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SCIENTIFIC BACKGROUND: DNA
ADDUCT LEVEL

e General Goal: To link dietary variables with factors

present during early colon carcinogenesis.

e DNA adduct level amount of certain type of DNA

cell damage.

e Occurs after exposure to particular carcinogen (AOM).

e If damage not repaired or removed, tumor may result.

e \We have of course worked on apoptosis and repair.



SCIENTIFIC BACKGROUND: STRUCTURE
OF COLON

e Proximal region front of colonpistal region back.

e Colon cells replicate and grow within discrete units

called "crypts”.
e \We are interested in behavior of cells accounting for
their depth in the crypt
e Relative cell position used, called (relative depth
within crypt).
e Measures what fraction of the crypt from the bot-
tom a cell is.

e X = (: bottom of crypt,X =1 : top of crypt.
e X = 1/2: middle of crypt



FRR

"Bapd .=

/mmm\r aw _%}

I.. ll ...flf/f...
L1}

by

nlé
H
o 8
ﬂa*.
;5
*:-

-

_.r!

=

b, —
- ¥, i
@fa....% w e

- TR

-
r
..r
- )p....._ alies 4
S e ll.ri!!.\t g
- - -
st S 3
: - \®
f; L 4
- #

- a_._ 3 "_ 5 /
nW ...rtr Q.\t\ﬁ syt l_..._l_..v 1 ﬂ. ¥ .
= - - CATRY o L A - o ]
‘\\ uﬂ@r\.{x@\ww .,.mu_u...ﬁu.._ Y > w.m.}..:.il.l...m . ,_.,. /
\.nu % ¥ a N i e S
] W d - -
v N i kK - e ” .‘. .
o e s B LR
- L o T s
IS\ e e /
.-!\.\\&..m & 7 >, ey
.ﬂ- el
; -o.% -..t{;mﬂ.ﬁslll\!f Wy n...u
- - - =y J..T.\ 4 lﬂ.. - »
‘ e I i N B & g5 ’
onolhnl..._.... r e Pa - 4 4

. .ll "
: TP R
- ...r!._ ke r\;\.ﬁ‘d? € *4 'I‘.‘l..l.._l-_r

Figure 1: Cross-sectional view of some colonic crypts

SCIENTIFIC BACKGROUND: STRUCTURE

OF COLON




SCIENTIFIC BACKGROUND':
DESCRIPTION OF AOM D ATA

¢ 30 rats randomized tiosh oil or corn oil diets.
e 3 rats/diet controls, other rats exposed to AOM.

e Euthanized after 3,6,9, or 12 hours.

e In both distal and proximal regions,20 crypts/rat

selected

e Measurement taken for cells along left wall of each
crypt
e Roughly40 cells/crypt



SCIENTIFIC BACKGROUND: DIET LINKS
WITH COLON CANCER

e Studies indicate diet/colon cancer link.

e Fish-eating societieslower colon cancer frequen-
cies
e High corn oll less protective than high fish oil diet.
e AOM study: DNA Adduct levelst for corn oil rats?

e Yes, in distal region.

e Question What is the relationship of adduct levels

In distal and proximal regionsithin the same rat?



STATEMENT OF PROBLEM

e Question Is there a relationship between distal and

proximal DNA adduct levels within same rat?

e Specifically, for rats witht distal, also? proxi-
mal?
e Relationship depend atiet or relative cell posi-

tion (X)?

e Statistically, estimateorrelation function of two re-

sponses akinction of longitudinal covariate.

e Two responses: DNA adduct levels in distal and

proximal regions Y; andY,,)

e Covariate: Relative cell positioN .

e Note: Structure of data makes this problem nontriv-

lal.



