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ABSTRACT

. —-ARYL HYDROCAR?ON HYDROXYLASE (AHH) ACTIVITY IN
MOUSE, RAT, AND HUMAN MAMMARY TUMOURS

’ ' . by

-
-

Michelle Elizabeth Mason

AHH activity was measured in microsomes from diethyl-

4+

st11bestrol- and chemically-induced and spontaneouslv—arlslﬂg
manmarv tumours from d*ffe;enu strains of mice, dlmethvlbenz—
[a]anthracene-lncuced mammary tumours from Sprague-Dawleyv rats,
and human breast tumours. Basal enzyme act1v1t1es {(pmoles 3-
hvdroxyvbenzo [a]pyrene formed/mg proteinfmin) ranged from
0.005-10.0 for mice, 0.005-0.5 for rat, and 0-40 for human
tumours. Mean bassl hepatic AHH activity in tumopr—beéring
mice was 200 and was 15 for tumour-bea;in§ rats. Thus, 3ome

human tumours had higher activity than rat liver althoug..post
had very low ér nondetectaﬁle AHH. AHH in mouse ;Lmours
increased 7 to 12-fold over basal levels when genetically
"responsive” mice were iﬁjected with 80 mé/kg beta=-
naphthoflavone (BNF). No significant increase in AHE tumour
activity was seen when—genetically "non—resgonsive" mice were
similarly treated. AEE activity in rat tumours was induced
to levels 70-fold over basal activity after BNF-treatment.
Additién of 10 %M aiphanaphthoflavone (ANF) to the incubation
medium paftially inhibited AHH in ﬁost tumours from all 3
spécies,_but oécasionally caused apparent stimulation in

. - - - o
human tumours. Basal AHH activity was consistently

i1



enhanced in fumours from non-responsive mice in the presence
of ANF.  AHHlin all tumours Irom BNF-treated animals was

partially inhjiibited by ANF. There was no correlation

..

between liver{ AHH and tumour AHH in the same animal nor

any correlation between AHH and tumour weight or degfee of
necrosis. /Human tumour AHH was not correlated with estro-
gen—rece?tor content. Mammary tumours of all species‘Qere
very heﬁeroéenous in activity ané multiple tumours in the
same animal often differed widely in activity. ;eriai
transplants.significantly decreased variation in mouse
tumour AHH activity‘indicating some selection by‘the host

for étable éﬁb—populations. Certaip chemotherapeutic agents
(cyclophdsphamide) are substrates for mixed-function oxidases
which may activate Qr inactivate drugs; thus, high AHH act-

ivity in certain human tumours mayv have important implications

for the-iocal metabolism ofichemotherapeutic agents within the
‘tumour itself. A study of a samﬁle of human breast tumours
assayed revealed a possible correlation between AHH activity'
ané response to chemotherapy. In the future, a more defin-
itive assessment of the possible prognostic value of mono-
oxygenase assays on human tumours could be made when more

time has elapsed to allow for evaluatlion of patients in

relapse or remission.
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CHAPTER: I
INTRODUCTION : .
A. OVERVIEW OF THE ENZYME SYSTEM

Arvl- hvdrocarbOn hvdroxvlase<fAHE) is one of a group _

membrane-bound mlcrosomal monooxvgenases that metabolize a
wide variety of compounds lnclndlng drugs, steroids, aqd
polycvelic aromatic hydrocarbons (PAaH). These microsomal
mixed-function oxidases (MFO) reguire NADPH and oxygen,:and
contain different forms of cyvtochromes such as P-450 and
Pl—450. Because of the memb;aﬁe-bound natu;e of these
systems théy have been éifficu1£ to purify and their reaction
mechaniém is not completely understood (Heidelberger, 19?5}.
They ar ery non-specific and carry ou£ aromatic ring )
hvdroxvlia ns, N-hydroxylations and oxidative demethvlations
of a great variety of substrates including endogenous sub-
strates such as steroids and fatty acids, as well as xeno-
- biotics such as polycyclic hydrocarbbns_and insecticides
(Gillette et al, 1972).

"The mixed-function oxidases are found in greatést
guantity in the major organ of metabolism of Qenobiotics, the
liver, but are also detectable in other tissues especially
those associated with portals of entry. Some examples include
lung, kidney, intestine, adrenal, brain, uterus, lymph nodes,
bone marrow, and mammary gland (Thorgeirrson and Nebert, 1977;

Mattison and Thorgeirrson, 1978; Pvsh and Okey, 1978).

The normal function of this system 1s to convert



-~

lipid-soluble substances to more water-soluble subgtances{‘
‘-which can be excreted as suchAqr conjugated with more polér
groups and then excreted, an ove;all process of "deﬁoxi—' .
ficatioﬁ“. Figure 1 demonstrates the complexity of the -

~

enzvme sfstem. NADDE supplies redﬁcing equivalents that
ultimately reach a trimolecular comélex composed of‘cytochrome
P-450, a substrate such‘as benzo[a Jovrene, (BP), and molecular
oxvgen. The incorporation of one atom of molecular oxygen into
an aromatic substrate results in an arene oxide: with an alkyl
substrate theAresult is an epoxide. These reactive inter-
.mediates can: 1) rearrange spontaneousiy to form z phenol,

2) be converted e;zymatically to 2 trans-hydrodiol or
glutathione conjugate, or 3) become convaiently bound ta
.cellular nucleic acids and proteins. The phenol c¢an also

be conjugated with UDP glucuronic acid. .Cenjugation of the

products makes them more polar than the parent substrate,

oxide, phenol, or dihydrodiol and, therefore, are more readily

~

excreted (Thorgeirsson and Nebert, 1977).
) The écheme putlineé in Fiéuf@“l illustrates the pos-—

sible importance of steady state levels of reactive inter-

mediates. Those not converted to inactive products by one of

the above three pathways may interact with critical ﬁargets

with toxicity, mutation, and cancer as possible end results. A

dglicata balance.exists in each ;issue;\EPen, between enzymes

that "activateh and those that “detoxiff"- This balance may

be effectively altered by dilferences in genetics, age; hormonal

status, nutritional balance, circadium rhythmicity, and enzyme

stimulation or inhibition due to various drug-drug interactions.



Figure 1. Séheﬁe for the membrane-bound multi—-
cOmpoﬁent monooxygénasersystem(g) andé tﬁe various possibly
important pathways for metabolism of hvdrophobic substrates.
For any given substrate, the relative rates of kl thréu
klO are currently not known and most likely differ among

different tissues, s+Fains, ané species; age, nutritional

balance, hormonal shatus, diurnal variations, and pH all

possibly may be important factors in altering the various

rates. Modified from Thorgeirsson and Nebert (1977).
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Another property of this enzvme system is that it
1s highly "inducible". Many of the ﬁenobiotics that act as
'.subs;fgﬁes for the enzyme system are also good inducers of
‘One oi mofé forms of cytochrome P~450. Chemical structures
of PAH commonly used for induction of MFO activity‘aépear.in
Figure 1A. .h decade'ago, oﬁly two forms of cytochrome P-450
could be experimentally demonsirated (Coﬁney, 1967); tocayv,
the number of forms of P-450 able to be experimentally
characterized exceeds ten and as‘research'techniques improve,
many more may be found (Nebert ana Jensen, 1979). -

éenerally, five basic criteria are use&'for-charactesx
ization of the cvtechrome P-ésb'form present: 1) functional

characteristics based on differences in catalytic properties. .

with specific reference to substrate-specificity, 2) spectral
) - .

characteristics, specifically the Séret peak position after
prepafations are reduged and combined with carbon monoxide,
3) the temporal expression of increased ‘enzvmé éCtivities
following treatment with inducing agents, 4) physical
properties such as molécqlar weight obtained via electro-
phoresis, and, finally, 5) susceptibility:to various enzyme
inhibitors such as alphanapthéflavone anq metfrapone-v*
Generally, cyvtochrome P-450 de?otes-collectively all
forms of membrane-bound hemoproéeiﬁé\associated with NADPﬁ—

dependent monooxvgenases and capable of-«binding carbon monoxide

5
when reduced. Cytochrome P,-450 is arbitrarily defined as the
polycveclic aromatic~inducible form (subclass of P-450) most

closely associated with PAH-induced AHH activity. The onto-
genesis of inducible AHH corresponds well with increases in a
~

-

~
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Figure 1a. Chemical structures of polv-
cvclic hydrocarbons commonly used for induction of

MFO activity.

i
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‘SGOOO—MI électrophoretic band. Pl-450 is not considered

Hh

the 'same as cytochrome P-448, arbitrarily defined as the

-

polycyeclic aromatic-inducible IZorm most closely associated
with the greatest hyposochromic shift in the Soret peak

of the reduced hemoprotein-CO . complex. Induction of the

N, |

P-433 form of the cyvtochrome occurs later temporally and is
characterized by increased synthesis of a S4000-Mr electro-

phoretic band (Guenﬁhner and Nebert, 1978).

pages\,references will be mace
N o
i . '

forms of the enzvme: that form of
[

the enzyme found in 3-methvlcholahthrene- (MC) or PAH-treated

In the followin

1]

basically to two differen

¢t

responsive animal strains designated cvtochrome P,-450 and

1
that form associated with cvtochrome P-450 found in. control
or phenobarbitol-treated animals. The two main criteria for
characterization of'thebenzyme form present will be based on
differences in catalvtic properties with specific referencé
to.benzo[a]pyrene and susceptibility to various classes of
inhibitors. "

Nebert and.co—workers have done extensive work
concerning the geneéic regulation of these enzyﬁe systems in
inbred strains of mice (Nebert et zl, 1878). Onsa form of
cytochrome P-450, cytochfome Pl—450, is highly inducible by
PAH such as benzo[a ]pvrene and ¥C. This induction occurs
only in genetically "responsive" inbred mouse strains, the
protbfype 6f which is the C573L/6 (B6). Induction of this
form of cytochrome (91—450) by PAH is absent in liver and

markedly decreased in other tissues of the "non-responsive"

inbred mouse stréins, such as DBA/2 (D2). This "responsiveness”



/

to aromatic derocarﬁ&gg has been designated the Ah locus
(Nebert et al, 1972). )

An important product of the Ah (regulatory) locus
in the mouse is a cytosolic receptor (Poland et al, 1976;
Guenthner and Nebert, 1877; Carlstedt-Duke et al, 1979;
Okey gﬁ al, 1979) capable oI binding to certain PAH inducers.
Such an inducer—receptor‘COmplex in some manner activates
structural gene(s), thereby leading to an increase in
synthesis of enzymes which metabolize the inducers and

other related hvdrophobic substrates as well. During this

metabolic process, as previously described, reactive inter-

‘mediates may be generated. The prcoduction of such inter-

mediates is greater in "responsive® tissues than in “"non-
responsive" tissueé resulting in genetic differences in
cancer, mutagenesis, and toxicity. A schematic representa-
tion of these events is given in Figure 2.

A reliable, simple, and very sensitive assessment
of'aroﬁatic hydrocarbon responsiveness.following ﬁreatment
animals with PAH inducers is the aryl hydrocarbon hydroxy-
lase enzyme assay. Using A¥H induction as an indicator of
phenotype at.the'gg locus many inbred strains of mige.have
been studied; roughly half have been found to be “responsive".
Extensive genetic crosses between the various mouse strains
have shown the induction of AHH and cyvtochrome Pl—450 to be
expressed in different ways.‘ Inheritance patterns of the Ah
locus range from simple Mendelian inheritance where expression
of AHH activity is inherited as an au£osomal dominant trait,

. -

to additive or gene-dose inheritance, or to inheritance where
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vpothetical scheme éepicting a cell in

Figure 2. Hy
Ghich poiycyclic aromatic inducers evoke a pleiotypic response
contrelled by the Ah chusﬁ TCDD,_MC, BNE, and BP intéract
£ The

with the cytosolic receptors with. differing affinities.

inducer-receptor complex, t&anslocated into the nucleus,

becomes the “effector“, which interacts with DNA causihg
induction of the synthesis of a variety of enzymes. One
protein which subseguently may be induced is the regulatory
gene product of thelég locus itself, the: cytosolic receptor.

Most inducers are in turn metabolized by the énzyvme(s) induced
Reactive metaboliftes may bind

and by other enzvmes not shown.
covalently in the same cell or in other cells or other tissues

to critical subcellular targets associated with tumours,
Reactive and nonreactive metabolites

mutation, and toxicity.
. »
and conjugated products as well, are excreted from the cell

(Modified from Guenthner and Nebert, 1977).
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-
lack of AHH induction is aom;nant. '$he simplest genetic a "
model to explain the results from‘genetic crosses would
require a minimum of six alleles and two loci (Thorgeirsson
and Nebert, 1977)}. Ihe important point to be ﬁade from this
discussion is that the magnitude of AHH and cytqchréme Pl—450
inductiop by PAH;appears to be genetically :egﬁlated in most X
tissues of the\chse (Nebert gg_éi, lS%S)f
The liver is by far the most active site for the bio-
‘transformation of arugs and other xenobiotics to which the
?ody is exposed.. t was for this xreason the tissue was of
interest in the earlv sﬁages of characterization of the
enzyvme svstem. It soon become apparent that the enéyme
system was present at other sites in the bodyv, especially
those exposed tolPAH, anéd was inducible not only in the liver
but in the gastrointestinal tract, kidneys, skin, and lungs.
The examination of AHE in extra-hepatic tissues may be of .
importahce in local production cf reactive metabolites in

those tissues where tumours are frequently initiated.
B. ENZYME STUDIES IN TUMOURS

:‘Examination of AﬁH activity in tumours has, so far, ™~
been goncentrated on the "minimal deviation” hepatomas,
Morris hepatomas t%atanabe et 5;; 1970), the ascites form of
the. Novikoff hepatoma (Saine et al, 1978), and transplantable
solid liver tumours_5123 t.c., 5123 t.c. (H), and 7288 ct. c.
(Strobel et gl,a{§3§4\?ave been examined for adtive*MFO systems
capable of metabolizing a variety of .drugs and polycyciic hydrog

carbon substrates. Generally, results indicated that the
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enzyme systems .present were, at best, 40 Percent as active as
those found in correeponding livers. The hepatomas did, howevef,:
possess an intact, inducible mieiosomal enzyme system capable
of'hféroxylating benisia]pyrene and other substrates. The afore-
mentioned fesearchers/gelt that tﬁe presence and functionality of
a drug—metaboll21ng enzyme system was an 1mporeant finding and

one that. may have smgnlflcance t0o successiul chemotherapeutlc:

management of.metastatic dised

- Many of the chemotherapeutic
agents administered in treatmenﬁgof cancer requlre metabolic
acelvatlon v;a the mixed-function mono-ow&genase before their
anti-tumour effects are elicited (Ohira et al, 1975 and Eilf

et al, 1970). As the tumour system also functions in drug
metabolism it mav be a significant site of 'second—pass" and‘
local activation of some chemotherapeutic‘agents-

Beceuse of the prevalency of human\preast cancer;
varied_enzyme studies in human breast tumoursfhave been under-
‘taken (reviewed in Deshpande et al, 1977 and-Coqmbes, 1878} .

