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LISf OF _ABBREVIATIONS
BaP- Benzo(a)pyrene
CA- Caréinogen—DNA addudtsy
MN- Micronuclei |
SCE- Sister chromatid exchange
DBC- 7H-Dibenzo(c,g)¢éfbazble
DMBA- 7;12-Dimethylbénz(aiaﬁthrabene

7,8-BF - 7,8-Benzoflavone
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' LIST OF FIGURES
Specific aims.

Recovery of plated mouse Kkeratinocytes from untreated
animals. : :

Recovery of .plated, mouse ketatinocytes from acetone,
treated animals. :

Ooptimization of blnucleated cells for the MN assay
following skin painting of acetone and plating of
keratinocytes on coated slides.

Binucleate fraction and MN induction by Benzo(a)pyrene
following skin painting [24 hourrexposure].

In-Vitro Experlmental design for MN and DNA adduct
ana1y51s. :

Micronuclei induction following in-vitro incubation of
mouse Keratinocytes with 100 ng/ml of BaP.

Binucleate fraction and MN induction following in-vitro

_incubation of keratinocytes (24 hours] to benzo(a)pyrene.

Binucleate fraction and MN induction following in-vitro
incubation [24 hours] of benzo(a)pyrene.

Binucleate fraction and MN induction by bénzo(a)pyrene ‘
7,8=diel, 9,10 epox1de following in-vitro incubation for '
24 hours. :

Binucleate fraction and MN induction by adriamycin
following in-vitro incubation for 24 hours.

Binucleate fraction and MN - induction by 7H-
dibenzo(c,g)carbazole in mouse ‘keratinocytes . follow1ng
1n-v1tro 1ncubat10n for 24 hours.

chronuclel induction by DBC in mouse keratlnocytes at
various tlme points. -

Binucleate fraction and MN inductien by 7,12~
Dimethylbenz (a)anthracene in mouse keratinocytes
follow1ng 1n-v1tro incubation for 6 hours.

Micronuclei induction by DMBA in mouse keratlnocytes at
various time polnts.

Binucleate-fraction and MN induction by DMBA in mouse
keratinocytes following in-vitro incubation for 24 hours.
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exposure. ‘ o ’

Scatter plot of individual data points for concomitant
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1. Inhibition of MN by 7,8-BF.



SIGNIFICANT FINDINGS

'DBC induces a significant increase in MN over solvent

controls [N=4].

'DMBA induces a significant increase in MN over solvent

controls [N=3].
In the case of DBC and DMBA, the BNF decreases with a
concomitant increase in micronucleated cells indicating"

that there is sone selectlon against these cells.

'_The adduct pattern seen in cultured,mouse keratlnocytes,

for DBC is similar to that seen in mouse skin.
There is a strong eorreletion between carcinogen-DNA -
adduct levels and MN induction. for DBC (r=0.6620].
Combined edduct 3 andladduet‘6 1evels‘correleted better
with MN induction (r=0Q7251)‘than total adduct levels.
This indicated that epecific- adduets may ‘be ”better
predlctors of genotox101ty than combined adduct levels.
There is a 51ng1e DMBA adduct in mouse keratlnocytes as‘
opposed to 4 adducts seen in mouse (BALB/c ANN ) skln by
Randerath et. al.; 1985.

fhere is a stronger correlation between DMBA‘ adduct
levels and MN 1n mouse Keratinocytes [r-o 7285]. |
Prellmlnary studies 1nd1cate that administration of 7,8-
BF (an_;nhlbltor ofICYP 1A1 and CYP 1A2 concomitantly
with DBC causes a partial iﬁhibition'bf MN when compared .
to approprlate controls. |

Thls partlal inhibition indicated that some of the MN may
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have resulted from covalent modification. of DNA.
Furthermore, it -is known that DBC is mutagenic in a-
forward mutation assay (Schoeny & Warshawsky, 1987).

9. On the other hand, preliminary studies indicate that 7,8-
BF does not inhibif DMBA-induced MN formation. It is
knéwﬁ that DMBA is a mére pdtgnt inducer of chromosomal
aberrations than BaP. Hence; it is quite possible that

' DMBA adducts may‘belgonverted more efficiehtly to MN thﬁn |
DBC adducts. Additional studies are underway to determine
if the above mentioned lack of inhibition of DMBA-induced
MN is reproduc1ble. |

CONCLUSBION:

A: CLASTOGENIC THEORY OF MN FORMATION: The strong statistical

assoc1atlon between carc1nogen -DNA adducts and micronuclei for both
DBC' and DMBA indicates that the two end points may be causally
related for both compounds, In other words, covalent modification

6f DNA (carcinogen-DNA adducts) may explain, at least:in part, the
induction of cytogenetically‘6bservablé lesions (micronuclei) for
DBC as well as.DMBA; The reasons for the lower levels of DMBA
adducts could bé that DMBA-adducts are unstable and hence may be
undetectable by the “p-postlabelling assay. Note: Unstable adducts
were'predominaﬁtly_found in ﬁouse skin following exposure to DMBA
[bevanesan et. al., 1993]. HoweQer the DMBAéinduced MN levels were
at comparable levels to that of DBC or at some doses even hlgher.

