Cadmium Flow Cytometry
Determination of Apoptosis in Rat Kidney Cells by Flow Cytometry after 48 Hours of Cadmium Treatments
Our goal is to evaluate Apoptosis as a result of Cadmium Treatment.

The “Title” should reflect and capsulate the goal of the experiment. It should also explain the means by which the goal is to be achieved. I believe that “and Necrosis” as well as “and Camptothecin” should be removed from the title to clarify the nature of this experimental process. We were not trying to evaluate or detect necrosis, nor were we trying to treat the cells with CPT to produce apoptosis.

In this lab report, I have highlighted in red print letters my words as a replacement and the addedpunctuation corrections for the following reasons:
· Corrections in grammar

· Corrections in word usage or word replacement for clarity and correctness.

· Punctuation changes required in the sentence

· Changes in the text required for clarification and accuracy
Words, which have been highlighted inblue lettering, are your words that I think should be deleted from the text for clarity or deleted because they are incorrectly used.

Black lettering that have been italicized, underscored, and in parenthesesare my commentary and recommendations.
    
ABSTRACT (Concise, to the point, and a good abstract summary)
Flow cytometry was utilized to determine the amount of apoptosis in NRK-52E cells (rat kidney cells) after exposure to various amounts of cadmium (Cd), a know toxin. Various amounts of camptothecin (CPT), a know inducer of apoptotic cell death, was used to provide a positive control sample. (added for correctness and clarity) Cells were harvested and analyzed after 48 hours of treatment by a Fluorescence-Activated Cell Sorter (FACS), The Calibur™ Flow Cytometry System. Cells were stained with Annexin V conjugated with FITC and Propidium Iodide before the analysis was performed. Dot plots were generated and regions marked manually. The data showed that increasing the concentration of Cd from 10 to 30 µM resulted in decreased viability, increased necrosis and increased apoptosis. (excellent summary sentence for the abstract). The apoptosis (added to clarify) results captured for 1 and 2 µM CPT treated positive control (added to clarify) cells were similar to 30 µM Cd treated cells. Sample preparation was a problem as indicated in the results' presentation. (added for clarity) Sample preparation and handling (added for clarity) might have lead to poor viable and necrosis (added for correctness and clarity) data for the negative (non-treated) control. (I am not quite sure that you actually need the last two sentences for your abstract, but use of it does not detract from what has been written thus far.)
INTRODUCTION (Your introduction was outstanding (organized, sequential, informative, and correct) with the exception of a few minor clarifications. Your written commentary about the background and the experimental process was also outstanding. The citation of various references were very much appropriate and noted)
Flow cytometry is a method for counting, examining, and sorting of cells and/or particles by optical means. Single cell (monodisperse) suspensions pass, in single-file, through a laser beam as a continuous flow. Each cell, as it passes through the laser, scatters some of the laser light. Cells will also emit fluorescent light excited by the laser, if the cells and/or the cell debris are covered (I would use the word “labeled with”) in fluorescent probes or antibodies. Fluorescence intensities can be measured at one or more different wavelengths, simultaneously, resulting in multiparametric analysis (Sharpiro, 1988). This (please define, “this” is a very vague expression) means more than one probe or antibody can be used at a give time such as in this (again the words “this” is vague) study. Annexin V conjugated with FITC and Propidium Iodide are used to determine the amount (I would use: “percentage” in place of amount ) of apoptosis (I would use: “apoptotic cells”) and also to discriminate between apoptotic and necrosis ( I would use “necrotic cells”) in a given population of cells (van Engeland et al., 1998, and Vermes et al., 1995). (Cell discrimination is a very important point in understanding this application.)
Apoptosis is a form of programmed cell death. Before (I would be more specific, “apoptotic cell”) death, a cell will undergo changes in morphology such as: cell shrinkage, nuclear fragmentation, cell membrane blebbing, chromatin condensation, and chromosomal DNA fragmentation (Darzynkiewicz et al., 1997 and Kerr et al., 1972). Necrosis is another form of cell death due to accidental, and / or acute cellular injury. Cells undergoing necrosis also have ( “exhibit” would be a better choice of a word) changes in morphology such as: cell swelling, chromatin digestion, and disruption of the plasma and organelle membranes (Darzynkiewicz et al., 1997).