The research in this are has been directed towards a search

for biochemicel parameters] that will assist in predicting

the clinical course of thekéisease. Much of this work has

cencentrated on serum enzyme levels in cancer patients as well

as on the enzyme levels of the carcinoma itself. The most

frequent alterations in plasma enzymes in cancer patients are

due to secondary;effeets of the tumour on normal tissues, but

occesionally ﬁhey.represent.release of enzymes by the neoplastic
A .

tissue itself.- Elevated plasma levels of enzymes such as siaiyl

transferase,‘galactosyltransfe:ase, and alkaline phosphatase

have been associated with breast-.cancer although not always
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correlated wigh the course of the disease (Coombs, l978).'
Human breast cancers are also associated with elevated
glvcolvtic eﬂéymes such as lactate dehydrogenase and glucose-
6-phosphate dehvdrogenase éompared to normal breast tissue
(Deshpanéé et al, 1977). Yet, again,'the spreéd of the

disease, as measured by clinical staging, does not influence

the enzvme activities in the primary tumour. These problems

-

are not surprising.in view of the heterogeneity of cell tvpe
of breast tissue including stromal, éuctal alveolar, and
myoepithelial cells whose function and relationship to normal
breast tissue is still undefined.

In the search for biochemical parameters that will
aid in predicting the clinical course of breast cancér, one
can conclude that there is no single tumour index that can
accemplish this and- further studies are required to evaluate
the place of various biochemical markers in detecting metas- |
tases, predicting their response to cEemothgrapy and monitor-
ing the course of the disease.

Bedauge of its relevancy to the human breast cancer
problem, the search for cytochrome P-450-mediated mono- oxvgenase

in mammary gland tumours 1s an important one. The mammary

gland as a site of tumourigenesis in inbred laboratoryv strains

of rodents, whether spontaneously-arising or chemicallyv-induced,

is a well established premise (Dao, 1964). The present study

was undertaken to ascertain 1f a normally-functioning micro-
somal cytéchrome P-450 mediated mono-oxygenase svstem was preseﬂt
in mamﬁary gland tuméurs of mice and rats and in hpman breast
biopsies sent to our laboratory bv the Windsor CliS;%=eéfthe

A\
.

(. f

.



Ontario Cancer Foundation for estrogen-receptor analysis.

Through the use of the AHH enzyme assay, it was hopecd that the
levels and ranges of:thg enzvme activity could be deﬁermineé
in these tumours. Through examination of the patterns of
inducibility and inhibition of enzyme levels in the tumour
microsomal suspensions, information regarding the genetic
regulation of: the enzvme svstem might be revealed. Finally, é:f
by means of relating human tumour AHH level to the patient's
clinical response to treatment, ;t was hopéd that an asseSSmegt'
could be made to determine if AHH activity in the primary

tumour predicts the response to various chemotherapeutic

regimes. ;

i

/



CHAPTER II .

ARYL HYDROCARBON HYDROXYLASE ENZYME ASSAY‘

The arvl hydrocarbon hydroﬁ&lase enz;me;assay
represents a reliable, simple, and very sensitive means by
whieh to determine the level of benzo [a ]Jpvrene hydroxylation
present in a sﬂmple. The fluorometric aseay allows for an
assessment of aromatic hydrocarbon responsiveness following
.treatment of animals with PAX inducers. Benzola]pyvrene, the
substrate for the assay, is metabolized by the mono-oxygenase
system(s) to numerous oxvgen-containing intermediates and
prodﬁcts including convalently-bound metabolites (Nebert et
g;} 1975). It has been found empirically that the relative
amount of 3-hvdroxvbenzo [a Jpvrene formed is a reasonable

estimate of benzo a pyreﬁe metabolism in both liver and non-
hepatic tissue. The fluo}ometgic macroassay for AHH'remains'
the best routine test for the égbfallele. - The procedure
described below outlines the conditiens that were derived .
for‘maximi;ing the enzyme activity detected in tumour micro-

N

somal suspensions.

(=]

A. GENERAL ASSAY PROCEDURES AND CONDITIONS

' Preparation of Tissues

Removal anéd storage of mouse, rat, and human mammary
tumours will be discussed in subsegquent chaéters. Routinely,
all tumour specimens were homogenized in 3 ml TDE buffer per
g tissue using a Polytron PT-10 (Brinkmann Instruments, West-—

bury, N.Y.) at a setting of "5". Four pulses of fifteen

16
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 seconds duration with a forty-£five second cooling period
hetween pulses was the general tissue.homogenization procedure
used. The tumour homogenate was then centriﬁuged 5.10,000 X g
for 15 minutes and the supernatant from this was centrifuged
at 105,000 x g for one hour to obtain the microsomél pellet.
The_microsomal pellet was then resuspended in GPO, buffer
using 2 short, gentle burst of the Polvtron. Generally, for
each g of tissue weight, 0.5 nl of GFO, bgffer was added to
the microsomal pellet, with & minimum resuspension volume of
1.0 ml. All procedures unleés otherwiﬁe indicated were:
carried out at 0-4?C.. The protein concentfation was rogtihely
adjusted so that i£ was between 2.0-15.0 mg per ml as deter-
mined bv the method of Lowfy et al (1951) (see Appendix I);

2} Enzyme Assay

AHH -activity in tumdur microsomes was measured
essentially bv the method of Nebert and Gelboin (1968). The
. reaction catalyzed by the arvl hydrocarbon hvéroxylase system
with BP as the substrate 1is illustrated in Figure 3. The
reaction was carriedout using 100 ul of tumour microsomal
suspension in a2 f£inal incubation volume of 1.05 ml. The
incubation mixture contained: 0.25 ml of G.2M Tris {(pH 7.5),
0.03 ml of 0.1M MgCl,, 0.62 ml distilled watex, 0.3 mg. NADPH,
0.3 mg NADPH, and 0.7 mg bovine serum albumin LBéA).

Routinely, the in vitro inhibitor alphanaphtho-
flavone.(AﬁF) was added in methanol to give a final concen-
trxation of lO_GM in the reaction vessel, at this stage.
where the effects of other inhibitoxs are being monitored,

the final concentration will be indicated in the text.

L
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Figure 3. ‘Current concept of the aryl hydrocarbon
bkvdroxylase assay. The substrate BP is oxﬁgenated to‘aféne
oxides which rearrange nonenzyvmatically to phenols or are
oxvcenated by direct oxygen insertion to phenolic derivatives.
The 3~ and 9-phenols-have the sirongest fluoresence in alkali;
Other_oxygega;ed derivatives of BP, including dihyérodiols and
guinones, are not ﬁeasured by this éssay. Adapted from

Thorgeirsson and Nebert (1977).
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The reaction was initiated by adding 0.1 umole BP
in 50 ul of methanol to each reaction vgssel-' The mixture
was then shaken in 2 warm water bath at 37°C for 60 minutes
in air. d

Thé‘reaction was stopped by addiﬁg £.253 ml of cold
hexane:acetone mixture (3.25:1.0)} and the mixture was in- =
cubated for an additional 10 minutes at 37°C. 2 1.0 ml
aligquot of.tﬁe 3.3 ml organic phase was extracted with 3.0
ml 1N NaOH. The concentration of the extracted, hydroxylated
BP in the alkali phase was determined spectrophotofluore-
metricélly with excitation at 396 nm and emission at 522 nm;
3—hydroxybenzo[a]pyrene, extracted unde; conditions identical

to those of the samples, is used as a standard (see Appendix

~

II). One unit of AHH activity is defined as that amount.of
enzyme catalyzing per minute at 37°C the formation of hyvdroxy-
lated prﬁduct causing fluorescence equivélent tc 1 picomole of
“3-hydroxybenzo [a]pyrene. Enzyme activities were determined

in duplicate and generally were within 10 per cent 6f each
other. The blank was prepared by adding microsomal suspension
to the incubation vessel after the reaction was stopped with

hexane:acetone. A schematic representation of the assay 1is

given in Figure 4.
-

s -

. Microsomgl suspensions prepared from mammary and
liver tissues of tumour-bearing animals were prepared in the
same manner. The enzymedassay of mammary microsomal suspen-
sions was identicai to that of.tumour microsomal suspensions,

whereas, only 50 pl of liver microsomal suspension was added

to the incubation mixture ané samples were incubated for only
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Figure 4. Schematic representation of AHH assay.
The sequence-of events for performing the assay &s outlined..
Components of the incubation flask are indicated, as well as,
the initiation of the incubation process bv addition of the
substrate, BP. After extraction of the phenolic metabolites,

fluorescence can be read at excitation of 396 nm and emission

at 522 nm.
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REACTION MIXTURE .
250 1l 0.2M Tris 0.3 mg NADPH 100. 1 Tumour
30 »1 0.1M MgC12 0.03 mg NADE + Microsomal Suspernsion
620 w1 H,0 0.7 mg BSA (+ 10"% anF)
Add 0.1 pmole B? toi
initiate reaction ﬁ
Y
Shake in dark @ 37°¢C
for 60 min
/
Add 3.23 ml Hexane/l.0 ml Acetone
(& éoc) to stop reaction
i,Re—incubate 10 min €& 37°C
Extract fluorescent products by
vigorously shaking for 5 sec
4.25 ml
Remove 1.0 ml organic phase - | Hexane/Acetone
and add to 3.0 ml NaCh . eff/.
: 1 ml Reaction ,
AN 3w
(1) = direction of extraction) 2 M;:\ture

Extract fluorescent prodq&?s by

vigorously shaking for 30 sec

;-

1.0 ml

Remove 3.0 ml XNaOH and read — ér,Hexane/Acetone

in fluoroReter at: — _
396 excitation o 3.0 ml NaOH

W
522 emission L~/'
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10 minutes at 37°%C.
B. REQUIREMENTS AND XINETICS OF THE AHE REACTICN

1} Incubgtion Mixture Requirements
In Figure SA,.a‘summary of the conditions £for the -

- incubation pfoce&ure is given. The results in Figure 53A-in-
dicated the enzyme haé an absolute reqﬁirement f&f NADPH
whereas, lack of NaADH in the incubation me@ium had no effect
on AHE activity. This is in agreement with results from
hepatic (Nebert and Gielen, 1972) and mammalian céll culture
(Nebert and Gelboin, 19%68) microéomal suspensions. Figure 5B
shows the effect of increasing coqcentrations of'NADPH onn the
reaction. It was thought that due to the long incubation
period of one hour relative to that time used for liver
microsomal suspensions, a depletion of co-factors might occur.
As can be seen in Figure 5B, increasing the amount of NADPH
available to the enzyme over the incubation period, Qid not

dramatically increase AHH activity.

.

Lack of maghesium thoride in the incubation mixture
had no effect on the enzyvme activity as seen in Figuée 5a.
Nebert and Gelboin (1968) reported a divalent cation dependénce
in microsomal suspensions prepared from hamster fetal cells.
The association of divalent cations is thought to be important
for the integrity and functioning of biological membranes.
Nebert anéd Gielen (1972) using mouse hepatic microsomal suspen-
sions reported that- non-dialvzed hepatic or non-hepatic tissues

apparently have sufficient divalent cations nonspecifically
o

asséciated with the microscmal membranes so that additiona
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Figure 5. Factors modifyving tumour microsomal
AHH activity. Microsomes were prepéred firom a DMBA*induced
rat tumour; similar reéults were obtained using mouse and
human tumoﬁr'microsomes. Incubation time was 66 minutes
at 37% unless othergise indicated. Each point represents
the mean of duplicaite determinations.
A. Heat inacitivation was the résult of pre-incubation of
microsomal suspensions at 60°C ana 160°C. The results éf
omitting co-factors from the reaction mixture are included.,
Incubation medium contaihed 0.72 mg microscmal protein.
B. Dependénce of mouse tumour microsomal AHE activity on
NADPH. Each incubation flask contained 0.86 mg protein and -

P
was incubated for 60 minutes at 37°C.
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magn?fffgbié/not necessary. In additional experiments using

microsomal suspensions from-the livers of control and tumour-

bearing mice, magnesium chloride independence was .again

demonstrated (data not shown}. In light of these findings,

lack of dependence of AHE activity on the presence of '
magnesium chloride is expected. . .

aAn additional preregquisite for maximal enzyme
activity is determination of the mogg:favourable pH for the
reaction mixtﬁre. Adjusting the pH of the 0.2M Tris buffé:
used in the preparation of the reaction mixture vielded tﬂe
distinct profile of the efféct of pH on enzyme activity as

seen in Figuré 6. The xénge is fairly broad with AHH

activitv maximum at approximately pH 7.5. The enzyme activity
is relatively consistently high between pH 7.0 'and pH 8.0.
This broad pH opﬁimum for tumour microscmal preparations is
imilar to that found in livér and kiéney (Gielen, Goujon,

and Nebert, 1972) and in the mouse ovary (Mattison and
Thorgeirsson, 1878). Mouse, rét, and human tumour microsomal
preparations yieldéd similar patterns for pH dependency (rat
and human datza not shown).

2)-‘Temperature Dependencé

The thermolability of tumour.microsomal AHH activity
was studied by incubating the enzvme preparation at various
temperatures. The enzyme activity showed a well-defined
temperature dependence with respect’ to both pre—incubation
and incubation-periods.‘ As indicated in Figu&e 5A, heating
the microsomal suspensién to 60°C or lOOOC for 10 minutes

prior to incubation for one hour almost completely inactivated



Figure 6. Dependence of mouse tumour AHH on PHE of

incubation medium. Each incubation flask céﬁ%ained 1.58 mg
_ .

protein and was incubated for 60 minutes at 37°C. {Results

were similar for.rat and human *umour microsomal suspensions.)

rr
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tumour AHH activity; Microsomal suséensions-that were not
pre-treated but were incubated aﬁ 0°c or at 222 for one

hour showeé 4 per cent and 9 per_ceﬁt; respectively, of
control activitv. This temperature dependence is similar )
to that reported by Nebert and Gelboin (1968) with hamster
fetal cell microsomal suspensiops and indicates the enzvmic

i

nature of the reaction.

-

3) Effect of Protein Concentration on Enzyme
Activity

Figure 7 demonstrates the relationship between AHE
activity and tumour microéomal §rotein. The relationship is_
a linear one, between 0.3-1.5 mg microsomal protein. The
linear range for tumour microsomal preparat%fns is somewhét
broader than that given Eor mammary cell’liﬁes, hepatic or
exﬁrahepatic microédmes (Nebert and Gglboin; 1968; Gielen,
Gouijon,.and Nebert, 1972; and Méttison and Thorgeirﬁson} 1978}
but is quite likely attributable to the relatively low AHH
activity found in tumour microsémal preparation as compared
to other tissue types.” The lack of l%éearity above 1.5 mg
microsomal protein might be explained due to depletion of co-
factors and lack of linearity below 300 ug, by approaching
ghe limits of sensitivity of the assay with such low activity
samples. Nebert and Gielen (1972} reported a lower hydr;xy-
lasé!fctivity in mouse hepatic microsomal suspensions if the
reaction mixture contained less than 300 rg of total protein.
The addition of bovine serum albumin improved the specific

activity as it is known to improve the solubility of the

substrate BP. This factor. can be discounted in tumour
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Figure 7. Dependence of mousegtumour AHH activity
on microsomal protein concentration. The reaction was
: | . ~0 ) .
allowed to proceed for 60 minutes at 37 C. ~ (Protein values

do not include 0.7 mg BSA added toJthe incubation f£lask.)
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11l reaction vessels contained

|-

fu

microsomal incubations as

0.7 mg BSA and absende or presence of 3SA did not alter
the AHH aétivity in those samples (data not shown).

4) Effect of Incu:ation Tims on AHH Activity

In order to insufe that the reaction was performed
under.conditions that were linear with respect to time€,
enzyme activity was monitored at several time points during
a two hour incubation period. TFigure 8 shows representative

< -

graphs from tumour microsomal suspensions prepared from mouse,

.

’ratf and Ruman mammary tumours. - In spite of differences in

absolute specific activity among éhe different-tumours, pro-
files bbtained were similar in appearance. As a result of/
the liﬁearity 0f the reaction up to 60 minutes, a 60-minute
incubation period was chosen to ensure that maximum AHE-

produced metabolites were obtained from low activity samples

such as tumours.

