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Abstract: CD-68 is widely regarded as a selective marker for human monocytes and macrophages and is commonly 
used in human pathology studies. The purpose of this study was to investigate the expression of CD-68 in human pe-
ripheral blood mononuclear cells (PBMCs), neutrophil granulocytes (NGs) and in inflamed intestinal tissue samples 
for comparison. PBMCs and NGs were isolated from heparinized human blood samples. Intestinal biopsies were 
obtained during routine endoscopic procedures from patients with inflammatory bowel disease (IBD), e.g. ulcerative 
colitis and Crohn’s disease. Gene and protein expression was analyzed by real-time RT-PCR, Western blot and im-
munohistochemistry. Both PBMCs and NGs preparations contained cells that were positive for CD-68 and either 
neutrophil elastase (NE), or myeloperoxidase (MPO). CD-68+/NE-/MPO- cells were regarded as monocytes. CD-68 
mRNA expression was detected in PBMCs and NGs preparations. With Western blot and by performing immunopre-
cipitation of cell lysate, we could clearly detect CD-68 in NGs, U-937, THP-1, Hep-G2, Jurkat cells and PBMCs. Identi-
fication of inflammatory cells in acutely inflamed colonic mucosa obtained from patients with IBD revealed a strong 
accumulation of CD-68+/MPO+ cells compared to normal colonic mucosa. The uptake of the marker by phagocytosis 
was excluded by performing a double staining with CD-163/NE and CD-163/MPO in PBMCs, NGs cultures and in 
inflamed colonic mucosa. These results identify CD-68+ NGs in peripheral blood and inflamed colonic mucosa. CD-
68 is not only a marker for the macrophages-monocytes but also for NGs. 
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Introduction

Cells that differ in function have distinct molec-
ular structures in their membranes. These 
structures can serve as markers for particular 
cell types and can be recognized by specific 
antisera against the markers. Specific antibod-
ies against membrane markers of human cells 
have a number of current and potential uses 
[1]. 

Five antibodies, Y1/82A, Y2/131, EBM11, 
Ki-M6 and Ki-M7, within the myeloid panel of 
reagents were recognized as markers of the 
majority of human tissue macrophages present 
in tissue sections [2-6]. This group of antigens 
was designated as CD-68, based on the results 

of Micklem et al. [7]. Specific CD-68 is reported 
to be present in a variety of tissue macro-
phages, including Kupffer cells, germinal center 
macrophages, alveolar macrophages and bone 
osteoclasts [8].

CD-68 (the human homologue of mouse macro-
sialin) is a heavily glycosylated, 110 kDa mem-
brane protein. Although it is predominantly 
located in lysosomal membranes, a small frac-
tion is also found on the cell surface [9, 10].

However, in contrast to the generally accepted 
concept of monocyte/macrophage specificity, 
many authors have reported some reactivity of 
anti-human CD-68 antibodies with antigens 
present on the cell surface of various hemato-

http://www.ijcep.com


Identification of CD-68 in neutrophil granulocytes

562	 Int J Clin Exp Pathol 2013;6(4):561-570

poietic and non-hematopoietic cells [11-13]. 
Recently published reports demonstrated both 
at the RNA and protein level that CD-68 was 
not only expressed in macrophages and mono-
cytes but also expressed by non-myeloid cell 
types, such as T cells, fibroblasts, endothelial 
and tumor cells [14, 15].

Recently it has been demonstrated that the 
increased expression of MPO in injured rat and 
human liver is due to the presence of newly 
recruited neutrophil granulocytes (NGs) as no 
MPO expression was evident in Kupffer cells 
[16]. These reports negate the traditional view 
that the CD-68 antigen is specific for macro-
phages. If the CD-68 antigen is not expressed 
solely in macrophages but also by NGs, the 
finding of MPO in CD-68+ cells is explained. This 
is important especially when physiology of 
intestinal immune system is studied [17].