While a cell undergoes apoptosis, plasma membrane structure changes and (I would use the words “as a result”) phosphatidylserine (PS) is translocated from the inner to the outer layer (“leaflet”) of the cell membrane bi-layer. However, the integrity of the cell membrane remains unchallenged. Annexin V, a phospholipid binding protein, can bind to the exposed PS. Annexin V can be (I would use: “is”) conjugated with fluorochromes such as FITC and can be (added for correctness and clarity) detected by flow cytometry (van Engeland et al., 1998).

However, during necrosis, cell membrane integrity is lost. Therefore, Annexin V-FITC will attach to PS on the inside of the (added for correctness and clarity) disrupted cell membrane. This means ( I would use: “Therefore, the application recommendation is that”) Annexin V-FITC should be used in conjunction with a DNA binding dye such as Propidium Iodide, to determine whether cell death is due to apoptosis or necrosis. (This important point is made very well.) Apoptotic cells, which still have membrane integrity are, identified by testing positive for Annexin V-FTIC and are (added for clarity) negative for PI. Necrotic cells, which have permeable membranes and unable to exclude PI, will tests positive for both Annexin V-FTIC and PI. Cells that are viable will be negative for both Annexin V-FITC and PI (Vermes et al., 1995 and van Engeland et al., 1998)

The purpose of this study is to determine the amount of apoptosis We use viable and necrotic cells in this setup in order to distinguish what is truly apoptosis. Remember that the goal of this experimental technique is to evaluate and access apoptosis.) after exposure to cadmium (Cd), a know toxin (Carson et al., 1986 and Wätjen et al., 2002).

METHODS (I would recommend adding a MATERIALS subheading to this section and briefly list the supplies and reagents used in the experiment.)
All preparations and testing were performed in either Dr. Shaikh's or INBRE laboratory in Fogarty Health Science building on University of Rhode Island's Kingston campus. (Your mention of location was okay. However, the method should have been briefly introduced. (The method, cell preparation, and the experimental protocols should be also be referenced here… in my opinion).
Before Day 1 (I would recommend that you introduce this section as an initial treatment and preparation of cells in culture because of the limited time factor.)
NRK-52E cells, rat kidney cells, are seeded onto a six-well cell culture plate. Each well was then treated as described in the Table 1 below. Each well had 2 mL of fresh media added to it with the appropriate treatment regime. (I would added this comment for correctness and clarity)
Table 1.Treatment regime for this study.
	Well No.
	Treatment

	1
	No treatment (negative control)

	2
	10 µM Cd

	3
	20 µM Cd

	4
	30 µM Cd

	5
	1 µM Camptothecin

	6
	2 µM Camptothecin


Cell culture plate is placed in an incubator at 5% CO2 at 37 °C.

Day 1

Cell culture plate was taken out of the incubator and examined under a microscopy. Cell confluence and morphology was noted for each well after 24 hrs of treatment. After the examination was completed, the cell culture plate was placed back into the incubator for another day (Too vague! I would say: “until the next day of the experiment” for clarity and consistency or “an additional 24 hours to provide the 48 hours needed as stated in the experimental protocols”).

Day 2

The cell culture plate was taken out of the incubator and examined under a microscopy again. Cell confluence and morphology was noted for each well at 48 hrs. After the microscopic (added for clarity) examination was completed, cells were harvested. Old media from each well was removed and transferred to 15 mL conical tubes and then set aside. Each well was washed with approximately 3 mL of phosphate buffered saline (PBS) which contained no calcium and magnesium. The cell culture plates were gently rotated for 30 seconds before the PBS was aspirated from each well. A (I would not begin a sentence with a numerical) 0.4 mL of TrypLE Select (Gibco™ Invitrogen Corporation, Carlsbad, CA) was pipetted into each well. Cell culture plate was then placed in the incubator for 5 min. After an incubation period, the cell culture plate was placed under a microscope and cell separation was determined. The cells for the non-treated well did not separate and some cells were still attached to the plate. An additional 0.2 mL TrypLE Select was added to negative control well and incubation for another 5 mins. before trypsinization was neutralized.

After the trypsinization was completed, 3 mL of fresh media was immediately added to each well. The cell culture plate was rotated for about 1 min, then transferred to the corresponding 15 mL conical tube which was set aside earlier. Cells were gently pippeted approximately 20 times, making a single cell suspension. Samples were then transferred to a 12 by 75 mm FACS sample tube and centrifuge at 500 rpm for 5 mins. The supernatant was decanted and 2 mL of cold PBS was added to each conical tube. Each FACS tube was mixed by flicking the bottom and briefly vortexing in order to dislodge and break up the pellet. The tubes were then centrifuge again at 500 rpm for 5 min. Supernatant was removed and 0.3 mL of Annexin V binding buffer from Annexin V: FITC Apoptosis Detection Kit I, Cat No. 556547 (BD Bioscience Pharmingen™, San Deigo, CA) is added. Annexin V binding buffer contains 10 mM Hepes/NaOH (pH 7.4), 140 mM NaCl and 2.5 mM CaCl2.

