
ORIGINAL ARTICLE

Circulating Bone Marrow-Derived CD452/CD34+/CD133+/
VEGF+ Endothelial Progenitor Cells in Adults with Crohn’s
Disease

Doron Boltin1,5
• Zvi Kamenetsky2

• Tsachi Tsadok Perets3
• Yifat Snir1

•

Boris Sapoznikov2
• Hemda Schmilovitz-Weiss2,5

• Jacob Nadav Ablin4,5
•

Ram Dickman1,5
• Yaron Niv1,5

Received: 20 April 2016 / Accepted: 16 June 2016 / Published online: 23 June 2016

� Springer Science+Business Media New York 2016

Abstract

Background Circulating endothelial progenitor cells

(EPCs) are bone marrow-derived stem cells able to migrate

to sites of damaged endothelium and differentiate into

endothelial cells. Altered EPC level and function have been

described in various inflammatory diseases and have been

shown to augment vasculogenesis in murine models. Pre-

vious studies of EPC in the context of Crohn’s disease

(CD) have yielded conflicting results.

Aim To determine whether the circulating levels of EPCs

are changed in the context of CD.

Methods CD patients and healthy controls were recruited.

Disease activity was assessed by CDAI. Peripheral blood

mononuclear cells were isolated and EPC numbers evalu-

ated by FACS analysis using anti-CD34, anti-VEGF

receptor-2, anti-CD133, and anti-CD45 markers.

Results Eighty-three subjects, including 32 CD patients

and 51 controls were recruited, including 19 (59.4 %) and

23 (45 %) males (p = 0.26), aged 34.8 ± 14.9 and

43.3 ± 18.5 years (p = 0.64), in cases and controls,

respectively. Mean CDAI was 147 ± 97, disease duration

was 12.7 ± 11.1 years, and 28 (87.5 %) were receiving

biologics for a mean duration of 21.7 ± 16.8 months. The

mean level of peripheral EPCs in CD patients was

0.050 ± 0.086 percent and 0.007 ± 0.013 % in controls

(p\ 0.01). There was no significant correlation between

EPC levels and age (r = -0.13, p = 0.47), CDAI

(r = -0.26, p = 0.15), disease duration (r = -0.04, p =

0.84), or duration of treatment with biologics (r = 0.004,

p = 0.99).

Conclusion EPCs are elevated in patients with CD. Further

studies are needed to examine the function of EPCs and

their possible role as a marker of disease severity or ther-

apeutic response.
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Introduction

Crohn’s disease (CD) is a chronic disorder affecting the

gastrointestinal tract, characterized by a pathological

immune response to luminal antigens, leading to inflam-

mation and endothelial damage in a genetically susceptible

host [1]. Endothelial progenitor cells (EPCs) are bone

marrow-derived hematopoietic stem cells which are

recruited via the peripheral circulation to areas of

endothelial damage. EPCs may have an important role in

the pathophysiology and treatment of various inflammatory

diseases, including lupus, rheumatoid arthritis, and vas-

culitis [2–4]. EPCs have also been evaluated for the

treatment of myocardial ischemia and peripheral vascular

disease [5, 6]. Understanding the role of EPCs in CD may
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be important in the context of disease pathogenesis, disease

progression, and disease regression.

Previous studies investigating EPCs in the setting of CD

have yielded conflicting results, and it is still unclear

whether the absolute peripheral EPC number increases or

decreases in the disease [7–9]. Previous studies are small

and not adequately controlled for disease activity. EPCs

might also warrant investigation in the context of CD

treatment. Transplantation of stem cells, including mes-

enchymal stem cells, seems to be a promising therapeutic

strategy due to their ability to selectively home into sites of

endothelial injury where they exert immunosuppressive

and tissue healing effects [10–12]. There have been no

human studies investigating EPC transplantation in sub-

jects with CD. However, EPC transplantation into fetal

sheep has been performed, and EPCs have been demon-

strate to migrate to the intestinal mucosa and contribution

to vasculogenesis in this setting [13]. These results suggest

that EPCs might have potential in inflammatory bowel

disease (IBD) cellular therapy.

In the current study, we aim to determine whether the

circulating levels of EPCs are changed in the context of CD

and the relationship with disease activity.