GENERAL M ODEL

e Model for distal and proximal measurements as func-
tion of X:

ercd<X> — mj(X, d) + mjr(X, d) + mjrcd(X, d) + Ejrcd(Xa d

=

=
|

E

) Xap) + m]?“(Xap) + mjrcp(Xap) + Ejrcp<X7p

e m;: fixed mean functions, timg;
e m;,: rat-level random effect functions, rat

® m;,.. crypt-level random effect functions, crygt

e Fact: Y; and Y, never observed on same crypts or

cells.
e Correlation of Interest: p(X)

e Betweenm,,(X,d) andm;.(X, p).
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PARAMETRIC MODELING APPROACH

e Assumeparametric structure for fixed and random

functions

e Lots of data analysis and model fitting went into choice

of the final model.

e Has quadratic cell position effects

e Standard Gaussian linear mixed model.

e p(X) is a function of rat-level covariance matrices.
e PROC MIXED in SAS used for calculations.

e Parametric bootstrap used for inference

e MIXED standard errors suspicious for correlations
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Figure 2:Parametric estimates for with 90% confidence bounds
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NONPARAMETRIC MODELING:
SUMMARY

e The results arsurprising

e \We set out to verify the results by alternative fitting
methods

e First method uselSunctional Data Analysisapproach

e No parametric structure assumed on functions.

e Summary of method:

e Estimate crypt-level functionson fixed grid.
e Fit mixed model at each grid point.

e Estimated correlation computed from covariances

estimates.

e Completely nonparametric



13

Nonparametric - Fish Ol

o

Correlation
oO.0

-0.5

.0

-1

00 02 04 06 08 10

Relative Cell Position

Nonparametric -- Com Ol

1.0

o.5

Correlation
(e o]
/

i

-—— ——
-—— o ——— .
—————

-1.0

00 02 04 06 08 10

Relative Cell Position

Figure 3:Nonparametric estimates for with 90% confidence bounds
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CELL PoOSITION PROBLEM::
I NTRODUCTION

¢ Relative cell positionmeasure computed from nom-

Inal, not true cell positions.

e True cell position tedious to measure.

e Identical if cells uniform size, shape, and distribu-

tion.

e True cell position may be more scientifically rele-
vant.
e Nominal and true scales may yielifferent cor-

relations.

e Negative corn correlation may be due to nominal

scale.

e Internal validation data set

e True cell position measured for 3 crypts/region/rat.
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CELL PoOSITION PROBLEM : UNIFORMITY

e Cell positions within given crypt modeled as order
statistics of Betal, b)

e Question:ls distribution uniform (i.e.a =b=1)7?

e Bayesian Metropolis-Hastings algorithm used to sam-
ple posterior

e Results:

e Proximal region — uniform model OKelative cell

positions fine to use

e Distal — Not uniform —more cells at bottom of

crypts

e Correlation based on true cell positions could be dif-

ferent,in principle.
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Figure 4:Posterior distribution of Beta parameters, distal and prox-

imal regions
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Figure 5: Portion of distal validation data. Note the consistent pat-

tern.
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CELL PosSITION PROBLEM:
CORRELATION FUNCTION

e Goal: Estimatecorn correlation function based on

true measure

e Hierarchical linear mixed model with covariates miss-

Ing for many crypts (about 70%)

e Bayesian approach- Gibbs sampler with two M-

H steps.

e One M-H step updates missing cell positions

e other updates cell position Beta parameter$)

e Results same based on either true or nominal mea-

sure.

e Final answer: Negative correlationnot result of

using nominal scale.
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Bayesian Correlation Function Estimates, Com Ol
with 90% Posterior Bounds
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Figure 6: Corn oil correlation function based on nominal and true

scales.
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RESULTS/SCIENTIFIC |IMPLICATIONS

e \We have fit various models, all results similar

e Summary of Results:

e Fish oil rats:p > 0 at bottom of crypts.

e Cornoilrats:p < 0throughout all depths of crypts.

e Diet differencestatistically significant near bot-

tom of crypts.

e Implications:

e Localization of cell damage for corn oil rats.

e More designed studies needed.



