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ABSTRACT 

Background:  

Natural killer (NK) cells mediate spontaneous cytotoxicity toward abnormal and tumor 

cells and rapidly secrete numerous cytokines and chemokine`s which promote subsequent 

adaptive immune responses. The presented study aimed to compare between different methods 

for NK evaluation and determination. Ten samples of healthy individuals were collected from 

Al-Zahraa University hospital and evaluated for phenotypic identification for NK cells. Isolation 

procedure of NK was performed in Clinical Pathology Department, Hematology Unit, Flow-

cytometry lab, Al-Azhar University. Protocols started with isolation of peripheral blood 

mononuclear cells (PBMCs) from fresh human whole blood depending on Ficoll-Paque density 

gradient centrifugation. Other protocol depended on flow cytometry sorting technique. All 

experiments were carried out in accordance with the approved guidelines.  Sorting procedure 

using FACS Calibur machine yielded 64.97 % purity before cells were cultured, while mixed 

Ficoll separation of whole blood showed purity 22.74%. Through our study, it is clear to us that 

the percentage of purity of NK cells using the flow-cytometry sorting technique is much higher 

than the percentage of purity of NK cells using the separation method dependent on Ficoll-Paque 

density technique, Therefore, through our study, we see that it is better to rely on the flow-

cytometry sorting technique using the flow cytometry device and CD56 +CD16 and CD3 

antibodies in order to obtain the best purity of the NK cells (CD56+ CD16 positive /CD3 

negative population) for use in medical purposes and laboratory research. 
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Introduction 

NK cells, first identified in 1975, are innate effector lymphocytes that differ from T cells 

and B cells. NK cells can recognize and kill abnormal cells that lack MHC restriction or prior 

sensitization and are considered as the most effective immune cell subpopulation to monitor and 

clear diseased cells in vivo. NK cells are developed from common lymphoid progenitor cells in 

the bone marrow (BM) and exist within primary and secondary lymphoid tissue, as well as 

within non-lymphoid tissue including the lungs, liver, and the peripheral blood (PB) (Weilei Hu 

et al., 2019). 

Human NK cells comprise 10–15% of circulating lymphocytes, and they are present in 

both lymphoid organs and nonlymphoid peripheral tissues (Artis & Spits, 2015; Cooper et al., 

2001; Freud et al., 2017). They are commonly defined as a population of CD3-negative and 

CD56+positive cells (Spits et al., 2013; Walker, Barlow, & McKenzie, 2013).NK cells 

develop outside the thymus in various other tissues, and they do not express a rearranged T-cell 

receptor (TCR) (Freud et al.,2017). 

The NK cells express an array of receptors including inhibitory and activating receptors, 

inducing negative and positive signals when combined with their ligands, which can determine 

whether or not NK cells become activated, enabling them to detect infected or neoplastic cells 

while sparing normal cells (Yamagiwa  et al., 2009).  

NK cells exert their effects mainly through the recognition and killing of target cells and 

the secretion of cytokines such as interferon- (IFNγ) and tumor necrosis factor- (TNF-α), NK 

cells also play an important role in bridging the innate and adaptive immune responses (Polo et 

al., 2019). The balance between activating and inhibitory signals is important in the activation of 

NK cells. For this, the amounts of ligands expressed on the target cells are crucial, in addition to 

the amounts of activating and inhibitory receptors expressed on NK cells. Although tumor cells 

and virus-infected cells with decreased or absent MHC class I molecule expression can escape 

from attack by cytolytic T-lymphocytes (CTL), MHC class I molecules, encoded by highly 

conserved genes, are natural ligands for NK cell inhibitory receptors. However, MHC class I 

molecules are often down-regulated on cancerous or virus-infected cells, delivering insufficient 

inhibitory signals, thus activating NK cells (Vivier et al., 2012).  