Methods

Patient Recruitment

Consecutive patients with Crohn’s disease presenting to the

inflammatory bowel disease clinic at Rabin Medical Center

were prospectively recruited. Exclusion criteria for the study

were: age\ 18 years, atherosclerosis or peripheral vascular

disease, prior malignancy, a history of chemotherapy or

radiotherapy, renal insufficiency, hematologic disease, and

liver disease. Patients with serious or systemic infections,

those requiring immediate surgery, aswell as female patients

with a history of pregnancy in the last 12 months, were also

excluded from the study. Sera were obtained at snap frozen

at -80 �C. Patients also completed a detailed self-admin-

istered questionnaire regarding general medical and disease

specific history. Answers were then cross-referenced for

accuracy with data from the electronic medical records.

Disease activity was assessed by the Crohn’s Disease

Activity Index (CDAI). Healthy controls were recruited

among hospital staff. All participants provided written

informed consent. Approval for the study was granted by the

Institutional Review Board at Rabin Medical Center.

Separation of Blood Leukocytes and Culture

Mononuclear cells were isolated by Ficoll density gradient

centrifugation from 20-ml blood samples, and EPC-CFU

was assayed after two platings and a 9-day culture on

fibronectin-coated 24-well plates, as previously described

[14]. Colonies were manually counted in 4 wells.

Flow Cytometry

A total of 1.5 9 106 cells were taken for FACS analysis.

FACS analysis was performed with utilization of the fol-

lowing markers: CD45 PerCP-Cy5.5 (R&D Systems,

Minneapolis, MN, USA), CD34 PE-Cy7 (R&D Systems,

Minneapolis, MN), human phycoerythrin anti-vascular

endothelial growth factor (VEGF) receptor-2 (R&D Sys-

tems, Minneapolis, MN, USA), and FITC-anti-CD133

(Miltenyi Biotec GmbH, Germany). Cells were incubated

with the marker for 30 min in the presence of 100 lL
Fluorescence-activated cell sorter staining buffer (FACS

buffer) (phosphate-buffered saline and 2 % fetal calf

serum) at 4 �C. Subsequently cells were washed with

phosphate-buffered saline (PBS) and fixed with formalde-

hyde for up to 24 h prior to FACS reading. FACS analysis

was performed with use of Calibur, Becton–Dickinson

equipment, and CellQuest software (BD Bioscience)

(Fig. 1). A total of 80,000 cells were counted at each FACS

reading.

Statistical Analysis

Data analysis was performed using SPSS 21.0 statistical

analysis software (SPSS Inc., Chicago, IL, USA). Contin-

uous variables were reported as mean ± SD. Normality of

distribution of continuous variables was assessed using the

Kolmogorov–Smirnov test (cut off at p = 0.01). Categor-

ical variables were described using frequency distributions

and were presented as frequency [n (%)]. Depending on the

distribution, continuous variables were compared across

Fig. 1 FACS analysis of CD34? cells
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groups using one way analysis of variance (ANOVA) or

the Kruskal–Wallis test. Pairwise, post hoc comparisons for

significance across differences were assessed by Bonfer-

roni’s test or the Mann–Whitney U. Categorical variables

were compared across groups using the Chi-square test

(exact as necessary). The Pearson’s correlation coefficient

was used to test correlation between variables. All tests

were two-sided and considered significant at p\ 0.05.

Results

Patients

A total of 83 subjects including 32 CD patients [19

(59.4 %) males, age 34.8 ± 14.9 years] and 51 healthy

controls [23 (45.1 %) males, age 43.3 ± 18.5 years] were

included in the study. Patient characteristics are displayed

in Table 1. Ancestry among CD subjects was reported as

Middle Eastern in 8 (25.0 %), North African in 6 (18.8 %),

Western European in 6 (18.8 %), Eastern European in 4

(12.5 %), and Former Soviet Union in 4 (12.5 %). Among

CD subjects, mean BMI was 24.1 ± 5.2 kg/m2, 6 (18.8 %)

were current smokers, disease duration was

12.7 ± 11.1 years, and disease distribution was colonic

and ileocolonic in 11 (34.4 %) and 20 (62.5 %) patients,

respectively. Mean CDAI was 147.2 ± 97.3. Twenty-eight

(87.5 %) subjects were receiving biological therapy (all of

whom were treated with infliximab at the time of inclusion,

and the mean number of infusions was 10.9 ± 8.4).

