
Protocols for T and B cell Sorting with RNA extraction

Immunorepertoire Amplification and Next-Gen Sequencing

For Research Use Only, Not to be Used for Clinical Diagnostics. 

v022013

iRepertoire

We Find Health in Your Diversity.



2

iRepertoire® is a  registered trademark of iRepertoire, Inc.  The iR logo is a trademark of iRepertoire, Inc.  Illumina®, HiSeq®,and 
MiSeq®, are registered trademarks of Illumina, Inc. HiSeq2000™ and GAIIx™ are trademarks of Illumina, Inc.   454®, 454 
Sequencing®, GS FLX Titanium®, and GS Junior® are registered trademarks of Roche Diagnostics GmbH. Ion Torrent® is a registered 
trademark of Life Technologies Corporation, Inc. Qiagen®, QIA®, QIAquick®, RNeasy®, and RNAprotect® are registered trademarks 
of the Qiagen GmbH Corporation. RNAlater® is a registered trademark of Ambion, Inc. E-Gel® is a registered trademark of Ethrog 
Biotechnologies, Ltd., owned by Life Technologies Corporation. Dynabeads® is a registered trademark of Dynal, Inc., owned by Life 
Technologies Corporation.  Invitrogen® is a registered trademark of Invitrogen Corporation, owned by Life Technologies Corporation. 
Ficoll® and Ficoll-Paque® are registered trademarks of Pharmacia Fine Chemicals, Inc., owned by GE Healthcare Bio-Sciences AB, 
LLC.  Norgen® is a registered trademark of Norgen A/S Joint Stock Company.  Nanodrop is a registered trademark of Nanodrop 
Technologies, Inc., owned by Nanodrop Technologies LLC.  Bioanalyzer® is a registered trademark of Agilent Technologies, Inc.  Pipet-
aid® is a registered trademark of Drummond Instrument Copany Corporation, owned by Drummond Scientific Company Corporation.  
QuadroMACS™ is a trademark of Miltenyi Biotec.  MACS® is a registered trademark of Miltentyi Biotec.  All other brands and names 
contained herein are the property of  their respective owner(s). 
 
iRepertoire, Inc. does not assume any liability, whether direct or indirect, arising out of the application or use of any products, 
component parts, or software described herein or from any information contained in this manual. Furthermore, sale of iRepertoire, Inc. 
products does not constitute a license to any patent, trademark, copyright, or common-law rights of iRepertoire or the similar rights of 
others. iRepertoire, Inc. reserves the right to make any changes to any processes, products, or parts thereof, described herein without 
notice. While every effort has been made to make this manual as complete and accurate as possible as of the publication date, 
iRepertoire assumes no responsibility that the goods described herein will be fit for any particular purpose for which you may be buying 
these goods. 

We Find Health in Your Diversity.
iRepertoire



Table of Contents

.....................................................................................................Introduction! 4

.........................RNA Extraction and Nucleic Acid (NA) Handling Procedures! 7

.................................................Protocol:  PBMC Isolation from Whole Blood! 9

.........................................................Protocol:  Lymphocyte subset isolation! 10

.........................................Protocol:  Cell Counting Using a Hemacytometer! 14

.......................................Protocol:  Total RNA Extraction from Whole Blood! 15

..............................................................................Protocol: RNA Extraction! 16

...................................................................................................References ! 18

Table of Contents

3



Introduction
This booklet provides a suggested guide for cell subtype isolation and RNA extraction from 
whole blood.  The provided protocols are intended to serve as starting point for those who may 
be unfamiliar or uncertain about obtaining the RNA starting material necessary for arm-PCR 
amplification.  However, there are many alternative methods for obtaining cell populations such 
as FACs and a multitude of methods for RNA extraction/precipitation.  A discussion of these 
alternative methods is beyond the scope of this manual.  For those interested in other methods 
of cell sorting, Current Protocols in Immunology (ISBN: 9780471142737) is a comprehensive 
resource, providing a discussion of the advantages and disadvantages of different techniques 
with suggested protocols.