As innate immune cells, natural killer (NK) cells are unique and play pivotal functions in 

cancer immune surveillance. NK cells can eliminate a variety of abnormal or stressed cells 

without prior sensitization, and even preferentially kill stem-like cells or cancer stem cells 

(Weilei Hu et al., 2019). Which works by activating the body’s own immune system, has 

become an increasingly important treatment option for cancers. In recent years, successes in anti-

tumor treatments with antibodies and cell-based immunotherapy has become landmark events in 

the history of tumor treatment (Weilei Hu et al., 2019). 

The focus of NK cell immunotherapy has been developing protocols to isolate NK cells 

from patients’ peripheral blood, expand activated NK cells to large numbers, and return them to 

the patient in the hope of a potent antitumor effect (Selvan and Dowling, 2015). Multiple 

approaches have been investigated to develop NK cell adoptive cell therapy using various 
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isolation and expansion methods. For all protocols, patient’s PBMCs must first be isolated 

through leukapheresis, a density gradient using Ficoll-Paque solution, or another Good 

Manufacturing Practice- (GMP-)compliant method. Further NK cell isolation can be achieved 

using magnetic cell sorting (MACS) to separate CD3−CD56+ cells from PBMCs or T cell 

depletion using anti-CD3 antibody (OKT-3) (Selvan and Dowling, 2015) MACS sorting is a 

popular method applied in areas concerning immunology, cancer research, neuroscience, and 

stem cell research. Through this approach, cells are positively or negatively separated, depending 

on specific antigens present (Guangchuan wang et al.,2017)Different conclusions and several 

problems have been identified in the purification of murine NK cells as the result of using 

different commercial kits (Guangchuan wang et al.,2017) For that reason, an extensive 

comparative study of two different NK cells isolation kits was performed in the present 

study(Ficoll-Paque density gradient and flow cytometry sorting technique) 

Flow cytometry and cell sorting are well-established technologies in clinical diagnostics 

and biomedical research. Heterogeneous mixtures of cells are placed in suspension and passed 

single file across one or more laser interrogation points. Light signals emitted from the particles 

are collected and correlated to entities such as cell morphology, surface and intracellular protein 

expression, gene expression, and cellular physiology. Based on user-defined parameters, 

individual cells can then be diverted from the fluid stream and collected into viable, 

homogeneous fractions at exceptionally high speeds and a purity that approaches 100%. As such, 

the cell sorter becomes the launching point for numerous downstream studies (Ibrahim and van 

den Engh , 2007). 

Here, we describe the methods for NK cell isolation from peripheral blood with two 

different techniques and assays for the assessment of NK cell concentration and Purity using 

flow cytometry. 

Materials and Methods 

1. Ficoll separation technique 

1-1 Sample collection 

    The study was conducted in Al-Zahraa University hospital Egypt. Human whole blood 

(15ml) was collected in from 10 normal, healthy, human donors ranging from 20-35 years old. 

blood was collected from Al-Zahraa University hospital blood bank, Egypt, in a vacutainer 

containing Heparin as anti-coagulant (Greiner bio-one, Australia) and processed immediately 

within 2 hours of collection. All donors signed a written informed agreement for the study. 

Differentiation of human mononuclear cells into Natural killer cells achieved by using the 

PBMCS isolation technique. 

  

https://www.ncbi.nlm.nih.gov/pubmed/?term=Ibrahim%20SF%5BAuthor%5D&cauthor=true&cauthor_uid=17728993
https://www.ncbi.nlm.nih.gov/pubmed/?term=van%20den%20Engh%20G%5BAuthor%5D&cauthor=true&cauthor_uid=17728993
https://www.ncbi.nlm.nih.gov/pubmed/?term=van%20den%20Engh%20G%5BAuthor%5D&cauthor=true&cauthor_uid=17728993
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1-2 Regarding to cell density   

