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CHAPTER 3

Establishing the O°methyldeoxyGuanosine immunohistochemical assay

31 Ai

The specific aim with regard to setting up this Imeelology was as follows;
1. To establish a functional, consistent and reprdadecimmunostaining
assay and image analysis system that allows thectimt and

quantification 0f0°medG in rat colonic epithelial cells.

3.2. Experimental Rationale

The ability to be able to dete@®medG DNA adducts in rat colonic tissue is
fundamental to this project. Up to 6 different huets can be used for the
detection adducts. These methods of detectiondedhe use of immunoassays,
gas or liquid chromatography and mass spectromejey, electrophoresis,
electrochemical detection or atomic absorption 889, 170]. Some of these
methods however, are limited only to certain tymésadducts, while other

limiting factors include the amount of starting erédl and expense.

Due to these factors, it was decided that an immassey would be developed to
detectO’medG in rat colonic tissue. When using a statdedguality antibody
specific to theD°’medG adduct, this method has high specificity agmsisivity
and is best suited to our particular requirememsrtthermore, the advantage of
using an immunohistochemical assay to de@chedG in the colon is that the
histological arrangement is retained and the dhstion of adduct formation can
be visualised along the colonic crypt at any timanp following AOM
administration. This is especially valuable inaaea such as the colon as each
crypt is lined with epithelial cells at differentages of maturity which play an

important role in the initiation of CRC [28].

Though using this particular assay allows us to whieh cells are affected,

immunohistochemistry does have a disadvantageantkie final result can be
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considered as more of a qualitative observatioherathan quantitative. This
however, can be overcome by the development ofrreagé analysis system
which allows us to measure colour and transfentid ia form of quantifiable

data.

3.3.  0°medG immunohistochemical protocol

Pieces of distal colonic tissue were immediatelgcpd into 10% buffered
formalin following resection. After 18h of fixatp tissue pieces were
transferred into 70% ethanol and were then prodessernight in an ethanol
gradient and xylene (see Appendix B for detail®rocessed tissue was then
embedded in paraffin wax angi# sections were cut and placed on poly-lysine

coated slides to prevent loss of tissue duringnstgi

Sections were placed in a°87oven for 30mins to ensure tissue adherence to the
slides. Following the heating of sections, theyewdeparaffinised in histoclear
for 20mins with agitation. Sections were then driayed in a graded ethanol
series (100%, 95%, 70% and 50%) for 2mins eachriasdd in dHO.

To block endogenous peroxidases, sections wereeglat 3% HO, in 50%

ethanol for 15mins and then rinsed in PBS.

A heat induced antigen retrieval method was usednio any crosslinks in
tissue formed by the formalin fixation. Sectionsrev immersed in a 0.01M
citrate buffer solution (pH 6.5). Sections wereught to the boil in a Sharp
carousel microwave at full power for 1min and tHeft on low for a further
10mins. Sections were then left to cool in therat# solution at room

temperature for 30mins.

Tissue sections were rinsed with PBS and circledgua PAP pen. An RNase
treatment comprised of RNase A (0.2mg/ml) and T50/ml) at was applied for
60mins at 37C and then rinsed with PBS. This treatment degradgy RNA
and ensured that only the methyl guanosine adduddDA was detected. A
140mM solution of NaCl was then added to the sastitor 15mins at 4
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followed by a PBS rinse. An alkali treatment o6@0mM NaOH/ 140mM
NaCl and 40% methanol was then added to the sectmm5min at 4C and
immediately rinsed with PBS. This aided in denatythe DNA and making it

more susceptible to the antibody treatment [171].

A pre-block solution provided in the Acuity M.o.Mletection kit (Signet
laboratories, 2706) was then used to cover theiosectfor 30mins at room
temperature. Any excess solution was blotted aff a monoclonal primary
antibody directed again€’methyl-2-deoxyguanosine (Squarix biotechnology,
clone EM 2-3, SQM003.1) was applied at a conceaotradf 0.lug/ml. This
solution was left on the sections over night atmaemperature in a humidified

chamber to prevent drying out.

The following morning sections were thoroughly adqx3) with PBS. A post-
block solution included in the Acuity M.o.M. kit wahen applied to sections
and left to incubate for 30mins. After rinsing wiPBS (x3) the Poly-HRP anti
mouse IgG solution was added for a further 30mifis secondary linking
‘biotin free’ polymer gave greater sensitivity teetassay as well as ensuring that
the problem of non-specific staining due to endogenbiotin was avoided.
Following another serial rinse with PBS, the chrgem DAB was applied to

tissues for 2mins and then rinsed in,@Hhoroughly.