In acute tissue injury, the initial inflammatory 
cell influx consists predominantly of NGs, which 
in turn orchestrate the recruitment of mono-
cytes and the activation of lymphocytes 
required for a mature inflammatory response. 
Inflammatory bowel diseases (IBD), Crohn’s dis-
ease (CD) and ulcerative colitis (UC), are char-
acterized by an excessive recruitment of leuko-
cytes from the blood circulation into the 
inflamed gut wall. During acute flares of UC or 
CD there is a massive infiltration of NGs into 
the affected mucosa, which is manifested clini-
cally by an increase in stool NGs. In IBD there is 
also a marked infiltration of macrophages into 
the inflamed mucosa, manifested by an 
increase in macrophage-derived inflammatory 
cytokines IL-1β, IL-6 and TNF-α during acute 
flares [18]. IBD are characterized by a dense 
infiltration of tissue by CD-68+ macrophages 
compared to non-inflamed colonic mucosa [19, 
20].

This study investigated whether CD-68 positive 
NGs is found in peripheral blood and inflamed 
colonic mucosa of IBD patients. 

Methods

Antibodies

A rabbit polyclonal antibody 
directed against human 
MPO was purchased from 
Dako (Hamburg, Germany), 
a rabbit polyclonal antibody 

against human neutrophil elastase from 
Calbiochem (Germany, Cat. 481001-1ML) and 
a mouse monoclonal antibody directed against 
human CD-68 (Clone KP-1, Cat. sc-20060) 
from Santa Cruz (CA, USA) for Western blot 
analysis. Results were confirmed with a second 
mouse monoclonal antibody anti-human CD-68 
(Clone KP-1, Cat. ab955, Abcam, Cambridge, 
UK). For immunohistological analysis, a mono-
clonal anti-human CD-68 mouse antibody 
(Clone PG-M1, Cat. M087601) was bought from 
Dako. Results were confirmed with a second 
anti-human CD-68 mouse monoclonal antibody 
(Clone KP-1, Cat. ab955, Abcam, Cambridge). A 
monoclonal mouse anti-human CD-11 b-c 
mouse antibody was purchased from DAKO 
(Cat. M0741), while the monoclonal mouse 
anti-human CD-163 antibody (5C6-FAT, Cat. 
BM4041) came from Novus Biologicals 
(Cambridge, UK).

Isolation and cell culture condition of human 
PBMCs and NGs

PBMCs and NGs were isolated from hepara-
nized blood of healthy donors (n=3) by Ficoll 
density gradient centrifugation and dextran 
sedimentation. Residual red blood cells were 
hypotonically lysed and cells were washed 
three times with phosphate-buffered saline 
(PBS) pH 7.3. Cell preparations were routinely 
assessed for viability (>95%) by trypan blue 
exclusion. Cells were stimulated in vitro with 
phytohaemagglutinin (PHA, 5 µg/ml [Roche 
Molecular Biochemicals, Mannheim, Germany]) 
or lipopolysaccharide (LPS, 1 µg/ml [Sigma-
Aldrich Chemie, Taufkirchen, Germany]) for 2, 4 
and 8 hours as previously described [21].

Isolation of RNA and real-time quantitative 
RT-PCR

Isolation of RNA, cDNA synthesis and real-time 
RT-PCR were performed as previously described 
[22]. Real-time PCR analysis of cDNA was per-
formed at 60°C to 95°C for 45 cycles in the 
Sequence Detection System of ABI Prism 7000 
(Applied Biosystems, Darmstadt, Germany) fol-