The reasons for thls result may be that l) DMBA has a tumorlgenlc

potency higher than‘that of BaP by one order of magnitude. 2) DMBA



is known from the literature to be a more potent inducer of
chromosomal aberrations than BaP (Nishi et.al., 1980).

B. ANEUPLOIDOGENIC THEORY OF MN FORMATION: An inhibitor of

- cytochrome P-450 [7,8-BF] causes a partial inhibition of DBC-
induced MN. This result indicates that some of the MN may have
érisen by a mechanism independent §f DNA adduct formation. It is
known from the literature that MN may also arise as a fesult of
loss of entire chromosomes dﬁe to damage to the spindle apparatus
(Eastmbnd & Tucker, 1989). This may explain thé excess MN seen
which could not be inhibited by 7,8=BF. In additibn, éreliminary
data indicates that DMBA-induced MN could not be inhibited by 7,8-
BF at all. Hehce, DMBA could be lafgely éneuploidogenic.

| A dose response study with various concentrations of inhibitor
would enable us to more accurately assess the relative

contributions made by these two mechanisms to MN induction.



USEFULNESS OF FINDINGS =

The similarities in the adduct patterns seen in this study with

--pﬁbiished results iﬁ mouselskin indicate’ﬁ siﬁilar_method of bio-
activation for.both-compounds. This lends further credenée to the
popular belief that in-vitro systémg could be used to predict in-
vivo genotoxicity; In contrast'to‘ﬁN,‘DNA adducts have been used as
a biomarker in human_population'bio-monitoring. However, this study'
was the first to validate the usefulness of thé‘MN assay as a
‘marker of biologically effective dose 1in aﬁ easily accessible
Itarget organ. The scatter plot of individuai-déta points indicate
a linear relétionship between the two end‘points. This is in‘sharp
contrast to the "threshold theoryﬁ proposed in fhe literature. In
other words, it has been suggested thaﬁ thefe is a threshold adduct
dose above which the two assays coﬁplement eﬁéﬁ other (Afce et.al.,
1§87; Wiencke et. al., 1990).vThe data génerated‘in this study.doesv
not seem to suggest such a threshold phenomenoﬁ; Howéver; this does
not mean that sqéh‘a situation aoes not exiét in vivo. The results
obtained in this étﬁdy prdvide further i@petus to examining more
closely the relationship between the two Eiologiéal markers of
exposufe (adducts and MN) ,in pfimary cultures of human
keratinocyﬁes obtained through non-invasiQe skin biopsies from
workers expoéed to carqihogen-DNA‘ adducts in- an- occupational -

g

setting.
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' ABSTRACT

The objective of thiS-sttu was to examine the relationship

- between DNA adducts and MN in prlmary cultures of mouse

keratinocytes treated separately w1th BaP, DBC and DMBA.
The spec1f1c aims were:

) DOBE RESPONSE STUDY: to determlne of the ability of BaP,
DBC and DMBA separately to induce MN in cu;tured mouse'
Xeratinocytes. | |
B) TIME COURSE_BTUDQ: to determine of the time for maximal Mm
expression. |
to determine‘the‘majqr adducts formed by BaP, DBC and
DMBA.in mouse-keratinocytes [**P-postlabelling]. |
te establish dose—response curves separately for
carcinogen-DNA adducts and MN for BaP, DBé and DMBA.
to perform statistical analyses to determine the strength
of the association between the two end points.

to elucidate the mechanism of MN formation by using an

'inhibitor of cytochrome P-450 (7,8 Benzoflavone].

The results indicate*that DBC and DMBA induce MN significantly
over cont;ols{_DBc (24 hours] and DMBA (6 hours] have
different optimgm times for MN formatien. There is a
stron§ statistidal association between CA and MN for DBC
(r=0.6620). Furthermore, combined adduct 3 and adduct 6
levels are better predictors of genotoxicity than total
adduct levels (r¥0.7251)..In addition, there is a streng

correlation between CA and MN for DMBA (r=0.7285). There
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is a partiél inhibition of DBC-induced MN by 7,8~BF, an
inhibitor of cytochrome P-450. Taken together, the data
suggests that the covalent modification 6f DNA
(carcinogen-DNA adducts) could accounf for aﬁ 1eas£ some

~of the cytogenetically observable lesions [MN induction).
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BODY OF REPORT WITH CONCLUSIONS

Dermal absorption may be a significant route of exposure for many
carcinogens in the occupational setting. [In addition, the onset
of disease (e;g., cancer) may be the result of a combination of
genetic and envirbnmental factors (deficiency of DNA repair enzymes
in Xeroderma pigﬁentosum (XP) patients and increased»susceptibility
Cto Uv light—inducéd skin cancer)]. For example, occupations such as
coai gasification, coke prodﬁcfion, and exposure to complex
mixtures of chemicals (coal tar, coal tar pitches, certain mineral
0ils, shale oils and sooté may increase the risk of skin cancer
[Hontesano et. al., 1987]. On the other hand, measurement of
airborne levels of pollutaﬁts may not accurately predict dérmal
absorption of xencbiotics in the workplace. Hence, it is necessary
to.develop and validate a-biologiéal marker of exposure which can
integratel individual differences in absorption, distribution,
metabolism and excretion. One such biologicai marker of exposure is
the measg:ement of carcinogen-DNA adduct [CA] levels.