C. DISCUSESION

After examindtion of various factors affecting the

. .
-~

enz§me assay in éumou; mictrosomal preparations, 1t can be con-—
cluded that the enzfme system resembles closelv the system
that has been extensively characterized in a variety of other
tissues and strains (ﬁebert ané Gelboin, 1968; Wiebél et al,
1971, l97§; Gielen et al, 1872; Burki et al, i973; Mattison
- and Thorgeirssop, 1978; Fysh and Okey, 1578). Manipulatioﬁs
’*“;of assay variables elucidated the conditions under which to

analvze the multiple samples of mouse, rat, and human mammary

tumours. Having resolved those criteria, experiments were
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Figure 8. Effect of incubation time on tumour
AHH activity.
A, "Mouse Mammary Tumour. Each incubation flask contained

0.76 mg microsomal protein.
B. Rat Mammary Tumour. Each incubation flask contained
0.82 mg protein.

C. Human Mammary Tumour (specimen #£1604). Each incubation

flask contained 0.54 mg protein. .
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undertaken'to‘furtherjcharacterize_the enzyme svstem present

in mammary tumours with specific reference to levels and
ranges of AHH activity, effects of‘induéing and inhibiting
agents as well as any correlations between enzyme activity
and host-associated rarameters such as hormonal status and
general health of the-animal. The results are reported in

the chapters following.

i/
("\,)\
\ |
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" CHAPTER IIT ' &

ARYL HYDROCARBON HYDROXYLASE

IN MOUSE MAMMSRY TUMOURS

The laboratory mouse has been the subject of
1

-

extensive investigations regarding f%g drug-metaboliziég
enzyme systems (reviewed by Thorgeirs%on and Neber§3 1977).
Genetically homogeneous inbred strains of laboratory animals
provide a model withrwhich to examine the patterns of inherit-
ance both of basal and induced AKH levels. The results of
such studies using intercrosses and backcrosses between
"responsive" (C57BL/6-tvpe) and "nqn—responsive“ (DBA/2-tvpe)
strzins indicated that the genetic'reguiq&ion of AHH inductign
in hepatic microsomes ("respensiveness”) by polycyclic hydro-
carbons is quite complex and controlled by at least three
2lleles at two nonlinked loci (Nebert et al, 19875).

Figure 9 demonstrates the extent of hepatic AHH
induction by 3-methylcholanthrene in B6 and D2 mice as a
function of age. As can be seen from the graph, the basal
{(or constitutive) form of the enzyme develops at the same
rate in both mouse strains. The age-dependent response of
AHH indugtion by MC never appeared in the "non-responsive"”
mouse strain as it aoes in the ”resgon;ive"'mouse strain.

Although the predominant tissue of interest was
liver, Nebert's group (Gielen et al, 1972) élohg with others
(Wiebel et al, 1973; Burki et al, 1973; Abramson et al, 15677)
became interested iﬁ extrahepatic tissues, paréicularly those

associated with portals of éntry such as lung, intestine, and

36
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Figure 9. ﬁepatic ievels of the basal arvl hydro-
carbon hydroxylase (AfH) activity and of the enzyme activity
in response to methylcholanthrene (MC) treaimen:t of CS?BL/Gﬁ

{C57) and DBA/2N (DBA) mice, as a function of age. Each

\
filleé circle (® ) represents the mean hydrpxylase specific
activity from individual livers of 6 to 15 mice 24 hours
after the intraperitonea; aéministrétion of 80 mg/kg body

weight MC. Each open circle (O ) represents the mean activity
from individual livers of 5 £o 12 mice 24 hours after treat-
ment with corrn oil alone. The f£illed circles depicting AEH
before birth represent the average specific activity found in
5 or more livers from a litter of -fetuses whose mother had
received MC 24 hours before. " The £filled circles on day zero
indicate the mean activity from individual mice born E?thin

24 hours after their mother recei&ed MC. = Specific activity

on the ordinate represent$ pmoles 3-OHBP.forméd per minute per
mg protein of total liver homogenate. Taken from Nebert et al

(1972). - )
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skin.- The enzvme levels in these tissues are of,parﬁicular
importance as they may activate (or inactiﬁate) potentially
harmful-substances at_tﬁeir site of entry;  Further, these
tissues are targets for chemicallv-induced tumourigenesis
(reviewed by WNebert and Jensen, 1979). ‘Some values for AXHE

activity in mouse hepatic and ncnhepatic tissues are summarized

in Table 1.«

-
()

It was shﬁwn that paréntal or dietéiy administration
‘0f known hepatic AEH inducers increases AHH in certain mouse
-tissues even in "hepatic-non-responsive" éni@als:(wiebel'gg al,
1973 and Burki et al, 1973): Cenetic con?rol of AHH induction
may differ for hepatic anéd nonhepatic tissues. However, in
inbred mouse strains thére is a strong positive association
between high hepatic AHH levels in induced, genetibally_
"responsive” animals and high inducible'levels in Iung, skin,
bowél, and kicdney (Robinson et al, 1974).

Although it is well established that polycyclic

hydrocarbons increase the incidence of mammary cancer in certain
N —

strains of mice (Russfield, 1966), mammary tissue was not

examined for relative basal and induced levels of AHE activity’

until 1976 by Chuang and Bresnick. In an‘attempﬁ to correlate
the ease of MC-induced mammary tumourigenesis with the basal or
induce§ specific actiﬁity of AHH, Chuang and Bre§nick examined
AHH levels in highly fesistant strains such as the B6 mouse

and a highly susceptible strain,lA+/Ki, as well as in inter-
mediate typeé.' Their results iﬁdicated little or no correlation
betwee; induced.aﬁa basal lévels (respectively) of AHH activity‘

and the degree of susceptibility to MC-induced tumourigenesis.
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Table 1. Inducibility of AHH in Hepatic and Extrahepatic

“pissues in "Responsive" (C373L/6N) and "Non-

Responsive" (DBa/2N) Mouse Strainsl )

C57BL/6X DBA/2N
Basal B3 Induced2 R Basal "BA Induced

Liver [51.67  5.0° | 192 + 16.67 | 30.66 % 3.0 | 33.17 % 5.17
Lung 6;93.i 2.17 18 = 3.3 1.87 £ 0.5 11.67 = 1.0
Kidney | 0.08 £ 0.01 4.7 + 0.53 0.77 + 0.01 0.27 + 0.06
Skin® | 2.1 :0.83 |- 19 = 6.33 1.2 + 0.03 | 4.3 % 0.43
1. From Wiebel et al, 1973.
2. Benzanthracene (100 mg/kg) injected i.p. in 0.2 ml corn oil

12 hours before sacrifice.
3. 1Induced by topical application of 300 ug BA in 0.2 mi

acetone to shaven backs of mice 16 hours before sacrifice.
4. X * S.D. of specific activity (pmoles 3-0HBP/mg protein/

minute).

iy
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They attribute the lack of correlaéion'to the multipiicity
and complexity of factgfs responsiple:for mamméry tumourigenesis
in the chemicallywinduced model. These facﬁofs include  the
host's hormone status, éenetic constitution, and activation of
latent mammary tumour viruses known to be involved in mouse
mammary tumourigenesis.
‘ Further work by this group (Chuang et 21, l977),_usin§

mammary cell lines, atiempted to dircumvent some of the above—
////<.‘\‘_ . . . ..

mentioned factors. The cell lines arising from virgin or normal

lactating tissue, malignant fibroblastic/gzhgggzgélial'tumours,

and from hvperplastic alveolar‘nodules oﬁ)&ammary tissue were

examinad for theif response to MC-type inducers in culture.

The cellé were examined for their response to an in vitro

inhibitoxr, ANF, in addition to inducing agents. All lines

were‘responsive o AHH induction by MC, ahd ANF produced S50

per cent iﬂﬁibition in'the specific activity of bésal and

induced AHH activity. Furthermore, one responsive tumour cell

line, when innoculated into the non-responsive host strain, -

vielded mammary tumoﬁfé which were not responsive to MC

administered intraperitoneally.

- Al

The present‘study was undertaken to ascertain if AHH
was present in a variety of mouse mammary tﬁmours, arising -
from different methods of tumour induction. These included
hormone-induced tumours, usiﬁngES, or chemically—indﬁced |
tumours: using BP or DMBA, or tumours arising ”spontaneouslyg'

in normal breeding inbred mice or found in captured wild

Mus musculus. Tumour AHHE activitv.was also éxamined in a




nunber of different strains of nmice. In addition, serial

transplantations of DES-induced tumours and spontaneouslv-

—

-

arising tumours were performed so tHat the effect of such
procedure on AHH activity could be evaluated. The gfﬁects

of BNF and ANF were monitored in most sumours and AmE
activity and responses to thase agents compared to those seen

- in normal mammary tissue.

e -
i
N

~ AL MATERIALS AND METHODS

1) Animals and Turmour Induction

Mice used to provide a source of tumours for assay

==

can be divided  into three groups:

a) C3i#/HeJ mice = These mice wer® reared in our labor-
‘ LN

atory Ircm stock originally purchased from The o

Jackson Laboratory, Bar ﬁarbor, Maine. C3H/Hej

. : . +
mice carry the mouse mammagg tumour wvirus (MMTV ) .
which results in a very high incidence of mammary
tumours (Gass et al, 1974): the so-called "spontanecous"

tumours of a normal breeding population. . Tumours in

these mice routinely appeared between 9-12 months of

age. Some of this stock; at four months of 2 e, were
. g g

isolated according to sex and begun on a diet containing

i)
-

250 ppb of diethylstilbeStrol (DES) into powdered.mouse
chow.. Tumours in tgis gfoup’appeared at approximately
6 months of age and weré rem?ved up gntil one vear of
age. Previous histopathological iﬁvestigators {Gass

et gi,'l974) have shown these tumours to be adeno-

carcinomas.
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b) Mus musculus - Female mice captured in +he "wilg®

_ , -
. were maintained and -bred under laboratory conéiticns.
Upon tumour developrment the mice at approximately

~ .
ten months o; age we“= geherously givex to us by

Dr. M. L. Petras.

c) C3H/HeJ, RF/J, and D33A/2J - Inbred strains of female
mice were obtained from The Jacksoh,Laboratory for
ano?her Studv in our laboratéry studving the suscept-
ibility of different strains of mice to tumourigenesis
bv BP'or DMBA. Starting at sixlweebs‘of age, mice were
injected i.p. with 0.5 mg B? or DMBA over a 21 day
period. Tumours'first appeared at approximately six

months of age and were removed up until one year of

‘age. |

Tumours generallyv were not allowed to exceed 10 per
cent of the anlmal s body weight ang normallv welighed between
1-3 g. Removal at this stage generally enSured that the
tumour was non—necrotlc and firm apd that the tumour had no .
apparent effect on the animal's general health (Kato et al,
1968). As the microsomal Dellet obtalnedkfiom DES=induced
tunou*s was actually a “bv—product“ of cytosol preparation

for use in estrogen-receptor analysis (Kuo, 1978 (thesis)),

as part of this study, hormonal manipulations in the form

of castration were sometimes performed on the animal. After
castration the tumour was monitored for regression for up to

two weeks before removal. DES, which "has sone inhibitive
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properties:on the AHH systen, may or may not have been
removed from #he animal's diet. This will be indicated in
figure legends. ' - i

2) AHH Indiuction in Mouse HMammary Tumours

In experiments testing the induction of ANE mice
were injected 1.p. with 80 mg BNF per kg body weight in corn
oil for two congecutive davs Pricr to sacrifice. In some’
'mice;:a section (0.3-1.0 g) of the tumour was removed under
ether anesthesia and the incision closed with wound clips
prior to injection of BNF. This served as the control
enzyme value for this particular tumour specimen before

-

inducticn by BXNF.
3) Tiss;e Prééaration
‘Tumour géctions.were_removed, trimmed of necrotic
portions,‘and rinsed in iced TDE buffer before freezing in
a ﬁevco ultracold freezér (-70°C) until day of assay. Animals
were killed by cervical dislocation and tumours freed of
any necortic tissue and, as with iivers removed from the
same animal, minced and rinsed‘in iced TDE buffer. Frozen
tumour sections were thawed on ice and processed as previously
described in Chapter II to obtain microsomal suspensions. The
samples were assaved as .previously aescribed in the same
chapter. |
4) Tumour Transplants
\Tumour transplantsaﬁere déne using DES-induced tumours
‘ ..

~ and "spontaneously-arising" tumours of the C3H/HeJ strain. A

// portion of the tumour was assaved for AHH activity and *he
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remalnder was cut into ap oxlnatelv 2 mm cubes weighing
between 25-30 mg. These were rinsed inld.B per cent saline
before transplantation. The mice useé as transplant
recipiénts were 6-8 week o0lé female C3H/HeJ mice. Under
ether anaesthesia small incisions (less than 1 cm)\were
made dorsaily on each side of the vertebral column Jand a
cube of mammary tgmour placad subcutaneocusly and gently .
pushed forward“ﬁo the axillary region. The incision was
_closed with wound clips. vVirtually 100 per cent bf the
animals developed 2 mammary tumours 2-3 g in weight after
an eight week period. These tumourg weré then assayved for
AHH activity and, in some cases, used‘as'a source for the
next generation of transplants. AHE activity was then com-

pared in "first" and "second" generation transplants to the

original tumour.
B. . RESULTS

1) Mouse Mammary Tumour AEH Activity

The results obtained from the different strains
of mice and sources of tumours are depicted in Figure 10.
The results indicate -that mouse mammaryv tumours have detect-
able MFO activity as measured by the AHH assay (see Table 2).
The basal 1evel of tumoui AHH activity in all tumour. types
appeared to exceed the basal AHH levels in’ normal mouse
mammary tissue (Chuang and Bresnick, 1976)5 The degree of
AHH induction by BNF was greater in 21l tumour tyées than in

normal mammary tissue with the exception of tumours appearing
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.Figure 10. AHH activity -in individual mouse tumours.
Oven bars ( [1) represent AHE activity andéd lined bars ( =)
represent BNF-induced activity. The solid portion of éaéﬁ bér
( = ) represents enzyme activity a‘fter acddition of lO-GM ANFE

to the incubation medium. Contiguous bars represent multiple

=",
-

tumours £from the same mouse. "Sectioned" tumours are

represented by adjacent basal and induced values.

A. " AHE activity in DES-induced mammary tumours of C3X/HeJ

mice. The tumours are divided into 4 separate groups: those

appearing on male or female mice and in castrated or intact

R . -
mice. Mice still on the DES-diet at time of sacrifice are

indicated by an asterisk.
B. i activity in "spontaneously-arising" mammary tumours.

% T

AHH activity was measured in spontaneouslv-occurring tumours
of both an inbred laboratorv strain, C3H/HeJ, and in wild
mice. The BNF-induced tumours are set apart from the non-

3

treated tumours. .

C. AHH activity in BP—-or DMBA-induced mammary tumours of
responsive mice were all of the C3H/HeJ strain. Ndne of this
gtrain was treated with BNF. The non-responsive mice were
either of the RF/J of DBA/2J strain. Micé that were

Tsectioned"\then BNF-treated are separated from control

mice.
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in "non-responsive®" strains of mice. .Each tumour type will
be discussed under separate headings:
a) DES-Induced Mammary Tumours - The results of apH
: i
activity in DES-induced mouse ‘mammary tumours appears

i

o]

Figure 10A. -The results indicate tha+ the ‘degree
of variation in range.of activity in tumours was

similar regardless of séex. or normonal manipulations.

h

.

