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FURTHER ASPECTS 

Further aspects and embodiments of the invention are now set out in the following 

numbered Paragraphs; it is to be understood that the invention encompasses these aspects: 

Paragraph 1. A reagent system for fixing cells, the reagent system comprising: a first 

fixing buffer comprising: at least 3% w/v of a first hydrophilic polymer diluted in an alcohol; 5 

and a second fixing buffer comprising: at least 5% v/v of a second hydrophilic polymer, at 

least 0.01% v/v of a detergent, and at least 0.005% w/v of a chrome alum, wherein the second 

hydrophilic polymer, detergent, and chrome alum are diluted in saline, wherein the first fixing 

buffer is applied to the cells at a temperature colder than -5oC. 

Paragraph 2. A reagent system for fixing cells, the reagent system comprising: a first 10 

fixing buffer comprising: 3% to 20% w/v of a first hydrophilic polymer diluted in an alcohol; 

and a second fixing buffer comprising: 5% to 30% v/v of a second hydrophilic polymer, 

0.01% to 1% v/v of a detergent, and 0.005% to 1% w/v of a chrome alum, wherein the second 

hydrophilic polymer, detergent, and chrome alum are diluted in saline, wherein the first fixing 

buffer is applied to the cells at a temperature between -90°C and -5°C. 15 

Paragraph 3. A reagent system for fixing cells, the reagent system comprising: a first 

fixing buffer comprising: 5% w/v of a first hydrophilic polymer diluted in an alcohol; and a 

second fixing buffer comprising: 15 % v/v of a second hydrophilic polymer, 0.4% v/v of a 

detergent, and 0.01% w/v of a chrome alum, wherein the second hydrophilic polymer, 

detergent, and chrome alum are diluted in saline, wherein the first fixing buffer is applied to 20 

the cells at a temperature colder than -15oC. 

Paragraph 4. The reagent system of Paragraph 3, wherein the first hydrophilic polymer 

is one of polyvinylpyrrolidone and glycerol. 

Paragraph 5. The reagent system of Paragraph 3, wherein the second hydrophilic 

polymer is one of glycerol and polyvinylpyrrolidone. 25 

Paragraph 6. The reagent system of Paragraph 3, wherein the alcohol is methanol 

Paragraph 7. The reagent system of Paragraph 3, wherein the detergent is a polysorbate 

surfactant. 
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Paragraph 8. The reagent system of Paragraph 3, wherein the detergent is polysorbate 

20. 

Paragraph 9. The reagent system of Paragraph 3, wherein the first and second 

hydrophilic polymer are the same. 

Paragraph 10. The reagent system of Paragraph 3, wherein the first and second 5 

hydrophilic polymer are different. 

Paragraph 11. A reagent for fixing a cell, the reagent comprising: at least 3% w/v of a 

hydrophilic polymer diluted in an alcohol, wherein the reagent is applied to the cell at a 

temperature colder than -5oC. 

Paragraph 12. The reagent of Paragraph 11, wherein the cell is a circulating tumor cell. 10 

Paragraph 13. The reagent of Paragraph 11, wherein the cell is embedded in a tissue 

section. 

Paragraph 14. A reagent for blocking non-specific binding sites on or in a cell before 

staining to decrease non-specific staining, the reagent comprising: a hydrophilic polymer; a 

detergent; and hydrolyzed collagen, wherein the hydrophilic polymer, detergent, and 15 

hydrolyzed collagen are diluted in saline. 

Paragraph 15. A reagent for blocking non-specific binding sites on or in a cell before 

staining to decrease non-specific staining, the reagent comprising: at least 1% v/v hydrophilic 

polymer; at least 0.01% v/v of a detergent; and at least 0.1% w/v hydrolyzed collagen, 

wherein the hydrophilic polymer, detergent, and hydrolyzed collagen are diluted in saline. 20 

Paragraph 16. The reagent of Paragraph 15, further comprising: at least 0.01M 

Glycine. 

Paragraph 17. A reagent for blocking non-specific binding sites on or in a cell before 

staining to decrease non-specific staining, the reagent comprising: 1% to 50% v/v hydrophilic 

polymer; 0.01% to 2% v/v of a detergent; and 0.1% to 10% w/v hydrolyzed collagen, wherein 25 

the hydrophilic polymer, detergent, and hydrolyzed collagen are diluted in saline. 