Table 1. Human primer sequences used for RT-PCR
Primer Forward Reverse
MPO 5´-TCGTCAGAACCAAATTGCAG-3´ 5´-ATGTTCAGAGCAGGCAGGTC-3´
NE 5´-GCATCTTCGAAAACGGCTAC -3´ 5´-GACCCGTTGAGCTGGAGAAT-3´
CD-68 5´-TCAGCTTTGGATTCATGCAG-3´ 5´-TTGTACTCCACCGCCATGTA-3´
β-actin 5´- CTGGAACGGTGAAGGTGACA -3´ 5´- GTCCTCGGCCACATTGTGA -3´
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lowing the manufacturer’s instructions and by 
using SYBR Green Reaction Master Mix (ABI 
Prism; Applied Biosystems) and the primers 
reported in Table 1. All primers were synthe-
sized by Invitrogen (Groningen, Netherlands). In 
every sample, β-actin was taken as the house-
keeping gene. Fold change expression was cal-
culated from the threshold cycle (Ct) values. 
For calculation of the relative changes, gene 
expression measured in unstimulated cells at 
0h was set at unity.

Cytospin preparation and immunofluorescence 

Cytospin preparation and immunofluorescent 
staining of PBMCs and NGs were performed as 
described previously [21]. Double-staining was 
performed according to an established proto-
col [23]. The primary antibodies were incubat-
ed with the cytospins preparations overnight at 
4°C. Following a short washing step in phos-
phate buffered saline (PBS), an incubation was 
carried out with Alexa-Fluor® conjugated goat 
anti-rabbit and anti-mouse secondary antibod-
ies (1:200; Molecular Probes, Germany) at 
room temperature for 1 h and the cytospin 
preparations were washed three times for 5 
min in PBS. Finally, the nuclei were stained with 
4,6-diamidino-2-phenylindole (DAPI), and the 
sections were washed and mounted.

Intestinal tissue sections (paraffin embedded) 

Biopsy samples of the colon were obtained 
from six patients (3 men, 3 women) with CD, six 

patients with UC (4 men, 2 women) and three 
control subjects without detectable colonic dis-
ease (2 men, 1 women). The control biopsies 
were obtained from mucosa without any mac-
roscopic evidence of inflammation (confirmed 
at the microscopic level) in patients who under-
went elective colonoscopic screening for can-
cer. The IBD patients had clinical and endo-
scopical signs of acute inflammation. IBD 
patients had clinical and endoscopic signs of 
acute inflammation. All patients gave written 
informed consent to participate in the study in 
accordance with the ethical guidelines of the 
1975 Declaration of Helsinki and the ethics 
committee of the University Medical Center. 
The diagnosis of IBD was based on clinical, 
radiological, endoscopic and histopathologic 
criteria. The specific indication for the colono-
scopic examination in the IBD patients was a 
lack of efficacy of their therapy. As a result, all 
biopsies were obtained from patients with 
active mucosa inflammation during an acute 
flare of the disease. The assessment of the 
severity of the mucosal disease was based on 
macroscopic and histologic findings. In the IBD 
group, two patients had distal colitis, two proc-
titis, and two had pancolitis. The duration of the 
IBD ranged from 6 to 22 years (mean, 9.5 
years). Serum C-reactive protein (CRP) levels 
were determined utilizing standard clinical lab-
oratory procedures and ranged from 2 to 28.3 
mg/L (mean, 8.2 mg/L). All of the CRP levels in 
the control subjects were within the normal 

Figure 1. Double staining of PBMCs cytospins with monoclonal antibody directed against CD-68 and CD-163 (green), 
polyclonal antibody against NE and MPO (red), followed by fluorescence immunodetection. CD-68+/NE+ cells in con-
trol cultures and 4h after stimulation with LPS (Figure 2A). CD-68+/MPO+ and CD-163+/NE+ PBMCs in control cells 
and 4h after stimulation with LPS (Figure 2B and 2C) (Original magnification: x200. Scale bar= 100 µm).
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laboratory range (<2 mg/L). The number of 
biopsy specimens taken from a given patient 

ranged from 1 to 3 (mean, 1.6 specimens). 
Specimens for RNA analysis were immediately 

Figure 2. Double staining of NGs cytospins with monoclonal antibody directed against CD-68 (green) and polyclonal 
antibody against NE (red) followed by fluorescence immunodetection. CD-68+/NE+ cells in control cultures and 
4h after stimulation with LPS (Figure 2A). CD-68+/MPO+ NGs in control cultures and 4h after stimulation with LPS 
(Figure 2B). Double staining of NGs cytospins with polyclonal antibody directed against NE (red) and monoclonal 
antibody against CD-11b-c and CD-163 (green) followed by fluorescence immunodetection. NE+/CD-11 b-c+ (Figure 
2C) and NE+/CD-163+ (Figure 2D) NGs in control cultures and 4h after stimulation with LPS (Original magnification: 
x200. Scale bar= 100 µm).