Whethe? the aﬁimél_was still .on DES-diet at time o
sacrifice appeared *o have no effect on AHH activity
of the tuwnour. Statist 1cal analv51s of the data for
each group'(male or female, castrated or intact)

no szgnlrlca1; differenrces in AHH activity

(o7}

indicate
(data not shown). nltnough no sex differences in
drug me;abol;sw are normallv seen in the mouse {(unlike
bhe rat (Xato et al,’ 1974)), hebert et al (1970) <digd
report a lowering of basal AEX activity and magnitude
of AHHE induction by-MC in hepatic tissues as a result
of castration. Estradiocl treatment was found to
further lower AEH activity. The range of variability
.and small sample size préclude the detection of any

such effects.

e

Since there were no significant differences

between groups of mice and as all tumours were in-

duced by DES diet, the data from both sexes and treat-
ment groups were pooled and statistics summarized in
Table 3 performed on the pooled data. Addition of

~ .
ANF to the incubation mixture inhibited tumour
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Table 3. Effect of DES Diet and Castration on AHH Activity

in DES-Induced C3X/HeJ Mouse Mammary Tumours and |

Corresponding Livers

Treatment

AN

‘Tumo \ Liver
- off DES 0.504 + 0.462 ()% | 128.72 = 78.24 (3)
- on DES 0.538 & 0.231 (4) 271.28 + 68.44 (4)
- castrated” | 2.073 £21.65 (7) |. 202.96 £ 45.06 ()
= off DES \(-235 £ 0.576 (10) | 107.03 * 20.78 (10)
- on DES 0.135 £ 0.044 (2) (0)
~ castrated 0.208 £ 0.057 (10} 151.68.  17.65 (6)

‘.

1. X * SEM (n) specific activity (pmoles 3-OHBP/mg/minute)

2. = all castrated animals were not on DES-diet at time of

assay.

B
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c)

w
l_l
)

AHH activity 55 per cent of control. This degree
of inhibition is similar to that seen in nonhepatic

tissues (Wiebel et ég, 1973).

"Spontaneously-Arising” Mammarv Tumours — Data*
from two groups oI spontaneous mouss tumours, from
C3H and wild mice, were analvzed separately due

to dissimilarities in enzvme patterns. As seen in

Figure 10B, the range of activity and cegree o

Fh

- inhibition was essentiallv the same for the two

mouse types. The mean basal AHH activity given in
Table 2 was the same for both mouse types? The two
groups of mice differed in the degree to which AHH
activity in the tumour could be induced by BNF:;:
C3H mice induced-tumour AHH levels are 12-—fold
greéter than their respective basal levels while'
tumours appearing in the wild mice were induced
-fold over basal ‘levels. The degree of inhibition
by‘ANF, although-greater in induced tumours from
BNP;tréated'micé than in untreated tumours (30-35
per cent of control as compared to 50 per cent of
control) was the séﬁe for both tvpes of,mice-' ‘
The enzymé levels-of the "spontaneouslv-
arising” tumoufs‘were.highervthan the basal levels

seen in DES-induced tumours, but the' degree of

inhibition by ANF was roughly the same.

Chemically-Induced Mammary Tunours - The - two different



52

groups of chemically-induced tumours, those ‘appear-
ing in the "responsive" strain (C3ﬁ}'and those in
the “non—résponsive“ strains. (RF and DBA), showed:
dissimilar pattérns‘of-enzyme activity:_.A;;hough'
the non-respbnsive'house tumowds showed-ﬁigherl
basal levels than did the responsive tumours, ANT
had little effect (92 per cent of control} and in
some éaméles, éven enhanced AMH activity o$e£
contrel values (see Figure 10C) iﬁ ﬁﬁe.tumpurs frcm
non-responsive mice. ANF appeared to inhibit AHH. .
'a;tivity almost to tﬁe same degree (40 per cent of
control) in chemically-induced tumours of the,CSﬁ
strain as it did iS~DES-induced or spontaneous
tumours of the same stréin. No_dat;;were available
- for BNF-iﬁduétion;of AHH activity.iﬁ chemica}ly—
induced tumours of the C3H strain as these mice
werefpart of a concurrent léboratorf study being
conducted by K. C. Silinkas. Because of similarities
in levels of AHH activity and response to ANF in
tumours from DES-treated mice and in spontaneous
tumours as compared to that seen in chemically- .

induced tumours, it is felt that an induction of

AHE as a result of BNF treatment in chemically-

induced tumours is a likely event. Assuming this to

be true, the fold-inducibility ratio of 1.4 over
basal levels as seen in chemically—-induced tumours

of the non-responsive strains appeared low.

R

2



Mice basically are classifié@ into two categgries
3 Tegard to éenetic'regulaéion of AHH: If ARH
activity ifn liver is increased more than - 2.5-fols
over basal levels;within 24 hours of treatment wikth
'an indpce;, theyv are classz::ed as arom atic hydré—
carbon reépon51ve;‘ If AHH actlv;ty ls‘lncreased
l@és thén l:S—fbld,mmice are cléssified as'AHH non-
responsive. Based on this criterion, tumours appear-

ing in non-respoqsive mice would be classified as

non-respcensive unlike dther extrahepatic tissues such —

'_és kidnev, lung, and skin (see Table 2} which have
been reported to e\nlblt greater uhaq 2.5-fold induct-
zon.(hlebel et ‘al, -1973).

When the mean actlvity'of the different mice tumour

- *

groups were statistically compared. using the Student's "t"

test, the AHH activity detected in "spontaneously-arising"

tumdurs was significantly higher (p < .053) than values detected

in DES-induced tumours. No statistically significant differ-

-. ences were detected between other grou?s {from Table 2).

2) " Tumour Proéuction C . T
Although most mice bore onlv one tumour, 20 per cent

had two or more mammary tumours. A summary of actlvities in

.

tumours of multiple tumour-bearing nlce appears in Table 4.

This prov1ded a unigue opportunity to studv enzyme act1v1tv

in separate distinct tumours on.the same animal subject to-

-y

the same host influences. /agure 10, ‘contlguous bars

renresent tumours ;rom the sanme anlmal (where basal and

(-]

o\ =
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Table 4. variation of AHH Activity in Multiple Mammary
Tumours of the Mouse | .
Mousé& Individual Tumour AEH Activity .
i 1 i1 L s

DES—In@uced

=26 0.054% " 0.353

$27 0.353 0.240

328 0.301 0.086 ’

230 0-008 © 0.039 . 0.134
Spoﬁtanebus -

220 0.012 '0,222

221 0.030 0.204

£22 0.063 _ 0.036

£32 0.165 0.081 -

£43 4.98 .2.13

253 2.21 3.22 6.24

255 0.177 0.948 1.49

562 - 1.23 0.350

Specific activity (pmoles 3-0HBP/mg proteinh/minute).

—/
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bearing mice, whether DES-induced or spontanecusly-arising,

]

o

Ut
[P

induced samples are adjacent, these regreéént "sectigaéd"
ﬁuﬁours rather than multiple tumours). There was a large
variation in activity within multiple tumours f:om the

same animal. The tumours could be as close as 20 per cent

of 6ne another or as different as Zo-fold gfeater in act-
ivity. Statistical analysis utiliziné the ratio of variances
seen in enzyme vaiueé from one mouse to that of tpg overall
mouse tumour population, indicated no ;tatistical diffeﬁ—
ences in Yariation of muLtiple tumopré from cne mouse as

compared to th variation seen in the overall t¥nour

population. .

-

N

. -

3) ARHEE Activity in Livers of |

umour-Bearing Mice
Liver AHH data are availab for DES-induced and

. . e . v, .
spontaneously-occurring tumour-bearing mice and are summarized

in Table 5. The basal leﬁels of AHE in livers from C3H tumour-

were similar in ANE activity and ANF caused the same degree
of enhancement of AHH activity in boéh g?oups of mice. This
stimulation of basal enzymé activity in responsive strains of
mice by ANF.is a well-dogumente& phenoménon (Goujon gﬁ al,
1972y énd is attributable to a .preponderance of cytochrome
P-450 tthe PB—indﬁcible form) in untreated miée as compared
tortherpresence of cytbchfome Pl—450 (the MC-inducible ‘form)
in BNF-treated mice. Contrasting withlthis was the degree
of,inhibition (40 per cent of control) seen in BNF-induc?d

livers in the presence of ANF.

The basal levels of livex AHH activity in mice bear-
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ing spontaneous tumours were different, with the "wild" mice
demonstrating 3.5 times highex AHH activity.than the C3E

strain. The maximal aciivity.was the same in both types of
mice but because the basal enzyme leyel was higﬁer in the -

nwilg" micg{-s§%y“a 3-fold induction over basal levels by
BNF was seen as compared to a 10-fold induétion over basal
levels in livers of the C3H strain.

4) Comparison of Tumour Microsomal Protein Yields

and DNA Content

Total microsomal protein veild was cdetermined as a2

product of protein concentration of the microsomal suspension
‘times.tqe voluma of the suspeﬁsion divided by the tumour
weight. This calcuiation generated approximateiy the same
value fo: all tumour groups, whether DES- or chemicallyv-
induced or spéntaneous (1¢ mg microsomal protein per ¢ tumour) .
This.value was somewhat lower than that derived for mouse
livers (14 mg micfoéomal protein per g liver).

Some of the mouse tumours were assaved for DNA con-

&y

centration usiﬁg the ethidium~brom;de method of Beers and
Wittliff (1975). AHH activity was expresseé per pg DNA as
well as per mg microsomal protein. Although this geherated
a slightly different specific activity for each tumour, the
fold—ihducibility ratio of induced AHE levels ovex basal
levels was ll—fbld when expressed pér mg protein and 10.5-
fold for pg DNA. The enzvme values exp¥essed ?er‘ug DNA
were highly coérelated (r = 0.93, p < 0.05) with values

expressed per mg protein. The levels and ranges of tumour



AHH activity were the same when expressed per ng DNA as
with mg protein when compared between groups of tuﬁours.
T s) AEH Activity in Serially-?ransplénted Tumoarst
‘Tumour traﬁsplants were done on four groups of mﬁte
'using tumours from di fere t soutces. The conditions and
results are gﬁmmarized in Table 6. By inspection it.appeared
that'the.variation in theé transplanted tumour AHH'activitv
was as great and the range of levels as wide as in the orlglnal
tumour population. ‘ atlstlca7 analVSlS bv commarlson of
ratios of variances from the'orlclﬂal "barent" po pulation to
that of the ttansalant samples vielded an F value significant
at tHe 0.05 level- This indicated that the enzvme values
from transplanted tumour samples had significantly less
variation than that of the "parent" tumour populatign. How-
ever, the “sectnd generatiohﬁ transplants had no less varia-
tion in activity than did the "first generétion" transplants.
Other trends in the transplanted tumour samples
included elevated AHH activity in the "second generation”
trénsplants as compared to the original tumour pbéﬁlation
from both DES-induced and spontaneously-arising tumours after
a éxrop in activity at the "first generatlon“ transplant step.
Repeated ttansplants using spontaneously—arising tumour as a
source seemed to select for a tumour population showing
stimulation of AHE activity in the presence of ANF wheteas
all other tumour transplants refleét the original tumour's

susceptibility to inhibition bv ANF.
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6) Lack sf Correlatﬁons-aetween Tumour ANY
Activity and ”:mour Welght Degreé of Necrosis,
or Corresoondl. Liver Aﬁ? Acti§ity

Mouse tumours were examined -or any parameters. that’

might explain some o‘ the variation in ANH activitv observed.

As tuﬁours'progressed in size thev bécame more
necrotic in the mouse. T_moafs wevé graded for degree of
-necrosis bésed on a SLbJQClee scale where "0" deno;ed 2
healthy, firm, pink fumour and "3, a very necro;ic,.bloqdy;
soft tumour and "1" gnd "2" intermediate states. No correla-
ticn exiséed between tumou# AHH activity and tumour weight
(r = -0.08) nor was gﬁzﬁdetected between tuﬁour AHH actigity
" and degree of necrosis (r = 0.05). Similarly, no significant
correlation was detected between tumour AN activity and AHE
activity in cbrresponding livers of tumour-bearing mice.

7) Effect of Cytochrope P-450-Mediated Mono-Oxygenase

Inhibitors on Tumour AEE Activity
. The effects of two different inhibitors 6f AfZH activity
were examined, Over a range of concentrations, on basal and
induced tumour microsomal suspensions. A ﬁicroéomal preparatioﬁ
from a BN?—induced liver of a tumour-bearing mouse was examined
for comparison. The results are given in Figure 11.

Several laboratories have been involved with elucidation
of the mechanism of action oI aNF inhibition of AHH activity.
Zampaglione and Mannering (1973) reported that ANF inhibition of
AHH activity in extrahepatic tissues (intestinal mucosa and

adrenal) was associated with a preponderance of microsomal cvto-

chrome "P-448" 1-450) Furthermore, experiments with partially



Figure 11. Effect of ANF or metyrapone on AHE in
nicrosomes from mammary tumoux or liver from a C3E/HeJ mouse.
‘AHH activity is é&preséed as per cent of the control flask ;P
which SOLul methanol, the solvegt'for-both inhibitors, was
added. The level of AHH activity after addition of ANF to
the incubation medium is represented by the closed circles (@)
and metyrapone, by élosed triangles (&). The basal tumour
" incubations contained 140 ug microsomal pro;ein} thelinduced
tumour, 430 ug protein, and induced liver, 560 pg_prqteih‘

per incubation falsk.
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purified and reconstituted microsomal preparatidns indicated

that the inhibitory and stimalatory effect of the flavone

.

. 'resides in the cytochrome component of the enzyme system.

There is some evicente (Goujon et al, 1972) that
behzoflavones are substrates for the microsomal mixed-
function oxygenase system. Spectral énalysis of the reaction
by Goujon indicated that inhibition of AHH activity by ANF
migﬁt be attributed to ANF.ccmpeting with the polycyclic_
hydrocarbon (BP) substrate for the enzyme active site. Kihetic
analysis of the reéction over a wide concentratign-range of

“

ANF revealed anomalies suggesting that the—inhibitor may

‘interact with the enzyme svstem in more than one way.

Where ANF represedts 2 class of inhibitors affecting
primarily cvtochrome Pl—450, metyrapone represents‘a class of
inhibitors affecting primarily cytochrome P-450. These two
inhibitors were chosen in the hopes of distinguishing between
the two forms of AHH thought to be present i’ mouse tumours.
Results from inkred mouse strains could then serve as a refer-
ence when inhibitor effects were examined in human mammary
tumours. As expecéed from results of the routine addition of
'ANF‘to the incﬁbation medium, the Pl;450 form of the enzyme
predominated in both basal and induced mouse mammary tumours
as well as in induced mouse liver. Both basal-and induced
tumour microsomés compared closely'witﬁ-the péttern observed>
in induced mouse liver. . | )

The induced form oI the enzyme seems to be more

susceptible to inhibition by ANF than does the basal form, with

50 per cent of control inhibition oceurring at 2 x 10~ °M for
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'fhe Sasal form. This argsmeus is strengthenedé by the stim-
ula;ion of Sasal enzyme_activity at low concentrations of
metyrapone and incomplete inhibition of induced forms at

the lower‘concentrations in the presence sf mstyrapone-
Apparently, instead of competing with the Pl-450 form of the
enzyme, it is interfering with the substrate interactien
with the enzyme. Compsring the effect of metyrapone on the
_basal form of the enzvme and on thsAinduced.form, it is
apparent that BNF causes inductisn Of cytochrcme P-450 in
éddition to the'p:edominantly-formgd.cytochrome Pl—450, if

one assumes that metvrapone and ANF are capable of distinguish-

ing the two forms of the enzyme.
D. DISCUSSION

The miCrosomalssuspensions from mouse tumours whether
DES— or chemlcallv induced or soonbaneouslv ar151ng, possess
low levels of AMH act1v1tv, tvolcallv 2—6-fold greater than
levels reported in normal mouse mammary tissue but spproximately
1.0 per cent of the activity reported'ior the mouse 1iver-

The capac1tv of mouse tumour AHH activity to be
enhanced by BNF treatment is equsl to normal mouse mammary
tissue, ranging from 3-12—fold7 This upper limit sompares to
the fold-inducibility ratios seen in mouse liver although
absolute AHH activity in mouse mammary tumours is much lower.
The exception to this is the tumours from the-son—;esponsive
sﬁrain, which baséd on thelr response to BNF, would have to

be classified as non-inducible.
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“The degreé of inhibition by'ﬁNF dbServed in the
constitutive or basal form o the enzvme (between 40—50Aper
cent of control) was very consistent for all ﬁouse tumour
types, witﬂ the exception:of Tunours froﬁ'the non-responsive
mouse sfrains. In tumours from "non-~inducible” mice ANF'haé
little or no effect, exdept‘afﬁer the énimal had been treated
with BNF. AHH activity then was inhibited 50 per cent of
contreol values as compared to 30-35 per cent of control
-Qbservad inrtumours from BNF-treated responsive mice.