Carcinogen-DNA adducts are formed as a resulf of metaboliém of
chemical carcinogens, by cytochrome P-450 enzymés, and the binding
of the resultant eléctrophilic intermediates to DNA. The net CA
levels depehd on the extents of metabolic activation,
defoxification and DNA répair; on the other hand, it has been found
that the CA levels may be similar in both target and non-target
organs (Jeffrey et. al., 1990]. Fhrthermoré, it is believed that
initiation/mutétion is the result.of persistent DNA lesions not

being repaired prior to the onset of DNA replication.‘In'addition,
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mutagenlc lesions may be lntroduced in the DNA through error-prene
'repalr [Gill et. al., 1991] Flnally,.lntra-genlc mutatlons and
genomlc mutatlons may also be 1mportant 1n carcinogenesis [Heddle
et. al., 1983]. |

| Hence, it is imperative that biological markers of exposure be
reiated to markers ef eariy effect following'eprsure. One such
marker of'early effect is the induetion of micronuclei [MN]). MN are
round to oval bodles found w1th1n the cytoplasm but outside the
maln nucleus. The resemble the main nucleus in shape texture and
staining properties and may be detected as markers of mls-
- segregated chromatin. MN may ‘be formed either . when acentric
fragments from broken chromosomes or when entlre chromoscomes get
excluded from the maln nucleus at the time of cell division
(Eastmond & 'Tucker, 1989) : Flnally, MN’Ihave been shown to be
1nduced follow1ng exposure to genotoxlc chemlcals (He_& Baker,
1991). | |

Several studies have been performed'thatlrelate CA levels to

cytogenetic end points (sister chromatid exehahgesland‘ﬁN) [Van der
Poll et. al., 1989;‘Wiencke‘et. ai., 1890] and‘to»gehotoxic end
points'(ﬁutations) [Parks et. al.,19861 in several target and non-
target orgahs. However, This study'was‘the’firstlto,determine the
posSihie reletionship;between CA and MN'in‘mQUSe skin. Mouse skin
is'considermi to be an'excellent model for understanding the -
mechanisms of.,epithelial earcihogenesis. :It is known that the
majorityt of cancers‘[arise from surface, epithelia.s‘House

keratinocytes are the predominant cell type in the epithelial layer
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of mouse. skih; However, there 1is a great deal of functional
heterogeheity in'this cell layer. The basal cells have fhe most
proliferative potential and henée qohditions were established and
dptimized for obﬁaining a monolayer of murine‘keratinocytes in
culture (Figures 2 & 3]. The expression of MN formation requires
that the assay be performed oh cells that have divided once. Hence,
conditions were optimized'vfor _obtaining‘ maximal- numbers-_of
binucleated‘cells. It was found that the cells_have to be cultured,
for at least 72 hours, for obtaining.maximal numbers of binucleated
cells in acetohe treéﬁed céntrblsv[figure 47.
| Skin painting of varicus doses of benzo(a)pyrene (BaP)»anq
determinatibn of-MN ihductidn revealed that BaP‘faiied to iﬁdgée MN
significantly over acetoné‘controls [Figure 5] It was then decided
to determine the ability of BaP to induce ﬂN following in-vitfo
incubation for 24 hours. | | A |
Figure 6 is a schematic diagfam for the DNA adduct and the MN
-assay. Mouse keratinocytes ére isolated and the ﬁedium is changed
24 hours later. The medium is replaced  either with medium
coﬁtaining.o.s% DMSO or with mediqm ﬁontaining varying doses of
BaP,7H-dibenzo(c,g)carbazole (DBC) ‘and  7,12-dimethylbenz(a)
anthracene (DMBA). The 'cells,for DNA addugt analysis, are
trypsinized and kept frozen at -80°C for subsequent DNA isolation:
and determination of DNA adduct levels by the p-post labeling
aéséy. The cells for the MN assay are cﬁltured fqr,another 72 hoﬁrs
before being fixed in 100%'methanol and stained with acridine

orange [Figure 6). Acridine ofange is a differential stain with the
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cytoplasm staining orange and the nucleus staining green.

‘Low doses of BaP Qére hegative in inducing MN over controls
(Figures 7 & 8). Higher non-cytotoxic doses of BaP were also
negative in‘inducing MN over DMSO controls [Figufg 91. The lack of
induction of MN over controls may nof have been due to the
inability Af'BaP to be metabolized by murine keratinocytes. This is
demonstrated by the fact.thét anti-BPDE is, at best, an inefficient
inducer of MN over controls [Figure 10). However, primary cultures
of murine keratinocytes have the ability to express Mleormation.
This was demonstrated by the fact that adriamycin (a DNA‘Strand
breaker- a direct acting compound which does not require metabolic
activation) produces a significant increase in MN over controls
{Figure 11]. Furthermore,exposure of mouse keratinbcytes to DBC for
24 hours [0-2500 ng/ml] precduces a dose-dependent increase in MN
over controls [Figure 12]. In addition,  time course gxperiments
show that a single dose of DBC produces a statistically significaﬁt>
increase in:HN 0ver‘controls,[Figure 13}. Iﬁ addition, exposure to
DMBA for 6 hours (0;256'ng/m1) produces a statistically significant
increase in MN over controls [Figure 14]. Furthermore, time course
experiments also show that there is a statiétically significant .
incfease in MN at all times’ Eeéted [Figure 151. In addition,
exposure to several doses of DMBA (0-256 ng/ml] for 24 hours
produces a dose-dependent increase in MN over solvent cqntrols
{Figure 16}. At the highest [256 ﬁg/ml] dose tested, DMBA pfoducEs
an apprqximately twb‘fold higher level of MN when”compared to DBC.