Background

Cell Sorting by Positive Selection
The overall principal of cell sorting by positive selection is to take whole blood and essentially 
ʻpull outʼ the cell population of interest.  In this method, whole blood is treated with Ficoll® to 
extract peripheral blood mononuclear cells, or PBMCs, to get the highest concentration of 
lymphocytes.  Each type of lymphocyte has a specific identifier called a CD marker, or cluster 
of differentiation marker, which is numbered.  For example, cytotoxic T-cells have a CD8 
marker and helper T-cells have a CD4 marker.  Magnetic beads, which have been labeled with 
a specific anti-CD marker, can be added to the cell suspension. After applying the column to a 
magnetic field, the bead bound cells will be trapped, or positively-selected, while allowing the 
other cell types to flow through. The flow through, or negatively-selected cell suspension, can 
be used to further isolate other cell populations in downstream applications.   The process is 
depicted below in Figure 1.

Figure 1: Flowchart of positive selection for specific sub-populations of peripheral blood 
mononuclear cells (PBMCs).
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To add another level of complexity, there are sub-populations within certain populations of T-
cells.  For example, as shown in Figure 1, helper T-cells share a CD marker with regulatory T-
cells.  If it is desired to separate the sub-populations, release reagents can be added to the 
CD4-bead-bound cells to release the bead, so that another magnetic bead can bind to the cell.  
In the case of regulatory T-cells, a CD25+ selection microbead can be added to the cell 
suspension to extract the regulatory T-cells from the helper T-cells. 

Figure 2:  Flowchart showing extraction of regulatory T-cells from helper T-cells.

Isolation of Subsets Without Ficoll® Preparation

It is also possible to isolate sub-populations of lymphocytes using whole blood without having 
to perform the Ficoll® procedure.  Other types of magnetic beads may be used such as 
Invitrogenʼs® Dynabeads®.  However, it is important to note that if cell counts of the specific 
sub-populations are required (which we highly recommend), then the bead must be detached 
from the cell because the size of the bead will interfere with cell counting on the 
hemacytometer, and the cell will be obscured from view.  The Miltenyi bead used in the 
following protocol does not need to be detached as the bead is too small to be seen at the 
magnification required for cell counting.  

Introduction
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Cell Counts

It is important to know the cell count of the final cell sub-population which will be studied with 
arm-PCR.  The number of cells indicates the type of RNA extraction kit that might be best 
suited for the experiment.  However, the type of cell also influences the amount of RNA that will 
be available from a sample.  For instance, plasma cells may have more immune-specific 
mRNA than memory B cells due to the production of large amounts of secreted IgG.  
Nevertheless, a cell count can provide a good experimental starting point for the selection of 
an RNA extraction kit.  For example, for low cell counts (less than 5 x 105), we suggest the 
Qiagen® RNeasy® Micro kit for RNA extraction (catalog #74004).  For higher cell counts, we 
suggest Qiagen® RNeasy® Mini kit (catalog #74104).  Both of these kits allow for a low elution 
volume of sample RNA, which allows more sample RNA to be included in the arm-PCR 
reaction.

Table 1 may be used as a guide to estimate the amount of blood that may be required to obtain  
the appropriate number of cells of a certain subtype.  Please keep in mind, however, that cell 
counts vary significantly from person to person and can also vary due to disease state.  
Furthermore, each step starting with the Ficoll® prep will result in some loss of sample, so the 
number of purifications and recovery rates should also be considered.

Table 1:  Expected yield of cell populations per mL of whole blood. [1]

Introduction

6

Table 1:  Expected YieldsTable 1:  Expected Yields

Cell Type Frequency (x 106 cells/mL)

White Blood Cells 4.1 - 10.9

T cells 0.54 - 1.79

Monocytes 0.20 - 0.90

CD4+ 0.30 - 1.50

Regulatory T cells 0.007 - 0.052

CD8+ T cells 0.14 - 0.82

B cells 0.07 - 0.53



RNA Extraction and Nucleic Acid (NA) 
Handling Procedures

Nucleic Acid Handling Precautions

✦ Maintain a sterile environment when handling nucleic acids (NA) to avoid 
contamination from nucleases. 