Aithough consistency of response to both inducing
and inhibiting agents existed within groups of mice tum@urs}
with the exception ofvtumours from the non—res?onsive strains;
different levels of basal and induced AHH activity existed

when groups of tumours were compared. The basal AEH activity

in the DES-induced tumours was approximately one-half of that”

observed in thé spontaneously—oécurrihg tumours of the C3H
strainland wild mouse. The AHH activity in chemicaily—
induced tumours ﬁere-intermediate in value.

Tumours in a single strain of mice, C3H, therefore,
had différent enzyvme activities depgnding on the tumourigenic
agent. Although DES itself is a strong inhibitor of hepatic
mono-oxygenase activity (Goujon et al, 1972), only 6 out of
34 animals were still on a DES diet at the time of aséay-
Although Allaben and Gass (1978) reported a significant
-increase in hepatic benzola]pvrene hydroxvlase in rats fed
250 ppb DES in their diet no such increase was seen in the
mice in this study. A search of the }iterature revealed no

information on the long~term effects of prolonged feeding of



DES on MFO activity in exérahepatic tissues of thé mouse.
The fact that DES can havé an effect on hepatic AEH activit&
suggests that the étilbene nucleus interacts with hepatic
ctvochrome P-450. In view of the findings.by Earbst et al
(1975) associaéing DES therapy of mothers during sregnancy
and vaginal adenocarcinoma in the offspring at puberty |

-t

study of the metabolic activation of DES ané interaction

-
fu

with cyvtochrome P-430, especially that present 1n mammary
tissue, could reveal some information abou£ the mechanism of
mémmary_tumourigenesis in the C33 mouse.

It was observed that BNF-induced enzyme levels in
spontaneously~occuiring tumouis_we;e grgéter in the C3H
§tra;n than levels in wild mice. As no data were available.
regarding the degrees of BNF ipductioh in'DES-inducea tumours
or chemicallv-induced tumours of the C3H strain, it is not
knowﬁ whether the above difference is é result of ééﬁetic
differences between two mouse tvpes or due to acﬁivation of
a 1atent.mammary'tumour virus in the C3H mouse. '
| _Regardless.of differences seen in tumour tvpes, the .
form of eniyme found in the'tumﬁurs of responsive mouse strains
resembled the formdcharacterized in other extrahepatic tissues
from both control and BNF-treated animals (Gielen et al, 1972
and Wiebei‘et ai;f;973). This cohclusion‘isqbased on response
to BNF treatment in the mouse and the presenée of Aﬁ? in the
incubation medium. Tt is concluded then that the mechaﬁism of
induction by BNF (sece Chaptér I} and the earlier described
competitive -process by which ANF inhibits AEH activity was the

. . : .
same for neoplastic tissue as it was for normal tissue. °
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Wheréas tqﬁoup»enzyme activity‘pétterﬁs from‘reéponsive
strains of migsxcénfgrmed';é those reportéd,in Eﬁe literature
for extrahepatic tissues, the tumour enzyme activity observed in
non-responsive tumours did not.’ Although basal-enzyme.levels in
tumours of noﬁ—resébnsive mice comparéd'closely to levels seeﬁ
in otﬁer tumoﬁr types, the enzyme in this st;ain reéponds differ-
.eqtly to both BNF and ANF. As ihd;caxeé in Table 1 extrahepatic
tissues such as skin, lung, ané kidney‘of non—-responsive mice
are inducible by MC-type inducers, but the 'liver is nbt. Tumours
_from these mice cannot collectively be classified as AHH-
inducible tissues as they demonstrated a fold-inducibility ratio
of only l.4,'élthough ;ndividual tumours sometimes demonstrated
up to 7-fold induction. This is in agreement by results obtain-
ed by Chuaﬁg.and Bresnick (1976) using no;mal mammary tissue
from non-responsive straiﬁs of mice (AXR/J and A+/Ki}. Normal
rnammary tissue from AKR/J mice showed l-4;§ol§ induction after
MC treatment and the A+/Ki strain, 1.9-fold induction. ‘Assuming
the same genetic regulation.of AHH activity in non-responsive
strains examined in this study (DBA/2J and RF/J), neoplastic
transformation has ﬁot caused this altered response, the same
pattern presenting itself in normal mammarf tissue. This sug-

gests similarities in the basal fo:ﬁ of the enzvme found in
’ " .

/

liver and in normal and neoplastic mammary tissues of non-

responsive strains of mice. 3
. This similarity is stfengthened by the fact that the
basal form of the enzyme found in tumour tissue showed the

same response to ANF as does the liver (Goujon et g;,'1972},

where little or no inhibition is seen. A discrepancyv exists,
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~
however, when the-effect_df ANF on MC~treated liver and BNF-
treated tumour: is bompaeed. Goujon et al (1972J'reported
that AﬁFlhad-no effect on AH¥E activity in MC-treated livers
of DBA/2N mice, whereas this etu&y revealed (seea Table‘é)
that the AHH activity in tumour microsomes from BNF—ﬁreated
non-responsive mice was inhibited to elmost SO“per cent of
control activity after BNF treatment.-

Anoeher study by Chuang and Bresnick (1977) using
mammary cell lines, found.that a cell line derived from a
spontaneous adencocarcinoma in A+/Ki mice.(e non-responsive
stra%n} sﬁowed AEH induction when expesed te BA in cultures.
However, wheﬁ the same tumour cel;s were innpculated into
A+/Ki_mice, the AH”ractivity of the.resulting mammary tumour
was unaltered by MC treatment. Some aspect of the host
environment must be actinglto regulate the ferm of AHH
enzyme expressed in non—responsive‘mice‘and the mode’of
regulation differs in.extrahepatic tissues such as skin,
bowel, and‘lpng as compared to liver,-normel.mammary tissue,
and tumour. Although data coecerning the effect of ANF on
the BNF- or Mc-treate§ forms of non—responsive normal mam-
mary tissue are lacking, perhaps in the process cof tumourl—
'geneSLS regulation has been altered so that ANF can inhibit
AHH present in transformed mamﬁarv tissue.

Analysis of liver AHH activity in tumour—bearlng
mice revealed no differences from AHH activitv in livers of
mice reported in the ;iterature. "The basal and induced levels
as well as the patterns of induction and inhibition are as

L.}

reported by Goujon et al (1972). . One anomaly,gf interest was
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the slightly elevated basal AHH levels observed in wild

v
mice which had been kept unda:‘laboratorf conditions for
some time. This may'reflect differences in-genetic con-
stitution. Little is known oresently about genetic reg- s
ulation of‘cytoch:ome‘P4450—mediated mono-oxygenases in

wild populations of mice. In this study, induction by

BNF. vielded comparable maxim mal values _ﬁ both C3H and wilad

~

.Mmice-sg that the fold-incducibility ratio for wilé mice was

only 3-fold whereas, C3H mice showed 10-fold induction..

In an attempt to explain variation seen in AHE

activity in mouse mammary tumours, correlations between tumour

weight, degree of necrosis, and liver AHE activitywere

L]

examined. The lack of correlation to tumour welght or degree

‘0X necrosis indicates that some other variable not examined

.may better explain variation observed.

b
Stucles indicate that a range 0f enzvme activities

Lok -

exist for any tlssue from an inbred animal i?ﬁorgeirsson and
Nebert, 1973); mammary tumouxr tiséue was no exéeption- Nebett
and Gielen f1972) réported for m&ce that there was a high cor-
relatlon in the magnltude of en%vme lnductlon in the 11ver and
the kidney. This, howemer, was not the case for tumour and
liver AHH act\vﬁtv measured in thlS studyv." _Itfls not known if.
thlS might be. attributed to the tumdurigenic grocess.-
-

Analysis of AEH activié? in multiple tumours from

the same mouse révealed that theré was no significantlv less‘

variation in these tumours when comoared to the overall mouse

tumour population. Although dlfferences in enzvne actl
.n -

were observed in tumours produced'by different'inductiog
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methods such as DES- or chenlcally—lnduced or spontaneocusly-
arxs;ng, one might expect .hat Tumours developed as a result
of one process and moderated by the same host influences
might have demonstrated less Va'lablll Ly than that of the over-
all tumour population. A consideration of %he theorvy of the
monoclonal--Qrigin of tumours may aid in the understanding of
results. |
| The toncept éhat neoplasms freqguently develop as a
clone from a sxngle cell of origin is ‘one with aldespread
acgceptance (rev;ewed‘by P.C. Nowell, 1976). A modelﬁfor
tumour evolutlon would inclucde tumour lnltlatlon in a normal
cell by an lnduced change maxing it neoplastic thus lmoartlng
to it a selective growtn advantage over normal lines. This
step would be followed by neoplastic proliferation. B2as a
result of genetic lnstabllltv in the expanding tunour popula-
; tlon aoda.t:.onal mutant cells may arlse- Most of these
- ) var;ants will be eliminated due *o metabolic.aisadﬁantages or
immunologic destruction but one subline with selective advantage
will oeoom% the precursor to a new‘predominant subroopulation.
Over time there is sequentlal selection of subllnes which are
increasingly abnormal As this seqﬁence 1s not completely
random, dif fereqa tumours Wll% exhibit some similarities as they
grow; but dlvergence also occurs as local conditions in ‘each
neoplasm dlfésrently affect the emergence of vaéiant sublines.

Thus, although the site of initiation. (mouse mamnary gland) and

the initiating agent ({(DES or BP) are identical in each group,

- e e

k| . . . ' .
.conditions within each neoplasm will dictate the characteristics

of";he fully developed tumour due to selective pressures. Yet,

. 'd
.

- N

.
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. because of the similarity.of initial circumstances surround-
ing tumourigenesis,.tumours croduced do display sbﬁe common
qualitative characteristics such as response to inducing ang
" inhibiting agents.- | .

In the tumour transplant studies the variance
observed in AHH activity of transplanted tumours was less
than that of the overall:or "parent"” tumour population. This
“could be interpreted as>evidence of selection of a stable sub-
line of the original tumour leading.to less variability in AHEH
activity in the transplanted tumours. Althoﬁgh no definite
conclusions can be made concerning factors affecting AHH{
acb1v1tv in mouse mammary tumours, it appears that, regardless
of the characteristics of the erglnal trahséormed'cell, the
host caﬁuéxert sonme ﬁoderating influences on the tuméur cell
population with the outcone of stabilization of tumour
p:operties detected.

One must consider the multitude of factors governing
tumouriéenesis in the mouse mammary gland to accept the var- 2
iation observed in AHH activity of mouse tumours. Conditions e

within each neoplasm and'host, regardless of similarity of

strain or tumourigenic process will dictate the characteristics N

W
p

- “

af the tumour. It is perhaps more surprising, considering the. _
variety of strains and tumourigenic procedures}-that enzyme.
levels and patterns of respbnse to inducing and inhibiting
should compare so clgsely. The lack of similar patterns in

the non-responsive stréins only follows from what is known

about differences in the genetic regulation of the Ah locus in

“

these strains. . -
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Of importance, then, is that the mouse mammary gland
haS'MFd aétivi@y and it is induéible'in responsive strains.
Althougﬂ fe%urté by Chuang and Bresnick . (1976) indicate ﬁhat
it-is unlikelv that the presance o an active XFO svstem
affects the tumourigenic process in ‘the mouse :émmary gland,
its presence might have some relevancy and experimental yalue
for a study.of Ehe'mammary glané as a §ite éf poteﬁtial

activation of anti-neoplastic agents used in the management

of human breast cancer.

O!
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CHAPTER IV

ARYL EYDROCARBON HYDROXYLASE

IN RAT MAMMARY TUMOURS

‘Aryl hydrocarbon hvdroxvlase has been extensively

- characterized:in several rat tissues. Research has included

studying the effects of classes of inducers ané wvarious

‘inhibitiné agents (Wiebel et al, 1971; Ciaccio and DeVera,

1975; Dent et al, 1977; Kitchin and Woods, 1978; Fvsh and

Okey, 1978). These investigators found the ernzyme system

‘present in hepatic tissue as well as lung, kidney, ovary,

and mammary tissues. It was demonstrated that thé enzyme
was inducible followinglMC treatment of the animal. ANF
was ‘the most effective flavone derivative in distinguishing
between two forms of AEH present:;n these tissues; hepatic
AHH activity in MC-treated réts (associated wigh cytochrome

P1—450) is strongly inhibited by #NF whereas the form of

enzvme found 1n control or PB-treated rats (cvtochrome

K\P —-450) is not inhibited bv ANF and in some cases may

exhibit “"stimulation" of AHH .activity. Results are sum-
marized in Table 7. |

The type of enzyvme stimulated by ANF predominates
in the livers of immatufe rats (data not shown) and of norﬁal
male rats. This type 1is inducible‘sy PB. A second form.
which is inhibited by ANF comprises a large fraction of AHH
activity detectable in normal adult females and is inducible
bv PAH. This form also predominates in éxtrahepatic tissues

(Wiebel et al, 1871).

