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ABSTRACT 
 
Recently, there has been a growing research interest in the application of immunotherapy for cancer treatment. 
Various approaches have been developed, and one of these methods involves utilizing Natural Killer (NK) cells 
of the immune system to specifically target cancer cells. Research on this method necessitates the mass and 
stable production of NK cells through culturing. For NK cell culture, Fetal Bovine Serum (FBS) is widely used 
in the industry at concentrations ranging from 10% to 20%. In an effort to explore a more efficient culturing 
technique, this study aims to investigate the effect of 1% FBS on cell viability of NK cells in cell culture. 
Because NK cells are usually defined by cell surface molecules, the efficacy of using a lower FBS concentration 
was quantitatively measured using Fluorescence-Activated Cell Sorting (FACS). The cell counts of cells cul-
tured in 1% FBS was compared to those of cells cultured in 10% FBS. The results showed that no significant 
difference was found between cell count of cells cultured in 1% and 10% FBS. Thus, 1% FBS concentration 
culturing method was not found to be inferior. Further research is needed on the effect of replicating cancer 
microenvironment on NK cell viability. 
 

Introduction 
 
In contemporary oncology, immunotherapy is emerging as a promising and innovative tool in the medical field 
to treat cancer patients. Immunotherapy is categorized into two major groups: immune check point modulations 
and immune cell engineering therapies. Among immune cells, lymphocytes called NK cells have garnered in-
terest due to their dual function in combating malignant cancer and modulating immune responses. Therapies 
involving NK cells directly adjust tumor microenvironment (TME), thereby leading to diverse prognoses. TME 
serves as a fundamental and theoretical arena in evaluating the effectiveness of therapy and surrounding cellular 
interactions. As a method of changing TME to enhance cancer cell response, the importance of NK cell differ-
entiation and culturing from a patient’s stem cell is gradually emerging. Over the past two decades, NK cell-
mediated immunotherapy has become a safe and effective treatment for patients with advanced leukemia. Since 
then, the field of NK cell-based cancer therapy has grown exponentially, pioneering a major area of innovation 
in immunotherapy (Myers et al. 2020). Up to the cellular expansion step, NK cells are nurtured and buffered 
using various mixtures based on commercial FBS (Minetto et al. 2019). Thus, FBS clearly occupies a crucial 
position in determining the culture environment. 
 
FACS 
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A flow cytometer is a testing apparatus capable of analyzing various characteristics such as the expression 
analysis of cell surface proteins, cell cycle, cell survival status, and cell size and shape. To analyze cells, artifi-
cial antibodies attached to fluorescent molecules must react with antigens on the cell surface (Wong et al. 2021). 
Measuring the fluorescence quantifies the antigens expressed on the cell surface. 
 
NK Cells 
NK cells or large granular lymphocytes (LGLs), are a type of cytotoxic lymphocyte that is important for the 
innate immune system. They belong to a rapidly expanding family of known innate lymphocyte cells (ILCs) 
and account for 5–20% of all circulating lymphocytes in humans (Arachchige et al. 2021). The role of NK cells 
is similar to that of cytotoxic T cells. NK cells provide a rapid response to virus-infected cells and other intra-
cellular pathogens, acting approximately 3 days after infection, and they respond to tumorigenesis (Björkström 
et al. 2021). 
 
FBS 
Fetal bovine serum (FBS) is derived from blood collected from a bovine fetus through a closed collection sys-
tem in a slaughterhouse. FBS is the most widely used serum supplement for the in vitro cell culture of eukaryotic 
cells. FBS concentration varies within each type of culture, usually ranging from 10% to 20% (Martin-Iglesias 
et al. 2021). In the NK cell industry, the ability to generate more NK cells from the same amount of peripheral 
blood is critical. So, the investigation of NK cell culture conditioning is a major interest in the field (De Jonge 
et al. 2023). 
 
Overview: In this experiment, a FBS concentration of 1% was used instead of the conventional 10–20% to 
investigate its efficiency. During the preparation stage, anti-CD16 antibody coating is used as a stimulant for 
increased NK cell production (De Jonge et al. 2023) (Huang et al. 2020). The FBS concentration was set at 1% 
after peripheral blood mononuclear cell (PBMC) separation from blood during the initial stages of NK cell 
culture. The purpose of this study was to confirm the difference between using the frequently employed 10% 
FBS in general cell culture and the alternative use of 1% FBS. While NK cell culture usually takes about 14 
days, the period is limited to 7 days for small-scale progression. The ratio of CD3+ and CD56+ cells was 
measured to confirm the progress of differentiation from PBMC to NK or T cells, and the survival rate of cells 
was determined through cell counters (Bi et al. 2020). 
 

