy controls
and 8 disease control (IBS) patients by flow cytometry (see gating strategy in Figure 2A).
Representative scattergrams for flow cytometric analysis of CD116 are shown in Figure 2B.
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These revealed that granulocyte surface CD116 levels in IBD (MFI 886±32) were
significantly lower than healthy controls (MFI 1490±59, p < 0.001, Figure 2C). Likewise,
monocyte CD116 levels in IBD (MFI 3566±156) were significantly less compared to
healthy controls (MFI 6042±268, p < 0.001, Figure 2C). Circulating lymphocytes did not
express detectable CD116 (MFI equivalent to IgG control). Expression of CD116 on disease
control (IBS) granulocytes (Figure 3A) and monocytes (Figure 3B) were indistinguishable
from healthy control leukocytes (p<0.001 for both compared to CD and UC leukocytes).

Analysis of these results using a receiver operating characteristic (ROC) curve revealed an
area of 0.931 for granulocytes with a cutoff MFI less than 1120 translating to a sensitivity of
90% and a specificity of 91% for predicting IBD (Figure 3C). The ROC curve for
monocytes showed an area of 0.898 that with a cutoff of MFI less than 4250 translating to a
sensitivity of 81% and a specificity of 94% for predicting IBD (Figure 3D). Of the 52 IBD
patients, 82% (43/52) had low granulocyte and low monocyte CD116 levels, 6% (3/52) had
low granulocyte but normal monocyte CD116, and 6% (3/52) had normal granulocyte and
low monocyte CD116 levels. Of the IBD patients, 3 patients (3/52) had normal granulocyte
and normal monocyte CD116 levels. Of the healthy controls and IBS controls, 87% (45/52)
had normal granulocyte and normal monocyte CD116 levels, 4% (2/52) had normal
granulocyte and low monocyte CD116, and 9% (5/52) had low granulocyte and normal
monocyte CD116 expression. Of the healthy controls and IBS controls, no patients had low
granulocyte and low monocyte levels.

CD116 levels in IBD patients were not affected by disease activity at the time of sampling
(p > 0.05, Figure 4A and 4B) and were independent of any medications (p > 0.05, Figure 4C
and 4D). Within IBD populations, UC patients were found to express significantly lower
granulocyte (679±33 vs 897±35, p < 0.001, Figure 5A) and monocyte CD116 (2592±168 vs
3475±161, p < 0.01, Figure 5B) compared to CD patients.

To determine if reduced levels of CD116 correlated with a reduced functional response,
GM-CSF activation (180 ng/ml for 15 min based on pilot studies) of pSTAT3 was
investigated in 10 healthy controls and 8 patients with IBD. Representative scattergrams for
flow cytometric analysis of resting and stimulated pSTAT3 are shown in Figure 6A. In this
analysis, we reconfirmed that granulocyte surface CD116 levels in UC and CD (MFI
846±54) were significantly lower than healthy controls (MFI 1655±140, p < 0.001) (Figure
6B). Such decreased expression corresponded to significant reductions on STAT3
phosphorylation. Indeed pSTAT3 levels in CD and UC patients (28±4 % positive) were
significantly lower than healthy controls (73±5 % positive, p < 0.001) (Figure 6B). A plot of
these corresponding expression (flow cytometry CD116 MFI) and function (% positive for
pSTAT3) values showed a distinct separation between healthy controls and IBD (Figure
6C). Analysis of stimulated (10ng/ml, 15min) pSTAT3 in purified granulocytes by
immunoblotting revealed both the α (86kDa) and β (79kDa) chains of STAT3 typical of
stimulated human granulocytes19. As shown in Figure 6D, variable induction of pSTAT3 in
IBD patients, with significant reduction compared to healthy controls. Such findings identify
defective CD116 expression and function as a distinguishing biomarker in leukocytes
derived from UC and CD patients.

Discussion
Given the unknown etiology of IBD, there is significant interest in both new therapies and
biomarkers to define and sub-divide patient populations. GM-CSF has attracted attention of
late as a therapy for disorders of innate immunity, including IBD 5. In this study, we sought
to define whether specific differences existed in CD116 expression between IBD and
healthy control patients. Results from the present studies show that decreased expression and
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function of CD116 is a distinguishing feature of IBD and may provide important insight into
the innate immune defects in IBD.