  Protocol started with isolation of peripheral blood mononuclear cells (PBMCs) from 

fresh human whole blood depending on Ficoll-Paque density gradient centrifugation.  In brief, 

blood samples were diluted in 1x Balanced Salt Solution (Gibco, UK) at 1:1.4 ratio, 35 mL of 

diluted cell suspension (blood/PBS mixture) layered over 15 mL of Ficoll- Hypaque (GE 

Healthcare, Life Science, Sweden) in a 50 mL conical tube. For separation of PBMCs from 

whole blood effectively, Ficoll/diluted blood mix was centrifuged at different speeds for 

optimization purposes. The diluted peripheral blood centrifuged at 1600 rpm (400xg) for 30 min 

at 20°C, Used a centrifuge with adjustable acceleration and deceleration settings. The rotor 

brakes were inactivated entirely to effectively prevent mixing of the phases. (Santosh K Panda 

and Balachandran Ravindran)  

1-3 Collection and Purification of PBMNCs. 

  After centrifugation, four distinct layers were observed which consisted of plasma, 

peripheral blood mononuclear cells (PBMCs), ficoll-paque solution and sedimented red blood 

cells (RBC) with granulocytes. Upper layer that contains the plasma and most of the platelets 

discarded, the Buffy coat mononuclear cell layer (lymphocytes, monocytes, and thrombocytes) 

suspended in 5ml of 1x BSS buffer, centrifuged at 1800 rpm for 8 minutes. After centrifugation, 

RBCs lysis was performed to obtain a pure monocyte population. (10X) RBC lysis buffer was 

prepared by adding 8.3g NH4Cl (Sigma, Germany), 1.0g KHCO3 (Sigma, Germany), 1.8ml of 

5% EDTA (Sigma, Germany) in 1000 ml of sterile water. RBCs lysis was performed once for 

3min. The lysis process was stopped using a 1x BSS buffer and centrifuged at 1800 rpm for 5 

min with no brakes. After centrifugation, PBMC washed twice in 5ml of 1x buffer. after the first 

wash, PBMC Centrifuged at 350 xg (1300 rpm for 8 min at room temperature while cells 

centrifuged at low speed 200 xg (1000 rpm for 10 min for platelet removal. (Santosh K Panda 

and Balachandran Ravindran) 

1-4   PBMNCS Count and Viability 

  Finally, the PBMCs white pellet obtained, resuspended immediately in RPMI-10 

complete medium (Gibco, United Kingdom) with (10% fetal bovine-serum (FBS), insulin, 

penicillin & streptomycin, glutamic acid and hydrocortisone) for cells counting, purity and 

viability determination by trypan blue exclusion test. 1x106 PBMCs/mL resuspended, plated in 

DMEM-10 ml complete medium. (Santosh K Panda and Balachandran Ravindran) 

 We assessed the prevalence of NK cell through Flow-cytometry (BD, Biosciences, San jose, 

USA) using CD3 /CD56+CD16 monoclonal Ab. 

1. Sorting technique using multi-color FACS Calibur Flow cytometry machine Flow-

cytometry was conducted in the Clinical Pathology Department, Hematology unit, Flow-

cytometry lab, Al-Azhar University using multi-color FACS Calibur (BD, Biosciences, 

San jose, USA). Cell-Quest Pro software (BD Biosciences, San jose, USA) was used for 

data analysis. Compensation setting was established before acquiring the samples using 

color calibrate beads (BD, Biosciences, San jose, USA, lot no. 5093879). 
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2-1 Sorting Protocol 

2-1-1 Staining protocol: 