✦ Make sure that all equipment coming in contact with NA is sterile, including pipette 
tips and tubes.

✦ RNA is extremely sensitive to degradation. Ensure that RNA is stored at -80˚C prior to 
use and maintained at 4˚C during arm-PCR set-up. Gently flick RNA sample to mix 
once thawed, DO NOT VORTEX.  

✦ Avoid excessive freeze-thawing of RNA samples to prevent degradation.

A minimum of 100 ng of RNA or gDNA (depending on the reagent system selected) with a 
260/280 of 1.8 or greater is recommended as the starting material to obtain the best diversity 
of the arm-PCR immunorepertoire library.  However, it may be possible to achieve amplification 
with less than 100 ng NA.  The amount of RNA required for amplification must be determined 
empirically. If using one of the suggested RNA extraction kits, we strongly recommend eluting 
the RNA in the lowest elution volume recommended by the kit manufacturer, so that most or all 
of the RNA can be included in the arm-PCR reaction.  Please keep in mind that during arm-
PCR, a maximum volume of 13.75 μL RNA can be added to the reaction mixture.  Below 
is a list of recommended kits for RNA extraction.  See “Cell Counts” to help determine the best 
kit for your experimental design.

Recommended Kits for RNA Extraction

✦ Human and Mouse cells or tissue: Qiagen® RNeasy® Mini kit (catalog # 74104)

✦ Human and Mouse cell samples with low cell counts:  Qiagen® RNeasy® Micro kit 
(catalog # 74004)

✦ Human and Mouse tissue: Norgen® Animal Tissue RNA Purification kit 
(www.norgenbiotek.com catalog # 25700)

RNA Extraction and Nucleic Acid Handling Procedures
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Carrier RNA 

The arm-PCR library can be made from as few as 3000 sorted cells. However, to prevent RNA 
degradation and loss during extraction, carrier RNA should be added into the sample before 
RNA extraction.  If carrier RNA is used, an accurate RNA concentration of the original sample 
will be difficult to assess.  Therefore for samples with low cell counts, we recommend that you 
use the entire RNA in the reaction by eluting the RNA in a smaller volume.  During arm-PCR, a 
maximum volume of 13.75 μL RNA can be added to the reaction mixture.

Stabilizing RNA from Cells or Tissue

If RNA extraction cannot be performed immediately, isolated cells should be stored in Qiagen® 
RNAprotect® cell reagent (www.qiagen.com catalog #76526) at 2-8°C for up to 1 week. Tissue 
samples should be stored in Qiagen® RNAlater® (www.qiagen.com catalog #76106) at 2-8°C 
for up to 4 weeks.

Quantifying RNA

The concentration of RNA should be determined by measuring the absorbance at 260 nm in a 
spectrophotometer such as a Thermo Scientific Nanodrop®.  Small amounts of  RNA may be 
quantified using an Agilent Technologies 2100 Bioanalyzer® or by fluorometric quantification.  

Storing RNA

Purified RNA may be stored in RNase-free water at -20˚C for one month or -80˚C for up to one 
year.  In order to prevent degradation, avoid excessive free-thawing of RNA by aliquoting the 
sample RNA into smaller lots prior to freezing.