Sections were counterstained in haematoxylin fonit and rinsed well with
dH,O. Slides were then dunked briefly in 1% acid etharinsed thoroughly,
dunked in 1% ammonia water and rinsed again ipQdH Slides were bought
back through the ethanol gradient series (50%, A% and 100%) for 2 mins
each and were then placed in histoclear (x2) fonihS and cover slipped.

Negative controls were including with every stagqimin. These included distal
colonic tissue from a saline treated rat and caldissue from a rat killed 6h post
AOM insult that was treated with PBS instead of @enedG primary antibody.
An internal positive controlled was relied on ftiettissues assayed. Positive
staining appeared brown in colour and was resttittethe nuclei of colonic

epithelial cells.
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3.4. Ouantification of O°medG immunoassay results

3.4.1. Scoring by eye

Prior to designing an image analysis method of tfieation an alternative
method was trialled which involved scoring the lepkstaining by eye. This
method involved assigning each cell along the ckypgth a score from O to 4
according to the degree of positive staining witthe nuclei. The score of 0
represented a total absence of positive stainingbserved in the negative
controls, while a score of 4 corresponded to thketd and most intense level of

positive staining observed.

This technique was tested on 30 distal colonic tsrygf a rat that had been

treated with AOM 6h prior to resection. These #pesections were chosen as
they appeared to have the greatest lev€®aiiedG staining and also the highest
number of nuclei stained and therefore would bentbst difficult to interpret.

This method produced satisfactory results in teofsepresenting the observed
pattern of staining (see figure 6), however, tlisf of quantification proved to
be quite tedious and time consuming and the camigtof measurement was in
doubt. Though a clear scale of 0=no positive stginl=light positive staining,
2=medium positive staining 3=dark positive stainirgrvery dark positive
staining was followed, it was difficult to retaihet consistency between crypts
and between sections. Furthermore, this scoristesy would be difficult to
account for the variability between runs that isherent when using
immunoassaying methods. Additionally, the intetatiens of these levels of

staining were likely to differ between users cregtiurther potential problems.
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Figure 6: O°medG staining intensity counted by eye of a rat 6h post AOM
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This graph displays the mean level of positive 0°medG staining in the distal colon of a rat 6h post
AOM insult as counted by eye. The x-axis represents the intensity of the positive stain (0=no
staining to 4=very dark staining); the y-axis represents the cell position in the crypt (1=base,
31=surface).

To confirm the concerns regarding the reprodudibiif this method, the same
method ofO°medG measurement was carried out in duplicate sanaple of
distal colon from a second rat killed 6h post AOO crypts from were again

randomly selected and the staining intensity fahezell was recorded.

The 2 sets of repeated counts were done in suoceasd the averages from
both runs (A and B) are shown in figure 7. Thoukéy display comparable
patterns and have similar to@’medG averages at 1.58 and 1.66 respectively,
the slight inconsistencies between cell averagesticplarly in the bottom
proliferative zone of the crypt were enough to \aatrinvestigations into
establishing a more consistent and efficient gfiaation method using an

image analysis system.
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Figure 7: Comparing the mean O°medG count done in duplicate along the colonic
crypt of a rat 6h post AOM
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The graph displays the mean level of 0°medG positive staining in the same crypt. Counts were
done by eye from a rat killed 6h post AOM insult. Counts were carried out in succession on the
same 30 crypts. Staining intensity varied between counts for each nucleus and these
inconsistencies warranted investigation into an alternative quantification method.

3.4.2. Image analysis system

The software used for the image analysis of@fAmedG staining was provided
by Paul Jackway from the department of Mathematiodl Information sciences,
CSIRO. Using the program Olysia Bioreport Imagfagstem 5.0 for image
capture and the programs ‘R for windows’, 2.1.0d & capture suite, 2.68.6.0,
for image analysis a sound protocol was createdlwhonverted the level of
positive staining fo©°medG seen visually into workable data points. ifige

analysis method was separated into 3 sectionsseldie detailed below.

3.4.2.1. Capturing the image

An Olympus BX-41 light microscope was used to lectite area of interest at
20x magnification. To ensure all microscope sgiiwere consistent throughout
the counting process a preset button was usedti@aehvhich predetermined the
intensity of the light source. Images of chosepts were photographed using

an Olympus micropublisher 3.3 RTV camera and disggausing the Olysia
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Bio-report software. Before these images were isedquhe camera software
was also calibrated to ensure consistency acrbgsaalings. The camera was
white balanced before taking any images, exposweld were set at a level of
3.381 and the RGB scale was set manually at 1&6(fe (green) and 1.398
(blue) each time.

Once both the microscope and camera software walibrated, duplicate
images of 10 selected colonic crypts were captamd saved as Tiff files to
ensure a high quality resolution. Colonic cryptgeveonsidered to be suitable
for counting when the whole crypt was intact and hadistinct visible lumen
with a row of single epithelial nuclei on eithedsifrom base to surface of the

crypt as pictured in the figure 8.