Firstly, number of Cells were adjusted to 20-50 x 10
6
/ml. Then 100 ul of cells were added 

to be stained into a conical sterile FACS 5 ml tubes. Fluorescent conjugated monoclonal 

antibodies which stain the specific clusters of differentiation of NK cells  to be sorted were 

added; we used 20µl of cocktail of FITC-conjugated anti-human CD3/ PE-conjugated anti-

human CD16+CD56 (catalogue no.95131, lot no.6012680 ) from (BD Biosciences, USA) to 

every tube. Vortex tubes for 10 seconds before incubation in dark for 25 minutes. Then Red 

blood cells destruction was performed by adding lysis not fixing reagent for 5 minutes using BD 

lyse reagent, then centrifuged at 1500rpm, 37°C for 3minutes. Supernatant removed; Cells 

harvested in the pellet were washed by FACS staining buffer once. Cells Re-suspended in 300 ul 

FACS staining buffer. (This buffer was used for all washes until directed to use Sorting Buffer as 

during sorting cells must be in low protein buffer. Acquisition of tubes to the instrument for NK 

to be sorted.50 mL sterile conical collection tubes were connected to the sorter machine to 

collect the sorted cells later after gating on CD56+CD16 Positive and CD3 Negative only. 

Collection tubes prepared with collection media which is supplemented with fetal bovine serum 

(FBS) (Andreas Radbruch 1999). 

2-1-2 Gating strategy of sorting natural killer isolate 

         Initial gating on dot plot graph using forward and sideway scatters (FS/ SS). Gating was 

specified to lymphocytes expected region (R1) then cells were examined on quadrant plot in 

which, CD56+CD16 PE were detected on Y axis and CD3 FITC was detected on X axis of the 

quadrant plot.  NKs subsets were defined according to the surface markers expression as 

CD56+CD16 positive only, while being CD3 negative. According to our strategy NK population 

was in upper left (UL) quadrant of the plot, referred to by black arrow and named (R2). 

Corresponding isotype control was used to determine cutoff of positivity (Sorting gate was set as 

R1 and R2 on recovery mood. Cells were collected in 50 mL sterile conical tubes to assessed 

later for purity (Figure1)  

Figure 1:   Illustrates gating strategy for NKs sorting [A] Dot plot for initial gating of 

lymphocyte region on FS/ SS with extending the gating region to include small and large sized 

lymphocytes (R1); [B] Detection of NKs. NKs were defined as (CD3 FITC 

negative/CD56+CD16 PE positive) cells residing in (R2). [C] Quadrant plot for isotype control 

to set cut off positivity.  Sorting gate was determined as [R1 AND R2].  
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Results 

 1-Regarding Ficoll separation technique after we separated PBMCs from 10 ml 

heparinized fresh blood which include NK cells and other lymphocytes and monocytes. 

samples reintroduction to flow cytometry devise to assess purity after centrifugation and 

resuspending in 1 ml PBS Percentage of NK in PMCs mixture ranged 10-25% (Figure 2 

A) when represents CD16+56+ve and CD3-ve (Figure2A). 

    
Figure 2:   represents natural killer yield post Ficoll separation of mononuclear cells followed by 

identification using Flowcytometry.CD56+CD16 positive and CD3 negative population is 

arrowed (different ranges in different samples ranging from 10-25%.) Figure 2 A . 

 

 2-Regarding flow-cytometry sorting technique. Stained processed heparinized sorted 

samples reintroduction to flow cytometry devise to assess purity after centrifugation and 

resuspending in 1 ml PBS, revealed fixed purity of 64.97 % in NK (CD56+CD16 positive 

and CD3 negative) in all samples introduced (Figure 3).  

 

Figure 3:  Post sorting purity testing. Showed that the purity of NK cells which represented at 

CD56+CD16 positive and CD3- average was 64.97% at chosen samples.CD56+CD16 positive 

and CD3 negative population was arrowed in figure 3 A. 