Methods 
 
A 6-well plate was coated with anti-CD16 antibody and incubated in an incubator at 37°C for 2 hours. This 
treatment acts as a stimulating factor for NK cell proliferation and activation. PBMCs at a concentration of 5 x 
106 cells per well were seeded into a 6-well plate (Fig.1). NK cells were cultured under conditions of 1% FBS 
and 10% FBS (Fig.1). After 5 days, the cells were transferred to a T25 flask, and the medium changed on day 
3. On day 5, 5mL of media was added to reach a total volume of 10mL. Then the total cells harvested were 
analyzed on day 7 (Fig.2). After culturing for day 3, 5, and 7 under each media condition, cells were harvested 
and analyzed for viability and CD3/CD56 expression ratio using FACS (Table.1). The proportion of NK cells 
was determined using a flow cytometer with anti-CD3 antibody (FITC) and CD56 antibody (APC) under con-
ditions shown in table 2. Antibody staining was carried out for 30 minutes at 4°C and washing was performed 
three times with antibodies of distinct color and concentration (Table.3). The cell number was adjusted to a 
concentration of 2 x 10^5 cells in phosphate buffered saline (PBS) and then stained and analyzed. 
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Figure 1. Columns 1, 2, and 3 represent cells cultured for day 3, 5 and 7, respectively. Row A consists of cells 
cultured in 1% FBS, while Row B consists of cells cultured in 10% FBS. 
 

 
 
Figure 2. Visual outline of the experiment  
 
Table 1. Experiment schedule and procedure 
 

Day Experiment procedure 

Day 0 CD16 AB coating 2 hours in 37°C incubator 
PBMC 5 x 106  cells/5mL/well seeding (6-well plate) 

NK cell media + 1% or 10% FBS condition 

Day 3 Harvest -> cell viability confirmation & CD3, CD56 expression confirmation (FACS) 
Media change 5mL in T25 flask 

Day 5 Some harvest -> cell viability confirmation & CD3, CD56 expression confirmation       
(FACS) 

Add media 5mL (Total volume 10mL) 

Day 7 Total cell harvest -> cell viability confirmation & CD3, CD56 expression confirmation       
(FACS) 

 
Table 2. Staining conditions 
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Conditions 

Date Day 3, 5, 7 

Staining 2 x 10^5 cells/DPBS (100uL) 
Staining 4°C 30 minutes 

Washing 3 times 

 
Table 3. Antibody colors and details 
 

Category CD3 CD56 CD3 Iso-
type 

CD56 
Isotype 

Color FITC APC FITC APC 
Isotype IgG1 IgG2b IgG1 IgG2b 

Ab Cat. No. 555332 341025 555748 555745 
2x10 5̂ cells/ 
DPBS 100uL 4 uL 1 uL 4 uL 4 uL 

 

Results 
 
After treating each culture unit, cellular fields showing cell numbers and viability were initially inspected under 
a microscope with 4x and10x magnification on day 2, 3, 5, and 7. The cell survival rate and NK cell proportions 
were confirmed through FACS anti-CD3/CD56 analysis. 
 
Cell Number & Viability  
 
Microscope Photos (4x and 10x) 
Microscopic evaluation clearly shows the formation of well-defined cell clusters on each day (Fig.3, Fig.4). 
When observed under a microscope, cluster formation and size were shown to be better in 10% FBS than in 1% 
FBS. 
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Figure 3. Cell images taken on day 2, 3, 5, and 7 using a 4x magnification lens microscope 
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Figure 4. Cell images taken on day 2, 3, 5, and 7 using a 10x magnification lens microscope  
 

Cell count and survival rate results were measured using cell counter instruments. The total cell count 
is the sum of dead and live cells, measured in cells/mL. Cell counts and survival rates did not differ significantly 
(Table.4). The difference was only within 10%. The proportion of NK cells increased progressively by day. 
The proportion of NK cells did not differ significantly between 1% and 10% culture conditions (Table.5). 
 
Table 4. Live cell counts at each time point 
 

Day NK cell 
media 

Total 
(cells/mL) 

Live cell 
(cells/mL) 

Viability 
(%) 

Volume 
(mL) 

 
Day 3 

 

 
1% FBS 

 

 
7.13 x 105 

 
5.83 x 105 

 
81.28 

5mL 
 

10% FBS 
 

6.18 x 105 

 
5.01 x 105 

 
81.27 

 

Day 5 
 

1% FBS 
 

 
1.95 x 106 

 
1.59 x 106 

 
82.53 

Volume 13 Issue 2 (2024) 

ISSN: 2167-1907 www.JSR.org/hs 6



 
10% FBS 

 

 
1.40 x 106 

 
1.14 x 106 

 
81.77 

Day 7 

 
1% FBS 

 

 
4.16 x 106 

 
3.01 x 106 

 
72.14 

 
10% FBS 

 

 
3.58 x 106 

 
2.82 x 106 

 
78.92 

 
Table 5. NK cell proportion by timeline (highlighted in red) 
 

Day 
NK cell me-

dia 
CD3+ CD56- 

(%) 
CD3- CD56+ 

(%) 
CD3+ CD56+ 

(%) 

Day 3 
1% FBS 19.05 58.76 4.02 

10% FBS 16.95 51.89 3.93 

Day 5 
1% FBS 15.77 76.33 3.83 

10% FBS 16.84 75.09 3.93 

Day 7 
1% FBS 9.27 84.86 4.53 

10% FBS 11.91 81.83 4.55 

 
NK Cell Confirmation (FACS)  
Day 3 Flow Cytometer Measurement Results: The graph on the right, labelled CD3 CD56, utilizes the horizontal 
axis for cells expressing CD56 and the vertical axis for cells expressing CD3. The isotype is used as the control 
group to assess the relative expression levels of CD3 and CD56. The boxes highlighted in light blue show cells 
that are CD3- and CD56+, which are NK cells.  

