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Abstract

A live cell-based whole blood cytotoxicity assay (WCA) that allows access to temporal information of the overall cell cytotoxicity is developed with
high-throughput cell positioning technology. The targeted tumor cell populations are first preprogrammed to immobilization into an array format,
and labeled with green fluorescent cytosolic dyes. Following the cell array formation, antibody drugs are added in combination with human whole
blood. Propidium iodide (PI) is then added to assess cell death. The cell array is analyzed with an automatic imaging system. While cytosolic
dye labels the targeted tumor cell populations, PI labels the dead tumor cell populations. Thus, the percentage of target cancer cell killing can
be quantified by calculating the number of surviving targeted cells to the number of dead targeted cells. With this method, researchers are able
to access time-dependent and dose-dependent cell cytotoxicity information. Remarkably, no hazardous radiochemicals are used. The WCA
presented here has been tested with lymphoma, leukemia, and solid tumor cell lines. Therefore, WCA allows researchers to assess drug efficacy
in a highly relevant ex vivo condition.

Video Link

The video component of this article can be found at http://www.jove.com/video/51941/

Introduction

Recent advances in the pharmaceutical industry have led to an increased interest in realizing the specific identifications of tumor cell antibodies
and personalized cancer treatments; however, several obstacles are encountered in the process. Only 5% of agents that have anticancer activity
in preclinical development are licensed after showing sufficient efficacy in phase II-III testing1,2. The preclinical strategies (both in vitro and in
vivo) are suboptimal as many examples have shown that antitumor drugs behave differently in human and in laboratory animals mainly due to
their different blood components3-5.

To address the necessity of an antitumor drug screening platform and to provide a check-point before costly animal experiments and
clinical trials, a human whole blood cytotoxicity assay (WCA) is proposed for evaluating antitumor drug efficacy in a more relevant biological
environment. The whole blood cytotoxicity assay can be used to evaluate the response of individual cells to antibodies and other drug candidates
in human whole blood.

The WCA is developed by incorporating high-throughput cell positioning technology with high-throughput and high-content imaging6. By utilizing
an automated imaging system, the number of both living and dead cells can be determined with a high degree of precision. Due to the fact that
target cells are immobilized on the same focal plane, WCA is able to provide quantitative cytotoxicity analysis in real time without the removal
of red blood cells. Moreover, the automatic imaging system provides several advantages such as that only target cells that have reached the
specified criteria (e.g., fluorescently labeled cells, and cell morphology) are gated and processed. Also, it allows the production of 144 plates
per day. Consequently, this imaging capability and throughput allows running of high-content and high-throughput experiments simultaneously.
By combining WCA and the automated imaging system, high throughput quantitative cell cytotoxicity analysis can be achieved within a more
biological relevant environment.

Protocol

1. Target Cell Preparation

1. Maintain target cells (e.g. Raji lymphoma cells) in growth media (RPMI 1640 culture medium, with 10% heat-inactivated fetal bovine serum
(FBS), 4nM L-glutamine, and 500 IU/ml penicillin/ streptomycin) at 37oC in a 5% CO2 incubator.
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2. Centrifuge the sample to pellet the target cells in a 15 ml tube. Centrifugation time varies with different cell types; centrifuge for 3 min at 468 x
g for Raji cells.

3. First aspirate any bubbles formed on surface of the supernatant, and remove the entire supernatant.
4. Add 10 ml of PBS to the tube. Re-suspend the cells by pipetting the solution up and down several times to break up the cell clump.
5. Centrifuge the sample for 3 min at 468 x g.
6. Aspirate any bubbles formed on the surface of the supernatant, and remove the entire supernatant.

