Abstract

Granulocytes and their expression were studied in many field of natural science. However, expression results from common method of granulocyte isolation, gradient centrifugation, were not sometimes set according the real proportion of granulocyte population. In many cases the granulocyte population are marked as „neutrophils“ and the residual population of another cells are not had in mind.

Our recent study shown very different amount the one of the general transcription factors, RNA polymerase II (RNAP II) in granulocytes. Negligible amount of protein in neutrophils nuclei implied on low expression activity level compared to eosinophils. We focus on how the presence of active eosinophils can influence the whole expression results obtained from the whole granulocyte population.

 Highly active residual cells in relatively lower representation can markedly influence the whole content of granulocytic RNA. The description of cell population or using the maximal purest population is necessary for right see the sense of neutrophils expression analysis results. 

Introduction

Granulocytes are brothers in the shape, not so much in their functions. The major mark for these cells is the presence of cytoplasmic granules. Neutrophils, eosinophils and basophils have shrunken and lobulated nuclei with high condensed chromatin. But the numbers of lobes are different from each other. Neutrophils, the most common type of granulocyte in the human blood, contain nuclei composed from three to five lobes. Neutrophils are the first defenders against bacterial, viral, fungal and multicellular pathogens and are the cornerstone of congenital immunity. Also responds many signals and produce variety molecules which play the role in inflammation, tumor immunity, transplant rejection and autoimmune syndromes. Also eosinophils protect the body against pathogens and parasites. Their granules are packed with a huge amount of RNAses which help in fighting against viral infections. Along with basophils, they control mechanisms associated with allergy and asthma.

There are various different ways that isolation of granulocytes can be set. The most common isolation method is based on different density of mononuclear cells and basophils (< 1,077g/ml) and granulocytes (> 1,077). The whole blood free from erythrocytes is layered on the nontoxic liquid with the density 1,077 g/ml, e.g. PercollTM, HistopaqueTM. After centrifugation the denser cells are settled at the bottom and more able to easily separate. The method is relative cheap and we can obtain the pure (>95%) and viable (>95%) cell population of granulocytes. More effectively method is the separation of kind of granulocytes with the help of antibodies against specific markers on the cell surface. Immunomagnetic (MACS) or immunoflourescent (FACS) methods guarantee very high purity (>98%) of isolated cell population.

Along with cell purity we must allow for another problem goes through with immune cell isolation, their activation. Activation can dramatically change viability, responsibility and whole gene expression of cells. After gradient centrifugation  neutrophils show significantly higher activation, compared to MACS (Zahler S. 1997). Fortunately, the level of activation can be lowered by using EDTA as anticoagulant after blood collection (Freitas et al. 2008), working with cells at lower temperature after isolation or using washing buffers without Ca2+ and Mg2+.

Different situation we can see in eosinophils. Eosinophils are often purified by negative selection from granulocytes or from whole leukocytes. Even if the eosinophils are not marked by CD16 antibody (CD16 cell depletion kit; Miltenyi Biotec) , cells are activated and the chemotactical migration was affected (Sedgwick et al. 1996, Rozell et al. 1996).  Worse results shown another isolation kit with lineage depletion (CD2, CD14, CD16, CD19, CD56, CD123, CD235a cell depletion kit; Miltenyi Biotec). Isolation kit affected cell viability, increase apoptosis cells ratio and expression of markers of eosinophil activation. Authors not recommended this kit for functional investigation of eosinophils (Schefzyk et al. 2009). 

Another, very elegant method for eosinophil isolation is using hypotonic lysis. Hypotonic lysis is usable only for the blood with high proportion of these cells and shows a little activation of cells (Samoszuk et al. 2006
). 

After gradient centrifugation each sample can contains the neutrophils and different subpopulation of eosinophils with minority content of monocytes. Investigator has a different view on such isolated granulocytes. Some mark it as whole granulocytes and some ignore the eosinophils and monocyte subpopulations and called it the neutrophils population only. In this case studies sweep away cell population variability with calculating that the eosinophils expression is very similar to neutrophils. 

In your previous experiments we study the distribution of one of major transcription factor of transcription, RNA Polymerase II (RNAP II) (Stejskal et al, 2008). We found out that the neutrophils contain a negligible amount of RNAP II in contrast to eosinophils with significant higher level of the protein. It was very interesting when the level of transcription in different types of granulocytes should be on the same expression level. If the RNA level is depends on RNAP II production, why does the cell with the high amount of protein produce the similar amount of RNA as cells with lower? Because we did not find a information about different whole gene expression in these cells we hypothesize that exist a different path for whole RNA regulation. Another theory hypothesize that the greedy-guts RNAses from eosinophil lowered amount of RNA after their Isolation to neutrophils RNA level. After granulocyte isolation by density centrifugation we separated CD16 positive fraction of neutrophils and tested their RNA amount against CD16 negative mainly eosinophil cell population. 