. Experiments were designed to test the hypothesis that the two
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end points were related. Experiments were 'first perfbrmed to
establish the fact that the growth characteristics of the cells
were the samelon dishes as well as on slides {Figure 17). The dose
response curves and the scatter piot for DBC?induced adducts and MN
indicate that the two end points are correlated [Figures 18 & 19]
with a Spearman rank correlation coefficient of 0.6. The individual
data points for the different DBC adducts vs MN yielded the

following correlation coefficients:

1. Adduct 2 ~ 0.3488 ([Figure 20]
2. Adduct 3 © 0.5807 [Figure 21]
3. Adduct 6 ' 0.5788“[Figure 22]
4. Adduct 3 + Adduct 6 0.7251 [Figure 23]
5. Adduct.z + Adduct 6 0.4819 [Figure 24)
6. Adduct 2 + Adduct 3 0.4363 [Figure 25)

7. Adduct 2 + Adduct 3
+ Adduct 6 0.5512  [Figure 26]

The dose response curves as well as the scatter plots for DMBA
indicate that the two end points are correlatedl[Figure 27 & 28]
with a Pearson’s correlation coefficient of 0.7285. In addition,
there is a good dcse'reeponse relefionship for DMBA-induced MN
while ‘there is a poor relationship for carcinogen-DNA adducts
(Figure 29). However, when 6 outliers were deleted, the correlation
between DMBA adducts and MNlimproves significantly and is 0.6810
(Figure 30).

CONCLUSIONS: CA and MN are strongly correlated for DBC (r=0.59) and

DMBA (r=0.73). There is a partial inhibition of DBC-induced MN by
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an inhibitor of cytochrome P-450 (Table 2].|'I“his indicates that MN
formatioﬁ‘cduld; at least in part’be explained due to cov&lent
modification 6f DNA. o .

| A dose-response study’with various conéentrations of inhibitor
would enable us to more thoroughlf' evaluéte the relativé
‘dontributions made by the‘clastogenic and/or the anéuploidogenic'

components of DBC and DMBA.
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METHODS

ISOLATION OF PRIMARY CULTURES OF MURINE KERATINOCYTES:

Mouse keratinocytes were isolated from female HSD:ICR(Br) [Harlan
Labs] mice [6-7 weeks old]. The celisfwefé‘poblea from 6 mice pé:
éxperimént. The mice Qere sacrificed with an int:aperitoneal

injection of sodium pgntobarbital (5 mg/ml/mouée]. The backs of

micé'were shaved with elgctric clippers;-The mice were then dipped
in Betadine solutioh‘[Hoépital Supplies] for 2 minutes and rinsed
‘Several times with‘millipore water. This step was repeated. The
final two rinses were in 70% ethanol [iwminutes each]. In a laminar
floy hood, the skins.were‘asepticallylexcised, usiﬁg'autoclaVed
surgical instruments. The skins ﬁere transferred to a specimen cup
containing ca** MQ** free phosphate bufféred;saling>(PBS) which had
2X gentamicin [antibiotic] in it. The skins, one at a time, were
transferred to a iOO-mm petri.diéh and the fat was scraped off fromr
the'dermal‘side (using a s;alpel with a #22'bléde) until ;he'skih
appeared translﬁcént. The skins were then cut iﬁto squaré piécés‘(l
cm across) and floatédldermis‘side down in 6.25% trypsin solution
(Gibco) at 31°C for 3 hours. After 3 hdurs,‘the épidermis was

scraped from the dermis into medium containing 10% fetal bovine
serum (to neutralize the activity of trypsin). The Scraplng was
done in'a square petri dish, tilted at an angle of 10-20° using a
scalpel with a new #22.blade; The scraping takes about 2 hours. The

scraped epidermis, in 30 ml of medium, were stirred (100 rpm) for

about 30 minutes in a cup which has a magnetic stirrer in it. The
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cell suspensionVWas then filtered\through a 70 uM nylﬁn mesh into
Ia 50 ml centrifuge tube. The cell suspension was then centrifuged
at 1600 rpm for 10 mihgtes.>The resultant cell pellet was'taken'up
in 20 ml of medium and tfiturated 15-20 times. One ml of this cell
suspension wés transferred to another centrifuge tube and 9 ml of
medium was added. This ceii suspehsionlwas in turn trituréted 15-20
times, an aliqubt was taken for determining cell count and
viability (tfypan blue'exclusion)‘and‘approximately 3 x 10° cells
were plated on collagen [Recipe: S0 ml medium; 1 ml vitrogen; 1ﬁl
fibfénectin; 10 ml bovine serum albumin (i mg/ml solufion); 1 ml of
2M HEPES) coaped slides. NOTE: Immunocytochemical staining, using
>standard procedures, of mouse keratinocytés re-confirmed the fact
that the ceils were predominantly keratinocytes {data not shown).-
The time course exﬁérimehts were perfdrmed as follows: The
medium was replaced, 24 hours later, witﬁ medium with or withoqt
the éarcinogen dissolved in 0.5% DMSO. The solvent controls had
medium with 0.5% DMSO in it.'The doses used for the experiments
were as follows : o
- BaP: 100; 150 and 750 ng/plate. DBC: 15; 150; anﬁ 1500 ng/plate.
DMBA: 48; 96; 192; 384 ng/plate. The cultures were,doSed in yellow
light to prevent photo-oxidation of the carcinogen.
DETERMINATION OF MICRONUCLEI LEVELS:
After carcinogen exposufe té or 12 or 24 hoﬁrs), the medium was
‘replaced with medium containing cytochalasin-B (ﬁo obtain
binucleated cells) for 72 hours. NOTE: In ‘all the cases, the