Figure 8: An image of a colonic crypt deemed suita  ble for image analysis
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A suitable image taken of an entire and intact colonic crypt (from an animal killed 4h post
AOM and stained for OemedG) with no histological artefacts and a single row of epithelial
cells either side of a distinct and open lumen.
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3.4.2.2. Generating the data.

The captured images were opened using the ‘R,’Zto@ram in conjunction
with the ‘Q capture suite’ program. This statiatisoftware was developed by
the ‘R’ foundation for statistical computing andsestially allowed the
transformation of the colour and intensity@imedG staining into workable data
points for each of the nuclei in the colonic crypts was decided that a variety
of information about the colour and intensity otleastained section would be
measured and recorded.

To begin with the area of interest within the crypad to be identified.
Beginning at the base of the crypt, this was dgnelioking in the centre of each
nucleus along the length of the crypt. At this d@irthe numbers of cells
comprising the crypt height were also counted @audnded. On the completion
of identifying each nucleus, the program automdyicirew a line through these
points. Each pixel making up the length of the Inepresented one data point.
Each data point had a series of information reabndhich was automatically
created in a CSV file as seen in figure 9 and desdrbelow.
Figure 9: CSV data file automatically created afte  r identifying the line of interest

in a crypt

Microsoft Excel - Template E@@

i5] Fle Edt Vew Insert Format Tools Data Window Help

PGS O ST B S ] il 100% o el 12 - B rU|=E=Z=H8$ % o %% s b i
ASD - A 49
Al B | ¢ T o [ [ F [ 6 [ W [ 1 [ 4 T & T L [ M [ N [ o[ P [ @ R &
11| Rd Gd Bd 15 'Rn Gn Bn RoB  |BoG  |Measure Measure
e 1 110 85 52 247 04453 03441 02105 21154 06118 2115384615 NA
13| 2 114 87 53 254 0.4488 03425 02087 21509 06092 2.150943398 NA
| 4| 3 117 93 55 265 04415 03509 02075 21273 059814 2127272727 NA
15| 4 17 N 55 263 04449 0346 02091 21273 0.6044 2127272727 NA
| 6| 5 114 92 56 262 04351 03511 02137 20357 0.6087 2.035714286 NA
7] 6 114 86 56 256 04453 03359 02188 20357 06512 2.035714286 NA
| 8| 7 114 86 56 256 04453 03359 02188 20357 06512 2.035714286 NA
19| 8 115 89 56 260 04423 03423 02154 20536 06292 2.053571429 NA
| 10] 9 118 94 56 268 04403 03507 0.209 21071 0.5957 2.107142857 NA
111 10 121 96 61 276 04353 03453 02194 19836 06354 1.983606557 NA
|12 1 126 99 68 2393 043 03379 02321 1.8529 0.6869 1.852941176 NA
113 12 133 103 70| 306, 04346 03366 02288 19| 0.6796| 19 NA
|14 13 142 104 7 316 04494 03291 02215 20288 0.6731 2.028571429 NA
115 14 154 110 77| 341 04516 03226 02258 2| 07 2/ NA
116 15 165 18 85 368 04484 03207 0231 19412 07203 1.941176471 NA
|17 | 16 180 132 100| 412| 04369 03204 02427 18| 0.7576| 1.8 NA
| 18] 17 186 148 115 449 04143 03296 02561 16174 0777 1617391304 NA
19| 18 189 152 125 466 04056 03262 02682 1512 0.8224 1.512 NA
| 20| 19 180 151 131 462| 0.3896 03268 02835 1.374 08675 1374045802 NA
21| 20 173 137 116 426 04061 03216 02723 14914 08467 1.49137931 NA
2 21 149 111 91 351 04245 03162 02593 16374 08198 1.637362637 NA
23| 22 137 102 83 322 04255 03168 02578 16508 08137 1.65060241 NA
24| 23 120 103 70 283 04086 03515 02389 17143 06796 1.714285714 NA
| 25 | 24 115 105 il 291 03952 03608 0244 16197 06762 1.61971831 NA
26 25 118 110 73 301 0392 03654 02425 16164 06636 1.616438356 NA
27| 26 17 103 il 281 04021 0354 0244 16479 06893 1.647687324 NA
|28 27 121 101 73 295 04102 03424 02475 1.8575 07228 1.657534247 NA
129 28 121 95 62| 278 04353 03417 0223 18516, 06526 1.851612903 NA
an N 494 ng FO D74 NARTR N IIEC NDA4T . D 4270. N RINAL D AITOIANIA MA (W
i74 > WN\CSV{ Template /XIS / I+ 2l
iDmns L [duosheps N N\ DO A @ - G- A-===adf