2. Preparation of Cell Microarrays

1. Obtain cell attachment 96 well plate kits or single cell array 8 well chamber slides (see table of materials/reagents).
2. Apply 1.2 μl of the Activator to the DNA reagent from the kit. Cap the vial, invert it, and gently shake to mix the solution.
3. Allow the solution to react for 20 min at RT.
4. Apply the mixed solution to the target cells pellet (in the 15 ml tube).
5. Add green fluorescence cytosolic dyes at a final concentration of 500 nM.
6. Incubate the target cells with the mixed solution and the dye for 30 min at RT on an orbital shaker.
7. Wash the cells twice with 5 ml PBS, and resuspend the cells in 10 ml growth media.
8. Apply 100 µl of the solution from step 2.7 to each well. Count the cell number by using a hemacytometer. Make sure cell numbers range

between 5×104 to 1×106 cells per well.
9. After 10-15 min of incubation at RT, gently wash the samples twice with 200-300 µl growth media to remove any unbound cells.

 

NOTE: About 5-10 µl growth media remains in each well after washing.

3. Whole Blood Cytotoxicity Assays

1. Add 180 μl of human whole blood to each sample well.
2. Obtain Anti-CD20 antibody solution at 5 mg/ml, and perform serial dilution to make 50, 20, 10, 5, 2, 1, 0.5 μg/ml of Anti-CD20 antibody

solution in 1.5 ml tubes. Add 20 µl of each concentration of Anti-CD20 antibody to each sample well making triplicates.
3. Add Propidium iodide at a final concentration of 500 nM to each well.
4. Incubate the resulting plate at 37°C with 5% CO2 for 16 hr.
5. Image the cells on the slides or 96 well plates with an automatic imaging system with 8X magnification.
6. Use the cell counting program of the automatic imaging system to quantify the results.

 

NOTE: The software of the automatic imaging system provides simple step-by-step operations for cell counting. The protocol of using this
software can be found at provider’s website.

7. Select [Review Results] from the main page of the software.
8. Select [The File Saved for The Samples].
9. First gate FITC mean intensity >50, then gate TxRed mean intensity >20.
10. Select [Plate Overview].
11. Select [Export Tables].

 

NOTE: The percentage cell killing formula of the program is shown below:
 

% target cell killing = (# of cells stained both green and red/ # of cells stained green)*100%

Representative Results

Anti-CD20 antibodies and lymphoma cells (Raji cells and MC/CAR) were chosen as a model system to demonstrate the whole blood cytotoxicity
assay (WCA)7,8. Raji cells had high copy number of CD20 on the cell surface, while MC/CAR cells had low copy number of CD20 on their
membrane. Targeted cells were first stained green with green fluorescence cytosolic dyes and arrayed on the 96-well plate. 10,000 - 50,000
target lymphoma cells were immobilized in each well. 180 µl of freshly drawn human whole blood was added into each well. Anti-CD20 antibody
was then added into each well of a 96 well plate with gradient concentrations. After 16 h of incubation at 37°C, cell numbers were assessed
quantitatively through the automatic imager by analyzing the number of green fluorescent cells and red fluorescent cells. Since the target
lymphoma cells were all arrayed on the same focal plane, the fluorescence of each cell was detected directly even without removing the blood
cells in the well.

As shown in Figure 1, the detection of the targeted Raji lymphoma cells (both alive and dead) was performed. Green dots in Figure 1 indicated
the number of target cells presented. Dead cells (red dots) in Figure 1 were analyzed quantitatively through the intensity of the red fluorescence
because they were stained fluorescent red with PI. Antibody cytotoxicity was analyzed through the ratio of dead cells (stained both green and
red) to the cells presented (green dots). The number of fluorescent red dots decreased as the concentration of Anti-CD20 antibody decreased in
concentration.