Figure 3. Western blot analysis of MPO and β-actin of total protein from human NGs (Figure 3A). Protein was ex-
tracted from NGs of control (Co) cells or 12 h after stimulation with PHA or with LPS. In a second set of experiments, 
protein from NGs cells lysate was immunoprecipitated with a monoclonal antibody anti-CD-68 (clone KP1) (Figure 
3B). U-937 and THP-1 cell lines were used as positive controls, whereas NGs without additional incubation with a 
monoclonal antibody anti-CD-68 were used as negative control. Western blot analysis of MPO in control (Co), PHA- or 
LPS-stimulated PBMCs was also performed (Figure 3C). β-actin was always used as house-keeping gene. 20 µg of 
total protein were separated by SDS-PAGE, and blotted onto PVDF membranes. The membranes were subsequently 
incubated with the antibodies against MPO, NE, CD-68 and β-actin. An immunoprecipitation of cells lysate was also 
performed (Figure 3D). In order, NGs (unstimulated and after 12h treatment with TNF-α), U-937, THP-1, Hep-G2, 
Jurkatt cells and PBMCs (unstimulated and after 12h stimulation with PHA or LPS) were subjected to SDS-PAGE and 
transferred to polyvinylidene fluoride (PVDF) membranes followed by Western blot analysis for CD-68. The molecu-
lar weight of MPO is 59 kDa. The molecular weight of NE is 29 kDa, of β-actin is 42 kDa. The molecular weight of 
CD-68 (KP1) is between 75 and 110 kDa, as described previously. For immunoprecipitation of cell lysates a rabbit 
polyclonal anti-CD68 antibody with a predicted band of 42kDa was used.
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Statistical analysis

The data were analyzed with Prism Graph Pad 5 
software (San Diego, USA). All experimental 
errors are shown as SEM. Statistical signifi-
cance was calculated using Student’s t-test, 
one-way analysis of variance, and Dunnett’s 
post hoc tests. Significance was defined at a 
level of P<0.05.

Results

In vitro identification of CD-68+/NE+, CD-68+/
MPO+, CD-11b-c+/NE+ and CD-163+/NE+ in 
activated human PBMCs and NGs by immuno-
fluorescence double staining

After 4 h of stimulation with PHA or LPS as well 
as in unstimulated PBMCs, 20% of the total cell 
populations was found to be CD-68+/NE+ 
(Figure 1A), and CD-68+/MPO+ (Figure 1B). Two 
different CD-68 antibodies (monoclonal mouse 
Clone PG-M1, Dako and monoclonal mouse 
Clone KP-1, Abcam) yielded the same result 
although only results with the clone PG-M1 
(Dako) are reported. As the staining procedures 
identified positivity for the NGs markers, MPO 
and NE, they clearly demonstrate that a portion 
of the PBMCs cell population contains some 
NGs. In the present work, these cells are shown 
to have strong CD-68 expression. 

As a control, a NG preparation was studied. 
About 85% and 90% of these cells stained posi-
tive for NE and MPO, respectively. Double stain-
ing with CD-68 and NE (Figure 2A) or MPO 
(Figure 2B) revealed that 20% of the cells were 
positive for both markers. As CD-11 b-c is a 
marker for leukocytes involved in the innate 
immune system, including monocytes, granulo-
cytes, macrophages and natural killer cells, the 
present findings were confirmed by performing 
immunofluorescence staining of human NGs 
using antibodies against CD-11 b-c and NE 
(Figure 2C). As shown in Figure 2C, 50% of the 
NGs are positive for both markers.