Paragraph 18. The reagent of Paragraph 17, further comprising: 0.01M to 1M Glycine. 
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Paragraph 19. A reagent for blocking non-specific binding sites on or in a cell before 

staining to decrease non-specific staining, the reagent comprising: 15% v/v hydrophilic 

polymer; 0.4% v/v of a detergent; and 2% w/v hydrolyzed collagen, wherein the hydrophilic 

polymer, detergent, and hydrolyzed collagen are diluted in saline. 

Paragraph 20. The reagent of Paragraph 19, further comprising: 0.3M Glycine. 5 

Paragraph 21. The reagent of Paragraph 19, wherein the hydrolyzed collagen is pig-

derived. 

Paragraph 22. A method of identifying a cell as a circulating tumor cell, the method 

comprising: imaging a cell sample to identify a cell of interest; determining a first pixel 

intensity of a stained nuclear area; determining a second pixel intensity of a background area; 10 

calculating a ploidy status of the cell of interest by subtracting the second pixel intensity from 

the first pixel intensity; and determining whether the cell of interest is a circulating tumor cell 

based on the ploidy status. 

Paragraph 23. The method of Paragraph 22, wherein identifying the cell of interest 

comprises identifying a CD45 negative and Vimentin positive cell. 15 

Paragraph 24. The method of Paragraph 22, wherein the cell sample comprises one or 

more cells. 

Paragraph 25. The method of Paragraph 22, further comprising staining the cell sample 

with a nuclear stain to identify the stained nuclear area of the cell of interest. 

Paragraph 26. The method of Paragraph 22, wherein the background area does not 20 

include the cell of interest. 

Paragraph 27. The method of Paragraph 22, wherein the cell of interest is determined 

to be the circulating tumor cell if the ploidy status is less than one. 

Paragraph 28. The method of Paragraph 22, wherein the cell of interest is determined 

to be the circulating tumor cell if the ploidy status is greater than two. 25 

Paragraph 29. The method of Paragraph 22, wherein the cell of interest is negative for 

a proliferation marker and is determined to be the circulating tumor cell if the ploidy status is 

between one and two. 
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Paragraph 30. The method of Paragraph 22, further comprising: staining the one or 

more cells with a vimentin stain and a CD45 stain. 

Paragraph 31. The method Paragraph 22, wherein the nuclear stain is selected from the 

group consisting of: DRAQ5; 4', 6-diamidino-2-phenylindole; propidium iodide; hematoxylin; 

Kernechtrot dye; Hoechst; and methyl green. 5 

Paragraph 32. The method of Paragraph 22, further comprising: excluding one or more 

apoptotic cells. 

Paragraph 33. The method of Paragraph 32, further comprising: identifying the one or 

more apoptotic cells by positive staining for Caspase 3. 

Paragraph 34. The method of Paragraph 22, further comprising: excluding one or more 10 

mitotic cells. 

Paragraph 35. The method of Paragraph 34, further comprising: identifying the one or 

more mitotic cells by positive staining for phosphorylated-histone H3 or Ki-67. 

Paragraph 36. A computer-implemented method of identifying a cell as a circulating 

tumor cell, the method comprising: acquiring an image of a cell of interest; identifying a 15 

feature associated with the cell of interest, wherein the feature comprises a nuclear region or 

marker, a cytoplasmic region or marker, a membrane region or marker, a cellular region or 

marker, or a combination thereof; processing the feature to extract a parameter of interest, 

wherein the parameter of interest comprises a fluorescence intensity, a cell size, a cell shape, a 

cellular area, a cytoplasmic area, a nuclear area, or a combination thereof; analyzing the 20 

parameter of interest; and when the parameter of interest is greater than or less than a pre-

determined threshold, classifying the cell of interest as a circulating tumor cell. 

Paragraph 37. The method of Paragraph 36, wherein the feature is the nuclear region 

and the parameter of interest is the fluorescence intensity of the nuclear region. 

Paragraph 38. The method of Paragraph 37, wherein the cell of interest is classified as 25 

the circulating tumor cell when the parameter of interest is greater than two. 

Paragraph 39. The method of Paragraph 37, wherein the cell of interest is classified as 

the circulating tumor cell when the parameter of interest is less than one. 
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Paragraph 40. the method of Paragraph 36, wherein the cell of interest is negative for a 

proliferation marker and is classified as the circulating tumor cell when the parameter of 

interest is between one and two. 

Paragraph 41. The method of Paragraph 36, further comprising: processing the image 

to improve a signal-to-noise quality of the image. 5 

Paragraph 42. The method of Paragraph 36, further comprising: staining the cell of 

interest with a vimentin stain, a CD45 stain, and the nuclear stain. 