73
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Table 7. Summary of AHH Activity in Different Rat

Tissues -

Rat Tissue Basal AHH MC-Induced AHHl PB-Induced AEEH
\ ‘. . 2
-~ ‘Control| +ANT Control "’ +ANF { Control +ANF |
Liver (9) 18.65 | 4.7 306 42.0 | not determined
) 100 142 20.77 10.3% séme as controi®
/
Kidney5 0.24 O.lSﬁ 25.63 9.74 | same as control6
Lung® 0.84 | 0.42” | 20.77 10.39 | same as control’
f
Ovary 1.10 3.87 POt determined7
Mammary - normal 0.04 | 0.025 0.81 0.37 | same as contréls
O\TF - lactating 0.40 1.2 not determined®
':
,

1. Induced AHH as a result of 80 mg MC (or BNF)/kg i.p.

2. ANF added in vitro to give final concentratlon of lO 6M

4. From Wiebel and Gelboin (1975)

5. No sex differences detected, \\—’/

6. From Wiebel‘gg al (1971).

7. From Mattison and Thorgeirsson (1978)

8. From Fysh and Okevy (1979).

9. From Dent et al (1978).

-

3. Specific actxvmty (pmoles 3-0HBP/mg proteln/mlnute).
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Mammary‘tissue'in rodenté is highly‘susceptible.
to carciﬁogenesis by PAH, but has not gndergéne extensive
investigation conéerning its capacity to,metabolizé #eno~
biotic compounds. 'Huggins et al (1933} réported on the
.rapid induction of mammary tumours by 7,12-dimethvlbenz-
[alanthracene (DMBA) and Ffunctional characteristics of the
~tumours which were evoked. More research has folldwed,
especially concerning the hormonal regulation of initiation 1ﬂ
of mammary tumourigenesis in the rat (Dao, 1962). cCiaccio
and DeVera'(197S)'reported that BP inducea rat mammary gland
AHH and Dent et al (1977) described the induction of mammary
AHH in lactating rats fed polybrbminated biphenylsl Fysh
~and Okey in two separate studies characterized the ontogeny
of rat mammary AHH (1978) and examined AHH in mammary tissues
throughout the course of pregnancy and lactation (1979) in
an attempt to_associlate the'age'at”which rats are most suscept-—
ible to PAH carcinogenesis with the mammary gland's ability
to metabolize PAH's wvia AHH. |

It was the purpose of this studv to examine the AHE

enzyme in rat mammary tumours induced by a single 15 mg dose

of DMBA given oxallyv. Initially, the enzvme aétivity was

compared in two different buffer systems, TDE and KPO,. The
levels and range of AHHE activity was then studied in tumour
' N

microsomal suspeﬁsions as well as in microsomes from nbrmal
mammary tissue and liver of tumour-bearing rats. The effects
of an MC-type inducer, BNF, were determined, using a2 surgical
procedure whereby both control and induced AHKE levels were

obtained from the same tumour. The form of enzyme present
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was determined by the addition of ANF to the incubation
medium. Finally, comparisons were made between AHH of

normal mammary tissue to that of neoplastic tumrours.
A MATERIALS AND METHODS

l)' Animals and Induction of Mammary Tumours'’

Rats used were 50-cdayv-old, Sprague-Dawley female
purchases from Holtzman Cémpany, Madison, Wisconsin.. After
a single oral dose of l%ﬁyg DMBA dissolved in corn oil, 100

per cent of rats had developed mammary tumours within 2-4

‘months, manv at multiple sites. Animals were examined

weekly for tumour formation. Upon tumour detection, the

tumour was never allowed to exceed 10 per cent of the animal's

-body weight before removal and most often weighed betwe&n 4-8

g at removal. Removal at this stage generally ensured that

the tumour was non-necrotic ané firm and that the tumour had

no apparent effect on the animal’'s general health (Kato et 21,

1968) . )

2) Induction of AHE Activity

In experimenté testing the induction of AHH, rats
weré injected intraperitoneally with BNF (80 mg/kg body welght
in corn oil) for two consecutive days prioxr to sacrifice. In
later experiments, as earlier descr;bed for the mouse (Chapter
III}, under ether anaesthesia, a section of the tumour was
removed (1-2 g in weight) and the incision closed with wound
clips prior to inéuction. ‘Two rats underwen£ 2 similar
surgical procedure but without BNF induction, to ascertain ™

the effect of “tumourésectioning" on the basal AHH levels.

5
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. 3} Tiésue Preﬁarafion
"Initial studies with the DMBA-induced tumours
included a comparison of AHH activity in tumours homoge zed
in two different buffer svstems, TDE and KPO,. _&s.mlcrosomal
suspenéidns for $oth mouse anéd human mammary tumours would be
obtained gé,a bv-product 0f estrogen-receptor analyvsis perform-
: -

éd on these specimens (McGuire et al, 1975) ané the fact that

the requirements for es;rogen-*ec ptor. analvsis precludes the

da
e

[ g

ta

use of anyv. buffer but TDE, was necessaryv to ascertgin thét
the tyvpe of buffer had little or no effect on *umoﬁh AHH
activitf.
Animals were killed bv cervical dislocation and the
tumours, mamma;y tissue (plus régiqnal subcut;neous fat), and
livers were removed. The tumour tissue was freed of anv
necrotic zones.and, as with mammary and livér tissue, was
minced, weighed, and ‘divided into équal portions and rinsed in
‘TDE or KPO4 buffer. The "tumour-sections” removed two aays
previousiy (1f the animals were BNF-treated) were trimmed of
any necrotic zones prior to freezing in a Reveco ultra-cold
freezer (-70°C) until the day of assay of the remailning
tissues. Frozen tumour saﬁples were thawed on ice and

processed, along with freshlv-excised tumour, mammary, and

liver tissues, as previously outlined in Chapter IT,.
- B. RESULTS

1) Rat Mammary Tumour AH Activity

‘'The results (see Figure 12) indilated that DMBA-
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induced .rat mammary tumoufs havelifo activityv as measured o

by the AHH assav. The basal_ievels ware low 5&& repro-

. ducible. Average induction by BNF was inducible approxi-

matély.70-fold above basal activitv. ‘A mean value for

enzyme'activity'in control and BNF:treaéed ftumouxs is

given in Table §. addition of 10™% ANF to the microsomal

o .
incubatian mixture partially inhibited (20-70 per cent of
control activity) or had no effect on basal AHE activity.
The BNF-induced AHH activity was consistently -inhibited to

X :
approximately 30 per cent of control activity by the add-

ition of ANF. T
‘Table 8 élso gives a comparison of enéyme activity

-En the two diffgrent bﬁffer svstems. The activity,was general-
ly higher in TDE buffer with induced AHE activiéy_ZS per cent
higher and control values 40 pér cent higher in TDE than in
KPO4 buffer. Statistical analysis of the data using- Studept's-
t te;t showed no signific;nt differences in buffers at a
significance level of 0.05 in all tissues except indyced mam-
mary and induced liver where significantly higher values were
obtained in TDE buffer. As a result of this, éll incﬁbation
'manipulations and enzyme studies were performed using tumour
microsomal suspensions p?épared in TDE buffer. All vélﬁes
quoted refer to AHH activity using TDE buffer.

2) Tumour Production

Tumour induction with DMBA often produces multiple -
tumours in the same rat (Huggins et al, 1959). Althouéh“go

out of 35 rats examined for AHH activity bore only one tumour,

the remainder had 2 or 3 tumours with the mean tumour number
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' Figure 12. AHH activity in individual rat
mammary tumours.

a. Open bars (1) represent basal AHH activity and
those that are lined (=) represent BNF-induced AHH
activityv. The so0lid portion (B) of each bar represents

. ? -6
enzyme activity aiter addition of 10 "M ANF to the incu-

baticn medium. Contiguous bars repfesentAmultiple tumours
from the same rat.

5. Tumours in this section differ from ‘'A' as thev are
"sectioned" tumcurs. A portion of the tupour was removed
(depicted as basal levels) and the rat wds BNF-treated and
the induced tumour removed 24 hours later. Multiple tumours
from the same rat are BNF-induced and are contiguous with

r

the "sectioned" tumour.
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per rat equalling 1.57. This provided, as with the mouse,
an opﬁortunity.to study enzvme activity in sepgrate,
distinct tumours subject to the same host influences, both

endogenous and exogenous.
In Figure 12, contiguous bars répresent tumours
from the 'same animal (where basal and induced determinations

are adjacent, these represent "sectioned"” tumours rather than

multiple tumours). AEH activity in multiple tumours from

the same rat, as summagized in Table 9, varied, Xanging from

.

as close as 4 per cent of one another to as far apart as one

tumour having 6-Iold greater activity than another tumour
from the same rat. However, the ratio of variances from

tumour activity in the overall tumour population to the

variance seen in activity in one -animal indicated no signifi-

cant differences in variation within a rat versus between rats.

3) AHH Activity in Normal Mammary Tissue

The AHE activity detected in normal rat mammary tissue

was approximately half that level observed in tumour tissues.

These values are included in Table 8.  As with tumour AHH

‘activity, the basai levels‘detected in mammary levels are

low but reproducible and the acti%ify was.i;ducible by BNF-
tfeatment-as_repqrted'by Fvsh and Okey (1978). AHH activity
was inducible'approximately 100-£f0ld by BRF treatment. -Adé—i
ition of ANF to the incubation miﬁtﬁre inhibited control
microsomal activity to approximately 50 per cent of control
and inhibifed activity in microsémes from BNF-treated raté

to approximately 20 pexr cent.

A comparison of mammary AHH activity in the dif- .
T . 'Y

Y
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Table 9. Variation of AHH Activity in Multiple Mammary

-

Tum03rs of the\gatl

Rat - . I;dividual Tuﬁour AHE Activity
i ii " 1ii
. |

29 - 3.113? ~ 2.601

211 - " o.708 . 1.502 ’
12 2.504 2.601 -

817 " 1.003 o 2.311 2.441
318 1.517 - 0.886

219 2.809 . . 17335‘ ‘ ' §.575
222 0.984 . 1.158 0:705
£29 1.549 7.025

£33 1.462 2.114

1. All rats were BNF-treated (80 mg/kg)

2. Specific Activity (pmoles 3-OHBP/mg protein/minute)

~

~ "
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ferent buffers gave the same results as with tumours. Acti- _

vity was higher in TDE buffeﬁ, control activity 40 per cent

- higher (p>0.0Si and induced activity 30 per cent higher

L

(p<0.05).
4) AHH Activity in Rat Liver Tissue
The enzyme levels in livers of tumour-bearing rats

given in Table 8 do not differ s;gnlﬁlcantly from those

‘reported in the literature for-.non-tumourous animals (Wiebel

and Gelboin, 1975). As with tumour and mammary tissué, liver
AHH activity i$ higher in TDE buffer than in»KP64 buffer.
Only induced AHH activity is si ignificantly higher (0.05
ievel of significance) in TDE buffer.
5) Correlations Between AHH Activity%P-Tumours
and Tumour Weight, Mammmary, and Liver AHH
Activity
4

‘ ., - *
As not all tumours were of the same size at removal,

a possible correlation between tumour size and ABH activity

might be expected. It has been noted in DMBA-induced tumours

that as they progress in size thev become less hormone

dependent than- - they were oxriginally (Dao, 1964)}rso it was
possible‘tﬁat some change in AHH activity might occur over
time as well. Table 10 indicates that no correlation exists
between tumour size and AEH éctivity-

Barlier studies with exbrahepatlc tissues 1nd1cated
that AHH act1v1tv in hepatic tissue corraxated Wlth ac v1ty
seen in extrahepatic tissues (reviewed in Thorgeirsfon and
Nebert, 1977). Values in Table-lo‘indicate thatlso such cor-

relation existed for tumour AHH activity and both mammary and
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_Table 10. Correlation Coefficients of ‘Basal Rat Mammary

-

fumour AHH Versus:

r n

Tumour Weight \V-O.IES 16

Mammary AHH Activity - Basal 0.053 8
— Inducged -0.096 ] 24 .

Liver AHH Ac¢tivity - Baszl -0.301 8

- Normal 1 0.105 24

A ¢ watie = e LR A dtar —
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ldver activity. Purther, no significant correlation existed
i : . .
Yetween mammary and .liver AEH activity (r = -0.14) so lack

of correlation is not a result of the tumourigenic process

‘as normal mammary gland demonstrated the same relationship.
C.” DISCUSSION

The microsomal sﬁspensioﬁg Zrom DMBA-induced
\Sprague-Dawley rat mammary tumours possess low b;t signifi-
cant and re?roducible‘levels of AHH; basal AHH aCtivity was
approximately 250 times-léwér than that of the cOrrespond;
ing liver (see Table 8),'whereas.ind;ce& enzyme levels
apérogched that of uninducgd liver.

The capacity of “the enzyme activity to be enhanced
bv MC-tvpe induaers sych as BNF and the susceptibility to
inhibition by ANF resemble those activity patterns as des-

cribed for-the adult female rat liver (Wiebel and Gelboin,

1975).

form foundi B*Ooth tumour and mammary microsomes to inhibit;
ion by ANF is worthy of note. Nebert and Gielen (1972)
reported a similar phenomenon in MC—indiced kidneyiaﬁd-
hepatic microsomes from responsive mice. 'Thef postulated
that the greater sensitivity of the inducible hydroxylase

to ANF indicates that the heme .portion of cytochrome P-450
active sites found in control micéosomes is either not as
accessible to the flavone inhibitor ox it—ééféers in its

spin-state, comparéd with that form (cytochrome P.-450)

1
found in the MC-responsive animal (Nebert et al, 1972).

pral



Analysis of all th;ee\tissue.types (tumour, man-

‘mary, and liyer) demonstrated TDE to be a‘egitable buffer
for homogenizing tissues for the‘ahalysie of AHm activity.

Activity generally was higher in TDE buffer than in KPO,
buffer. While the constituents of TDE buffer were not
studied separately, dithiothreitol (a sulfhydryl compound.
that acts to stabilize dlsulalde b;&dges in hornone-receptor~

dcomplexes) may aqt 1n_an analogous manner in microsomal
suspensions to stabilize‘the AEH complex.ddring_microsomal
preparetion and eésay. Although EDTA is a chelating agent
which reversibly binds Mng and other divaleWt cations,

. : ) .-

-thus inhibiting enzymes requiring such lons for activity:
(Lehninger, 1930), experimental manipuiations summarized in
Chaﬁter II indicated that there were adequate quantities
o@fdlvalent catlons assoc;ated with microsomal membranes.
Therefore, inclusion or omission of Mg 2+ in the incubation

'-mi;xhre had no pronounced effect on enzvme activity (see

Figure 5A). A search of the literature revealed no exten-

sive.eomparison of buffer effects on AHH activity and ..
.widespread uee of the KPO4 buffer system probably arose

from the fact that it constitutes the major intracellular
buffer of living organisms and it is a commonly used labor-
atory buffer.
| Analysis of tﬁe data given in Table 8, performed
by taking a ratio of variances of dlfferen tissues and

convarlng thlS number to an F value at a significance level

of 0.05, revealed tumours to have no greater degree of
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'variability in AHH activity than was cbserved'ip liver or
mamnary tlssue of tumou*~bearlng rats. The wide rapge of
enzyme valtes detected in rat mamrarv tumours caﬁ be com-
pared to AHH activity observed in rat mammary tissue duriné
developmental stages (Fysh and Okev,_1978). Watanabe et al,
(1970) reported a similar dlstrlbutloﬂ of AH” enzyme levels
in Morris hepa omas and postulated that the variazion might
be covered within the ranges occupiea by fetal and neenatal
rat liver as well as adult liver.

h Similarities between malignant and embryenié cells
have served as the basis for the.theory that one probabie
cause of cancer is the expression of fetal genes in a mature
cell (Maugh and Marx, 1875). Two ef the three principal
characteristics ©f malignancy - sustained cell division an&
cell migratién - are also characteristic of eﬁhfyonic cells.
The third characteristic' is a reversion of structure and
-metabolic activity to a more primitive state. This theory
is the outcome of the research surrounéing the study of
fetal antiéens or marﬁers present in.cancer. Hence, the
deteetion of AHH levels in mammary tumours equal to levels
obsexrved at early stages of rat mammary development could
be interpreted as poss;blv supportlng the hypothesis as
outllned above that oncogeny may represent blocked or reverted
ontogeny.

The gross effects of tumourlgeneSLS on the host is
well documented (Bertino, 1977). These include weight loss

and cachexia quite likely as a result of the tumoik's ability
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to coﬁpete for key.nutrients within the host with the result-
ing metabolic abgsrmalities.' Certaih malignancies, in add-
it}on, can cause deficieaﬁiégcin the iﬁmune svstenm resulting
in enhanced susceptibility to various infections.l As well,
althdugh not the case for DMBA tumourigenesis in the rat due
to the noninvasive properties of the tumours (Dao, 1964}, ’
organ function in other models can be compromised due to
invasion by Canceé“cells. All these factors taken togethef
with the fact that tumours do not appear in the rat éfter
an identical latency period and were not all remo§ed at the
same poiht in their development,'could serve as exp;anation
of some of the variation seen in tumour AHH activity.

These factors-would be difficult to'separate and assess;
Quite likely, it is a combinatibn of many .of the above
faétors which contribute to the range of ehzgme activity

. observed in tumours.