An example of the CSV file containing data that are separated into columns and are relevant to
each point along the drawn line in a single colonic crypt.
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Each pixel which comprised the length of the linaswassigned a number in
column A and the three raw colours being red (Rden (Gd) and blue (Bd)
were measured individually using the colour scaled@55. As these raw
colours can be affected by light, such as the kmggs of the microscope,
luminescence (L) was also measured using the fafRut B + G. Normalised
colour, represented by Rn, Gn or Bn, which accouts the level of
luminescence was also calculated and recorded tlsnigrmula Rn = Rd/L. As
a blue colouration represented negative stainingbmown represented positive,
the two ratios accounting for red:blue and bluesgravere also calculated and
represented by RoB (Rn/Bn) and BoG (Bn/Gn).

Initially each piece of information was plotted tetermine which best

represented the staining pattern observed in §m.ciAs shown below in figure

10, the 3 raw colours were similar in pattern, wothly a slight separation of

values occurring between the red and both the drwlegreen colours on areas of
heavy positive staining. The luminescence linerespnted the amount of
‘brightness’ being measured. This level expectadise when measurements
were taken towards the top of the crypt amongstnégative staining blue

nuclei.

Figure 10: 0°medG image analysis red, green and blue raw dataan d
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This %raph displays the red, green, blue and luminescence values calculated from a crypt stained
for O°medG. Y-axis represents the colour scale; x-axis represents number of data points (or
pixels) along the length of the drawn line.
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Next, the raw values which had been adjusted farinescence levels were
plotted. While the pattern of green normalisedugal (see figure 11) does not
differ that much from that shown in the raw datathbthe blue and red
normalised figures do take on a different pattermu d@ence, represent the
positive staining observed in the crypt in a moceuaate way with red values
increasing at levels of intense positive stainifglevalso being opposite to the

blue levels measured.

Figure 11: 0°medG image analysis red, green and blue counts adju  sted for
luminescence
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This graph shows the red, green, blue values normalised for luminescence. Y-axis represents the
colour scale; x-axis represents number of data points along the length of the drawn line.

Lastly, the final pieces of ratio data were ploti@igure 12). This measure
calculated the ratio from the normalised blue, graed red values to give the
best representation possible. As shown in thelgbaow, the Blue: Green ratio
measure did not display the appropriate patterstaihing, however, the Red:
Blue ratio produce the best interpretation of tteneng pattern as observed in
the crypt. As a result it was decided that workwith the RoB data would be
the most appropriate as it most accurately chaiaetethe staining pattern of

crypts as observed by eye into representative[matds.
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Following this decision, this RoB data was usedaioradditional data set which
was given the title ‘fmeasure’. This function wadded to give a smoothing
effect to the plotted RoB data and this was donedigulating the average for
every set of 51 measured data points along thetHeafjthe line using the

‘measure’ data in column K, which was simply a epef the RoB data. The
additional ‘fmeasure’ average function also repmésg the staining pattern and
intensity suitably.

Figure 12: 0°medG image analysis RoB and BoR ratio data and the ~ measured
RoB average
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This graph shows the calculated colour ratios including the red: blue and blue: green values, an
averaging function labelled as ‘fmeasure’ is also shown using the RoB data. Y-axis represents the
colour scale; x-axis represents number of data points along the length of the drawn line.

This ‘fmeasure’ function was then trialled usingn@amber of different set data
points to determine if this averaging measure wdiddoest suited to represent
the staining patterns rather than using the raw RtiB data. 5 trials were done
which averaged every set of 51, 150, 250, 350 &UdRbB data points along the
length of the line. The following graph (figure)18hows the raw RoB data
gained from each of the 5 trials using the samptcryhis not only demonstrates
that the same values were used for this practitalso that when selecting the
pathway through the nuclei, a consistent and umféine can be repeatedly
drawn. The second graph (figure 14) displays edt¢he 5 averaged counts. As
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expected it is shown that as the data set usedvieraging increases, both the

length of the line shortens while the variatioritéas out.

Figure 13: Repeated counts from a line drawn throu  gh the centre of nuclei from a
crypt stained for  0°medG

[—51 150 — 250 — 350 —450]

23

1.9 A

RoB ratio
P
31

0.7

1 67 133 199 265 331 397 463 529 595 661 727 793 859 925 991 1057 1123 1189 1255 1321 1387 1453

pixel position

Repeated RoB ratio data calculated from 5 separately drawn lines through the middle of the nuclei
from one stained crypt of interest. Each data set was used to test the validity of the ‘fmeasure’

function as shown in figure 14.