Paragraph 43. The method of Paragraph 42, wherein the cell of interest is CD45 

negative and vimentin positive. 

Paragraph 44. The method Paragraph 42, wherein the nuclear stain is selected from the 10 

group consisting of: DRAQ5; 4',6-diamidino-2-phenylindole; propidium iodide; hematoxylin; 

Kernechtrot dye; Hoechst; and methyl green. 

Paragraph 45. The method of Paragraph 36, further comprising: excluding the cell of 

interest as an apoptotic cell. 

Paragraph 46. The method of Paragraph 45, further comprising: identifying the 15 

apoptotic cell as Caspase 3 positive. 

Paragraph 47. The method of Paragraph 36, further comprising: excluding the cell of 

interest as a mitotic cell. 

Paragraph 48. The method of Paragraph 47, further comprising: identifying the mitotic 

cell as phosphorylated histone H3 or Ki-67. 20 

Paragraph 49. The method of Paragraph 36, wherein analyzing is performed using 

machine-learning. 

Paragraph 50. The method of Paragraph 49, wherein the machine learning technique 

comprises: Classification Trees, Discriminant Analysis, k-Nearest Neighbors, Naive Bayes, 

Support Vector Machines, deep learning, or convolutional neural network. 25 

Paragraph 51. The method of Paragraph 36, further comprising: calculating a 

confidence score for the classification of the cell of interest. 
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Paragraph 52. A method for fixing a cell, the method comprising: applying a first 

fixing buffer to the cell at a temperature colder than -5oC, the first fixing buffer comprising: 

3% to 20% w/v of a first hydrophilic polymer diluted in an alcohol; and applying a second 

fixing buffer to the cell, the second fixing buffer comprising: 5% to 30% v/v of a second 

hydrophilic polymer, 0.01% to 1% v/v of a detergent, and 0.005% to 1% w/v of a chrome 5 

alum, wherein the second hydrophilic polymer, detergent, and chrome alum are diluted in 

saline. 

Paragraph 53. The method of Paragraph 52, further comprising: applying a blocking 

buffer to the cell, the blocking buffer comprising: 1% to 50% v/v hydrophilic polymer; 0.01% 

to 2% v/v of a detergent; and 0.1% to 10% w/v hydrolyzed collagen, wherein the third 10 

hydrophilic polymer, detergent, and hydrolyzed collagen are diluted in saline. 

Paragraph 54. The method of Paragraph 53, wherein the first, second, and third 

hydrophilic polymers are the same. 

Paragraph 55. The method of Paragraph 53, wherein the first, second, and third 

hydrophilic polymers are different. 15 

Paragraph 56. The method of Paragraph 53, wherein the first, second, and third 

hydrophilic polymers are one of glycerol and polyvinylpyrrolidone. 

Paragraph 57. The method of Paragraph 52, further comprising: cytocentrifuging the 

cell onto a slide, wherein the cell is coated in a buffer comprising: 3% to 30% v/v of the first 

hydrophilic polymer, and 0.005% to 1% w/v of chrome alum, wherein the first hydrophilic 20 

polymer and chrome alum are diluted in saline. 

Paragraph 58. The method of Paragraph 57, wherein the slide is coated with gelatin. 

Paragraph 59. The method of Paragraph 58, wherein the slide is further coated with 

chrome alum. 

Paragraph 60. The method of Paragraph 52, wherein the cell is a circulating tumor cell. 25 

Paragraph 61. The method of Paragraph 52, wherein the cell is embedded in a tissue 

section. 
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Paragraph 62. The method of Paragraph 52, further comprising: staining the cell with a 

fluorophore-tagged antibody. 
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CLAIMS 

1. A computer-implemented method of identifying a cell as a circulating tumor cell, the 

method comprising: 

imaging a cell sample to identify a cell of interest; 

determining a first pixel intensity of a stained nuclear area; 5 

determining a second pixel intensity of a background area; 

calculating a ploidy status of the cell of interest by subtracting the second pixel intensity 

from the first pixel intensity; and 

determining whether the cell of interest is a circulating tumor cell based on the ploidy 

status. 10 

2. A computer-implemented method according to Claim 1, in which identifying the cell of 

interest comprises identifying a CD45 negative and Vimentin positive cell. 

3. A computer-implemented method according to Claim 1, in which the cell sample 

comprises one or more cells. 

4. A computer-implemented method according to Claim 1, further comprising identifying a 15 

stained nuclear area of the cell of interest based on a nuclear stain of the cell sample. 

