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Abstract 

 G-CSF/dexamethasone-treatment of healthy individuals results in the mobili-

zation of high amounts of granulocytes from the bone marrow into the circulation, 

allowing the harvest of adequate cell numbers for transfusion purposes. Although 

highly effective, combination of these agents also modulates the gene expression pro-

file of the mobilized cells which could hamper their function. As previously demon-

strated for IL-8/CXCL8, these mobilized granulocytes display diminished mRNA 

levels for MIP-1α/CCL3 and MIP-1β/CCL4). In direct contrast to high IL-8 produc-

tion by mobilized granulocytes upon stimulation with TLR ligands, only a minor MIP

-1 protein expression was observed when compared with normal control granulocytes. 

Consequently, mobilized granulocytes have a strongly diminished capacity to secrete 

MIP-1 chemokines in response to stimulation.   
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Introduction 

 Granulocyte transfusions constitute an adjuvant therapy for neutropenic and 

immunocompromised patients in which the exclusive use of modern antimicrobial 

drugs is ineffective. Current guidelines to achieve sufficient cell numbers for transfu-

sion purposes recommend pretreatment of the donor with the combination of G-CSF 

and dexamethasone. Mobilization does not influence basic neutrophil functions1, but 

has been shown to affect their gene expression significantly, resulting in cell popula-

tions with a potentially altered activity.2 

Macrophage Inflammatory Protein (MIP)-1α (CCL3) and MIP-1β (CCL4) are 

members of the so-called CC subfamily of chemokines, which also includes MCP-1 

(CCL2), MCP-2 (CCL8), MCP-3 (CCL7) and RANTES (CCL5).3 MIP-1α and MIP-

1β are expressed primarily by macrophages, T and B cells, monocytes, dendritic cells 

and granulocytes upon stimulation with antigens, specific agonists or mitogens.4 MIP-

1α acts as potent chemotactic/activating factor for monocytes, and subpopulations of 

T and B cells, and also activates several effector functions of macrophages, such as 

secretion of  TNF-α and IL-6.5 MIP-1β is also able to attract and activate monocytes, 

although to a lesser extent than MIP-1α. Both chemokines are strong chemoattractants 

for immature dendritic cells6, which is required to initiate antigen uptake and process-

ing for subsequent adaptive immune responses. MIP-1α and MIP-β attract distinct 

populations of lymphocytes. Whereas MIP-1α appears to be a more potent chemoat-

tractant with a broader specificity, attracting B cells, cytotoxic CD8+ T cells and CD4+ 

T cells, MIP-1β tends to attract predominantly a subset of CD4+ T lymphocytes.7,8  

Two important findings have led to the renewed interest in the MIP-1α and -

1β proteins as highly related activators of CC chemokine receptors (i.e. CCR1, CCR3, 

and CCR5). First, these macrophage effector chemokines are produced and secreted 

by activated macrophages to attract other proinflammatory cells, including macro-

phages themselves, to sites of inflammation. Secondly, MIP-1 proteins can potently 

inhibit the uptake of HIV-1 via CCR5 ligation.9 In addition to regulating leukocyte 

trafficking, CC chemokines can also play a role in modulating the production of cyto-

kines by T helper (Th) cells.10 In mouse, MIP-1α and its receptor CCR5 promote Th1 

skewing and -in turn- CCR5-deficient mice display Th2-skewed cytokine profiles.11 

In a murine model of cutaneous granuloma formation, MIP-1α and MIP-β 

released from neutrophils recruited to sites of skin injury were found to be crucial 

mediators for macrophage influx.12 Also human neutrophils are able to secrete MIP-

1α and MIP-β in response to a wide range of stimuli, including LPS.13,14 The presence 

of GM-CSF during LPS stimulation results in synergistic expression of both MIP-1 α 
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 mRNA and protein levels. On the other hand, IL-10 strongly attenuates LPS-induced 

production of MIP-1 proteins by human neutrophils.14  

Recently, we observed that granulocytes mobilized for transfusion purposes 

exhibit strongly reduced levels of mRNA for various chemokines, including IL-8 

(Chapter 7). Nonetheless, stimulation of those granulocytes with various TLR ligands 

resulted in the production of very high levels of IL-8, despite the reduced levels of 

mRNA for IL-8. In many cases the IL-8 production and release was superior to that of 

control cells and largely regulated at the post-transcriptional level (Chapter 7). In the 

present study, we investigated whether a similar mechanism exists for the MIP-1 pro-

teins produced by granulocytes. Transcriptional activity for these CC chemokines was 

down-regulated in mobilized cells (similar to IL-8), but MIP-1α and MIP-1β synthe-

sis and release were found to be almost absent in these granulocytes upon TLR acti-

vation, in direct contrast to IL-8. Our findings demonstrate a clear dichotomy between 

these CXC and CC chemokines in their expression regulation in neutrophils.  

 

Design and methods 

 

Granulocyte isolation and stimulation 

 Heparinized venous blood was collected from healthy donors, with or without G-

CSF/dexamethasone treatment. Donors received G-CSF (600 µg, subcutaneously) and dexa-

methasone (8 mg, orally) at 16-20 hours prior to the granulocyte donation. The study was ap-

proved by the local ethical medical committee and in accordance with the Declaration of Hel-

sinki.  