RNA Extraction and Nucleic Acid Handling Procedures
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Protocol
Protocol:  PBMC Isolation from Whole Blood 

Materials

✦ Buffer: Phosphate Buffered Saline (PBS) with 0.6% (w/v) Sodium citrate and 0.5% fetal 
calf serum; keep buffer cold (4-8℃)

✦ Phosphate Buffered Saline, pH 7.4 (Sigma-Aldrich catalog #P3813)

✦ Sodium Citrate (Sigma-Aldrich catalog #S4641)

✦ Fetal Calf Serum (Atlanta biologicals catalog #S11150)

✦ Ficoll-Paque® PLUS (GE Healthcare Life Sciences catalog #17-1440-03)

✦ 10 mL and 25 mL serological pipettes

✦ 50 mL conical tubes

✦ 5 mL test tubes 

✦ Tube racks

✦ Whole blood collected in sodium heparin

Equipment

✦ Centrifuge with swing bucket rotor and 50 mL conical tube adaptors

✦ Pipet-Aid® XP (Drummond Scientific Co Catalog #4-000-101)

Method 
1. Dilute the whole blood 2-4 times the original volume with PBS buffer.  For example, pour 

10 mL of whole blood collected in sodium heparin into a 50 mL conical tube and dilute with 
buffer up to the 35 mL line.

2. Carefully layer 35 mL of diluted cell suspension over 15 mL of Ficoll-Paque® in a separate 
50 mL conical tube.  Be very careful during this step.  Perform slowly; avoid mixing the 
blood into the Ficoll®.  The blood must sit on top of the Ficoll® layer.

3. Centrifuge at 400 x g for 30 minutes at 20℃ in a swing bucket rotor with NO BRAKE.  For 
example, set acceleration to 1 or 2 and the brake to 0.

4. Aspirate off the upper layer containing PBS buffer and plasma.

5. Carefully, transfer the cloudy mononuclear cell layer to a fresh 50 mL conical tube. It is 
okay to get some of the Ficoll® or plasma to ensure that you have the whole layer.  Fill the 
conical tube containing the mononuclear cells with buffer to the 50 mL mark.

6. Centrifuge at 300 x g for 20 minutes at 20℃. 

7. If the supernatant is cloudy, repeat step 6.  Otherwise, remove the supernatant and re-
suspend the cell pellet in 8 mL of buffer. 

Protocol: PBMC Isolation from Whole Blood
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Protocol:  Lymphocyte subset isolation 

Materials

✦ Buffer: Phosphate buffered saline (PBS) with 0.6% (w/v) sodium citrate and 0.5% (v/v) 
fetal calf serum; keep buffer cold (4-8℃)

✦ Phosphate buffered saline, pH 7.4 (Sigma-Aldrich catalog #P3813)

✦ Sodium citrate (Sigma-Aldrich catalog #S4641)

✦ Fetal calf serum (Atlanta Biologicals catalog #S11150)

✦ Miltenyi Biotec magnetic LS columns (catalog #130-042-401)

✦ Miltenyi Biotec CD14 Microbeads (catalog#130-050-201)

✦ Miltenyi Biotec CD4 Multisort Microbeads (catalog #130-055-101)

✦ Miltenyi Biotec CD8 Microbeads (catalog#130-045-201)

✦ Miltenyi Biotec CD19 Microbeads (catalog#130-050-301)

✦ Miltenyi Biotec CD4+ CD25+ Regulatory T Cell Isolation Kit (catalog # 130-091-301)  

✦ RNAprotect® (Qiagen catalog #76526)

✦ 15 mL conical tubes

✦ Tube racks

✦ Pipettes with tips 

Equipment

✦ Centrifuge with swing bucket rotor and 5 mL tube adaptors

✦ MACS® Multi-stand (catalog #130-042-303)

✦ Miltenyi QuadroMACSTM Separator magnet (catalog #130-090-976)

Protocol:  Lymphocyte Subset Isolation
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Method (adapted from manufacturerʼs protocol)

Monocyte Isolation (from PBMC isolation)

1. Count cells using a hemacytometer and centrifuge sample at 300xg for 10 minutes at 
room temperature.  Aspirate the supernatant completely.

2. Re-suspend cells in 80 μL of buffer per 107 cells.  If less than 107 cells, do not scale down.  
3. Add 20 μL of CD14 Microbeads per 107 cells.  Mix by gently pipetting up and down.  