Figure 14: Adjusted RoB counts using the ‘fmeasure " function with 5 different
average boundaries
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The 5 separate trials testing the validity of the ‘fmeasure’ function in best representing the
Repeated RoB ratio data calculated from 5 individually drawn lines through the middle of the
nuclei from one stained crypt of interest.
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As a result of this smoothing effect and the lossformation within the crypt,
it was decided that working with the raw RoB data aot an average measure
of the RoB data would ensure that each stainingepatwould be best

represented with no data being lost or overlooked.

3.4.2.3. Organising the data.

Once these CSV files were created, the data frorth éke was simply copied
and pasted into a prepared XLS template contaiaingumber of prewritten
functions. An example of the XLS template can bensin figure 15 and the

functions used in the template and their purposesletailed below.

Figure 15: XLS template

i3] Ble Edt Vew Insert Format Tools Dats Window Help T an fo -8 %

N EE 2SS0 P RIS R F 9T s o e <12 -|B I U|ISE==E8§ % 1 B3 'v{‘hvﬂvsave.is”.H!
ABD - ~

A [eleloETela[d [0 T3 x L] ] [n T o [ P [ a [ R

=MAX(A2:AB5536) cell position cell # sumif count mean
TINT(A2*36/($A51))+1 1 =SUMIF(SM32:SM$2000 N2 SK52:SKS2000)  =COUNTIF(SMS2:SM$2000M2)  =02/P2
2 |=SUMIF(SMS$2:5M32000.N3.5K52:5K52000)  =COUNTIF(SMS2:5M$2000.N3) =03/P3
3 =SUMIF(3MS2:5M32000.N4 $K52:5K52000)  =COUNTIF(SMS2.5M$2000.N4) =04/P4
| 4 =SUMIF(SMS2 $M$2000 N5 $KS2:5KS2000)  =COUNTIF(SMS2 $MS2000 N5) ' =05/P5
6 | 5 =SUMIF(SMS2 $MS2000 N6 SK32-5K52000)  =COUNTIF(SMS2 SMS2000,6) | =O6/PE
6
7
8
)

=SUMIF($MS$2:3M3$2000, N7 $K$2:5K$2000) =COUNTIF($M$2:3M$2000,N7) =o7iP7
=SUMIF(SMS$2:5M$2000 N8, $K52:$KS2000) =COUNTIF($M$2:3M$2000 N8) 08/P8
=SUMIF(SM52 SMS2000, N9 5K52-3K52000)  =COUNTIF(SM32 SMS2000,N9)  '=09/P9
=SUMIF(SMS$2. $M32000,N10,5K52.5K52000)  =COUNTIF(SMS2:5M32000,N10) "=010/P10

L11] | 10 =SUMIF(SMS$2:SM$2000.N11,5KS2:8K$2000)  =COUNTIF(SMS2:SM$2000.N11) [=011/P11
| 12| 11 =SUMIF(SMS$2:5M$2000 N12 SK$2:3K$2000) | =COUNTIF(SMS2:5M$2000,N12) =012/P12
|13 | 12 =SUMIF(SM$2:$M$2000, N13 $K$2:3K$2000) =COUNTIF($M$2:$MS2000,N13) =013P13
14 13 =SUMIF(SM$2:5M3$2000,N14,5K52:3K$2000)  =COUNTIF(SMS$2:5M32000,N14) =014/P14
15| 14 =SUMIF(3M$2:5M52000,N15 5K32:3K52000)  =COUNTIF(SMS2:5M$2000.N15) =015/P15
16 | 15 =SUMIF(SM52.5M$2000.N16,5K52:3K52000)  =COUNTIF(SM32:5M32000.N16) '=016/P16
17| | | 16 =SUMIF(SM52.5MS2000.N17 5K52:3K52000)  =COUNTIF(SMS2:5M32000.N17) '=017/P17
[ 18] 17 =SUMIF(SM$2:3M32000, N18 $K$2-8K$2000) =COUNTIF(SM$2:SM$2000 N18) =018/P18
119 18 |=SUMIF(SMS$2:$M$2000 N19 $KS$2:$K$2000) =COUNTIF($MS$2:SM32000 N19) “o19/P19
20 | 19 =SUMIF(SM$2:3M$2000, N20 $K$2:3K$2000) =COUNTIF(SM3$2:5M32000 N20) "=020/P20
|21 | 20  =SUMIF(SM$2:5M3$2000 N21,$K52:3K$2000) =COUNTIF(SM$2:SM32000 N21) =021/P21
[22] 21 |=SUMIF(5MS$2:5M32000,N22,5K52:5K52000)  =COUNTIF(SMS$2:5M$2000,N22) =022/P22
23] | | 22 | =SUMIF(3M$2.:5M52000,N23 5K$2:3K52000)  =COUNTIF(SMS2:5M$2000.N23) =023/P23
24 | 23 =SUMIF(SMS$2:5M$2000.N24,5K$2:5K$2000)  =COUNTIF(SMS2.SM$2000.N24) =024/P24