duration of exposure of the cells to cytochalasin-B was kept
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constant. After 72 hours, the slides were washed in PBS and fixed

in 100% methanoi for 2 minutes. The slides were then stained with
acridine orange (Sigma) for 1 minute, rinsed with PBS and mounted
in PBS. The edges of the cover slip were sealed with rubber cement.
MN scored were normalized to the number of-MN in 1000 binucleated
cells. NOTE: Thevdose response experiments, for combined adduct and

MN measurements, were performed after carcinogen exposure for 24

hours (BaP/DBC/DMBA) and for 6 hours (DMBA). The cells, for the DNA
adduct analysis, were trypsinized and kept frozen at -80°C for

subsequent DNA isolation and *P-postlabelling. The cells for the
' determination of MN levels were treated and analyzed as for the

time course experiments.

2p-POSTLABELLING
"ISOCLATION OF DNA:

DNA was isolatedvfoilowing-the phenol‘é#traction procedure of
Gupta et. al., 1984 with some modifications. The cells, kept frozen
at -80°C in 15 ml centrifuge tubes, were thawed out and 1.5 ml of'
" 1% SDS-EDTA waé added. The cells were triturated a few times using‘
a Pasteur pipeite to disaggregate the cells. The cells were
transferred to numbered Corex tubes and 24 ul of 1M Tris buffer [pH
7.4] was added. Tﬁe cells were ﬁomogenized using a Brinkman
homégenizer [Position 4] for 10 seconds. The samples were stored in.
ice during this procedure. The homogenizer was rinsed thoroughly
between samples to avoid'éross-contaminaticn. This procedure was
followed by the addition of 30 xl of RNase A [10 mg/ml) and 10 pl

of RNase T, [S'u/pl]. The samples were vortexed and incubated at
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37°C for 1 hour. After 1 hour, the aamples were taken out of the
incubator and so‘ﬁi‘bf Proteinase K [10 mg/ml] was added. Tha'
éamples wefe again vqrtexad ahd returned’to the‘37°c‘incubator for
1. hour. After 1 hour, the samples wéfe réturned to ice and 1.2 ml
of cold phencl [satufated with 20 mM TRIS] was added to each
sample. The samples yeré vartexed for 10 seconds and then‘spuﬁ,‘in
a 4°C centrifuge [éorvall 5B Refrigerated Superspeed Centrifuge
with a SS34 rotor],lat 7000 rpm for 10 minﬁtes. The top phase, from
each sample, is transferrad to a correspondingly numbered Corex
tube. It was critical to make sure that the thick interphase was
not taken w1th the top phase. Phenol and Sevag (1.2 ml) in the
ratlo of 1:1 was added to each sample. The samples were then
vortexed and spun at 7000 rpm for 10 minutes.'The top'layer was
then transferrad to a fresh Corex tube and 1.2 mlyof Sevag was
added. The samples were vbrtekea, spun and the top was»tranSferred
ta'another Corex tube. The samples were placed oh ice and 100 ul of
4 M LiCl and 10 pliof'glfcogen”[30 ug/pl] was added and vortexed.
Thia procedure was followed by the addition of 1 volume of cold
ethanol. The tubes were mixed with a shaking motion and then
incubated at -8b°c for 15 minutes. The samples were spun at 7000
.rpm for 10 minutes.‘fhe 100 % etbanol was poured off and rinsed

twice with cold 70% ethanol. The tubes were inverted and placed on

absorbent paper and dried. The DNA pellet was then dissolved in 20—
30 ul of 1/100 SSC-1 mM EDTA solution.
HYDROLYSIS: |

NOTE: All the samples were labelled ncarrier-free” [see explanation
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below] with the addition of apyrose. This variant of the ¥p post—v
labelling assay does not requiré thar the conceotration'of DNA“be
known prior to:labelling; | o

" The microfuge tubes [1.5 ml] were numbered [1A, 1B v......8A,
8B] so that each sample‘ﬁos done in duplicate. The eniyme digestion
cocktail was prepared for 18 samples [two more than what was needed
tc make up for loss of enzymes due to pipetting errors)  as
indicated below: |

2 pl enzyme mix containing 0.25 MN unit and

2.5 pug SPD . % 18 samples = 36 ul
2'u1_5x salts; pH = 6.0 X 18 samples = 36 ul
2 pl H,0 o ' x 18 samples = 36 ul

