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Results

Sulfation of glycosaminoglycans (GAGs) of components of extracellular matrix and cell surface is an important 
regulatory mechanism in inflammatory immune response. Sulfation is a posttranslational modification catalysed 
by sulfotransferases. All sulfotransferases use 3´-phosphoadenosine 5´-phosphosulfate (PAPS) as common 
sulfate donor that is produced by PAPS synthase in a two-step reaction. Inhibition of PAPS synthase e.g. by 
chlorate leads to under-sulfation of GAGs on cell surface and affects immune response by regulation of the 
binding of cytokines, growth factors, adhesion molecules and other regulatory molecules on GAGs. 
In our experiments, we want to detect the sulfation-level of monocytes/macrophages in dependence on 
chlorate. These cells are part of the innate immune response and act at inflammatory site. Therefore, we want 
to established a CD44-hyaluronan binding assay. CD44 is a cell-surface receptor that binds hyaluronan on 
sulfated heparan-sulfate side-chains.

Purity of isolated monocytes determined using flow cytometry approaches

Isolation of monocytes from human whole blood of healthy donors

non-monocytes are magnetic-
ally labeled with a cocktail of 
biotinylated antibodies and 
anti-biotin MicroBeads

Magnetic separation

Non-monocytes are retained
in a column placed in a 
magnetic field.

Monocytes pass through the
column and are collected as 
the enriched, unlabeled cell
fraction

Density gradiant centrifugation

+ dextran

dextran sedimentation

Histopaque®
underlaying

whole blood

Histopaque®

supernatant

neutrophiles
and residual 
erytrocytes

monocytes

lymphocytes

thrombocytes

To determine the purity of the isolated cells using flow 
cytometry approaches, cell were stained with antibodies 
against CD14, a specific marker for monocytes/macro-
phages. The contingent of CD14 positive cells was about 
(95±5)% of the total isolated cell fraction. 

Methods

Monocytes were isolated from human peripheral blood of healthy volunteers, using a combination of density gradient centrifugation and magnetic labelling of non-
monocytes. Macrophages were cultivated from monocytes at 37°C in the presence of 100 U/ml granulocytes/macrophages – colony stimulating factor (GM-CSF). 
Cells were stimulated with 20 nM TNFα and chlorate at different concentrations for 12-48 h at 37°C.

In order to detect the sulfation level of monocytes/macrophages we established a CD44-hyaluronan binding assay. Using flow cytometry approaches, the 
expression of CD44 was followed by antibodies against CD44 (detection at 670nm), while the ability of CD44 to bind hyaluronan was assessed with FITC-labelled 
hyaluronan (detection at 530nm).

In this study we established a CD44-hyaluronan binding assay to detect the sulfation-level of monocytes. 
TNFα increased the expression of CD44 of monocytes and macrophages. Effects on the binding of FITC-labelled hyaluronan depended on incubation 
conditions. TNFα has no influence on purified monocytes concerning hyaluronan binding, but in the presence of lymphocytes TNFα increased the 
hyaluronan binding to monocytes. The inhibitor of sulfation reactions chlorate did not affect the expression of CD44, but diminished the binding of 
hyaluronan.
This assay is a convenient tool to investigate effect on sulfation after the treatment with anti-inflammatory agents.

Detection of the sulfation-level using the CD44-hyaluronan binding assay

After monocyte stimulation with 20 nM TNFα for 48 h, the expression
of CD44 was increased in comparison to control without TNFα. 
Additional use of TNFα and chlorate (90 µM) shows no effect on CD44 
expression. Repetitive analysis with different chlorate concentrations
(18-180 µM) also indicated no effect on CD44 expression, as expected.

Using monocytes with a purity of (95±5)%, TNFα stimulation doesn´t show an 

effect on hyaluronan binding. To exclude the influence of endogenously
produced hyaluronan after TNFα stiumulation, cells were digested with
hyaluronidase (100 U/ml; 2 h). Following detection of binding of FITC-labeled
hyaluronan doesn´t show differences between digested and non-digested
samples. This means, the CD44 receptor is not blocked by endogenously
hyaluronan.
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Differentiation

Freshly isolated monocytes could be
differentiated into macrophages using
100U/ml GM-CSF and / or adherence
on plastic. During 7 days the cells
changed from smaller (10-20µm), non-
adherent, round cells to larger 
(120µM), spindle-shaped and adherent
cells.
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To control the purity of the isolated monocytes, cells were stained 
with an antibody-mixture against CD5/CD19, specific markers for 
lymphocytes. A: unstained cells B: isolated monocytes C: positive 
control (cell retained in column durring purification)
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Using a co-cultivation of monocytes, lymphocytes and platelates, TNFα stimulation leads to increased hyaluronan binding on monocytes. The additionally use
of 90 µM chlorate decreased this binding at the level of the control.
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Sulfation of glycosaminoglycans (GAGs) of components of extracellular matrix and 
cell surface is an important regulatory mechanism in inflammatory immune response. 
All sulfotransferases use 3´-phosphoadenosine 5´-phosphosulfate (PAPS) as 
common sulfate donor that is produced by PAPS synthase. In order to detect the 
sulfation level of monocytes/macrophages we established a CD44-hyaluronan 
binding assay based on flow cytometry. Monocytes were isolated from human 
peripheral blood of healthy volunteers. Macrophages were cultivated from monocytes 
at 37 °C in the presence of 100 U/ml granulocytes/macrophages - colony stimulating 
factor (GM-CSF). CD44 is a cell-surface receptor that binds via heparan sulfate side 
chains hyaluronan, a glycosaminoglycan that is released from immune cells at 
inflammatory sites. Using flow cytometry approaches, the expression of CD44 was 
followed by antibodies against CD44, while the ability of CD44 to bind hyaluronan 
was assessed with FITC-labelled hyaluronan. TNF  increased the expression of 
CD44 on both monocytes and macrophages. Effects on the binding of FITC-labelled 
hyaluronan depended on incubation conditions. TNF  has no influence on purified 
monocytes concerning hyaluronan binding, but in the presence of lymphocytes TNF
increased the hyaluronan binding to monocytes. The inhibitor of sulfation reactions 
chlorate did not affect the expression of CD44, but diminished the binding of 
hyaluronan in a concentration-dependent manner. This assay is a convenient tool to 
investigate effect on sulfation after the treatment with anti-inflammatory agents.