5 µL of Annexin V-FTIC is added to each FACS tube, gently missed and place in the dark for at least 10 min. Before analysis, an additional 0.3 ml of Annexin V binding buffer should have been added, but instead, 0.3 mL of 10X (undiluted) Annexin V binding solution was added, accidentally. However, we went forward with the analysis and 2.5 µL Propidium Iodide (PI) Staining Solution was added per sample right before analysis.

Each sample was analysis by FACSCalibur™ Flow Cytometry System (BD Bioscience, San Jose, CA) using BD FACStationTM System Data Management software.

RESULTS & DISCUSSION ( Excellent summary displayed in the chart below. It exceeds my expectation in regards to your handling and presenting the data in a very organize and easy to follow format.)
Before cells were harvested and analyzed via Flow Cytometry, the confluence and morphology of the cells were noted after 24 and 48 hrs of treatment. Observations are captured in Table 2. Photographs were also taken after 24 hrs of treatment as shown in Figures 1-6.

Table 2.Confluence and morphology of the cells after 24 and 48 hr of treatment
	Well No.
	Treatment

24 hr incubation

48 hr incubation

Confluence

Morphology

Confluence

Morphology

	

	1
	No treatment
	~75%
	Normal; round cells
	~90%
	Normal; round cells

	2
	10 µM Cd
	~75%
	some cell shrinking; budding present
	~75%
	some cell shrinking; budding present

	3
	20 µM Cd
	~50%
	cell shrinking; budding present
	~25%
	cell shrinking; budding present

	4
	30 µM Cd
	<10%
	all or most cells present has shrinkage
	<10%
	all or most cells present has shrinkage

	5
	1 µM CPT
	~50%
	Some swollen and some shrinking cells present
	~25%
	swollen and shrinking cells present

	6
	2 µM CPT
	~30%
	swollen and some shrinking cells present
	~15%
	swollen and shrinking cells present


Figure 1. Photographs of negative (non-treated) cells at 24 hrs, 10X magnification

Figure 2. Photographs of 10 µM Cd treated cells at 24 hrs, 10X magnification

Figure 3. Photographs of 20 µM Cd treated cells at 24 hrs, 10X magnification

Figure 4. Photographs of 30 µM Cd treated cells at 24 hrs, 10X magnification

Figure 5. Photographs of 1 µM CPT treated cells at 24 hrs, 10X magnification

Figure 6. Photographs of 2 µM CPT treated cells at 24 hrs, 10X magnification

The negative control (non-treated) cells showed nice round cells with good morphology at 24 and 48 hrs. The photograph taken of the negative control at 24 hrs (Figure 1) clearly shows one cell that is swollen (necrotic) and a few cells that are shrunken (apoptotic) which is typical. But overall, the cells looked normal and the well was almost completely covered before harvesting at 48 hrs. Cells treated with 10 µM Cd visibly had a few more apoptotic and necrotic cells present compare to the negative control at 24 and 48 hrs. Cells treat with 20 µM Cd showed very few overall cells, even at 24 hours (~50% confluence) and most of the cells remaining looked apoptotic or necrotic. Cells exposed to 30 µM Cd showed even less cells at both days of observation (~10% confluence) and most, if not all the cells left looked apoptotic. Both 1 and 2 µM CPT treated cells showed cells undergoing apoptosis and necrosis. Cells exposed to 2 µM CPT had lower confluence than cells exposed to 1 µM CPT.

Results from flow cytometry analysis are shown in Figure 7-13, and Table 3. Cell populations in the dot plots are isolated in three marked regions (R2, R3 and R4). R2 encompasses viable cells that are Annexin V-negative /PI-negative. R4 includes apoptotic cells that are Annexin V-positive/ PI-negative. R3 includes Annexin V-negative/ PI-positive necrotic cells as well as damage cells that are Annexin V-negative/PI-positive. van Engeland et al. mentioned that cells that are Annexin V-negative/ P-positive are damage during harvesting process. In this study, damage and dead cells are grouped together into one region (R3). However, it is interesting to note that in the negative control which had an exceptional high percentage of dead cells, had a lot of cells in what would be considered the damage cell region, on the upper left hand quadrant of the dot plots compared to all the other plots. This is not a surprise since we had difficulty in detaching the cells from the tissue culture plate and from each other. As a result, additional trypsin solution was added and trypsinized for a longer period of time then all the other samples. This could be the reason for damage cells present in the dot plot for the negative control (Figure 7).