There is much recent interest in defining the innate immune defect in IBD. Ongoing studies,
for example, have revealed that CD is associated with a significantly impaired acute
inflammatory response and defects in bacterial clearance 3. Such defects result in
granulomatous inflammation and persistence to the extent that some have suggested that CD
is a primary immunodeficiency of unknown etiology 2. Central to the development and
functional activation of innate immune cells is GM-CSF11. We report here that CD116
expression is uniformly decreased on granulocytes and monocytes from both UC and CD
patients. This repression was found to be independent of disease severity and current
medications, suggesting that this defect is more basic in nature. At present, we do not know
the mechanism(s) that result in such decreased expression of CD116. This phenotype is not
likely to result from increased internalization or abnormal processing of CD116, since
decreased surface expression paralleled decreases in CD116 mRNA expression. Decreased
CD116 expression and function in peripheral blood leukocytes has been variably associated
in myelodysplastic syndrome20 and in granulocytes of elderly patients21, and thus could
result from a developmental myeloid defect. Important in this regard, we have not
determined whether CD116 expression is abnormal in bone marrow lineages or in cells other
than monocytes and granulocytes (e.g. intestinal epithelial cells).

Of interest for our observations is the emergence of recombinant GM-CSF as a potential
treatment of IBD 5. While these studies have shown some promise for subsets of CD
patients8–10, a large scale, randomized clinical trial has yet to be done. Given the observed
deficiencies in CD116 expression and function (decreased STAT3 phosphorylation in
response to GM-CSF) in IBD, it is interesting to speculate whether analysis of CD116 might
be a reasonable first step before the initiation of rhGM-CSF therapy. Notable in this regard
is the finding that a small number of IBD patients express nearly normal levels of CD116,
particularly on circulating monocytes (see Figure 3). Likewise, it may be interesting to
consider whether CD116 might be a stratifying tool for UC versus CD patients. Our analysis
was able to distinguish a significant difference between CD and UC based on CD116
expression, although with far less sensitivity than distinguishing IBD relative to control. A
significantly larger cohort of patients would be necessary to define whether CD116
expression might definitively distinguish CD from UC.

Within these studies, we showed functional abnormalities in IBD granulocytes administered
exogenous rhGM-CSF, namely deficient GM-CSF-induced STAT3 phosphorylation.
STAT3-mediated signaling in granulocytes has been shown to direct neutrophil migration,
promote bacterial killing and to enhance neutrophil proliferation and survival 11. It is
interesting to note that STAT3 mutations have been reported in IBD using genome-wide
association 22. To date, none of these mutations have been shown to translate to defective
STAT3 protein expression. While we have not screened our patients for mutations in
STAT3, given the low incidence of STAT3 mutations amongst overall IBD patients, it is not
likely that such mutations contribute significantly to our observations here. Rather, it is more
likely that this functional defect in STAT3 phosphorylation represents a direct reflection of
decreased surface CD116 expression. Our own analysis plotting function (STAT3
phosphorylation) versus CD116 expression revealed a strong separation between the IBD
and normal patient cohorts (see Figure 6).

The finding of defective leukocyte CD116 has the potential to serve as both an IBD
diagnostic marker as well as a therapeutic response predictor. Important in this regard, the
definitive diagnosis of CD and UC is not straightforward and is currently based on a
combination of clinical, radiographic, endoscopic, and histological criteria 23. Patients often
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present with varying complaints of abdominal pain, rectal bleeding, weight loss, anemia and
diarrhea that guide the diagnosis of IBD. Some of these symptoms overlap with other more
common gastrointestinal disorders, including IBS and celiac disease 23. In cases where CD
or UC is strongly suspected, early intervention could prove valuable. Our analysis was, for
example, able to distinguish between IBD and IBS, albeit on a small number of IBS patients.
Nonetheless, in the comparison of IBD to control, ROC curve analysis revealed sensitivity
and specificity of nearly 90% for both monocytes and granulocytes in distinguishing IBD
from healthy controls. These values compare well, and even exceed, the positive predictive
value of currently available diagnostic tests 24. In addition, given the recent interest in sub-
typing IBD patients prior to initiation of treatment25, there exists an opportunity to use
CD116 as a stratification tool for patient selection.