Granulocytes were isolated as described previously.15 In short, the granulocytes and erythro-

cytes were separated from the mononuclear leukocytes and platelets over isotonic Percoll with 

a specific density of 1.076 g/mL. Erythrocytes in the pellet were lysed in ice-cold medium 

containing 155 mM NH4Cl, 10 mM KHCO3 and 0.1 mM EDTA, pH 7.4. Granulocytes were 

washed and resuspended in Hepes-buffered saline solution (132 mM NaCl, 6.0 mM KCl, 1.0 

mM CaCl2, 1.0 mM MgSO4, 1.2 mM potassium phosphate, 20 mM Hepes, 5.5 mM glucose 

and 0.5% (w/v) human serum albumin, pH 7.4). Purity and viability of granulocytes isolated 

with this method was always more than 95%. 

Neutrophils were isolated as described above and diluted to the desired concentration. TLR 

agonists were used at the following concentrations, unless otherwise indicated: MALP-2 (1 

µg/mL; EMC Microcollections, Tübingen, Germany); LPS/LBP (20 ng/mL and 50µg/mL, 

respectively) where LPS from E.coli strain 055:B5 was purchased from Sigma Aldrich (St. 

Louis, MO, USA); LPS-binding protein (LBP) from R&D Systems, Minneapolis, MN) and 

Resiquimod (50 µg/mL) form Alexis Biochemicals, Lausanne, Switzerland.  
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RNA isolation and reverse transcription (RT) 

 Total cellular RNA was extracted from a minimum of 20x106 cells with TRIzol re-

agent (Invitrogen, Breda, The Netherlands) according to the protocol provided by the manu-

facturer with the following minor modifications. An additional phenol-chloroform extraction 

was performed, and the isopropanol precipitation at -20°C was facilitated by the addition of 20 

µg/mL glycogen (Roche, Almere, The Netherlands). Purity and integrity of the RNA samples 

were confirmed on the Agilent 2100 bioanalyzer (Agilent Technologies Netherlands BV, Am-

stelveen, The Netherlands) by means of the RNA 6000 Nano LabChip kit. 

Subsequently, first-strand complimentary DNA (cDNA) was synthesized with the Superscript 

III first-strand synthesis system for RT-PCR (Invitrogen, Breda, The Netherlands), as previ-

ously described.2 Intron-spanning primers were designed to specifically reduce the possibility 

of amplifying genomic DNA. All primers were synthesized by Invitrogen.  

 

Quantitive RT-PCR 

 PCR amplification was performed on a LightCycler instrument (Roche, Almere, The 

Netherlands), and analyzed with software version 3.5. The reaction was performed with 

Lightcycler FastStart DNA MasterPLUS SYBR Green I (Roche Diagnostics, Indianapolis, IN, 

USA), as described elsewhere.2 The annealing temperature used for all primers was 65ºC. The 

specific size of the product was determined on a 1% (w/v) agarose gel. Subsequently, the ob-

tained band was purified by means of the GFX PCR DNA and Gel Band purification kit 

(Amersham Biosciences, Piscataway, NJ, USA) according to the manufacturer's instructions to 

remove excess dNTPs and primers. The product was sequenced by Big-dye Terminator Se-

quencing and ABI Prism software (Applied Biosystems, Foster City, CA). The sequence was 

verified with BLAST (http://www.ncbi.nlm.nih.gov/BLAST/) to determine its specificity. All 

Figure 1. MIP-1 chemokine mRNA levels in mobilized neutrophils.  mRNA was isolated from fresh 

control (□) and G-CSF/dexamethasone mobilized (■) neutrophils. Relative expression of MIP-1alpha 

(A) and MIP-1beta (B) was assessed by quantitative RT-PCR, and compared to the expression of the 

house-keeping gene β-actin. Data were analyzed by independent two-way ANOVA, **p<0.01 

(significant difference). 
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products obtained were unique and had no overlap with other isoforms. A standard curve was 

made and relative quantitation was performed as previously described.16 

Cytokine secretion 

 Purified neutrophils (5x106/mL) were stimulated overnight with the indicated TLR 

ligands. Afterwards, the cells were spun down for 5 minutes at 1200g, and the supernatants 

were collected and stored at -20°C prior to use.  

Production of MIP-1 chemokines was measured in the supernatants with Human MIP-1á 

ELISA Development Kit (Peprotech EC, London, UK) and the commercially available ELISA 

kit for Human Macrophage Inflammatory Protein-1â (Mabtech AB, Nacka Strand, Sweden), 

strictly according to manufacturers’ protocol.  

