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Abstract 
Cellular cytotoxicity is an important mechanism of the immune system to clear 
infections and eliminate tumor cells. Its two main mediators are cytotoxic T lymphocytes 
and natural killer (NK) cells. In lung cancer, intratumoral NK cells show reduced cytolytic 
potential and one third of patients do not express HLA-I proteins, which activate NK cells 
in a process termed "absent self-recognition". In this work, we investigate NK 
cytotoxicity as a potential oncological biomarker that informs patient status and predicts 
response to treatment. We describe a simple and rapid test to analyze NK cytotoxicity 
without the need for large volumes of blood, requiring short processing time and 
reduced use of both reagents and blood samples, using the IncuCyte live imaging 
technique. 
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1. Introduction 
Cellular cytotoxicity is an important mechanism of the immune system to resolve 
infections and cancer by killing compromised cells. The two major mediators of cellular 
cytotoxicity are cytotoxic T lymphocytes (CTL) and natural killer (NK) cells. For their 
potent antitumor defense, these lymphocytes release perforins to open pores in the cell 
membrane and granzymes that enter the cell to activate caspase-dependent apoptosis 
[1], resulting in target cell cytolysis. Another mechanism of cytotoxicity described in NK 
cells and CTL is related to death receptors of the TNFR superfamily. TNF-related 
apoptosis inducing ligand (TRAIL) and CD95L (Fas ligand) signaling induce apoptosis in 
infected or tumor cells [2–4]. 
 
In lung cancer, the infiltration of T lymphocytes correlates with a good prognosis [5]. 
However, one third of these patients do not express HLA-I proteins due to the impaired 
expression of HLA-I maturation proteins or β2-microglobulin, allowing the tumor to 
evade the immunosurveillance. This fact is also associated with decreased CTL 
infiltration and reduced levels of PD-L1 [6]. Fortunately, the absence of HLA-I proteins 
activates NK cells in a process called ‘missing-self recognition’ [7]. Furthermore, in the 
setting of lung cancer, intratumoral NK cells show reduced cytolytic potential with 
decreased degranulation and INFγ production [8]. Overall, the determination of NK 
cytotoxicity may be a good oncological biomarker to know the patient status and predict 
the response to treatment. 
 
The gold standard technique for assessing cytotoxicity is the 3-(4,5-dimethylthiazol-2-
yl)-2,5-diphenyl-2H-tetrazoliumbromide (MTT) assay [9]. The colorimetric-based result 
is obtained from intracellular MTT reduction into formazan in viable cells and allows the 
measurement of viability and, indirectly, cytotoxicity. The MTT test has several pitfalls, 
such as cell toxicity or death induced by MTT itself, media interference in reducing 
potential, specific cell rate of MTT uptake and formazan extrusion, incubation time, 
among others [10]. In addition to this gold standard technique, many other cytotoxicity 
assays have been described, such as the 51Cr release assay or flow cytometry assays. A 
very interesting alternative is the fluorescence detection of a co-culture with an 
automated live cell analysis because of its ability to obtain cell culture images over time. 
The IncuCyte® Live-Cell Analysis System (Sartorius) is an automated cell microscope 
placed in a cell culture incubator that provides high quality fluorescence images and 
powerful analysis software. By co-culturing fluorescent target cells with effector cells, 
the IncuCyte system is able to accurately generate a growth curve of the target cells and 
calculate the cytotoxicity caused by the effector cells. The IncuCyte platform is a well-
stablished method for cell cytotoxicity, proliferation and apoptosis [11–13], and in the 
work of Cichocki et al., the authors analyze the cytotoxicity of induced NK cells against 
a K562 cell line with a NucLight Red transduction [12]. 
 



Considering the lack of HLA-I in some lung cancer tumors and the importance of NK cells 
in fighting cancer cells, in this work we have chosen the EGFP-K562 cell line as target 
cells because of its lack of HLA-I complex and its green fluorescent reporting. Thus, this 
method is independent of patient tumor biopsies, which in lung cancer are very small, 
invasive and paraffin-embedded. 
 