3 24 |=SUMIF(3MS$2:3M$2000 N25 $KS$2:3K$2000) =COUNTIF(SMS$2:3M$2000 N25) "=025/P25
|26 25  =SUMIF(3M$2:3M$2000 N26,3K32:3K$2000)  =COUNTIF(SM$2:SM32000,N26) "=026/P26
|27 | 26 =SUMIF(SM$2:5M$2000 N27 $KS2:$K$2000) =COUNTIF(SM$2:SM32000 N27) =027/P27
28 | 27 =SUMIF(5MS2:5M52000 N28 5K52-8K52000) =COUNTIF(3M32.5M32000,N28) =028/P28
29| | 28 =SUMIF(SM$2:5M32000.N20 5K52.5K52000)  =COUNTIF(SMS2:5M$2000.N20) =020/P29
30| | | 20 =SUMIF(SMS$2:SMS2000,N30,5K52:5K$2000)  =COUNTIF(SMS2:SM$2000.N30) =030/P30
| 31 | 30 =SUMIF{SMS$2:SM$2000 N31,5KS2:$K$2000) =COUNTIF{SM$2 SM$2000 N31) =031/P31
| 32| 31 =SUMIF(3M$2:5M$2000 N32 $K32:$K$2000) =COUNTIF(SM$2:3M$2000 N32) =032/P32
{33 32 =SUMIF(SM$2:3M$2000 N33 5K$2:3K$2000) =COUNTIF(SMS$2:3M$2000 N33) "=033/P33
|34 33 =SUMIF(SM$2:3M$2000 N34 $K$2:3K$2000) =COUNTIF(SM$2:SM32000,N34) "=034/P34

35 . 34 =SUMIF(SMS2:5M52000.N35. 5K52.$K52000)  =COUNTIF(SMS2.5MS2000.N35) =035/P35 .
W 4 b w\ OS5V Template /XIS / <

ipanc s [amshps- N N ODOH A EE - Z-A-===aall

Ready
CcBEE "

+4 Start Ej Template

An example of the XLS template used to generate the final data needed from the initial CSV file.
Data generated in each CSV spread sheet for every crypt was copied into this template and
saved.

In Al cell position the formula =MAX(A2:A65536) wassed to calculate the
number of data points in column A that were createdlternatively the length
in pixels of the drawn line. The M2 cell containethe function
=INT(A2*##/($A$1))+1. The ## figures were replacedth the cell height
values for each crypt (for example, 36) and allowexinumber of data points to
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be grouped according to the number of cells preetite crypt, while Column
N simply outlined the number of cells that made tbhp crypt length. The
following formula =SUMIF($M$2:$M$2000,N2,$K$2:$K$R0) in column O
calculated the sum of the RoB ratio data for alhfgin each cell position. The
function =COUNTIF($M$2:$M$2000,N2) entered into woin P simply

calculated the number of data points that weregassito each cell position.

This information was utilised in the final columrhieh took the total sum of the
RoB ratio for each cell position and divided it twe total number of data points
assigned to that cell position (=02/P2). This omluthen produced the final
workable data set which best represented the melanircRoB ratio for each
nuclei along the length of a measured crypt. Tihel XLS sheet combining the
raw CSV values and the specific formulas within template is displayed in

figure 16.

Figure 16: A CSV file pasted into the XLS template

I3 Fle Edt View Insert Format Took Data Window Help el = o8 X

e 8- A s Save s, H!