Twenty-one (65.6 %) subjects were receiving

immunomodulators, and 1.3 ± 3.0 (mean ± SD) Crohn’s-

related surgical procedures per subject had been performed.

Circulating Levels of EPCs by Flow Cytometry

The percentage of EPCs in the peripheral white blood cells

among subjects with CD was significantly higher than in

healthy controls (0.050 ± 0.086 and 0.007 ± 0.013),

respectively, p\ 0.01 (Table 2; Fig. 2). There was no

significant correlation between EPC levels and age

(r = -0.13, p = 0.47), gender (t = 0.48, p = 0.64),

CDAI (r = -0.26, p = 0.15), disease duration

(r = -0.04, p = 0.84), duration of treatment with bio-

logics (r = 0.004, p = 0.99), or smoking (t = 0.74,

p = 0.47). Associations between patient and disease

characteristics and circulating EPC levels among patients

with Crohn’s disease are shown in Table 3.

Table 1 Patient characteristics

Crohn’s disease Control p

N 32 (100) 51 (100)

Age, mean (SD) 34.8 (14.9) 43.3 (18.5) 0.64

Male, N (%) 19.0 (59.4) 23 (45.1) 0.26

Ethnicity

Middle Eastern 8 (25.0)

North African 6 (18.8)

Western European 6 (18.8)

Eastern European 4 (12.5)

FSU 4 (12.5)

Other 4 (12.5)

BMI (kg/m2) (SD) 24.1 (5.2)

Smoking, N (%)

Current 6 (18.8)

Past 7 (21.9)

Never 19 (59.4)

Disease duration (years) (SD) 12.7 (11.1)

Distribution, N (%)

Ileal 1 (3.1)

Colonic 11 (34.4)

Ileocolonic 20 (62.5)

Treatment (current)

Biologics, N (%) 28 (87.5)

Immunomodulator, N (%) 21 (65.6)

Surgery (Crohn’s), mean (SD) 1.3 (3.0)

CDAI, mean (SD) 147.2 (97.3)

FSU Former Soviet Union

Table 2 Circulating levels of endothelial progenitor cell levels

Crohn’s disease Control p

N 32 51

EPC (%), mean (SD) 0.050 (0.086) 0.007 (0.013) \0.01

Fig. 2 Endothelial progenitor cells in subjects with Crohn’s disease

and controls (%)

Dig Dis Sci (2017) 62:633–638 635

123



Discussion

In our prospective, controlled cohort we found a higher

percentage of EPCs in the circulating leukocytes of CD

patients compared to healthy subjects. This is an important

finding which adds to the limited and conflicted data pre-

viously published. There have been only four prior clinical

studies investigating peripheral EPCs in the setting of IBD,

and only three involving patients with CD [7–9, 15]. de

Toni et al. [15] found that the number of circulating EPCs

is reduced among patients with ulcerative colitis (UC), in

both the acute and chronic stages of disease. A particular

subset of EPCs expressing the CXCR4 antigen, which is

specifically involved in cellular homing to areas of acute

inflammation, was also found to be lower in subjects with

acute UC compared to subjects with chronic UC and

controls. Likewise, Garolla, et al. found that the number of

circulating EPCs was significantly lower in UC patients

than in CD patients and in controls. Similarly, the number

of EPCs in CD patients was lower than in controls [7].

Masuda et al. found a reduction in EPC number among

subjects with UC compared to subjects with CD, infectious

colitis, and controls. The authors suggest that the reduction

in peripheral EPC numbers may be due to the sequestration

of circulating EPCs in inflamed intestinal vessels [9, 15].

An alternative explanation for reduced numbers of EPCs is

impaired differentiation of hematopoietic progenitor cells

(EPC precursors) into EPCs, particularly in the acute phase

of disease. This hypothesis is supported by the presence of

increased numbers of hematopoietic progenitor cells in UC

[9].