Immunotherapies are dependent on the intrinsic cytotoxicity of the immune 
compartment, and in this work we have hypothesized that greater cytotoxicity is a good 
prognostic factor for overall survival in non-small cell lung cancer (NSCLC) patients. 
  



2. Methods  
2.1 Blood 
Peripheral blood was collected in EDTA-anticoagulated tubes from n = 27 NSCLC patients 
and n = 5 controls. All patients enrolled in this study provided written informed consent. 
The study was conducted in accordance with the Declaration of Helsinki and was 
approved by the Institutional Review Board (IRB) of our institution (study code: 
RegTumTor2014). All procedures related to sample processing were in accordance with 
the internal protocols of our laboratory at IGTP, approved by HUGTiP-IRB in accordance 
with current Spanish legislation. 
 
2.2 Cell culture 
The EGFP-K562 cell line is an erythroleukemia derived from chronic myeloid leukemia in 
terminal blast crisis. It is transformed to constitutively express enhanced green 
fluorescent protein (EGFP). The EGFP-K562 cell line was kindly provided by Jordi 
Barquinero of the Vall d'Hebron Research Institute. EGFP-K562 cells were cultured in 
RPMI 1640 medium (Biowest) supplemented with 10% heat-inactivated fetal bovine 
serum (Capricorn), 4 mM L-glutamine (Gibco), 500 IU/mL penicillin/streptomycin (PAA 
Laboratories), and 1 mM sodium pyruvate (Biowest) at 37ºC in 5% CO2. Cells were 
subcultured three times per week. 
 
2.3 IncuCyte Live-Cell Analysis System  
The IncuCyte microscope (Sartorius, USA) contains an SX5 green, orange, and NIR optical 
module with the 2023A Rev2 controller and graphical user interface. It is placed in a cell 
culture incubator at 37°C/5% CO2. 
 
2.4 Cytotoxicity assay: Co-culture of blood with EGFP-K562 cells 
EGFP-K562 cells are centrifuged at 400g for 5 minutes and resuspended in RPMI 1640 
medium supplemented with 20% FBS, 4 mM L-glutamine, 500 IU/mL 
penicillin/streptomycin and 1 mM sodium pyruvate. After counting in a flow cytometer, 
1.2x104 cells were diluted in 900 µl of medium and seeded into all 24 wells of an anti-
adhesive flat-bottomed plate (Nunc, Thermo Fisher) and maintained in a 37°C incubator 
with 5% CO2. 
 
Peripheral blood is first lysed with 1X sterile ammonium chloride in a 1:10 ratio to 
eliminate erythrocytes. Thus, 4 ml of blood is lysed in 44 ml NH4Cl for 10 min with gently 
stirring. Centrifuge at 400g for 5 minutes and wash the pellet in sterile PBS. The pellet is 
then resuspended in RPMI 1640 20% FBS and analyzed in the flow cytometer to 
determine the lymphocyte concentration of the lysed blood. 
 
Finally, blood (effector cells) is co-cultured with different ratios of EGFP-K562 cells 
(target cells) by adding 100 µl of the given concentration to each well. The first row of 6 



wells is the control condition, seeded with 1.2x104 target cells only. The second row is a 
1:1 co-culture, seeded with 1.2x104 effector cells and 1.2x104 target cells. The third row 
is 5:1, seeding 6x104 effector cells, while the last row is 15:1, seeding 1.8x105 effector 
cells. 
 
The plate is transferred to the IncuCyte microscope which is placed in a cell incubator at 
37ºC/5%CO2 until the end of the assay. The green and phase channels are selected and 
the green channel acquisition time is set to 100 ms. Using the 10x objective, 9 images 
per well are acquired every 1 hour for 4 days. 
 
Flow cytometry 
For cell counting, 50 µl of cell culture is diluted in 450 µl Hanks' balanced salt solution 
(HBSS, Capricorn) and stained with 1 µl DAPI (1 mg/ml stock solution). This was 
immediately collected in the Attune NxT flow cytometer (Thermo Fisher) to obtain the 
concentration of the cell culture. Doublets and necrotic cells (DAPI+ cells) were 
excluded, as well as cells with loss of EGFP fluorescence. In the case of lysed blood, an 
additional region is drawn in the FSC vs. SSC plot to select the lymphocyte population. 
 