5. A computer-implemented method according to Claim 1, in which the background area 

does not include the cell of interest.  

6. A computer-implemented method according to Claim 1, further comprising determining 

the cell of interest to be the circulating tumor cell when the ploidy status is less than one. 20 

7. A computer-implemented method according to Claim 1, further comprising determining 

the cell of interest to be the circulating tumor cell when the ploidy status is greater than two.  

8. A computer-implemented method according to Claim 1, in which the cell of interest is 

negative for a proliferation marker and further comprising determining the cell of interest to 

be the circulating tumor cell when the ploidy status is between one and two. 25 
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9. A computer-implemented method according to Claim 1, in which the one or more cells 

are stained with a vimentin stain and a CD45 stain. 

10. A computer-implemented method according to Claim 1, in which the nuclear stain is 

selected from the group consisting of: DRAQ5; 4',6-diamidino-2-phenylindole; propidium 

iodide; hematoxylin; Kernechtrot dye; Hoechst; and methyl green.  5 

11. A computer-implemented method according to Claim 1, further comprising: 

excluding one or more apoptotic cells. 

12. A computer-implemented method according to Claim 11, further comprising: 

identifying the one or more apoptotic cells by positive staining for Caspase 3.  

13. A computer-implemented method according to Claim 1, further comprising: 10 

excluding one or more mitotic cells. 

14. A computer-implemented method according to Claim 13, further comprising: 

identifying the one or more mitotic cells by positive staining for phosphorylated-histone 

H3 or Ki-67. 

15. A computer-implemented method of identifying a cell as a circulating tumor cell, the 15 

method comprising: 

acquiring an image of a cell of interest; 

identifying a feature associated with the cell of interest, in which the feature comprises a 

nuclear region or marker, a cytoplasmic region or marker, a membrane region or marker, 

a cellular region or marker, or a combination thereof; 20 

processing the feature to extract a parameter of interest, in which the parameter of 

interest comprises a fluorescence intensity, a cell size, a cell shape, a cellular area, a 

cytoplasmic area, a nuclear area, or a combination thereof;  

analyzing the parameter of interest; and  

when the parameter of interest is greater than or less than a pre-determined threshold, 25 

classifying the cell of interest as a circulating tumor cell.  
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16. A computer-implemented method according to Claim 15, in which the feature is the 

nuclear region and the parameter of interest is the fluorescence intensity of the nuclear region.  

17. A computer-implemented method according to Claim 16, in which the cell of interest is 

classified as the circulating tumor cell when the parameter of interest is greater than two.  

18. A computer-implemented method according to Claim 16, in which the cell of interest is 5 

classified as the circulating tumor cell when the parameter of interest is less than one.  

19. A computer-implemented method according to Claim 15, in which the cell of interest is 

negative for a proliferation marker and is classified as the circulating tumor cell when the 

parameter of interest is between one and two. 

20. A computer-implemented method according to Claim 15, further comprising: 10 

processing the image to improve a signal-to-noise quality of the image. 

21. A computer-implemented method according to Claim 15, in which the cell of interest is 

stained with a vimentin stain, a CD45 stain, and the nuclear stain. 

22. A computer-implemented method according to Claim 21, in which the cell of interest is 

CD45 negative and vimentin positive. 15 

23. A computer-implemented method according to Claim 21, in which the nuclear stain is 

selected from the group consisting of: DRAQ5; 4',6-diamidino-2-phenylindole; propidium 

iodide; hematoxylin; Kernechtrot dye; Hoechst; and methyl green.  

24. A computer-implemented method according to Claim 15, further comprising: 

excluding the cell of interest as an apoptotic cell. 20 

25. A computer-implemented method according to Claim 24, further comprising: 

identifying the apoptotic cell as Caspase 3 positive. 

26. A computer-implemented method according to Claim 15, further comprising: 

excluding the cell of interest as a mitotic cell.  

27. A computer-implemented method according to Claim 26, further comprising: 25 
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identifying the mitotic cell as phosphorylated histone H3 or Ki-67. 

28. A computer-implemented method according to Claim 15, in which analyzing is 

performed using machine-learning.  

29. A computer-implemented method according to Claim 28, in which the machine learning 

technique comprises: Classification Trees, Discriminant Analysis, k-Nearest Neighbors, Naive 5 

Bayes, Support Vector Machines, deep learning, or convolutional neural network. 

30. A computer-implemented method according to Claim 15, further comprising: 

calculating a confidence score for the classification of the cell of interest. 
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