RN RE RERE NI RER AR T S AN AR R R Ml s B ZUISES=HS % w8 IE

A5D - £ 49

A | B [ ¢ T o T E [T F [ 6 [ H [T 1T T 37 K I L I M N T T p [ g [ g

11| 1172|Rd Gd Bd L Rn Gn Bn RoB BaG Measure fMeasure cell position cell#  sumif count 'mean
2| 1 110 85 52 247 04453 03441 02105 21154 06118 2115384615 NA 1 1 60786 32 18995
J=5 Z 114 87 5 254 0.4488| 0.3425 02087 21509 06092 2150843396 NA 1 2 60829 33 18433
| 4| 3 117 93 55 265 04415 0.3509 0.2075 2.1273) 0.5914 2127272727 NA 1 3 47.661 32 1.4894
5t 4 117 N 55 263 04449 0346 02091 21273 0.6044 2127272727 NA 1 4 63702 33 1.9304
|6 5 114 92 56 262 04351 03511 02137 20357 06087 2035714286 NA 1 5 71661 32 22394
I 6 114 86 56 256 0.4453| 0.3359 02188 20357 0.6512| 2.035714286 NA 1 6| 62765 33 1.902
|8 | ¥ 114 86 56 256 04453 03359 0.2188 20357 06512 2035714286 NA 1 7 60411 32 18878
]| 8 115 89 56 260 04423 03423 02154 20536 06292 2053571429 NA 1 8 59.783 33 18116
|10 | 9 118 94 56 268 04403 0.3507 0.209) 2.1071 0.5957| 2.107142857 NA 1 9 7506 32| 2.3456
|11 10 121 96 61 278 04353 03453 02194 19836 06354 1983606557 NA 1 10 6045 33 18318
| 12] " 128 99 68 293 043 0.3379| 0.2321| 1.8529| 0.6869| 1.852941176 NA 1 11 66.069 33 20021
13 12 133 103 70 306 0.4346| 0.3366, 02288 18| 0.6796| 1.9 NA 1 12 54221 32 16944
| 14 | 13 142 104 70 316 04494 03291 02215 20286 06731 2028571429 NA 1 13| 58.153 33 1.7622
| 15| 14 154 110 77 341 04516 0.3226 0.2258 2 0.7 2 NA 1 14 59.457 32 1.858
|16 | 15 165 118 85 368 04484 0.3207 0.231) 1.9412) 07203 1.941176471 NA 1 15 52.668 33 1.596
117 | 16 180 132 100 412 0:4369| 0.3204) 0.2427 18 07576 1.8 NA 1 16 63.255 32 19767
|18 | 17 188 148 15 449 04143 0.3296| 0.2561 1.6174 0777 1617391304 NA 1 17| 55327 33 16766
119 18 189 152 125 466 0.4056| 0.3262 02682 1512 0.8224 1.512 NA 1 18 42908 32 1.3409
| 20| 19 180 151 131 462 0.3896) 0.3268| 0.2835 1.374 0.8675 1.374045802 NA 1 19 44.688 33 1.3542
| 21 20 173 137 116 426 04061 0.3216] 0.2723| 1.4914 0.8467 | 1.49137931 NA 1 20 46115 33 1.3974
|22 21 149 11 91 351 04245 03162 02593 1.6374 08198 1.637362637 NA 1 21 50.535 32 15792
| 23| 22 137 102 83 322 0.4255| 0.3168 02578 1.6506 0.8137| 1.65060241 NA 1 22 49.887 33 15117
|24 | 23 120 103 70 293 04096 03515 02389 17143 06796 1714285714 NA 1 23| 37872 32 11773
| 25 | 24 115 105 71 291 03952 03608 0244 16197 06762 161971831 NA 1 24 39629 33 1.2009
| 26 | 25 118 110 73 301 0.392 0.3654 0.2425 1.6164) 0.6636 1.616438356 NA 1 25 36.392 32| 1.1372
| 27 | 26 11if 103 ¥l 291 04021 0354 0244 16479 06893 1647887324 NA 1 26 39.059 33 1.1836
| 28| 27 121 101 73 295 04102 03424 02475 16575 07228 1657534247 NA 1 27 38143 32, 1192
29 28 121 95 62 278 04353 03417 0223 19516 0.6526| 1.951612903 NA 1 28 38.738 33 11739
an. 0. 404 na —EO DFA_OAEDE. NIDE0. ND447 | D A2T0. _NLINA._DAITO2ANIA4 RIA A NN 920 RAN 29 A A4TAD |
i 4 % [\ €SV / Temphte b, XLS / B3 3
iDmw s [Auoshpess N N OO A D @E| >-Z-A-S==aall

Ready

CE€ " et

An example of the final spreadsheet showing the generated CSV data in the XLS template. This
resulted in the generation of the final data set (column Q) that gave a mean RoB value for each
nucleus in a crypt that was measured.
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An example of the average RoB ratio from a 6h paGM stained crypt is
represented by the line graph (figure 17) with thgpective number of points

used to calculate the average of each particuledens also displayed.

Though the scatter of certain values were grehger bthers, this was considered
to be unavoidable at times when using this metrothaugh the nuclei of the
crypt were similar in size and shape, they wereurotorm and the distances
between each nuclei also varied. Therefore, wheididg the line length by
number of cells, the scatter around some average&ivat times be greater than
others. The overall scatter however, was deemée @n acceptable spread and

one that did represent the data appropriately.

Figure 17: Average RoB data for each nucleus along the crypt length combined
with the scatter of individual RoB counts for each nuclei
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Cell position

The dark blue line graph represents the mean of the staining ratio for each measured nucleus
along the length of the pictured crypt. The light blue data points show the scatter of the data
points used to generate the means for each nucleus.