Analysis of data 
Data obtained in the IncuCyte is analyzed to automatically select green cells using the 
IncuCyte software. The background noise of the green channel is subtracted using the 
top hat correction option with a radius of 100 µm and a threshold of 2. The edge split is 
configured with a sensitivity of 5 to better characterize fluorescent cells. A mean 
intensity cutoff of 3-4 is set to discriminate low or non-specific green fluorescence. The 
green area value is then calculated from the 9 images obtained for each well. Tumor 
growth curves are based on the green area of each row and are generated in GraphPad 
Prism. The percentage of cytotoxicity is calculated as the inverse of the normalization of 
cell growth to the control condition according to Equation 1.   

Percentage of cytotoxicity = !1 − $%&'()*+),-	(-**	/,&0+1
%&2+,&*	(-**	/,&0+1

34 × 100  Equation 1 

where co-culture cell growth refers to 1:1, 5:1 or 15:1 conditions and control refers to EGFP-K562 cell 
culture.  

 

 

 
 
  



3. Results and Discussion 
3.1 Co-culture setting 
We selected three different ratios of lymphocytes to tumor cells to represent different 
scenarios of tumor burden. In addition, a control condition is performed to normalize 
the intrinsic cell growth of the tumor cells. In this way, we have cultured 4 conditions: 
EGFP-K562 alone, 1:1, 5:1 and 15:1 (ratio of lymphocytes to EGFP-K562), where 1:1 
represents an increased tumor burden and 15:1 represents a decreased tumor burden. 
 
Next, to determine the appropriate duration of culture, a thirteen-day culture was 
performed to analyze tumor cell growth over time. Figure 1 shows the growth of the 
tumor cells for the 4 conditions mentioned above. In the case of the tumor cell culture 
alone, its growth represents the average of six wells and follows the characteristic 
logarithmic expansion. On the other hand, when the cells are co-cultured with 
lymphocytes, the growth of the target cells is reduced, especially as the lymphocyte ratio 
increases. The cytotoxicity is then calculated based on equation 1. Since the curve of the 
cytotoxicity plot tends to stabilize at 96h, we have considered that a four-day culture is 
sufficient to visualize the cytotoxicity effect in this setting. 
 

 
Figure 1. Lung cancer patient co-culture and derived cytotoxicity over 13 days. Control of tumor cell 
growth (blue), 1:1 (red), 5:1 (green), 15:1 (yellow) ratio of blood lymphocytes to EGFP-K562 tumor cells 
are shown, each condition is the average of n=6 wells. On the left, the green area is calculated from the 9 
images taken in each individual well (n=6 wells/condition) and is representative of tumor cell growth. 
Values are normalized to the first time point and standard errors are shown. In the right graph, the 
percentage of cytotoxicity is calculated from the normalization to control growth and is therefore an 
indirect cytotoxicity. Day 4 is marked on the graph because it is the selected endpoint of the assay. 
 
In total, we performed the cytotoxicity assay in 27 NSCLC patients and 5 controls. Images 
of the co-cultures on the IncuCyte microscope show that EGFP-K562 grow in clusters 
and that lymphocytes localize around these clusters (Figure 2A). More importantly, the 
blood effector cells induce EGFP-K562 cell death as indicated by the loss of green 
fluorescence (Figure 2B). 
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Figure 2. IncuCyte images of the different co-culture conditions at baseline and endpoint. The tumor 
cell line expresses green fluorescence while blood is visualized in the contrast phase. A) The top row 
corresponds to the second hour of culture and the bottom row corresponds to the fourth day endpoint 
of the same well. Columns represent control, 1:1, 5:1 and 15:1 ratio (lymphocytes to EGFP-K562). B) 
Enlarged images of 5:1 (top) and 15:1 (bottom) co-cultures displaying the green fluorescence and phase 
contrast in combination and separately, where tumor cell death is indicated by the loss of green 
fluorescence (yellow circles). 