Each antibody concentration was tested independently in triplicates. For each antibody concentration, more than 400 target cells per well were
imaged to provide the mean value and the standard deviation of cytotoxicity results. Based on our data, with 400 data points per antibody
concentration, we obtained statistical results with p value <0.01. The dose-dependent drug efficiency was obtained in Figure 2. The MC/CAR
cells with low copy number of CD20 antigen were used as a control cell line. An EC50 value of 0.12 μg/ml was obtained for the WCA result
against Raji lymphoma cells, which was in the range with the value obtained in the regular antibody cytotoxicity assays including complement
dependent cytotoxicity assay (CDC) or antibody-dependent cellular cytotoxicity (ADCC) assay.9-11
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Figure 1. Antibody-based cytotoxicity measured in whole blood. Raji cells were labeled with a green cytosolic dye and then immobilized.
PI was also added to access cell death. Dead cells were stained red by PI. Varying concentrations of Anti-CD20 antibody were added with
the addition of whole blood. (a) 2.5 µg/ml Anti-CD20 antibody 16 hr after, (b) 1 µg/ml Anti-CD20 antibody 16 hr after, (c) 0.5 µg/ml Anti-CD20
antibody 16 hr after, (d) 0.25 µg/ml Anti-CD20 antibody 16 hr after , (e) 0.1 µg/ml Anti-CD20 antibody 16 hr after, (f) 0.05 µg/ml Anti-CD20
antibody 16 hr after, (g) 2.5 µg/ml control antibody 16 hr after.
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Figure 2. Dose-dependent cytotoxicity against different cell lines in human whole blood. Raji was a CD20 positive lymphoma cells, and
MC/CAR was a CD20 negative cell lines. The level of whole blood cytotoxicity was shown for different concentration of α-CD20 antibody (Anti-
CD20 antibody).

Discussion

WCA is a critical in vitro anti-cancer screening tool with single cell resolution12-16, ideally utilized after traditional target screenings such as CDC
and ADCC assays9-11, and before preclinical animal tests. Currently, primary target screening assays such as CDC or ADCC assays are all
performed in a simplified media or a buffer system. However, drug candidates that show efficacy in these simplified buffer system are not always
effective in the more complex whole blood system. Therefore, WCA can bridge the gap between traditional target screenings and costly animal
studies, reduce false positives, and thus prevent the preventable failures in animal tests or in human clinical trials. The WCA will be beneficial for
the researchers working on the preclinical studies in order to test the drug efficacy in the content of human whole blood. Counting the dead and
live cells using flow cytometry requires the complete lysis of red blood cells in order to detect target cells. The advantage of WCA technique over
flow cytometry is that it can identify target cells without lysis of red blood cells. It is difficult to completely lyse all the red blood cells in the blood
sample, and target cells are also partially lysed during the lysis procedure.

Even more exciting opportunities arise if screening panels can be generated using the live primary cells obtained from individual patients, paving
the way to personalized cancer treatments, the evaluation of cell heterogeneity within a given tumor, and the identification of cells that are
resistant to a given drug treatment. Moving the healthcare system to an approach that is “personalized, predictive, preventive and centered
on the needs of the patient” is the future of medicine17,18. Numerous initiatives within the US Department of Health and Human Services,
including the FDA, the Centers for Disease Control, the NIH, the Centers for Medicare and Medicaid Services, and the Health Resources and
Services Administration exist to support initiatives to promote personalized care. The realization of personalized medicine depends on reliable
technologies and products that can capture and hold any human cells while maintaining them in a relevant biological state. We can foresee
applying WCA to screen drugs against cancer patient’s tumor cells in the matrix of his/her own blood for personalized medicine applications.

The critical steps in the protocol are the preparations of the cell array. The users need to remove all of the supernatant without losing the cells
during the cell washing step. In addition, users need to do a short centrifugation if the liquid cannot be seen in the vials. Once DNA reagent
solution has been prepared, it must be used with the cells within 30 min.

The cell array formation efficiency is cell type dependent. There have been more than 100 types of cells tested with this protocol; however, it is
still possible that some specific cell types will not form the cell array efficiently. If no cell array forms, a higher concentration of DNA reagent is
recommended to perform the same protocol to get better cell array formation.
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