  

Figure 3 A Figure 3 B  

Figure 2 A 

Figure 2 B 

Figure 2 A 

Figure 2 B 
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Discussion: 

NK cells are innate lymphocytes that provide host protection against infectious diseases 

and cancer. In vitro studies of NK cells are necessary to obtain fundamental information on their 

function and the mechanisms of their interaction with other cells (Guangchuan wang et 

al.,2017). A prerequisite for further detailed functional characterization of NK cells is how to 

optimize the purification method. In previous studies, the purity of NK cells was identified to be 

varied among the different purification kits used, despite the same method being applied. More 

granulocytes were detected in the purified NK cells using the Miltenyi sorting kit, particularly 

while using the negative selection kit (Guangchuan wang et al.,2017). The main drawback of 

DX5-positive selection using Stem cell and Miltenyi kits was that a high percentage of CD3ε+ 

cells were mixed into the isolated NK cells. Furthermore, a significant difference in NK cell 

purity was observed while the purification was performed using different surface markers. 

Therefore, the positive selection kit procedure was modified, and a higher purity and yield of NK 

cells was obtained. Moreover, the purity of NK cells was compared with the viability with or 

without a range of concentrations of IL-2. In conclusion, it is important to consider that different 

NK cell isolation kits affect the purity and yield of isolated NK cells (Guangchuan wang et 

al.,2017). When isolating NK cells using Miltenyi kits, the spleen cells should be pretreated to 

deplete the granulocytes prior to sorting. Combined use of the CD3ε selection kit with the DX5 

selection kit can produce higher purity and yield of NK cells. Previous studies favor the use of 

the negative selection kit from Stem cell, which can produce native NK cells that may be further 

analyzed. In this study, we aim to obtain the best degree of purity for natural killer cells using 

different methods from the existing methods that depend on magnetic separation of cells 

(MACS)of both types Positive and negative selection which are very expensive and face some 

difficulties, with the purpose of using them in the laboratory for advanced research purposes 

including immunotherapy For many chronic viral diseases, as well as many types of human 

diseases (Guangchuan wang et al.,2017). In agreement with (timonen. t and saksela. e 1980) 

Ficoll-Paque density gradient centrifugation techniques described was easy to perform, did not 

require expensive equipment and yielded NK cells of satisfactory purity. The presented study 

aimed to compare between two different methods for NK evaluation and determination. In the 

present study the purity of NK cells was identified to be varied among the different purification 

methods used, our study is the first comparative study between Ficoll-Paque density gradient 

centrifugation technique and flow cytometry sorting technique. So that the present comparative 

study shed light on two techniques of isolation of NK cells from PBMNCs and the results 

showed that the Purity of harvested NK were better (46.97%) in the flow cytometry sorting 

technique than Ficoll-Paque density gradient centrifugation technique (22.74%). Therefore, 

through our study, we see that it is better to rely on the flow-cytometry sorting technique using 

the flow cytometry device and CD56+CD16 /CD3 antibodies in order to obtain the best purity of 

the NK cells( a population of  CD56+CD16 positive and CD3 negative) for use in medical and 

research purposes in the laboratory. 
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Conclusion  

The present comparative study shed light on two techniques of isolation of NK cells from 

PBMNCs and the results showed that the Purity of harvested NK yielded higher and fixed 

percentage of purity  (64.97%) in flow cytometry sorting technique while  Ficoll-Paque density 

gradient centrifugation technique was less and ranging in samples with average of (22.74%). 
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 تقيين الخاليا القاتلة الطبيعية باستخدام تقنيات هختلفة

1
نفخاح سهٛى يذًذ عبذ ا

عادل عبذ انباسظ يٕسٙ  2
يُصٕر يذًذ طارق  3

*4
 يذًذ يُصٕر سعذ فزس

 .القاهرة  قسم النبات والميكروبيولوجي كلية العلوم بنين جامعة االزهر 12224

 لسرطان األطفال. 55355المعهد القومي لألورام ومستشفى  3

 mohamed.farag@azhar.edu.eg:  انبزٚذ االنكخزَٔٙ نهبادذ انزئٛسٙ

انعذٚذ يٍ  حخٕسظ انخالٚا انماحهت انطبٛعٛت انسًٛت انخهٕٚت انعفٕٚت حجاِ انخالٚا انسزطاَٛت ٔاألٔراو غٛز انطبٛعٛت ٔحفزس بسزعت