 
3.2 Cell cytotoxicity as a putative biomarker of disease progression 
Current cytotoxicity assays usually isolate peripheral blood mononuclear cells by density 
gradient centrifugation. This step can cause cellular depletion in a biased manner 
depending on the specific cell liability and also cause cell dysfunction, which is critical as 
we want to preserve cell functionality [14]. These limitations may result in erroneous 
measurements, especially when very few cytotoxic cells are present or when sample size 
is very small (e.g., pediatric samples). Red cell lysing procedures can similarly cause 
depletion and dysfunction and should be avoided when possible to circumvent their 
potential effect on cell cytotoxicity. We have observed depletion of up to nearly 80% of 
leukocytes by comparing lysed and unlysed specimens [14]. 
 
Also, human eosinophils are more toxic than neutrophils in antibody-independent killing 
[15]. Thus, although neutrophilic and eosinophilic cytotoxicity cannot be ruled out, most 
of this cytotoxic activity should be originated in natural killer cells, as they are specialized 
in recognizing and killing tumor cells without prior sensitization. Likewise, cytotoxic T 
lymphocytes recognize and kill cells that present specific antigens (usually peptides 
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derived from pathogens or tumor-specific proteins) on their surface [16]. CTLs are 
crucial for controlling viral infections and tumor growth, but in this case cytotoxicity of 
CTLs can be ruled out, since they are HLA-I dependent and K562 cells do not present this 
complex. Importantly, cytotoxic activity is not limited to immune cells.  
 
Obviously, there is an intrinsic variability of blood cytotoxic activity among control 
subjects due to a given unreported immune response. However, lung cancer patients 
show an increased variability of this blood cytotoxic potential, with patients showing 
very low activity (Figure 3). 
 

 
Figure 3. Control subjects and lung cancer patients show different cytotoxicity patterns. The control 
refers to EGFP-K562 green tumor cells cultured alone, and the ratios 1:1, 5:1, 15:1 refer to the ratio of 
blood lymphocytes to EGFP tumor cells. Values are normalized to the first time point and standard errors 
are presented. 
Clinical outcome of lung cancer patients shown: LC#1 died because of disease progression, after receiving 
two cycles of pembrolizumab as first-line treatment. LC#2 was treated with 6 cycles of pembrolizumab as 
first-line combined with chemotherapy and died due to septic shock after a pneumonia. LC#3 was treated 
with 15 cycles of pembrolizumab as first-line combined with chemotherapy and did not progress nor die. 
 
As expected, there is a strong relationship between cytotoxicity and the treatment 
received, as the patients who have not received any treatment, called naive, have a 
better cytotoxicity ability compared to the patients who have received surgery or 
chemotherapy (Figure 4). Therefore, many naïve patients achieve 50% cytotoxicity 
(50%Cyt), whereas almost none of the treated patients achieve 50%Cyt. It is noteworthy 
that 67% of patients who progress do not reach 50%Cyt and only 8.3% do so within the 
first two days. On the other hand, the 53.3% of patients with better outcome who suffer 
disease progression cannot reach the 50%Cyt while the 33.3% have a cytotoxicity higher 
than 50%Cyt within the first two days (Figure 5 & 6 and Table 1). Additionally, the types 
of histology and staging at diagnosis do not have a relationship with the time to reach 
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50% of cytotoxicity at 1:1 ratio, according to Pearson’s chi-squared test (p-value = 
0.7114 and 0.4274 respectively). 
 
 
 

 
Figure 4. Time to 50% cytotoxicity according to treatment. Patients receiving first-line treatment, such 
as ICI alone or ICI in combination with chemotherapy, are considered treatment-naïve (n=18). Patients 
who received a previous treatment, such as second-line ICI, consolidation ICI, or adjuvant ICI, were 
considered treated (n=9). Cell cytotoxicity of 1:1 lymphocytes to tumor cells is considered. 
 

 
Figure 5. Time upon reaching 50% cytotoxicity, according to clinical outcome. Patients with progression 
of disease (PD, n=12) and without disease progression (Non-PD, n=15). Also, from those 27 patients, 9 
demonstrated toxicity to the treatment. Cell cytotoxicity from 1:1 lymphocytes to tumor cells is 
considered. 
 