In contrast, Masuda et al. [9] found no reduction in the

circulating number of EPCs among CD patients when

compared to controls, nor any correlation between EPC

numbers and disease activity. Marlicz et al. [8] found

significantly elevated levels of circulating EPCs in both UC

and CD patients with active disease, which is consistent

with the findings in our study. In addition to EPCs, the

authors demonstrated that EPC precursors and pluripotent

embryonic-like stem cells are heavily mobilized into

peripheral blood in patients with IBD.

Our findings are consistent with mounting evidence that

EPCs are directly involved in the regeneration of damaged

epithelium. Recruitment of hematopoietic progenitor cells

from the bone marrow is multifactorial and involves

chemokines, growth factors, and bioactive lipids [16]. In

murine models of colitis, transplantation of mesenchymal

stem cells and adipose tissue-derived stem cells has been

shown to promote intestinal recovery [17–19]. In humans,

phase 1 and phase 2 studies have demonstrated feasibility,

safety, and efficacy of autologous stem cell transplantation

for the treatment of refractory CD and CD-related fistulas

[20–22]. Nevertheless, no phase III trials have been pub-

lished, and long-term data, where available, suggest that

the rate of relapse following stem cell therapy is high [23].

Similarly, intravenously administered granulocyte–macro-

phage colony-stimulating factor (GM-CSF), a potent

stimulator of hematopoiesis, has not demonstrated efficacy

for the treatment of CD in vivo [24]. EPCs have not been

studied specifically in the context of CD; however, in a

fetal sheep model exogenously administered EPCs have a

demonstrated capacity to migrate to the intestinal crypt

region [13]. There have also been no reports of therapeutic

use of embryonic or induced pluripotent stem cells in CD.

Therefore, direct intravenous administration of stem cells,

or of factors which increase EPC mobilization, deserve

further study in the context of CD.

A major difference between our CD cohort and previous

studies in which EPC were found to be unchanged or

reduced is the high proportion of subjects receiving bio-

logical therapy (87 %) in our study. This could suggest that

biological therapy is associated with recruitment of EPCs

and endothelial repair and that increased peripheral EPC

numbers could be an indicator of treatment response.

Although we did not specifically find an association

between biological therapy and EPC number (Table 3), it is

likely that our study is underpowered to detect secondary

endpoints.

Strengths of our study include the quality of our

prospective cohort which included robust data on clinical

variables. The number of subjects recruited is relatively

high compared to previous cohorts. However, there are

several limitations to our study. Firstly, our study lacks

endoscopic and laboratory measures of disease activity

which might be related to circulating EPCs. Nevertheless,

we did include the CDAI which incorporates a laboratory-

based criterion. Secondly, we did not assay tissue EPC

Table 3 Association between patient and disease characteristics and

circulating EPC levels among patients with Crohn’s disease

EPC (%), mean (SD) p

Weight, BMI[25 kg/m2 0.07 (0.10) 0.47

Disease duration, C10 years 0.06 (0.09) 0.91

Disease activity, CDAI[250 0.01 (0.01) 0.18

Disease distribution

Colonic 0.08 (0.13) 0.14

Ileocolonic 0.03 (0.05) 0.25

Smoking (ever) 0.06 (0.09) 0.99

Treatment (current)

Biologics 0.06 (0.09) 0.50

Immunomodulator 0.02 (0.02) 0.08

Crohn’s-related surgery 0.03 (0.05) 0.15
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levels, which might have been useful to better understand

the pathophysiological processes at play. However, any

tissue assay would have been subject to sampling bias.

Thirdly, our study is likely to be underpowered to test for

clinical and demographic associations of high circulating

EPC levels, due to the low number of patients recruited and

the low number of circulating EPCs in each blood sample.

Finally, there has been a lack of consensus regarding the

definition of EPC [25–27]. Nevertheless, for the past dec-

ade CD34?/CD133?/VEGF? markers have been gener-

ally used. CD34 is a common stem cell marker, CD133 is a

marker of early bone marrow production, and VEGF

receptor-2 is a marker of endothelial precursors [28].

In conclusion, our study demonstrates that the level of

circulating EPCs is increased in subjects with CD,

regardless of disease activity. Future studies should further

investigate whether the extent of EPC mobilization corre-

lates with tissue damage or regeneration of damaged

intestine, as well as the signaling pathways involved with

endothelial repair. EPCs warrant further study both as a

target for therapeutic intervention and as a marker of

treatment response.
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