To exclude the uptake of NE+ cells by phagocy-
tosis, we stained the specific marker of the 
monocyte/macrophage lineage CD-163 in 
human PBMCs and NGs, and we clearly showed 
that NE was not detectable in CD-163+ cells 
(Figures 1C and 2D).

snap-frozen in liquid nitrogen and stored at 
–80°C until being used.

Protein extraction, western blot analysis and 
immunoprecipitation 

Protein extraction and Western blot analysis 
using PBMCs and NGs, but also THP-1, U-937, 
Hep-G2 and Jurkatt cells were performed as 
previously described [21]. The immunodetec-
tion studies were performed according to the 
ECL Western blotting protocol of GE Healthcare 
(Germany). The primary rabbit polyclonal anti-
bodies to MPO and NE were used at 1:100 dilu-
tion, whereas the mouse monoclonal anti-
CD-68 was used at a 1:50 dilution. In addition, 
500 μg of total proteins were immunoprecipi-
tated from cell lysates of NGs utilizing the 
CD-68 antibody at 4°C overnight with rotation 
and then incubated with 40 μl of protein A/G-
agarose (Santa Cruz Biotechnology) beads for 
4 hours at 4°C with rotation. The collected 
beads were washed four times with lysis buffer 
and resuspended in sample buffer. 

Immunoprecipitation of cells lysate was per-
formed as described previously [24]. In order, 
NGs (unstimulated and after 12h treatment 
with TNF-α), U-937, THP-1, Hep-G2, Jurkatt 
cells and PBMCs (unstimulated and after 12h 
stimulation with PHA or LPS) were subjected to 
SDS-PAGE and transferred to polyvinylidene 
fluoride (PVDF) membranes followed by 
Western blot analysis for CD-68. For immuno-
precipitation of cell lysates a rabbit polyclonal 
anti-CD68 antibody (Cat. Ab63896, Abcam), at 
a 1:1000 dilution and with a predicted band of 
42kDa, was used.

Figure 4. Fold change of mRNA expression of NE, 
MPO, CD-68 in NGs and PBMCs freshly isolated. Real 
time PCR was normalized by using β-actin as house-
keeping gene. Results represent mean ± SEM value 
of three experiments (in duplicate).
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cells lysates from human NGs with a mouse 
monoclonal antibody directed against human 
CD-68 (clone KP1, Abcam). Figure 3B shows 
that KP-1 detects a band of approximately 110 
kDa in stimulated and control NGs, although 
the expression level did not differ between con-
trol and stimulated cells. In order to confirm our 
results, we used U-937 and THP-1 cell lines as 
a positive control and we were able to detect 
the same 110 kDa band in both of them (Figure 
3B). This is consistent with mRNA expression 
data (Figure 4) where we show a constitutive 

Identification of CD-68+/MPO+ and CD-68+/NE+ 
in activated human PBMCs and NG by western 
blot and immunoprecipitation 

To determine the amount of MPO-, NE- and 
CD-68-protein in human PBMCs and NGs prep-
arations, Western blot analyses were carried 
out. The molecular weight of MPO is 59 kDa. 
Figure 3A shows a constitutive expression of 
MPO in human NGs, which decreased after 
stimulation with LPS. As the next step, we per-
formed an immunoprecipitation analysis of 

Figure 5. Immunofluorescence staining of paraffin samples of inflamed colonic mucosa from patients with acute ex-
acerbation of UC (Figure 5A) or Crohn’s disease (Figure 5B) compared with non-inflamed (Figure 5C) colon mucosa. 
Double staining of colon mucosa was performed with a monoclonal antibody directed against CD-68 (green) and 
polyclonal antibody against MPO (red) followed by fluorescence immunodetection. (Original magnification: x200. 
Scale bar= 100 µm).