The- components were mixed 'in a 1.5 ml microfuge

tube, spun down and placed on ice. . |
The hydrolysis cocktaii (6 ul] was rransferred to_éach'numbEréd 1.5
ml tube. All the tubes wére then placed on ice. Then,‘tho vials
containing the DNA’samples; stored at -80°C, were thawed and
transferred to the micro-centrifuge. The DNA sampies were spun down
aﬁd 4 pl of the appropriate DNA samplé was transferred to .each
tube. [NOTE: ThevDNA:samplés were vortexed between taking aliquots
for ‘the hydrolysis. This procedure served to -‘decrease the
variability in the results betweenldﬁplicate sahples]; The numbered
tubes, containing theuhydrolysis cocktail and the 4 pl of‘bNA were
vortexed, contrifugéd and placed on ice.'Thoﬂsamﬁles were incubated
at 375C for 6 hours. After é hours, the samples were stored at -

80°cC.
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CARRIER FREE LABELLING:

| In this variant of the 32prost labelling assay, the ¥p-ATP was
limiting and the nucléotides were in vast excess. Under these
conditions, the nudleotides were iabelled based on the affinity of
polynucleotide kinase [PNK] for the substrate. Surprisingly, the
adducted nucleotidés Qere 1abelled in preference to ﬁhe noermal
nucleotides. A modification of the‘carfier-freé labelling aSsay was
adopted by the ‘addition of apyrase. This eﬁzyme aided in the
complete transfer of radiolabelled phosphate in the ATP t6 the
nucleotides. [NOTE: Under my experimental conditions, it was
'obsgrved that failure to add apyrase to the labelling.cocktail

resulted in-complete transfer of radicactivity to the nuéleotides].

LABELING COCKTAIL:

p-aTP! x 18 samples = !

_ 0.28 ul PNK X 18 samples = 5.04 pl
1.5 ul PNK buffer x 18 samples = 27.0 pl
10 mM Bicine
buffer’ x 18 samples =2
TOTAL 8 pl/sample x 18 samples = 144 ul

[NOTE: 1. The volume of *P~ATP to be added depended'dn the specifiq'
activity of radiolabelled ATP on that day. Zob-uci/activity of *p-
ATP = Volume of ATP to be added/samplé.

2. Bicine buffer was added to méke up the volume to 8 ul/sample].

All the components of the labelinq cocktail; except the ¥P-ATP were
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added te a 1.5 ml microfuge vial and placed on ice. The isotope,
stored at f20°C, was ﬁaken out and left to thaw at the workstation.
ihe required volume of'rediolabel was thep-transferred to the
labelling cocktail vial, vertexed énd"spﬁn down. The hydrolyzed,
DNA samples were thawed ocut and placed in‘the plexiglass, microfuge
helder. The labeling cocktail [é pl/sample] was added to each DNA
sample, vortexed aﬁd spun down. The samples were then transferred
to a glass microfuge storage container and incubated at 37°C for.40
minutes [PRECAUTIONS: All activities at the workstation were
performed with suitable personal protective equipment i.e. gloves,
lab coat and arm sleeves. The viale, at the workstation, were
manipglated with long fefceps. The automatic pipettors were
' ‘shielded‘with piexiglass.‘Personal monitoring was performed through
badges on the lab cqat and ring badges. The Geiger-Meeller counter
waslused to check for contamination througheut'ihe labelling].
Dufing the ineubaﬁion period,ithe Polyethylene Imine [fEI] plates
were prepared‘for the normal nucleqtide analysis [two plates=-5 x 20
.cm.}each; one 10 x 20 cm plate, please see below], adducted
nucleotide analysis [D1] [10 x 20 cm].‘wicks [20 x 30 cm long and
2.5 ¢cm X 20 cm] were attached to D1 and the two 5 x 20 cm plates
respectiveiy.‘In addition, the vials for the normal nucleotide
-analysis, were numbered and 746 ul of 10 mM Bicine buffer was
added.'These Qiais‘were then stored at 4°C;'After the 40 minute
incubation, the samples were taken out of the 37°C incubator. and
then G.pi [17.3 u)ulj of apyrasefwas edded to each sample. The

samples were returned to the incubator for another 40 minutes.
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After 40 minutes; thevsampleé were removed from the 37°C incubatof
and transfefred'to the plex;glassvmicrofuge holder [back rowj.
Then, 4 pl of each sample Qas transferred to the Qial containing
746 pul of Biciﬁe buffef, vorteXed‘and spun down. These samples were
left in the centrifugé till the D1 spottiﬁg was completed. \
The D1 spotting takes apprqximafely 80 minutes. In t&is
procedu;e,'ls ul df each sample was withdrawn and spotted over.the
origin, [origins, 1.1 cm apart;‘I cm from the edge and 1.5 cnm from
the bbttOm, for the 16 samples were marked during the 40 minute
inéubation;'fluérescent paint was used td mark the plates for
Vsubseqﬁent identification and a;ignmentj. The spotting was done as
slowly as poSsibie. The drop was allowed to be formed at the tip of
‘the pipette:and it was placed on the PEI plate. Sufficient time was’
allowed for the solution to épread out and care was taken to see
that éach drop was placed exactly over the origin{ After each
sample had been spotte&, the spots were dfied using a dryer. Once
the'spotting‘for all the samples wvere compleﬁed,_the D1 plate was‘
hung inside a chémber in the hood and allowed to develop overhightv
in 1.1 M LiCl (D1 sclvent]. [NOTE: Care was takeﬁ to see that the
D1 development times were kept as close to 14 hours as possible].
The samples, for the-ndrmal nucleotide analysis, were reﬁoved from
the micro-centrifuge and placed in the microfuge vial holder. Then
5 pl/sample was applied to each sheet [3 sheets) a£ the'appropriate
origin (origins marked 1.2 cm apart; fluoreséenﬁ‘paint.used for
‘marking thé plates for Sub5equenf-identifiéation‘aﬁd alignmeﬁt}.