Further more, the targeted total number of gated events was 10,000 for each sample prepared. There was difficulty in obtaining 10,000 events for the negative control (only 4,021). The reason for this, in my opinion, is due to the probably failure of not creating a monodisperse cell suspension during cell preparation. Even with additional trypsin solution added, the cells were observed under the microscope to still be clustered together. Pipetting the sample while neutralizing trypsinization, might have helped, but probably, not entirely. The clusters of cells would not have been able to be analysis by the flow cytometry, resulting in low viable numbers as shown in Table 3.

Figure 7.Flow cytometry dot plot of negative (non-treated) cells

Figure 8. Flow cytometry dot plot of 10 µM Cd treated cells

Figure 9. Flow cytometry dot plot of 20 µM Cd treated cells

Figure 10. Flow cytometry dot plot of 30 µM Cd treated cells

Figure 11. Flow cytometry dot plot of 1 µM CPT treated cells

Figure 12. Flow cytometry dot plot of 2 µM CPT treated cells

It is also important to note that the regions in the dot plots were added manually, after analysis was complete. As illustrated in plots such as the ones shown in Figure 9 and 12, it's sometimes difficult to establish populations. Defining regions can be somewhat subjective, so consistence is important. In this study, R4 in the dot plot for 1 µM CPT treated cells (Figure 11) starts at 500 on the x-axis where as, in dot plot for 2 µM CPT treated cells (Figure 12), R4 starts at 400. If R4 was consistent between plots, the statistical outcomes might have been the same or closer for 1 and 2 µM CPT treated samples.

Furthermore, resolution was an issue predominately due to the fact that undiluted Annexin V binding buffer was used during one of the preparation steps. Undiluted Annexin V binding buffer contains ten times the amount of calcium compared to the diluted buffer. Calcium will facilitate the binding of Annexin V to PS resulting in greater signal, making separation of cell population more difficult (van Engeland et al., 1998).

Table 2.Statistical results from dot plots
	Sample
	Gated Events (Total No. of cells counted)
	Region 1 (% Gated)
	Region 2 (% Viable)
	Region 3

(% Necrotic)
	Region 4

(% Apoptotic)

	Negative Control
	4,021
	100
	72.3
	13.8
	3.1

	10 µM Cd
	10,000
	100
	97.8
	0.8
	0.8

	20 µM Cd
	10,000
	100
	84.5
	1.5
	13.2

	30 µM Cd
	10,000
	100
	39.7
	3.6
	55.0

	1 µM CPT
	10,000
	100
	39.0
	2.8
	56.4

	2 µM CPT
	10,000
	100
	45.7
	2.3
	46.1


Focusing on statistical results captured in Table 3, 10 µM Cd treated cells had the highest % viability. However, as mentioned before, failure in producing a single cell suspension and prolong exposed to trypsin resulted in unexpected low amounts of viable cell for the negative control. We would expect the negative control to have the highest or one of the highest percent viable cells. We also might have expected higher amounts of accidental cell death when exposed to toxins, but this was not observed. This might have been the outcome of, once again, sample preparation. During steps where decanting was required, the outer and top part of the pellet could have been removed with the supernatant. The outer and top part of the pellet is most likely comprised of cell debris from dead cells rather than whole intact cells. Nevertheless, trends were observed with the treated samples. Increasing the concentration of Cd from 10 to 30 µM results in decreasing percent of viability, increasing percent of necrosis and increasing of apoptosis. Both 1 and 2 µM CPT treated samples had ~40-45% viable cells, a small percent of necrotic cells ( ~3%) and very high amounts of apoptotic cells (~45-55%), very similar to the profile found for 30 µM CD treated cells.

Figure 13.Statistical results graphed

This study shows the importance of careful and correct handling of cells. It also illustrates that flow cytometry is a semi-quantative method that is somewhat subjective. However, with the right tools, proper controls and correct reagents, flow cytometry can be a very useful tool for both academia and industry.
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