When the AHH activity of the control mammary tis-—

sue in Table 8 is compared to the literature values reported

in Table-7, the valpes compare closely. However,'when
| induced levelé are compared, the mammary tissue of tumour- _
bearing rats appears to be mo:é}inducible (lOO—fold as
compared to 60-fold} in control mammary tissue from rats
of approximately the same age. The réason for this increased
susceptibility to BNF-induction in ;umour—bearing animals
is not clear. " Watanabe et al (1970) reported a similar
phenomenon in Moriii_éfgifoma-bearing rats. They fognd the

host liver in a hepatoma-~bearing rat to be more sensitive to

environmen;al‘controls than a normal rat liver. These

'
P i
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controls lncluded day-night “eglﬂes, feeding schedules, d f
per cent protein in the diet.’ Lbe enhanced susceptlbllltv “7
seen in mammary tumour -bearin _rats to BNF-treatment may
reflect some, alteratlon if# the organi zatlonal properties
of the enzyme svsten as a result of the original'tumour—
causing administration'of DM3BA.

7he livers of the tumour—bearing rats showed'the
same enhanced sus ptibility to BNF-treatment as dio the
:mammary gland. spection of basal enzyme levels and com-

‘

parison eported in the literature (see Table T

tumour-~bearing ra but the greater.fold—induotion”seen in
these an&ls is a result o;’ ‘higher induced AHH activity.'
Literature valuss for told-inducibility in control rat
liver -range from 17—fold,in‘30 dav-old female rats to 30-
fold in 70-100 day-old female rats. The 40-fold induci-
bility ratio observed in tumour-bearing rats is greatér_
than these ratios. An alteration at some ievel of the
organization of the enzyme system as a result of the single
oral oose of DMBA might, again, explain this finding.
Strittmatter (1979), -in.a study examining the
levels of enzyme activities in the livers of hepatoma-
bearing rats, reported that the microsomal drug-metabolizing
activities and associated cytochrome P-450 and NADPH-
cytochrome C reductase activity showed éignificant decreases
in hepatoma-bearing rat liwers as compared to noxmal liveré.\

His work ohéracterizing the Reuber H-35 hepatoma generally



showed the.same pattern oflmoderate decréaséé‘éf.spécial—
ized fuﬁctiohs,'compared to normal liver, that is éommcnly’
seen in hepatomas. He conjectured £hat a2 wide diversity
in the direction and magpitude of.changes that have been
reported previéusly for host tissues appears to reflecf
tﬂexvarying effects df different tumour éypes and period;

of ﬁumour.growth. Although mammary tissue and liver of

mammary tumour-bearing rats show no such decrease in AHH v
activityi it ﬁay simply reflect the noninvasivé nature ot

the tumour .angd the effect of ‘earlier removal Before the
tumour could adversely affect the host.

In an attempt to expléin the range;of activities
detected in mammary tumpufs, correlations between tumour
weight and both mammary and 1ivef AHH agtiviéy were deter-
miﬁed.' The lack of correlation is reminiscent of that seen
in mouse mammary tumours. Considering the incomplete uﬁder-
standing of the functioning of the microscmal P-450 system
and fdctors affecting it, the lack of explanations is not
;ﬁrprising. A éomparison of varlances and lack of signifi?
cant differences withiﬁ'mulﬁiple tumours in the same rat as
compared to between fats ac?entuated this lack of complete
understanding. Initidlly it might have been expected that
the enzyme activity_ axising in tumours induced by one chem—
ical in an inbred stxein of laboratory rats might show less
variability than diséovered; If one considers the monoclonal

origin of. tumours as discussed in Chapter IXI, the results

are not surprising. Thus, although the site of initiation
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frat mammary glahd)’ané the initiating agent (DMBAj for ;
tumourigenesig.are identical'in all rats studie@} conditions
«~within each neoplésm will dictate the characteristics'of_the'
fully developed'tuﬁour due =o selective pressures. Yet},
because of the similarity of initial circumstances surround-
ing tumoyrigenesis, tumours produced do display some common
Qualitative'charécteristics such as résponse to the inducing
agent, BNF, and in vifro inhibitor,‘ANF}
The relevance of-diversity of response to theée two

agents will become more apparent when response is discussed

in the inherently diverse human tumour population.

-

\ o | o



CHAPTER-V = - IR

AHH IN HUMAN BREAST TUMOURS

The differential susceptibility of the human popula—
tion to chemical carcinogens might be partiallv attributed.to
-individual differenges in carcinogen metabolism. Examinatiqn'
of the levels and regulation of carcihogen—metabolizing
enzymes, such as the microsomal mixed-function oxidases, in
humans may aid in the unaer;tanding«of the genetic and
environmental factoré which effect an individual's suscept-

.. ibility to cancer.

' Vari&us levels of mixed-function oxidases have been
found in humans by in zizg assays of drug metabolism including
- measurements of cytochrome P-450 and AEH in a2dult and fetél
live’r (Schoene et al, 1972 and Pelkonen, 1977),.placenta |
(Welch et al, 1968), lung (McLemore et al, 1978}, blo&d com—
ponents such as lymphocvtes (Xellerman et al, 1973 and Paiéen
et Elr 1979), monocytes (Bast et al, 1974), and macroéhages
(McLemore et al, 1977) as well as a variety of fetal tissues\
including aaienal glands, testes, kidney, and intestine
(Rifkind et al, 1978). In Table II, the tissue distribution
of AEH in manrand in the rat is compared.

Interest in this area was sparked by Kellerman's
(1973) original report claiminé genetic polymofphism
" for AHH inducibility. By examining a population of healthy
subjécts for AHH induction by MC in cultured (mitogen-
activated) lymphocytes, Kellerman et al (1973) reported a

trimodal distribution of AHH induéibility, using a "low”,

94



Table 11. A Comparison of Tissue Distribution of?}
AHH in Man and =Rat
Inducibiliry ‘ . ) '
Presence in in man by : '
Tissue rata " maen PAH Activity in mcn in vitro
Adult
livery 4L + -t -+ Comparchle to exp. ammcls
lungs -+ -+ + < 193 of liver >
 kidney + 2 2
cdrenal o+ . 2 ‘2
intestine + 2 2 . o
skin T N+ + Measured in newbom foreskin fissue culture
spleen -+ o2 2
blood [celfa] -+ 4 -+ Mitogen-treated lymphocytes; monocytes
muscle - 2 2
broin - 2 2
Plocenta : - -+ Preseat in smokers; strongly dependent on
o . ‘ stage of pregnaney end individucl
Fetus
liver - -+ = . Two—4% of adult fiver
lungs — {(+) - Exrremely low or absent
kidney - (+} - Extremely low or obsent
adrenal (+) -+ (+] - Higher than in liver
intestine "= — - P
skin = - — T
spleen - - —_
blood {cells) 2 — 2
muscle 2 2 2 )
brain -_ - 2 '

1. Taken from Pelkonen (1976).
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“interheéiate“, end “ﬁigh“ éesignation for the degree of
inducibility. The data geveran‘excelleht £it to the . Hardy-=
Heinberc eguilibrium and were consistent with a hypothesis
of two alleies at a sipgle locus or monogéneic-ccgtrol.
%hey also found.that lcng caecer patiencs ﬁad a different
distributicn-of'AHH indccibility with a preponderance of
“intermediate and high AEH inducibility_phenotypec} and
concluded‘that.the‘allele for high AHH iﬁducibility conferred
an increased risk to lung cancer.

A flurré of papers followed the‘original report by
Kellerman, many criticizing the restlts as they were ﬁnable‘
to_reproduce them.(Kouri EE‘EE' 1974; Paigep et al, 1977;
;letcher et al,71978) and some concurring ﬁith the results
(Emery et al, 1978- Brandenberg et al, i9?8- Gahmbefg et gi,

979). Miuch of thls problem in reproduc1ng the results
re51des in the effect various culture and assay conditions
have on 1ymphocvte AHH activity and 1nduc1b111tv.-

As mitogen actlvatlon of the lymphocytes is. requlred

before appreciable amounts of AHH induction can occur, some

felt (McLemore et al, 1978) that the results could be an arti- '

fact of ﬁitogen stimulation and a conéequence oﬁ incensistent
responsiveness of lung cancer patients' lymphocytes to
mitOgqu, This group and others tried to circumvenc this
problem by using human iung tissue and pulmonary macrophages
as well as blood monocytes (Bast et a1 1974). Unfortunately,

‘the comparative degree of dlfflculty in obtaining these

alterneﬁiye tissues has prevented their widespread use.
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. Paiéen et gi:t1977, 13979) criticized the fesults{
of Kellerman stating that the higher AHH’inducibiiity of
patients with lgng cancer is a consegquence of the disease
itself and ot repreSentative of AEH iﬁdﬁcibility that
existed before cancer. Being generally‘accepted that AHE

Ly
levels and inducibilityv ratios are genetically-deﬁéﬁmined,
Paigen and co-workers used the. progeny of cancer patients
and compared AHH inducibility ratios to matched controls. =

.

They also selected patients with respiratory cancer whose
EE;ours were completeély resecteé and who had been disease-
free for a period:of time. In this wayv, inducibilitf

ratios should no: be a product of the disease'state, and’
their lymphocytes should respond to mitogens and produce
enzyme activity similar to that shown by controls. Althougﬁ
they foﬁnd variation in AHH inducibility which they attri~
buted to genetic differences, they repbrted a unimodal dis-
tfﬁbution of AHH inducibility in humans, not trimodal, as
reported by Kellerman et al (1973).
- ' In a recent paper, Gurtoo et é&d(1979), in an
attempt to avoid the uncertainties of factors surrounding
various culture and assay conditions, tried to examine
physical pfopertiesfof the basal and induced enzvme forms
of human AHH by studving the specificity of induction and
inhibition and other enzymological properties in human
lymphocyvtes. Indﬁciblg’phenotypes could be more readily

identified from the noninducible phenotypes if some quali-

tative difference in the intrinsic physical properties of
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the basal and induced enzvme could be detected. Although
they found that basal ang induced forms are qualitatively
similar and differ only quantitaéively in comparable uh-
induced and PAE-induced lymphocytes, similar studies with
human liver-indicated a marked interindividuality in dif-
ferent samples (Buening gg'a’, 1977)-
All of the above research only served to strengthen

the theory that AHH inducibility was indeed an inheritable

—

.trait. No one c7:fd confirm the trimodal distribution of

AHH inducibility Yeported by Kellerman; in fact, most foung

a uﬁlmoual dlstrlbnt~on indicating a Qplyéenic control of
AHH lndUClbllth As P ?gen et al (1977) discussed, tﬁis

is not surprising as it/is difficult to observe trimodal
distribution unless the genetic‘diffe;ences between homo-
Zygous parents are great anéd the Eoefficient of variation

. of the assay small; neither cpndition épplies to the deter-
ﬁinaﬁioh 5f AEH inducibility. Some researchers’ Stlll claim
to have observed a2 preponderance of high 1nduc1bllltv oheno—
types in cancer patients (Emery et al, 1978; Drandenburg et \
al, 1978 and Gahmberg et al, 1979) whereas Paigen's group
along with others consistently found no such relatioaship.
Obviously, more studies with &ifferent experimental designs

are needed to confirm the relation 1ship .between AHY induci-
bility and susceptibility tec cancer in man.

| These conflicting reports do not diminish the
critical importance of further testing the metabolism of -

polyvcyclic aromatic hvdrocarbons for genetically determined
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individua; var;ation in AHH activity and detgrmining the
relationship of such pdlymorphisms to human canceé\}isk.
The présent study was undertaXen to datermine individual
variation in AHH levels of human mammary tumours. Some
characterisfics of.the predominant form of the enzvme

- present ascertained by the uée of in vitro AEE inhibitors
will be igeported. as speci.-mens were obtained a2s biopsies
for estrogen-receptor analysis, it was'impossible to study
the experimental induction of enzyme levels as ié\égimal

., models. Although the/;e}ationship of ény polymorphisms to
canceé risk could not be ascertained due to the nature of
the study, it was hopéd that ‘some useful relationship be-
tween AHH levels and data conﬁained therein could be deteéted
upon examination of clinical data and re%ponse to chemo-

therapy.
A.. " MATERIALS AND METHOD

1) Source of Human Tumours

The human tuﬁours were breast tumour specimens
regeived'from local hospitals forlegtrogeh-rgceptor anélysis.
The séecimens were tranéported to our laborafory on ice wi%hin
2 hours of remo&al. The tumours were trimmed of any adhering
fat, minced anéd weighed before storage (less than 2 months)
in ligquid nitrogen (-226°C), antil time‘of_gssay- The
tumours routinely weighed approximately 1 g though specimens
as small‘as 50 mg and as large és 10 g were received.

2) Tissue Preparation

On dayv of estrogen-receptor analysis the frozen
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tumour was pulverized w1th a Thermo-Vac tlssue pulverizer
(Thermo vac Industrles, Coplague, New York) and the result—
qFé powder placed in iced TDE buffer. The tumour was then
.processed as described in Chapue_ II. After centrlfuiégafn
at 105,000 x g for one hour, the resusoended microsomal
pellet was frozen in a.Revco ultra-cold freezer (-70%¢)
until day of assay. This period never exceeded t&o nonths
in duration. Microsomes from nouse tﬁmours handled in this
manner showed no apparen# loss of AHH activity. On_ggg day
of assay, thg'frazen microsomal suspension was thawed on
ice and assayved as previcuslyv described in Chapter II.

3} Testing of Inhibitor Effects on AHH Activity

Human tumour microsomes were routiggigfﬁncﬁbated
with 10" %M anr in vitro to determine the pattern of inhib-
ition as with animal tumours. In addiiipn, in order to
better elucidate the form of AHH present, in some human
tumours with adequate microsomal suspension volume and detect-
able AHH activity, other in vitro inhibitors were tested. A

range of concentrations from 10 -3 10 7M€n°f compounds such

S

-as ANF and metyrapone, was the usual }énge employed.

B. RESULTS

1) Euman Tumour AHH Activity
The 216 human tumours assayved displayed a wide
range of enzyme activities with 25 per cent of the samples

assaved vielding non-detectable or near-zero values (less

than 0.1 pmoles 3-hydroxybenzo[alpyréne/mg proteiq/ﬁinute).
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If one were to separate the raﬁ%e of values into arbitrarvy
groups, 15 per cent of the tumours assaved had no.acﬁivity,_
25 per cent had levels comparable with the raﬁge observed
in uninduced rat mammary tumours (0-0.1 pmoies 3-
hydrifzsgnzo[a]pyrene/mg prctein/minuke), andé 60 per gent
of human tumours and AHH activity within the range of
activities éetected in.uninéuced rmouse mammary tumours
(0-2.0 pmoles 3-hy&roxybenzo[a]py;ene/mg protein/minute) .
The 40 per cent of human tumours whicﬁ have activity gfe;ter
than 2 pmoles 3-hvdroxvbenzo[alpvrene would compare to .-
induced rat and mouse mammary tumour AHH activity, althouéh-
there is certainly some overlap_in,tnegg\ranges.~ Owing to
the hetercgeneity oﬁhthe croup studied whether due to dif-
'feren£ patheolegies of tumovrs or patients' histories, it
is impossible by simple inspection to determine which of

.the tuméur enzyme activities, if.any, represent "induced”
values versus basal'values. Although the validity of
such a number ié questionaple, the mean AHH activity in
human‘tumours is 0.85 * 0.263 (SEM) pmoles 3-hydroxybenzo-
[a]pyrene/mg protein/minute. . This mean value, keeping in
mind the lack'ﬁf distinction betweeh basal and induced
forms,-brings the activities of human tumours roughly in
line with basal mouse ﬁamﬁary levels. This mean value
represents approximatelvy 10 per cent of that AHH'activity
found in human adult liver (Pelkonen, 1976), the activity

of adult human livers representing 30-60 per cent of rat

liver activityv. 3Individual AHE activity in human breast
4
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tumOufs is shown in Figure 13A.
Included in Figure 13A are the results of the

6M ANF to the incubation medium. As indi-

adéition of 10~
cated, there was markgd interihdividuality for the stimulat-
ing and inhibiting effects of ANF in differen§'tumour
saméles. In 8 per cent of the tumour sémples with detecﬁ—
able AEH activity, ANF had no effect on enzyme activity.