 
Figure 6. Cell cytotoxicity at baseline and disease progression. The percentage of cytotoxicity is shown 
for each NSCLC patient along the 1:1, 5:1, and 15:1 ratios (lymphocytes to tumor cells). Controls (n=5) are 
shown in black, patients without disease progression (n=15) are shown in green, and patients with disease 
progression (n=12) are shown in red. 

 
Table 1. Time to reach 50% cytotoxicity according to clinical outcome and treatment.  
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Sample Hours to 50% 
cytotoxicity 

Disease 
progression Toxicity Treatment Histology 

Diagnostic 
stage 

LC74 83 Yes Yes Naïve Adenocarcinoma IV 
LC76 NR Yes No Treated Adenocarcinoma IIIB 
LC79 NR Yes Yes Naïve Adenocarcinoma IV 
LC80 NR Yes Yes Treated Squamous cell c. IIIB 
LC82 NR Yes Yes Treated Adenocarcinoma IVC 
LC83 NR No No Treated Adenocarcinoma IIIA 
LC86 NR Yes No Naïve Adenocarcinoma IVC 
LC87 NR No No Naïve Adenocarcinoma IIA 
LC88 NR Yes No Naïve Squamous cell c. IVC 
LC89 94 No Yes Naïve Squamous cell c. IVC 
LC90 NR No No Naïve Adenocarcinoma IVC 
LC92 58 Yes No Naïve Squamous cell c. IV 

LC93 NR No No Treated Squamous cell 
carcinoma IIB 

LC95 53 No Yes Naïve Squamous cell c. IVC 
LC96 60 No No Naïve Adenocarcinoma IV 
LC98 56 Yes No Naïve Adenocarcinoma IIIA 
LC99 31 No No Treated Squamous cell c. IIA 

LC100 45 No No Naïve Adenocarcinoma IIB 
LC101 27 No No Naïve Squamous cell c. IIIB 
LC102 14 No Yes Naïve Squamous cell c. IIIB 
LC103 11 Yes No Naïve Adenocarcinoma IV 
LC106 NR Yes Yes Naïve Adenocarcinoma IB 
LC109 NR No Yes Treated Adenocarcinoma IIIB 
LC110 NR Yes No Naïve Squamous cell c. IIIA 
LC113 NR No No Treated Adenocarcinoma IV 
LC115 NR No No Naïve Adenocarcinoma IV 
LC117 NR No No Treated Adenocarcinoma IIIA 

Note: Those patients that have not reached the 50% of cytotoxicity are shown as NR (not reached). 
Patients receiving first-line treatment, such as ICI alone or ICI in combination with chemotherapy, are 
considered treatment-naïve. Patients who received a previous treatment, such as second-line ICI, 
consolidation ICI, or adjuvant ICI, were considered treated. 

 
This rapid and HLA haplotype-independent assay allows the measurement of cytotoxic 
activity in the blood while correlating it with different tumor burdens. In this case, the 
samples correspond to NSCLC patients at baseline, before receiving anti-PD-(L)1 ICI, 
although any other malignancy can be assessed for cytotoxicity. By correlating the 
clinical outcome of the patients with the cytotoxic potential at baseline, we could 
observe that those patients who did not experience disease progression could reach 
50% cytotoxicity earlier than those patients who eventually progressed. However, the 
1:1 (effector:target) cytotoxicity has an accuracy of 48%, and we would need to increase 
the number of patients in order to draw significant conclusions. 
 



It is important to note that the tumor burden of the co-culture does influence the 
number of patients reaching 50% cytotoxicity (Table 2). A high tumor burden 
significantly hinders the immune system's ability to eliminate the malignant cells. This 
effect is also influenced by the individual immunological status of each patient. The 
sheer volume of cancer cells can overwhelm and suppress cytotoxic T cells. Cancer cells 
can also develop evasion mechanisms, such as expressing inhibitory proteins or creating 
protective microenvironments, to avoid immune attack. Furthermore, they may release 
factors that directly impair the function of cytotoxic T cells, diminishing their cancer-
killing capacity and promoting tumor growth. However, the effectiveness of these 
evasion tactics and the overall impact of tumor burden on cytotoxicity can vary 
considerably depending on the individual's immune competence. A patient with a 
robust immune system may be better equipped to combat the suppressive effects of a 
high tumor burden compared to a patient with a weakened or compromised immune 
system. 
 