فٛت انالدمت. ْذفج انذراست انًمذيت إنٗ انًمارَت بٍٛ انطزق انسٛخٕكُٛاث ٔانكُٕٛكُٛاث انخٙ حعشس االسخجاباث انًُاعٛت انخكٛ

حى جًع عشز عُٛاث يٍ األفزاد األصذاء يٍ يسخشفٗ انشْزاء انجايعٙ  الونهجيةانًخخهفت نخمٛٛى ٔحمذٚز انخالٚا انماحهت انطبٛعٛت 

انماحهت انطبٛعٛت فٙ لسى عهى األيزاض  ٔحمًٛٛٓا نخذذٚذ انًُظ انظاْز٘ نخالٚا انماحهت انطبٛعٛت حى اجزاء عًهٛت عشل انخالٚا

انسزٚزٚت، ٔدذة أيزاض انذو، يخخبز لٛاص انخذفك انخهٕ٘، جايعت االسْز.   بذأث انبزٔحٕكٕالث بعشل انخالٚا أدادٚت انُٕاة 

( يٍ انذو انبشز٘ انطاسس انكايم اعخًاًدا عهٗ كزافت انخالٚا ٔيٍ رى حمُٛت انطزد انًزكش٘ انًخذرس PBMCsفٙ انذو انًذٛطٛت )

Ficoll-Paqueٔباسخخذاو جٓاس لٛاص انخذفك  . ٚعخًذ بزٔحٕكٕل آخز عهٗ حمُٛت انفزس انًعخًذ عهٗ أضذاد ٔدٛذة انُسٛهت

: أدث عًهٛت انفزس باسخخذاو آنت انخذفك انخهٕ٘ إنٗ لنتائجنًعخًذة.  اانخهٕ٘. حى حُفٛذ جًٛع انخجارب ٔفماً نهًبادئ انخٕجٛٓٛت ا

٪ لبم سراعت انخالٚا، بًُٛا أظٓز انفصم باسخخذاو انخمُٛت انًعخًذة عهٗ انكزافت 79.46َسبت َماء يٍ انخالٚا انماحهت انطبٛعٛت 

يٍ خالل دراسخُا ، ٚخضخ  الستنتاج؛٪.  ا77.69ٛت ٔيٍ رى انطزد انًزكش٘ يٍ انذو انكايم َسبت َماء يٍ نهخالٚا انماحهت انطبٛع

باسخخذاو طزٚمت انفصم  NKباسخخذاو حمُٛت انفزس انخذفك انخهٕ٘ أعهٗ بكزٛز يٍ َسبت َماء خالٚا  NKنُا أٌ َسبت َماء خالٚا 

هٗ حمُٛت انفزس نمٛاص ، نذنك ، يٍ خالل دراسخُا ، َزٖ أَّ يٍ األفضم االعخًاد ع Ficoll-Paqueانخٙ حعخًذ عهٗ حمُٛت كزافت 

يٍ أجم انذصٕل عهٗ  CD56 + CD16  ٔCD3انخذفك انخهٕ٘ باسخخذاو جٓاس لٛاص انخذفك انخهٕ٘ ٔاألجساو انًضادة 

                                                                                                                                                                                      سهبٙ( نالسخخذاو فٙ األغزاض انطبٛت ٔانبذٕد انًخخبزٚت.                                      CD3إٚجابٙ /  CD56 + CD16) NKأفضم َماء نخالٚا 

زافت ٔانطزد انًزكش٘ ،انخالٚا أدادٚت انُٕاِ انخالٚا انماحهت انطبٛعٛت، جٓاس انخذفك انخهٕ٘، حمُٛت انكالكلوات الوفتاحية: 

.انًذٛطٛت  
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