Incubate at 4°C for 15 minutes.
4. Wash cells by adding 2 mL of buffer per 107 cells and centrifuge for 10 minutes at 300xg.  

Aspirate the supernatant completely.
5. Re-suspend up to 108 cells in 500 uL of buffer.
6. Place an LS magnetic column on the magnet and wash with 3 mL of buffer.  Discard the 

flow-through buffer.
7. Apply the cell suspension to the column and collect the unlabeled cells that pass through 

in a 15 mL conical tube labeled “CD14-”.  Wash the column with 3 mL of buffer 3 times.  
Only add new buffer when the column reservoir is empty.

8. Place a new, clean 15 mL conical tube labeled “Monocyte” under the column and remove 
the column from the magnet.  Pipette 5 mL of buffer into the column and immediately flush 
out the magnetically labeled cells by firmly pushing the plunger into the column.  

9. For increased purity, the eluted fraction can be enriched over a second LS column.  If 
desired, repeat steps 6 - 8.

10. Centrifuge both tubes for 10 minutes at 300xg.  Aspirate the supernatant completely.
11. For the tube labeled “Monocyte”, re-suspend the cells in 2 mL of buffer.  Pipette out 20 μL 

to be used for the cell counting protocol.  Centrifuge the tube at 300xg for 10 minutes.  Re-
suspend the cells in 500 μL of RNAprotect® and store at 4°C until ready to extract RNA.  

12. For the tube labeled “CD14-”, re-suspend the cells in 80 μL of buffer per 107 cells.  If less 
than 107 cells, do not scale down.  

CD4 Isolation (from “CD14-” labeled tube)

1. Add 20 μL of CD4 Multisort Microbeads per 107 cells.  Mix by gently pipetting up and 
down.  Incubate at 4°C for 15 minutes.

2. Wash cells by adding 2 mL of buffer per 107 cells and centrifuge for 10 minutes at 300xg.  
Aspirate the supernatant completely.

3. Re-suspend up to 108 cells in 500 μL of buffer.
4. Place an LS magnetic column on the magnet and wash with 3 mL of buffer.  Discard the 

flow-through buffer.
5. Apply the cell suspension to the column and collect the unlabeled cells that pass through 

in a 15 mL conical tube labeled “CD4-”.  Wash the column with 3 mL of buffer 3 times.  
Only add new buffer when the column reservoir is empty.

6. Place a new, clean 15 mL conical tube labeled “CD4+” under the column and remove the 
column from the magnet.  Pipette 5 mL of buffer into the column and immediately flush out 
the magnetically labeled cells by firmly pushing the plunger into the column.  

7. Centrifuge the tube labeled “CD4-” for 10 minutes at 300xg.  Aspirate the supernatant 
completely and re-suspend the cells in 80 μL of buffer per 107 cells.  If less than 107 cells, 
do not scale down.  

Protocol:  Lymphocyte Subset Isolation
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Treg & Thelper  Isolation (from “CD4+” labeled tube)

1. Incubate the magnetically selected CD4+ cells with 20 μL MACS® MultiSort Release 
Reagent per mL of cell suspension at 4°C for 10 minutes.

2. Wash the cells with 5 mL of buffer and centrifuge for 10 minutes at 300xg.  Aspirate the 
supernatant completely and re-suspend the cell pellet in buffer at a final volume of 60 μL 
per 107 cells, for less cells use 50 μL of buffer.

3. For every 107 cells, add  30 μL of MACS® MultiSort Stop Reagent and mix well by gently 
pipetting up and down.  Add 10 μL of CD25 Microbeads per 107 cells to the tube.  Mix well 
and Incubate at 4°C for 15 minutes.

4. Wash cells by adding 20x the labeling volume of buffer and centrifuge at 300xg for 10 
minutes.  Aspirate off the supernatant completely.