 

Results and discussion 

 

 The detailed gene expression profile of GTX granulocytes revealed that they 

have strongly diminished levels of mRNA for various chemokines, including the 

CXCL-type chemokine IL-8 and CC-chemokines such us MIP-1á and MIP-1â, when 

compared to control cells. Previously, it has been shown that indeed such a dowregu-

lation of IL-8 mRNA occurs in neutrophils after administration of G-CSF and dexa-

methasone.2  However, the stimulation of mobilized granulocytes with TLR ligands 

triggers them to produce and secrete high amounts of IL-8 despite low mRNA levels, 

due to posttranscriptional regulation (Chapter 7).Here we confirm by quantitative RT-

PCR analysis that freshly isolated, mobilized granulocytes contain dramatically de-

creased levels of mRNA for MIP-1α (Figure 1A) and MIP-1β (Figure 1B), compared 

to neutrophils obtained from the same donors prior to G-CSF/dexamethasone mobili-

zation.  

Neutrophils are known to synthesize and release cytokines and chemokines in 

response to various stimuli.17 Treatment of neutrophils with different TLR ligands 

leads to the activation of transcription factors such us NF-κB, their translocation to 

the nucleus and increased levels of mRNA for various cytokines, including MIP-1α or 

MIP-1β.14 Therefore, we studied whether the downregulation of mRNA levels for 

either MIP-1α or MIP-1β upon in-vivo mobilization would persist upon subsequent 

stimulation with TLR ligands. Neutrophils obtained from these healthy donors before 

or after G-CSF/dexamethasone treatment were compared for their transcriptional ac-

tivity when stimulated with either MALP-2 (TLR2/6) or LPS/LBP (TLR4) over vari-

ous periods of time (ranging from 0 to 24 hours). Samples were collected and the 

amounts of MIP-1α and MIP-1β mRNA were assessed with quantitative RT-PCR.  
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 As observed before, freshly isolated GTX neutrophils displayed much lower 

mRNA levels for both chemokines, when compared to untreated cells. Upon TLR trig-

gering of control neutrophils the levels of MIP-1α mRNA increased dramatically within 

8 hours after stimulation, and started to decline slowly thereafter (Figure 2A & B). 

Stimulation of neutrophils derived from GTX donors also resulted in the increase of 

MIP-1α mRNA upon TLR stimulation, albeit to a lesser extent than in control cells. 

Moreover, mobilized cells seem to reach the maximum levels of expression already 

within the first 4 hours and remained relatively unchanged for the next 24 hours.  
 

Similar to the induction of MIP-1α, TLR receptor activation resulted in the induction 

of MIP-1β mRNA expression in neutrophils (Figure 2C and 2D). The kinetics of this 

response in control cells peaked within 4 hours after stimulation and decreased over 

Figure 2. Kinetic of changes in MIP-1 chemokine mRNA expression in neutrophils, in response to 

TLR stimulation. Control (●) and G-CSF/dexamethasone mobilized (■) neutrophils were incubated 

over time with LPS/LBP or with MALP-2. At various time points samples were taken and lysed with 

Trizol. The expression of messenger RNA for MIP-1alpha (A) and MIP-1beta (B) was assessed by 

quantitive RT-PCR. Results represent the data from 3 different experiments, with cells from 3 different 

donors. Data were analyzed by independent two-way ANOVA, *p<0.05, **p<0.01 (significant differ-

ence). 
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time to basal levels. In mobilized cells, MIP-1β mRNA levels were relatively low 

when freshly isolated. Treatment with either MALP-2 or LPS also increased MIP-1β 

mRNA levels within 4 hours after stimulation but at strongly reduced levels when 

compared to the cells obtained prior to granulocyte mobilization.  

Protein levels released upon stimulation during overnight culture by the mo-

bilized cells were decreased (MIP-1α) or absent (MIP-1β) (Figure 3A & 3B), which 

clearly differed from the massively increased IL-8 secretion by mobilized granulo-

cytes despite the reduced transcriptional activity for this CXC chemokine (Chapter 7), 

demonstrating an additional posttranscriptional regulation of IL-8. Apparently, such a 

regulation is absent in case of MIP-1 proteins, leaving the mobilized granulocytes 

deprived of the ability to produce these inflammatory chemokines. The divergent 

mechanism involved in the regulation of these chemokines is as yet unclear.  

 

Once the transfused granulocytes have extravasated in the recipient’s infected 

tissues the high production of IL-8 and the relative lack of MIP-1 proteins by these 

cells could induce a positive feedback leading to a more selective increase in granulo-

cytes and low numbers of macrophages or lymphocytes. Such infiltrates may be very 

beneficial in case of GTX administration to patients with prolonged neutropenia when 

suffering from infections resistant to antimicrobial treatment.  

 

Authorship and disclosure: A.D. designed and performed research, analyzed data 

and wrote the paper; A.T.J.T and J.G. helped perform parts of the research; RvB 

Figure 3. Release of MIP-1 proteins in response to TLR stimulation. Isolated, control (□) and G-

CSF/dexamethasone mobilized (■) neutrophils were cultured overnight in Hepes buffer with various 

TLR ligands. Afterwards, the supernatants were collected and the levels of released MIP-1 alpha (A) and 

MIP-1beta (B) were measured by ELISA. Results represent data from 3 independent experiments, with 

cells from 3 different donors (mean ± SEM).Data were analyzed by independent two-way ANOVA, 

*p<0.05, **p<0.01 (significant difference). 
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