Materials and Methods

Human granulocytes were isolated from the heparinized peripheral blood of a healthy donor using the Histopaque-1077 and Histopaque-1119 gradient density centrifugation (Sigma – Aldrich, USA). Residual erythrocytes were removed by washing with an erythrocyte lysis buffer and monocytes by cells incubation in culture flask with RPMI medium 30 minutes at 37°C. After, neutrophils are separated from granulocytes cells by immunomagnetic separation (MACS) with CD16 MicroBeads (Miltenyi Biotec, Germany) according the manufacturer protocol. The cells were counted in a Bürker counting chamber. Purity of cells was established on Zeiss S100 fluorescent microscope (Carl Zeiss MicroImaging, Göttingen, Germany). We took advantage of DAPI staining of nuclei and nonspecific autoflourescence for eosinophils, neutrophils and mononuclear cells identification (Weil et al. 1981). RNA was isolated by TRISOL reagent (Sigma – Aldrich, USA) according to the manufacturer protocol with modifications. Quantity and quality of isolated RNA was measured by NanoDrop ND-1000 spectrophotometer (Nanodrop Technologies, Palo Alto, CA).

Results and discussion

After MACS separation we obtained pure CD16+ neutrophil (~98%) and CD16- eosinofil population (purity higher than 95%). Compared to common fact the whole RNA expression in CD16- cells is significantly different than in neutrophils (P = 0.006, Mann-Whitney Test). Average whole RNA expression is 16.43 times higher in CD16- population than in neutrophils (Figure 1). In the case that we will work with the blood with the 2.5% eosinophils in the whole donor blood we can obtain about 5% eosinophil population after granulocyte isolation. Finally, about 46% of whole RNA in granulocyte sample belongs to eosinophils. With a wide variance of eosinophils population in the blood we can obtain approximately from 0 till 67% eosinophils RNA after RNA isolation. The result shows the necessity of describe granulocyte population before the results interpretation. In ours donors blood the granulocyte population contains 2 – 8 % eosinophils and 30 – 63% eosinophils whole RNA after RNA isolation. 

This result shows that CD16 negative fraction with 95% eosinophils contains more expression active cells. Higher expression activity agrees with the RNAPII distribution in the cell nuclei (fig. 1). Whereas the neutrophils nuclei contain negligible amount of RNAP II, eosinophil nuclei show bright signal adequate to protein concentration. Recent study compared the functional and expression differences between neutrophils and eosinophils pure populations. Eosinophils express genes related to DNA repair that is necessary for deal with double and single strand DNA breaks. Also eosinophils exhibit nucleolar activity. Both of these capacities are lacked in neutrophils (Salati et al. 2007). Also functional activity can by depend on residuals cell in granulocyte population. CD14+ positive monocytes influence the lipopolysaccharide (LPS) based activation of neutrophils. Moreover, granulocytes without monocytes do not show prolongation of lifespan after treatment with LPS (Sabroe I, 2004; Sabroe I. 2002).

Neutrophils are cells with very low gene expression level and pool of transcriptionally active residual cell can dramatically change the view on their gene expression. Working with pure population, where the eosinophils and monocytes are depleted, bring clearer in formations about their function and expression activity. In the case, when the experiment track the neutrophils expression the use of whole granulocytic population with the higher content of eosinophils can significantly influenced the results. Based on articles discussion the MACS separation is the best method for neutrophil focused experiments. Even if the eosinophils are isolated by negative MASC selection there is still question of their activation. 

Whole expression level of CD16+ neutrophils is significant lower than expression of CD16- eosinophils. If the gradient centrifugation for granulocytes isolation was used we would keep in mind that we obtain population with different substitution of cells with very different whole level of gene expression. Because under extreme condition we can obtain a population where the RNA content from eosinophils outweigh the more frequent neutrophils cells. We should describe population before the experimental problem from gene expression methods like PCR or microarrays was solved.

The increasing numbers of correcting articles with title “Neutrophils, but no eosinophils (vice versa)” show need of working with the purest population as possible. 
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Figure 1. Different whole expression level in granulocyte and eosinophil cell population

A. Differential distribution of RNAPII in cell nuclei of neutrohils (1) and eosinophils (2). 

B. Differential amount of RNA in mg/108 cells in eosinohils (CD16-) and neutrohils (CD16+) cell population. 
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