When the average RoB ratio values for each nudieus crypt were added
together, this equalled the total RoB ratio or thep words, the total level of
positive staining @°medG) for each crypt. The mean RoB data can atso b
averaged by cell position across the 20 crypts oredsfor each rat. This then
equates to an average level@imedG damage for each cell position along the

length of a colonic crypt. Once these two formsdafa were obtained from a
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single rat it was then averaged with the RoB ratn@asured in other rats in the
same group to obtain a group averag®©dhedG damage along the crypt and a

total level ofO°medG.

Alternatively, the RoB ratio data for the nucleiezch individual crypt was also
totalled to give a sum total @°medG damage. This value was then averaged

for the 20 crypts in each rat and the 12 rats paupy

For all O°’medG data generated in this thesis, whether itrésemted as an
average value or a total level of damage, the backg staining ratio

established from the saline injected control growps subtracted from the ratio
data measured in all treatment groups. This edsinag all RoB staining ratios

presented represented the actual lev€%iiiedG as accurately as possible.

3.5. Cameracomparison

The importance of retaining identical conditionsr fall image analysis
measurements was reinforced from data gained ubffeyent cameras. Two
different cameras of the same make and model (Qkgmmpicropublisher 3.3
RTV) were used to measure tmedG level in both a saline treated control rat
(figure 18) and a treated rat killed at 6h post AQfgure 19). With each
camera used the RGB scale, exposure and the wdldede were set to ensure
each trial was comparable. Image analysis of saahple was then carried out

according to the described protocol.

As displayed in figure 18 and 19, though a simpattern of staining was
measured throughout the crypt with the 2 separateecas, a difference was

observed in the staining level represented as tier&tio.

This difference, though not significant in eith@etsaline or AOM treated rat
demonstrates how the process of quantifying immianusg can be inaccurate
if strict guidelines and protocols are not followeds a result of this data, only
one camera and the appropriate corresponding heedwere used during the
analysis of all samples measured®medG in this thesis.
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Figure 18: Comparison of RoB ratio from saline con  trol colonic crypt for different
camera settings
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Level of RoB staining in the same sample from a saline control rat using two different cameras.
All software settings and camera settings were identical for each image analysis trial (blue
=camera A, Purple =camera B)

Figure 19: Comparison of RoB ratio from AOM treate  d colonic crypt for different
camera settings
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Level of RoB staining in the same sample from an AOM treated rat using two different cameras.
All software settings and camera settings were identical for each image analysis trial (blue
=camera A, Purple =camera B)
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3.6. Summary

The need to establish a functional and reproducibsay for the measurement of
acuteO°medG DNA damage was essential for the completiothiefthesis. It
was decided that an immunochemical assay wouldtabdleshed not only due to
the high sensitivity and specificity that it couligliver but also as a result of

being able to identify the actual distribution bése adducts in colonic crypts.

A protocol was designed, tested and refined in rotdegive clear and specific
positive staining results while retaining a minimavel of interference from
background staining. All steps included in thetpcol were tested for the
optimal time and temperature of incubation or tbecentration of reagents used.
The primary antibody in particular was set at acemrtration of 0.ig/ml as this
gave optimal staining conditions. The protocol waalled with individual
blocking serums and secondary antibodies, howekerSignet Acuity M.o.M.
kit containing the secondary polymer linking teclogy gave superior staining
results and was therefore used in the protocotiferassaying of all samples in

this body of work.

Once theO°’medG immunoassay was established and was produooimsjstent

results, the method of quantifying this data wasestigated. Scoring the level
of staining in colonic nuclei was attempted by dyet was deemed too
inconsistent and time consuming. Therefore, angemanalysis system of

quantification was developed.

The process of this controlled image analysis systevolved capturing an
image of a suitable colonic crypt stained f8tmedG under the microscope.
After identifying an area of interest, the imagelssis software then converted
the colour of the specified area into a seriesabf ghoints. The raw colours, the
level of luminescence, the normalised colours asdraes of colours ratios were
provided for each data point. After analysing éhdata and comparing it to the
staining pattern as observed by eye, it was estali that the Red: Blue ratio
would be used to best describe the distributioniatehsity of nuclei positively
stained fol0°medG.
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Once this was established, the data was sorted) ssatistical means to best
represent the level @°medG per epithelial cell in a crypt and when sumnaed

total level ofO°medG load per crypt.

Both the immunostaining assay and the image arsatgsthod of quantification
were thoroughly tested on a variety of samples.es€hresults, supported by
acceptable negative control samples, were deemebetaeproducible and
reliable enough to carry on with the analysis dbo@ tissue samples from both

the time course and dietary intervention studies.
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