5. Re-suspend up to 108 cells in 500 μL of buffer.
6. Place an LS magnetic column on the magnet and wash with 3 mL of buffer.  Discard the 

flow-through buffer.
7. Apply the cell suspension to the column and collect the unlabeled cells that pass through 

in a 15 mL conical tube labeled “Thelper”.  Wash the column with 3 mL of buffer 3 times.  
Only add new buffer when the column reservoir is empty.

8. Place a new, clean 15 mL conical tube labeled “Treg” under the column and remove the 
column from the magnet.  Pipette 5 mL of buffer into the column and immediately flush out 
the magnetically labeled cells by firmly pushing the plunger into the column.

9. Centrifuge both tubes for 10 minutes at 300xg.  Aspirate the supernatant completely.
10. For the tube labeled “Thelper”, re-suspend the cells in 2 mL of buffer.  Pipette out 20 μL to 

be used for the cell counting protocol.  Centrifuge the tube at 300xg for 10 minutes.  Re-
suspend the cells in 500 μL of RNAprotect and store at 4°C until ready to extract RNA.

11. For the tube labeled “Treg”, re-suspend the cells in 1 mL of buffer.  Pipette out 20 μL to be 
used for the cell counting protocol.  Centrifuge the tube at 300xg for 10 minutes.  Re-
suspend the cells in 500 μL of RNAprotect® and store at 4°C until ready to extract RNA.

Tcytotoxic isolation (from “CD4-” labeled tube)

1. To the tube labeled “CD4-”, add 20 μL of CD8 Microbeads per 107 cells.  Mix by gently 
pipetting up and down.  Incubate at 4°C for 15 minutes.

2. Wash cells by adding 2 mL of buffer per 107 cells and centrifuge for 10 minutes at 300xg.  
Aspirate the supernatant completely.

3. Re-suspend up to 108 cells in 500 μL of buffer.
4. Place an LS magnetic column on the magnet and wash with 3 mL of buffer.  Discard the 

flow-through buffer.
5. Apply the cell suspension to the column and collect the unlabeled cells that pass through 

in a 15 mL conical tube labeled “CD8-”.  Wash the column with 3 mL of buffer 3 times.  
Only add new buffer when the column reservoir is empty.

6. Place a new, clean 15 mL conical tube labeled “CD8+” under the column and remove the 
column from the magnet.  Pipette 5 mL of buffer into the column and immediately flush out 
the magnetically labeled cells by firmly pushing the plunger into the column.  

7. For increased purity, the eluted fraction can be enriched over a second LS column.  If 
desired, repeat steps 4 - 6.

8. Centrifuge both tubes for 10 minutes at 300xg.  Aspirate the supernatant completely. 
9. For the tube labeled “CD8+”, re-suspend the cells in 2 mL of buffer.  Pipette out 20 μL to 

be used for the cell counting protocol.  Centrifuge the tube at 300xg for 10 minutes.  Re-
suspend the cells in 500 μL of RNAprotect® and store at 4°C until ready to extract RNA.  

10. For the tube labeled “CD8-”, re-suspend the cells in 80 μL of buffer per 107 cells.  If less 
than 107 cells, do not scale down.  

Protocol:  Lymphocyte Subset Isolation
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B cell isolation (from CD8- labeled tube)

1. To the tube labeled “CD8-”, add 20 μL of CD19 Microbeads per 107 cells.  Mix by gently 
pipetting up and down.  Incubate at 4°C for 15 minutes.

2. Wash cells by adding 2 mL of buffer per 107 cells and centrifuge for 10 minutes at 300xg.  
Aspirate the supernatant completely.

3. Re-suspend up to 108 cells in 500 μL of buffer.
4. Place an LS magnetic column on the magnet and wash with 3 mL of buffer.  Discard the 

flow-through buffer.
5. Apply the cell suspension to the column and collect the unlabeled cells that pass through 

in a 15 mL conical tube labeled “CD19-”.  Wash the column with 3 mL of buffer 3 times.  
Only add new buffer when the column reservoir is empty.