Figure 6. Immunofluorescence staining of paraffin samples of inflamed colonic mucosa from patients with Crohn’s 
disease (Figure 6A and 6B) from an acute flare. Double staining of colon mucosa was performed with a monoclonal 
antibody directed against CD-163 (green) and polyclonal antibody against MPO (red) followed by fluorescence im-
munodetection. Original magnification: x100 (A) x200 (B). Scale bar= 100 µm.
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surement of MPO and CD-68 in serum of fresh-
ly isolated NGs (data not shown) and found very 
high levels of MPO in these samples, whereas 
CD-68 was detected but at lower level. High lev-
els of CD-68 in NGs at the RNA level could be 
due to posttranscriptional changes undergone 
by CD-68 that was detected at higher RNA than 
protein level. 

Identification of CD-68+/MPO+ NGs in colon 
biopsy samples from patients with IBD using 
immunofluorescence double staining analysis

Inflamed mucosa of patients with IBD, e.g. UC 
(Figure 5A) or CD (Figure 5B), was compared to 
normal mucosa (Figure 5C). Double staining 
with monoclonal CD-68 and rabbit polyclonal 
MPO antibodies revealed a dramatically 
increase of inflammatory cells, which co-
expressed the macrophage marker CD-68 and 
the granulocyte marker MPO, in the inflamed 
intestine compared to normal control biopsies. 
Double staining definitely revealed the accumu-
lation of inflammatory cells in inflamed colonic 
tissue with an acute exacerbation as compared 
to non-inflamed tissue. Identical results were 
obtained using colonic tissue sections of 
patients with UC and CD. 

To exclude a phagocytosis of granulocytes by 
tissue macrophages, we performed a double 

significant expression of CD68 mRNA tran-
scripts in human NGs and, at a higher level, in 
PBMCs. Figure 3C shows MPO expression at 
protein level in unstimulated and stimulated 
PBMCs.

CD-68 immunoprecipitation of cells lysate in 
different cell populations was also performed 
(Figure 3D) and we could clearly detect the 
observed band of 42 kDa in human NGs, U-937, 
THP-1, Hep-G2, Jurkat cells and PBMCs.

Changes of CD-68, MPO and NE gene expres-
sion in in vitro isolated human PBMCs and 
NGs at the level of mRNA 

The gene expression of different cell markers of 
human PBMCs and NGs, such as MPO, NE and 
CD-68, using real-time PCR, was determined 
(Figure 4). Gene expression profiles of both cel-
lular populations were examined. Precisely, the 
quantification using PCR revealed a particularly 
high expression of CD-68 in PBMCs but notably 
also, although to a lower extent, in NGs. NE was 
found in higher concentrations in NGs than in 
PBMCs. We did not find any difference in mRNA 
transcripts for MPO in either cell type. 
Interestingly, we detected at the mRNA level a 
higher CD-68 gene-expression than MPO. On 
the other hand, we performed an ELISA mea-

Figure 7. Immunofluorescence staining of paraffin samples of inflamed colonic mucosa from patients with Crohn’s 
disease from an acute flare. The double staining of colon mucosa was performed with a monoclonal antibody di-
rected against CD-163 (green) and polyclonal antibody against MPO (red), showing an increased number of MPO+ 
cells in the destroyed epithelium coming off from the rest colon mucosa. A negative control of an inflamed colonic 
mucosa is also reported.
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The CD-68 antigen has been identified in the 
cytoplasm of human macrophages and mono-
cytes and several studies have used this anti-
gene as a selective marker for this cell type [5, 
25]. Prior immunohistochemical studies have 
shown that CD-68 is expressed at very low lev-
els in most cell types, although it is abundant in 
macrophages [26]. 