In summary, these results define CD116 as a previously unappreciated biomarker for IBD.
Defective CD116 expression and function could have important implications toward a role
for GM-CSF-mediated signaling the pathogenesis of IBD as well as potential strategies for
therapy and diagnosis.
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Figure 1. Analysis of CD114 (G-CSF receptor) and CD116 (GM-CSF receptor) mRNA
expression in healthy, RA and IBD granulocytes
In Panel A, total RNA was isolated from purified granulocytes derived from healthy control
(n=10), IBD (n=5 CD and n=5 UC), irritable bowel syndrome (IBS, n=8). RNA was used as
a template to analyze CD116. Data are expressed as mean±SD transcript level derived from
the differential threshold cycle number (2e-ΔCT) where * is p<0.01 compared to both
Control and IBS. In panel B, RNA from mononuclear cells was used as a template to
examine expression of CD116, CD115, CD114 and IL3RA relative to β-actin using real-
time PCR. Because expression levels varied between the different receptors, results were
normalized to healthy control expression levels and presented as relative transcript level±SD
where * is p<0.01 compared to both Control and IBS. In panel C total RNA was isolated
from purified mononuclear cells derived from healthy control (n=10), IBD (n=5 CD and n=5
UC) and rheumatoid arthritis (RA, n=9). RNA was used as a template to analyze CD116
relative to β-actin using real-time PCR. Data are expressed as mean±SD transcript level
derived from the differential threshold cycle number (2e-ΔCT) where * is p<0.025
compared to both Control and RA.
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Figure 2. Flow cytometric analysis of CD116 surface expression on healthy and IBD granulocytes
and monocytes
Anti-coagulated whole venous blood was obtained from healthy controls (n=52) and IBD
patients (n=52) and used to examine CD116 expression by flow cytometry. Panel A shows
an example of the gating strategy used to define granulocytes and monocytes. Panle B
depicts representative flow cytometry scattergrams for IgG control and CD116 expression
on granulocytes (top panels) and monocytes (bottom panels). Panel C depict expression
levels (MFI, mean fluorescence intensity) for granulocytes and monocytes, respectively.
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Figure 3. Receiver operating characteristic (ROC) curve analysis for CD116 expression on
healthy, irritable bowel syndrome (IBS) and IBD leukocytes
Anticoagulated whole venous blood was obtained from healthy controls (n=52) irritable
bowel syndrome patients (IBS, n=6) and IBD patients (CD n=33 and UC n=19) and used to
examine CD116 expression by flow cytometry. Panels A and B show expression of CD116
for granulocytes and monocytes, respectively. Panels C and D depict ROC curve analysis for
granulocytes and monocytes, respectively.
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Figure 4. Influence of disease activity and current medications on CD116 expression on IBD
leukocytes
Anti-coagulated whole venous blood was obtained from IBD patients with indicated disease
activity (panels A and B) or on indication medications (panels C and D) and examined for
surface expression of CD116 on granulocytes (panels A and C) or monocytes (panels B and
D), respectively.
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Figure 5. Analysis of CD116 expression on UC and CD leukocytes
Anti-coagulated whole venous blood was obtained from UC or CD patients and examined
for surface expression of CD116 on granulocytes (panel A) or monocytes (panel B),
respectively.
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Figure 6. Comparison of CD116 expression and GM-CSF-stimulated STAT3 phosphorylation in
healthy ad IBD granulocytes
Whole blood from healthy controls (n=10) and IBD patients (n=8) were stimulated rhGM-
CSF (180ng/ml, 15 min) and stained for CD116 or pSTAT3. Panel A shows representative
scattergrams for resting and stimulated pSTAT3 staining. Panel B shows a cumulative plot
of CD116 (left panel, plotted as CD116 MFI) and pSTAT3 (right panel, plotted as % of
Parent). Panel C depicts a plot of CD116 MFI vs pSTAT3 for IBD (open squares) and
healthy control granulocytes (closed circles). In panel D, granulocytes were purified from
whole venous blood and stimulated with rhGM-CSF (10ng/ml, 15min). Shown here is a
representative pSTAT3 immunoblot from healthy control (n=2) and IBD (n=3) patients,
with β-actin serving as a loading control.
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