6. Place a new, clean 15 mL conical tube labeled “panB” under the column and remove the 
column from the magnet.  Pipette 5 mL of buffer into the column and immediately flush out 
the magnetically labeled cells by firmly pushing the plunger into the column.  

7. For increased purity, the eluted fraction can be enriched over a second LS column.  If 
desired, repeat steps 4 - 6.

8. Centrifuge the tube labeled “panB” at 300xg for 10 minutes.  Aspirate the supernatant 
completely. 

9. Re-suspend the cells in 500 μL of buffer.  Pipette out 20 μL to be used for the cell counting 
protocol.  Centrifuge the tube at 300xg for 10 minutes.  Re-suspend the cells in 500 μL of 
RNAprotect® and store at 4°C until ready to extract RNA.

Protocol:  Lymphocyte Subset Isolation
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Protocol:  Cell Counting Using a Hemacytometer

Materials

✦ 2% Acetic Acid

✦ Previously isolated cell populations or whole blood

✦ Hemacytometer with coverslip

✦ 1.5 mL test tubes with test tube rack

Equipment
✦ Compound Microscope with a 40x objective lens and 10x oculars

Method
1. Pipette 380 μL of 2% acetic acid into a 1.5 mL test tube.

2. Add 20 μL of well-mixed isolated cells or whole blood to the 2% acetic acid from step 1.  
This results in a 1:20 dilution.  

3. Incubate at room temperature for 10 minutes to lyse any red cells that are present.

4. Place the hemacytometer on a flat surface and center the coverslip on the hemacytometer.  
Load ~10 μL of sample onto the hemacytometer.  Be careful not to overload the sample. If 
the coverslip floats or if the fluid runs over, then clean the hemacytometer and reload.  Also, 
there should not be any bubbles. 

5. Count the white blood cells in the 4 largest corners of the hemacytometer.  The corners are 
divided up into 16 smaller squares.  Count the white blood cells including the cells touching 
on the top and left border lines.  Do not include cells touching on the bottom border or right 
border lines.  As long as the cell is touching the top or left border, then it may be counted 
even if the majority of the cell is residing outside of the line.  Cell numbers of the 4 squares 
should not differ by more than 10 cells.  

6. The area of each large square is 1 mm2 and the depth is 0.1 mm making the volume of 
each square 0.1 mm3.  

!  1 mm3 = 1 μL

7. Calculate the total white blood cell count per microliter:

! Sum of cells counted in the 4 squares x dilution factor = ! WBC/μL

! !    Volume of hemacytometer squares

! OR  Sum of cells counted in the 4 squares x 20 = ! WBC/μL

! ! ! 0.4 mm3

Protocol:  Cell Counting Using a Hemacytometer
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Protocol:  Total RNA Extraction from Whole Blood
Materials

✦ PBS Buffer: Phosphate Buffered Saline (PBS) with 0.6% (w/v) Sodium citrate and 0.5% 
(v/v) fetal calf serum; keep buffer cold (4-8℃)

✦ Phosphate Buffered Saline, pH 7.4 (Sigma-Aldrich catalog #P3813)

✦ Sodium Citrate (Sigma-Aldrich catalog #S4641)

✦ Fetal Calf Serum (Atlanta biologicals catalog #S11150)

✦ RBC Lysis Buffer: To 1 L of water, add 8.260 g NH4CL, 1.000 g KHCO3, mix well by 
shaking vigorously and store up to 6 months at room temperature.