Table 2. Percentages of cell cytotoxicity on day 4 of co-culture. The percentage of cytotoxicity is shown 
for each control and NSCLC patient along the 1:1, 5:1, and 15:1 ratios (lymphocytes to tumor cells), 
representing a decreasing tumor burden. 

Sample Disease 1:1 1:5 1:15 Disease 
progression 

CTRL07 Control 3.92 21.82 45.98 - 
CTRL09 Control 59.50 68.44 79.16 - 
CTRL10 Control 45.59 74.06 90.28 - 
CTRL13 Control 24.13 32.85 45.28 - 
CTRL14 Control 7.85 -28.13 4.17 - 

LC74 NSCLC 55.70 70.26 - Yes 
LC76 NSCLC 11.58 16.45 13.55 Yes 
LC79 NSCLC 27.07 48.51 65.94 Yes 
LC80 NSCLC 30.70 42.22 54.52 Yes 
LC82 NSCLC 27.18 35.95 43.89 Yes 
LC83 NSCLC 31.72 22.67 40.99 No 
LC86 NSCLC 8.53 19.34 48.92 Yes 
LC87 NSCLC 22.98 55.74 91.94 No 
LC88 NSCLC 31.23 63.88 95.81 Yes 
LC89 NSCLC 50.86 44.99 - No 
LC90 NSCLC 34.34 36.22 75.60 No 
LC92 NSCLC 52.18 68.15 97.65 Yes 
LC93 NSCLC 33.72 58.58 66.09 No 
LC95 NSCLC 59.44 56.62 80.04 No 
LC96 NSCLC 61.22 50.54 58.57 No 
LC98 NSCLC 57.73 86.75 98.68 Yes 
LC99 NSCLC 67.36 85.63 95.50 No 

LC100 NSCLC 62.21 76.05 88.59 No 
LC101 NSCLC 55.72 61.55 68.17 No 
LC102 NSCLC 58.45 80.60 97.51 No 



LC103 NSCLC 75.37 99.69 99.99 Yes 
LC106 NSCLC 27.93 60.82 98.82 Yes 
LC109 NSCLC 10.23 19.48 36.49 No 
LC110 NSCLC 12.91 18.88 17.90 Yes 
LC113 NSCLC 12.48 20.13 41.64 No 
LC115 NSCLC -4.35 -0.54 24.28 No 
LC117 NSCLC 22.98 9.43 30.38 No 

 
 
In some cancers, a low level of natural cytotoxicity may be the norm. This may be due 
to factors such as immune evasion by the tumor, inherent weakness of the immune 
system, or other disease-specific mechanisms. In such cases, disease progression may 
depend more on other factors (tumor aggressiveness, treatment response, etc.) than on 
the level of cytotoxicity itself. In some cases, a high level of cytotoxicity may be a sign 
that the immune system is actively fighting the cancer, but the cancer is also aggressive 
and progressing despite the immune response. This could be due to immune exhaustion 
and tumor escape. It's possible that there is a threshold of cytotoxicity needed to 
effectively control the cancer. Below that threshold, even if there's some immune 
activity, it's not enough to prevent progression. Above the threshold, the immune 
system may be more likely to keep the cancer in check, but if the cancer is aggressive, it 
may still progress despite the higher cytotoxicity. With fewer cancer cells, the immune 
system has a better chance of keeping the cancer in check. There are simply fewer cells 
for cytotoxic T cells to target and destroy. Lower tumor burden can lead to less immune 
suppression. Cancer cells often release factors that dampen the immune response. With 
fewer cells, this suppression is reduced, giving the immune system a better chance to 
function effectively. 
 
This personalized methodology is a simple and rapid test to analyze blood cytotoxicity 
without the need for large volumes of blood, requiring short processing time and 
reduced use of both reagents and blood samples, which stands as a powerful and 
complementary technique with great potential in personalized medicine. 
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