As PBMCs represent a “co-culture” of leuko-
cytes, pure granulocyte populations were stud-
ied [27]. A strong immunoreactivity towards 
CD-68 antigen and CD-11 b-c in freshly isolated 
NGs was demonstrated and confirmed utilizing 
a double staining with MPO- and NE-specific 
antibodies. These results at the RNA and pro-
tein level, showing a strong CD-68 and CD-11 
b-c mRNA expression in the NG populations, 
confirm the findings in blood. It needs to be 
noted, however, that although co-identity of 
CD-68 on NGs was demonstrated in this study, 
only a part of the NGs population was CD-68+/
MPO+ or CD-68+/NE+. These results, together 
with the transmigration and accumulation of 
CD-68+/MPO+ cells in the human colonic muco-
sa during an acute flare of UC or CD, identify the 
possible involvement of CD-68+ NGs in acutely 
inflamed colonic mucosa. 

It should also be noted that the higher mRNA 
expression of CD-68 than MPO detected in NGs 
could be due to posttranscriptional mecha-
nisms, which regulate CD-68 protein binding. 
This explains why we found higher amounts of 
CD-68 than MPO at the RNA level as well as 
higher amounts of MPO at the protein level with 
immunohistological analysis.

The results published previously by Gottfried et 
al. [14] using an antibody KP1, that has its 
strongest reactivity independent of the specific 
cell type examined, were confirmed. The article 
by Kunisch et al. [13] discussing a cross reac-
tivity of allegedly macrophage-specific anti-
CD-68 antibodies with fibroblasts and activat-
ed endothelial cells demonstrates amply that 
these antibodies should not be used for the 
identification of macrophages only.

Recently, MPO and NE have been shown to be 
expressed by NGs in normal and inflamed 
hepatic tissue but not in resident Kupffer cells 
[16]. These results support the present data 
and indicate that NGs that transmigrate during 
an inflammatory response in human colonic 
mucosa are strongly positive for MPO as well as 

staining with the macrophage-specific marker 
CD-163 together with MPO in colonic mucosa 
of patients affected by CD with an acute flare 
(Figure 6A and 6B). Immunofluorescence stain-
ing was performed to localize CD-163 and MPO 
in the intestinal mucosa of IBD patients. In the 
inflamed mucosa, we showed an accumulation 
of MPO but also of CD-163+ cells that were dis-
tributed diffusely in the colonic mucosa. By 
direct immunofluorescence double staining, we 
could clearly demonstrate that CD-163+ cells 
were not MPO positive (Figure 6A and 6B) 
excluding the uptake of one or the other marker 
by phagocytosis.

Inflammatory cells in colonic mucosa of IBD 
patients

Immunohistochemical double staining with 
antibodies against MPO and CD-163 revealed a 
dense neutrophil infiltration in the colonic 
mucosa from patients with active CD and that 
the MPO positivity were mostly concentrated in 
the destroyed mucosa, as shown in Figure 7. 

Discussion

This study identified CD-68+/NE+ and CD-68+/
MPO+ cells as NGs and CD-68+/NE- as well as 
CD-68+/MPO- cells as macrophages-mono-
cytes in human peripheral blood and intestinal 
tissue of IBD patients. Both, at the RNA and 
protein levels, this study identified CD-68 not 
only in monocytes/macrophages but also in 
NGs since by double staining analysis we 
detected cells positive for both CD-68 and NE 
in unstimulated and in activated PBMCs. 
Moreover, using the same cell populations after 
double staining with the antibodies directed 
against CD-68 and MPO, the data were con-
firmed. Further detection of CD-68+/CD-11 b-c+ 
cells confirmed these detected cells as NGs. By 
performing Western blot analysis and immuno-
precipitation of cell lysate, we identified CD-68 
in human NGs, PBMCs, but also in U-937, THP-
1, Hep-G2 and Jurkat cells.

The second important finding is that the in vitro 
results were confirmed utilizing normal and 
inflamed colonic mucosal tissue from patients 
with IBD. Sections of colonic tissue obtained 
during an acute exacerbation of either UC or CD 
were prepared and demonstrated a strong 
accumulation of CD-68+/MPO+ cells while only 
a weak co-positivity of these two markers was 
present in normal colonic mucosa. 
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