After all the samples had been spotted, the sheets were developed
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briefly in ﬁgo and one'sheetv[lo x 20 em‘i was deVeieped.ih'o.ls M
NaH,PO, while the other two sheets (5 x 20 cm each with'z;s X 20 cm
wiéke attached] were developed in O.éS'H LiCI..After development,
the'plates‘Were.dried', the wicks were cut_end the piaﬁes were
returned to the plexigiass plate hqlder.' -
Aftergovernight_develepment, the D1 chrematograms wefe removed
from'theesolﬁedt and-the‘wick,was‘cut and:discarded carefully in
the‘High Levei Waste container; This précedure‘weé perforﬁed behind
plexiglassl-shielding and fhe ‘EEromatogram was  hand1ed ~using

forceps. It should be remembered that wick retains 99%. of the

radioactivity. The Dl‘chrdmatograms were dipped very briefly in
water and then dried. [NOTE: Prolonged‘rihses in wate: were causing’
the ?latee to flake off and hence were avoided]. The plates for the
normal nucleotide analysis as well as the D1 plates>were exposed to
X-ray film in caseettee Qith intensifyiné se:eens. The - films .were
exposed for 10 minutes. The plate developed in‘eodiﬁm phosphate
indicated the extent of hydrolysis by MN-SPD [test of the efficacy
of these hydrolytic enzymes]; the extent of labelling of the
nucleotides [test of the effiqecy 'of PNK and PNK buffer and
epyrase] and the presence/absence of DNA in each eample} The plates
developed in LiCl will be used'td.quantify the normal nucleotidesl
in each sample [see below]._The D1 solﬁent permitted only the
migration of normai nueleotidee and the'adducted nucleotides were
retained at the origin. The D1 chromatoéram_was marked'(1.7§ cm
- from the ofigin) using the autoradiogram as the templaﬁe{'Each spot

was then cut into rectangular pieces and transferred to 10 x 10 cm?
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PEI sheets. These sheets had their origins. 1.5 cm from the bottom
and 1.5 cm from the edge] and identification marked. The cut out
was placed such thét the two origins aligned and the D, was from
ieft to right. The cut outs were attached to new sheetsnwith
magnets and hence this procedure is referred to as the magnet-
ilmédiated transfer technique. The D, chromatograms wefe‘developed
briefly iﬁ‘water and then developed, four plates/tank, in D, solvent
(Dy = 85% (3.6 M Lithium"Fdrmate, -3.5 M Urea) + 15% °H,0]. The pl.ates
were developed té the top of the chromatograms.\Aftet dévélopment,
ﬁhe plates were placed,iﬁ baking trays with'1/2".de-ionizéd water
and washed twice [7 mihutes/wash], After the two washes, the plates
were dried. The D, solvent was_poured out and the tanks were rinsed
prior to the addition of D, solvent [85% 0.8 M LiCl; 0.5 M TRIS-HCL;
8.5 M Urea) andﬂlsflﬁgo. The plates were preAdevelqped‘iJ1P§O and
the ChromatogramS'weré developed in the D; solvent in a direction
which was-at.rijht angles to the D, front. The'chromatograms were
developed to the top;lwashéd twibe in ﬁﬁb [7 minutes/wash] and
dried. The D, solvent was poured off, the tanks were‘finséd in °H,0
and replaced with D; solvent [1.7 M NaH,PO,, pH 6.0]. A 2.5 cm
Whatﬁan #1 wick was attached to the top of each plate [Ds]. The Ds
plates were developéd briefly in ‘H,0 and developed subsequently in
the D; solvent [éame direction as ﬁhe D, solvent front]. The plates
- were dried, the wicks trimmed off, and transported to the dark room
where they [4 plates/cassette] were placed in cassettes with
intensifying screens énd'exposed to X-ray film. [Note: Befdre, tﬁe N

. plates were put in cassettes, the activity on the plates was
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checked using a GM counter. This was done to estimate the exposurel
times for autoradiography. In addition, care,waé taken to see that
the marks for idehtification and alignment were in pPlace]. The
cassetﬁés {4 cassetes/l1l6 samples] were returned to -80°C freeze:
siﬁée the filﬁs were more sensitive to radic-activity at lower
temperatures. The films were usually exposed for 2-3 days.

After 2-3 déys, the films were removed and processed [X-ray
processor]. The épbts corresponding to the adducﬁs were éircled and
numbered [on the film) and corresponding spots in the chromatograms
were circléd. and 'cuﬁ. .These cut-outs were transferred into a
‘correspondingly numbered scintillation vial containing 5§ ml of 70%
ethanol. In addition, the spots corresponding to the normal
nucleotides were numbered and circled on film and the corresponding
spots were cut out from the'chromatograms. These cut-outs were also
transferréd to scintillation vials. The vials were taken to . the
scintillation countef‘éndvcounted using a computer program which
had already been set Qp for counting **P-radionuclides. The relative
| adduct labelling[RAL].ﬁas determined using,the following fofmula:
o ¢pm in adducted nuclecotides

"<RAL> = mmmmmeeeee e x 107
cpm in normal nuclectides x 750
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FIGURE 1

SPECIFIC AIMS

1. Determine the ability of BaP, DBC, and
DMBA to cause chromosome damage in
mouse keratinocytes as measured by
micronuclei frequencies.