The CD3-, CD56+ ratio is approximately 5–10% higher under the 1% FBS condition (Fig.5). No sig-
nificant difference was observed in cell viability (Fig.5). 
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Figure 5. FACS results for day 3. The NK cell portion is represented by the blue squares. The three graphs 
depict unstained cells, isotype control cells, and cells stained with anti-CD3 and CD56 antibodies. The top row 
shows the results for cells grown in 1% FBS media, while the bottom row shows the results for cells grown in 
10% media. 
 
Day 5 Flow Cytometer Measurement Results: The method of organizing the results is the same as on the pre-
vious section displaying day 3 FACS results. There is no significant difference in CD3-, CD56+ ratios across 
all experimental groups (Fig.6). 
 

 
 
Figure 6. FACS results for day 5. The NK cell portion is represented by the blue squares. The three graphs 
depict unstained cells, isotype control cells, and cells stained with anti-CD3 and CD56 antibodies. The top row 
shows the results for cells grown in 1% FBS media, while the bottom row shows the results for cells grown in 
10% media. 
 
Day 7 Flow Cytometer Measurement Results: The method of organizing the results is the same as on the pre-
vious section displaying day 5 FACS results. There is no significant difference in CD3-, CD56+ ratios across 
all experimental groups (Fig.7). 
 

 
 
Figure 7. FACS results for day 7. The NK cell portion is represented by the blue squares. The three graphs 
depict unstained cells, isotype control cells, and cells stained with anti-CD3 and CD56 antibodies. The top row 
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shows the results for cells grown in 1% FBS media, while the bottom row shows the results for cells grown in 
10% media. 
 

Discussion 
 
In this experiment comparing 1% vs. 10% FBS media cultures on day 3, 5, and 7, no significant difference was 
observed in total cell numbers, viability, or NK cell ratio. The overall production of NK cell counts did not 
show a significant difference between the 1% and 10% FBS environments. If there is adequate culture media 
refreshment, a 1% FBS concentration could be sufficient for NK cell production. Using less FBS would be 
more economical without introducing potential bias to the study. 

NK cells can be readily identified in cancer tissues, where interactions occur among cancer cells, fi-
broblasts, adipose cells, and various leukocytes (Cózar et al. 2021). Clearly, NK cells function as leukocyte 
recruiters, tumor suppressors, immune regulators, and direct cancer cell killers (Yao et al. 2023) (Crinier et al. 
2020) (Jiang et al. 2023). There are more advanced NK cell activity and affinity enhancers such as CAR-NK 
technology (Gong et al. 2021) (Islam et al. 2021) (Mantesso et al. 2020). Molecular interactions within cell 
function-related cascades sometimes exhibit reciprocal curves (Frutoso et al. 2019). NK cell production is con-
trolled by maturation factors and stimulators (Kweon et al. 2019) (Portale et al. 2023). Sometimes, NK cells 
function in different environments such as lymph nodes or blood circulation (Rethacker et al. 2022) (Vyas et 
al. 2023). 

In each cancer microenvironment, NK cells can assume different roles or show varying levels of ac-
tivity (Hodgins et al. 2019) (Nersesian et al. 2023) (Wu et al. 2020). As such, it is not easy to distinguish which 
microenvironment or cancer gene expression profile is the target for NK therapy (Minetto et al. 2019) (Myers 
et al. 2020). The limitations of NK therapy can be overcome by in vivo experiments and molecular studies of 
cancer microenvironments (Parodi et al. 2023) (Vogler et al. 2021). Cultivating NK cells in a culture environ-
ment that can potentially mimic the various types of TME would be costly. Lowering FBS concentration is 
expected to reduce the associated costs. 
 

Conclusion 
 
The NK cell production under the 1% FBS culture media condition did not yield NK cell production that is 
significantly different from the conventional concentration of 10%. The overall live NK cell count and types 
were not significantly different from those cultured in 10% FBS media. 
 

Limitations 
 
This experiment performed a preliminary analysis of the efficacy of 1% FBS media for NK cell production. 
The experiment was conducted using a single bottle (with each analysis repeated 3 times) and multiple trials 
were not performed per group. Conducting multiple trials would further substantiate the significance of the 
results and the efficacy of 1% FBS. 
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