✦ BioUltra Ammonium Chloride (NH4CL) (Sigma-Aldrich catalog #09718)

✦ BioUltra Potassium Bicarbonate (KHCO3) (Sigma-Aldrich catalog #60339)

✦ BioUltra EDTA (Sigma-Aldrich catalog #EDS)

✦ 1 Liter of molecular grade, nuclease, RNase, DNase, Protease-free water

✦ 15 mL test tubes 

✦ Tube racks

✦ Whole blood collected in sodium heparin or EDTA

✦ RNAprotect® (Qiagen catalog #76526)

Equipment

✦ Centrifuge with swing bucket rotor and 15 mL conical tube adaptors

✦ Rotator 

Method

1. Place up to 2.5 mL of whole blood in a 15 mL conical tube.  Record volume used.

2. Fill up to the 15 mL line with RBC lysis buffer.

3. Place the tube on a rotator and incubate at room temperature for 7 minutes.

4. Centrifuge the sample at 400xg for 10 minutes at room temperature.  Aspirate the 
supernatant.  

5. Repeat steps 2 - 4 one time.  Be sure to re-suspend the cell pellet prior to incubation.

6. Fill up to the 15 mL line with PBS buffer and re-suspend the cell pellet.

7. Centrifuge the sample at 400 xg for 10 minutes at room temperature. Aspirate the 
supernatant.

8. Repeat steps 6 - 7 one time.

9. Add 500 μL of RNAprotect to the cell pellet and re-suspend.

10. Store at 4℃ until ready for RNA extraction.

11. Use the Qiagen RNeasy kit protocol on page 16 for RNA extraction.  If less than 5 x 105 
cells, consider using the Qiagen RNeasy Micro kit for RNA extraction and follow the 
manufacturers protocol.  

Protocol:  Total RNA Extraction from Whole Blood 
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Protocol: RNA Extraction 

Materials

✦ Qiagen® RNeasy® mini kit (catalog #74104) with Qiagen® QIAshredder Columns (catalog 
#79654)

✦ bMe Buffer 

✦ Add 10 μL β-mercaptoethanol (Sigma-Aldrich catalog # M6250) per 1 mL RLT 
Plus (provided in RNeasy® kit)!

NOTE: This prepared buffer has a shelf life of 1 month.

✦ 70% ethanol

! !   
Equipment

✦ Micro-centrifuge

✦ Pipettes

✦ Nanodrop® or equivalent for measuring RNA concentration!

Method (adapted from manufacturer's protocol)

1. Centrifuge cells for 3 minutes at 3,000 rpm at 20℃, remove the supernatant, and loosen 
the cell pellet by flicking the tube.

2. Add 350 μL of bMe Buffer to each sample, and dissolve the cell pellet completely by 
vortexing. 

3. Transfer the sample to a QIAshredder column and homogenize by centrifuging for 2 
minutes at 10,000 rpm. Discard the column, and save the flow through.

4. Add 350 μL of 70% ethanol to the flow through.  Mix samples by pipetting.

5. Transfer 700 μL of sample to an RNeasy® spin column and place in a 2 ml collection tube.  
Centrifuge the sample centrifuge for 15 seconds at 10,000 rpm.  Discard the flow through. 
(Repeat this step using the same column if there is more than 700 μL of sample).

6. Add 700 μL of Buffer RW1 to the spin column.  Centrifuge the sample at 10,000 rpm for 15 
seconds, and discard the flow through.

7. Add 500 μL of Buffer RPE to the spin column.  Centrifuge the sample at 10,000 rpm for 15 
seconds.  Discard the flow through.

8. Add 500 μL of Buffer RPE to the spin column.  Centrifuge the sample for 2 minutes at 
10,000 rpm.

9. Place the spin column in a new 2 mL collection tube.  Centrifuge the sample 1 min at 
10,000 rpm to dry the column membrane completely.

10. Place the spin column in a new 1.5 mL collection tube.  Add 25 μL of RNase-free water to 
all samples except Treg.  To Treg samples, add 20 μL of RNase-free water.  Allow the 
sample to sit at room temperature for 1 minute.  Centrifuge the sample for 1 minute at 
10,000 rpm.  Discard the column.  

Protocol:  RNA Extraction 
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11. Check the RNA concentration and purity using the Nanodrop®.  

Protocol:  RNA Extraction 
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