2. Establish dose-response relationships
between carcinogen-DNA adducts and
micronuclei for BaP, DBC and DMBA.

3. Evaluate the role of carcinogen-DNA
adducts in the formation of micronuclei.
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RECOVERY OF PLATED CELLS (%)
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OPTIMIZATION OF BINUCLEATED CELLS FOR THE
MICRONUCLEUS ASSAY FOLLOWING SKIN PAINTING
OF ACETONE AND PLATING OF KERATINCCYTES ON
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- FIGURE 6
IN-VITRO EXPERIMENTAL DESIGN
FOR MN AND DNA ADDUCT

- ANALYSIS

EXPERIMENTAL | -

DESIGN:" 24 HOURS
ISOLATION OF MOUSE MEDIUM REPLACED EITHER
KERATINOCYTES WITH FRESH MEDIUM, OR
DAY 1 - | MEDIUM WITH 0.5% DMSO,

'OR WITH MEDIUM CONTAINING
VARYING DOSES OF BAP, DBC

AND DMBA
6/12/24 HOURS
| | | o \ CELLS
MEDIUM REPLACED WITH | - FOR DNA
MEDIUM CONTAINING 3 ug/ml 72 HOURS ADDUCTS
OF CYTOCHALASIN-B \ SLIDES HARVESTED
AT 72 HOURS

SLIDES STAINED
- WITH ACRIDINE ORANGE
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BINUCLEATE FRACTION AND MN INDUCTION BY
7H-DIBENZ[C ,G]CARBAZOLE IN MOUSE KERATINOCYTES
FOLLOWING IN-VITRO INCUBATION FOR 24 HOURS.
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MICRONUCLEI INDUCTION BY DBC IN MOUSE
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MICRONUCLEI INDUCTION BY DMBA IN MOUSE
KERATINOCYTES AT VARIOUS TIME POINTS
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GRAPH INDICATING THAT THE BINUCLEATE FRACTION
IS SIMILAR AT 72 HOURS, FOR CELLS GROWN ON SLIDES

AS WELL AS CELLS GROWN ON DISHES
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DATA FOR 7H-DIBENZO[C,G]CARBAZOLE

- [DBC] 24 HOUR EXPOSURE
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MICRONUCLEI/1000 BINUCLEATED CELLS

SCATTER PLOT OF INDIVIDUAL DATA POINTS
FOR CONCOMITANT DETERMINATIONS OF

- DBC ADDUCTS AND MICRONUCLET IN
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MICRONUCLEI/1000 BINUCLEATED CELLS

SCATTER‘PLOT OF INDIVIDUAL DATA POINTS
FOR 7H-DIBENZO[C,G]CARBAZOLE [DBC]
‘ ADDUCT 2 VS MICRONUCLEI
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® " FIGURE 20

The Spearman
rank correlation
coefficient for
adduct 2 vs

- micronuclet is

. 0.3488.

0 \ o . |

-5 o 5 10 15 20
ADDUCT 2 [RAL x. 107 NUCLEOTIDES]

T 49



MICRONUCLEI/1000 BINUCLEATED CELLS

SCATTER PLOT CF INDIVIDUAL DATA POINTS
FOR 7H-DIBENZO(C,G)CARBAZOLE [DBC]
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g FIGURE 21
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MICRONUCLEI/IOOO BINUCLEATED CELLS
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MICRONUCLEI /1000 BINUCLEATED CELLS A
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MICRONUCLEI/1000 BINUCLEATED CELLS

SCATTER PLOT OF INDIVIDUAL DATA POINTS
FOR 7H-DIBENZO[C,G]JCARBAZOLE [DBC]
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MICRONUCLEI/1000 BINUCLEATED CELLS
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DATA FOR 7,12-DIMETHYLBENZANTHRACENE

' [DMBA] 24 HOUR EXPOSURE
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MICRONUCLEL/1000 BINUCLEATED CELLS

SCATTER PLOT OF INDIVIDUAL DATA POINTS

FOR CONCOMITANT DETERMINATIONS

OF DMBA ADDUCTS AND DMBA MICRONUCLEI
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DATA FOR 7,12-DIMETHYL BENZANTHRACENE
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EFFECT OF 7,8-BENZOFLAVONE [I] ON

DBC AND DMBA-INDUCED MICRONUCLE]

£ 1 (1TuM/ml) 99 +/-11 |

I (1uM/ml) 59 +/- 3

TABLE 1

- DBC | | DMBA
TREATMENT TREATMENT |
SOL. soL.
CONT. 67 +/-15 CONT. - 68
[DBC] | [DMBA]
400 ng/ml 131 +/- 19 128 ng/ml 108
[DBC+I] | [DMBA+I] )
400 ng/ml 128 ng/ml

+1 (1uM/ml) 100

| (luM/ml) 76
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