In 22 per cent of the samples, ANF had an-enhancing effeé;:\

on ARE activity and in 4§'per cent of the specimens, an

'inhibiting effect was detected. Of particular interest is

the mean value of AHE activity (0.50 * 0.180 (SEM)) in

tumours where enhancement in the presence of ANF occurred

B

as compared to that of 1.94 # 0.848 (SEM) in those samples -

where inhibition occurred. Hence, the levels of enzyme

activity in the group éhere ANF inhibited AHH activity
might be induced from patients who migh; have been-induced-
by drug treatment or §m8king etc.

By using inhibitors showing preference to one form

of AHH (Goujon et al, 1972), an attempt was made to differ—

entiate between the basal AHH activity associated with cvto-

chrome P-450 and that associated with cytochrome P1—450, the
induced form. Figure 14 shows the_results of’a concentration
rénge of inhibitors, including ANF.and metyrapone, in se;eral
tumour specimens. As can be seen from the three samples

chosen, there is marked individuality in response to inhibit-

ing agents, suggesting variation in the form ®f cytochrome

P-450. found in the human population.
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Figure 13. AHH activity in individﬁal human
breast tumpufs; ' | |
A. Each bar répresents AHH activity in a single breast
tumour specimen expressed per mg protelin.’ Where-values-
have been_grouped for_;low“ adtiviﬁy samples, the range
of AHH acéivity detected and the number-oﬁ breast tumours
is-indicated. The effect oI 10" %4 ANF on each specimen (
is represented by the solid portion of éach bar, A.
(Note: Where ANF stimulates AEH, the basal level will be
less than the solid portion‘pf each bar.)
B.‘ Each bar represents AHH activity'in 2 single breast
tumour specimen expressed per ug DNA. "Low"” activity
.values have been grouped as above. The corresponding AHH
activity expressed per mg protein is directly above (in
'A') that same speciﬁen expressed per pg DNA. In some cases,

DNA determinations were not available for each human breast

tumour specimen.
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Figure l14. Effect of ANF and metyrapone on  -.

~Individual human breast tumours. The AHH activity is

expressed As per cent of the control flask, to which 50

u#l methanol, the solvent foxr both inhibitors, was added.
The level of AHH activity after addition of ANF to the
incubation mefium is represented by the clo§?d circles

(®@ ) and metdMrapone, by closed triangles (8 )- The in-

cubation flask for.Specimen %73—1349 contained 0.430 ug

" microsomal protein, #8904-78 contained 0.672 ug microsomal

protein, and £1228§, 760 pg microsomal protein.

Cr
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2) Specific.Actirity Eﬁpressed per Mg‘Prétein'of

ug DNA

DNA determinations were done on most Juman tumour
specimens by thé'mgthod of Seers and Wittliff (1975) (see’
Appendix III). Due to the polgploidy ¢f human tumour
specimeps, it was thought that the range of enzyme-activity'\
ékpressed in terms of ug DNAIinstead cf mg ?rotein might '
yield a .different distriﬁﬁtion pattern. When -enzvme
activity expressed in terms of mg protein were arréngedﬁin
ascépding order (Figure 13A), the corresponding activity
per unit DNA do not increase similarly (Figure 13B). The
highest enzyme values whether expressed.pef mg protein §r
per wg DNA generally remain high.

3) Frequency Distribution of AHH Activity in

Human Tumours‘ ) ' _

‘A frequency distribution of the log10 of the
specific activity per mg protein is given in Figurells.
Attempts.tq normalize the distribution of AHﬁ activity was
unsuccessful in humaﬁ turmours, in contrast to rat and mouse
tumours: The relative abundance .of nondetectable and near-
zero values had the effect of causing the distribution cuxve
to be highly skewed to the left. |

4) Microsomal Protein Yield

The microsomal protein yield routinely was approx-
imateiy 3.3 mg microsomal protein per g tﬁmour, one—-third of

that measured in mouse tumours. This could be a result of

marked fibrosis, the so-called scirrhous-type carcinoma
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Figure 15. Freguency distribution of AHH activity

in human breast tumours. The log10 of the AHH activity for
: - .

each human breast *umour was determined and freguency dis--

tribution plotted. .

e
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prevalent in.human tumours, seen only farely in rat tumours
and not evident in ﬁouse tumours. Aé this'sfﬁour.type is
Qery dense, a lower protein yield results.

| 5) Correlation of AHE Activity with Estfogen—l

N Receptor Levels
As- indicated earlier, the éfimary reﬁgon breast

tﬁmourslﬂe;e sent to our laﬁdratory was fo; estrogen reCépto&
analysis.' Currently, a cdnéroversy éxists in the iiteraﬁurg
with some.researchers clairming that absence oZ esitrogen -
receﬁtor correlates with a positive response to éﬂgggtherapy‘
(Lippman et g;} 1978) whereas, other groups claim‘tﬁat tumoursr
that are estrogen receptor-positive respond more favouragly
to chemotheraQy (Kia;g et al, 1978). Yet another{group-élaims
that faﬁé:;éble resultsg with chemotherapy occurred equally
among patients with hormonal response and those with no
response (Samal et al, 1978). Because of this controversy
ané due to the readily availablé data concerning levels of

estrogen receptor, a correlation coefficient was determined

for AHH activity and estrogen receptor levels in human tumours.

- With a correlation coefficient of r = -0.03, it appears that

»

there is no relationship between AHH activity and estroge?
receptor levels in the human breast tumours studied. Li et
al, (1976) reported a similar lack of correlation between
estrogen receptor le&els in human mammary tumours and

steroid metabolism (testosterone).

- &y

)
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6) ﬁelationship.éetween AHH Activitf'and ?athology
of Human Tumours
In an attempt to explain the-rénge of enzyvme levels
detected in human tumours, an §ttempt was made to relate
enzyme levels to the pathologicél classifipétion of the
tumour. Upon examination oI thé clinical records it became

apparent”that a broad rapge of descriptive terms, depending

upon the pathologist in atteldance, were applied to the
S :

breast tumours-ranging fromﬂ%f“goorly differentiated carcinoma" .
to a "benign cystosarcoma phylloides"‘(a rare form of breasf.
cancer). 'Although other'feSEarchers (Rern, 1979) reportéd ",
a correi§tion'of estrogen receptor levélsﬁg%th m&rﬁhologic

agd cvtologic features and greliminary survi%al data, because
of ambiguity in the clinical records, it remains, at present,

difficult to determine the relationship, if any, between

bathology and eniyme lévels.
| 7) Relationship Between AHH Activity and Response
to Chemosherapyv

As many chem‘tﬁgrapeutic agents reguire metabolic
activation for expressis;mbf theixr anti—ﬁecplaétic activity,
one of the more promisinq aspects of the research was to
determine if MFO. activity in the primary tumour had any
predictive abilities in terms of response to various chemo-
therapeutic-zéents.

Althbugh ;he understanding of metabolic activation
and the medﬁanism of action of many chemotherapeutic agents

remain unknbwﬁ, the metabolism (alkylation) of cyclophosanide
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’ | . . '
{CPA), an alkylating agent ussd in many ;nti-cancér drug
'regimés, is known to be catalvzed by hepatic microsomal
cytochrome P-450 system (Ohira et-:al; 1975).. Prdcarbazi;é
and nitrosquréases, though not so commonly used as CPA, are
also substrates for the cytochrdme P-450 dependent enzymnes
(Reed and May, 1978). As other chemotherapeutic agents are
investigated, more may be fouﬁd_;ggrequire activation by

“

the‘cytoch;ome P-450 system.
It is known that CPAJrequlres enzymatlic oxidation

in vivo to generate alkylating moities; The drug is activated |

by hepatic microscmal enzymes and the active metabolite reaches

target sites through systematic circulgpion (Alberts et al, 1978).

T
a

If AEH is present in sufficient gquantities in the target _sites,

. . . )
human breast tissue, for example, it may be important in the

local activation of CPA. Active intermediates formed in situ

might more gquickly and efficiently exeét their cvtotoxic effects
upon rapidly dividing cancer c#lls. | |
It was with this concept in mind that two separate

sub-populations of human breast tumours were examined for

possible correlation of AHH activity and response to chemo-
“therapy. 2 random sample of patients whose biopsies had been

performed 14-5; months before AHH assay analysis was chosgn,

20 of whom had nondetectable levelé of AHH activity and 20

others wholhaaﬁ"high" BHH acti@ity (greater than 0.5 pmoles/

mg protein/minute).

e

g
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Some of the characteristics of the two populations
appear in.AppendileI, Examination of the sub—populations‘
with respect to treatment given énd objective ané subjective
respons; revealed onlv 1 out of 20.patients in the “"low"”
AHH activity Eo be "evaluable"band § out of 20 in the "high"
AHH activity group. Evaluable patients were those who
were put onto a chemotherapy regime (usvally cyclophosphamide- e~
methotrexate-5-fluorouracil (CMF)) after remission so that a
?esponse coulé be assigned. Generally, all patients received
some form of radiation treatment immediately after surgefy:
this may constitute the oniy treatment the patient would
receive. Others were placed immediatelf onto the Ontaiio
Cancer Poundatién Adjuvent Therapy program consiﬁfing of
irradiatibn plus‘CMF treatment. Other patients who were
not evaluable were those on some form of ‘hormone treatment.
Of the 4 patients.out of 40 who wefg "evaluagie", 3 patients
with "high" AHH activity did éppeaf to respond to chemo-
“therapy after remissiops fo}lowing surgery bn th? primary
tumour. ?The one patient in the "low" AEH activity group
did.not respond to chemotherapy and died with autopsy reveal-

ing extensive ‘bone metastases.

C. DISCUSSION

The presence of PAE-metabolizing enzvmes in differ-
==€ g

ent human tissues and their ability to be induced is a dis-

covery of great impact (Nebert and Gelboin, 1968) as it

may represent an important protective mechanism by which
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‘,cércinogenic Or noxious compounds are inact;véted. Animal -

L}

studies have demonstrated a resistance to hé&rocarbon
carﬁinogepeéis'after the induction of hvdrocarbon-
metabolizing enzymes (Silinskas ana Okev, 1875). Although
enzyme éctivity examined in this'feport was in'neoplastic'
mammary tissues;‘some iﬁpor:ant comparisons can be made

to normal human tissues and the felevancy Lo chemothera-
peutic response.discussed;

. It is difficult to assess the factors contribut-

ing variability in human  tumours as the patients from whom

‘they were obtained represent a diverse group. At least

two factors may contribute_to the variability as theyv are
known to affect érug metabolism in man: cigarette sﬁoking
and disease of the patient (Conney and Burns, 1872). Other
investigators haye repérted on éhis diversity of enzyﬁe
levels so p;@valent in man {Pelkonen, 1576) reéardless of
tissue ?ype.' Although a survey of enzYme levels élone is

of little value in assessing the nature of AHH in man,
the use of inhibitors has éroved useful.
Work by Pelkonen (1576) and others {Rifkxind et al,

1978) with fetal and adult human livers, showed_that hepatic

‘AHH was not inhibited by ANF, thus, exhibiting properties

typical of cytochrome P-450-linked AHE or the "basélf form.

T%é‘form of enzyme presen£ in the placenta, which has been

reported to be inducedsén smoking mothers a%d strongly

inhibitable by ANF, exhibits characteristics of Pl—450—

linked AHH. The enzyme systems studied also differed Qith
: %
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respect to response in other inhibitors.‘ Adult and fetal
hepatic AHH were inhibited bw SKF-525 and metyrapone,

whereas, thé placental enzyme was not.’ Concurreﬁt studies
with fetal adreral gland AHE showed it to behaxe more like

the hebatﬁc svstem. Additiondl studies on substrate
\

'specificity, drug-induced spectral interactions, and

other properties of adult hepatic and fetal hepatic, ana
a&gahal and placental mono-oxvgenase systéms point to a
difference between hepatic enzyme systems and that in the
placenta of humans.(Pelkoﬁen et 5;,-1977).

Pelkonen and co-workers (1975) have cdone additional
studies in human fetgl cell culture which has the advantage
of being able %o Study.bdth zasal and induced lefels. The
enzyme in fetal culture was inducible by exposure to PAH
in vitro. The basal enzyme in control cultures was not
inhibited by ANF, whereas, the induced enzyme was. The -
hepatic fetal culture svstem exhibited the’same characteristics
as the liver micr§Somal svstem. In their study of fetal cell
cultures and fiﬁfobiaét cultures, they ha%e found a unimodal
type of distribution of induced AHH act1v1tv suggestlng polyv-—
genic control of AHH® 1nductlon ln these systems.

Other investigators (Buening et al, 1977) reported
marked individuality in the activating and inhibiting effects
of ANF in different human liver samples obtained from surgical
biopsy or surgefy. The authors felt that this individuality

may result both from the presence of multiple““orms of

mggo—oxygenases in varving amounts and proportions in the
Uy

v
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different liver samples and from a selective effect. of ANF

on certaiﬁ mono-oxygenases. The discrepancy in responses
reported by this group and those Teported by Pelkonen et al,
(1877) may simply reflect a bias in subﬁeéts sampled as
Pelkonen_ieported his group contained no heavy sﬁokers.

Gurtoo et al (1977), in a recent study examining ﬁhe
induction and inhibition of-AHH_in Zresh mitogen-stimulated
human lymé%ocytes, reported that AHH was not inducible by PB

and was consistently inhibited by ANF even at higher cencen-

)
o

trations (107°M). In their study over a range of concentra-

- tions SKF-525 and metyré%dne procduced moderate inhibitién to
moderate stimulation of AﬁH activity though not to the same
~%egree as ANF. ‘Thé inhibitor patterns reported suggest that
i;mphocyte AEH, both basal and induced, is essentially cvto-
chrome P17450 linked. Tq% differences in response to iﬁhibit—
ors between adult iivers and lymphocyte could reflect inherent
difﬁefences in tissue tvpes or artifacts‘as a result of mito-
gen stimulation of human lvmphocvtes. .

Based on the above discussion, the pattern of AHE
response to ANF in human tissues has been reported in other
tissues but, interestingly enough, never have ail patterns of
stimulation and inhibition been reported in the same tissue
as has been observed in human breast tumours. This could be
a resul1‘bf two factors: heterogeneity of human breast tumours
or lack of distinction between basal and induced forms of the

enzyme in human tumours.

- .
In earlier discussions on mouse and rat mammary

&
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tumburé, the same géneral éattern of response to ANF was reported.
The human tumour population tesﬁed mav well represent a much

more heterogenous group 6f.sagples thar either mice or rats.

The tumours are afising in a more genetically diverse host than
are inbred strains of laboratory animals. Further, we can only

guess as to the original tumour-initiating cause whether viral,

.chemical, or hormonal or any combination of these factors in the

4
=

human patients. - | »
If more details of the patients' histories were known,
the varied response to ANF could be attributed to differen&es
in the form of enzyme present, basal or irduced. As reported,
the mean enzyme activity in the group where ANF caused inhibit-
ion was 4-fold higher than thét seen in the group where ANF
.stimqlgted AHE activity. A 4-fold induction is reminiscent of
the fold-induction seen in mouse tumours. It would be diffi-
cult +to c¢lassify the human tumours 5ased only on thig‘factor.
Attempts to understand the mechanism(s) proé%iing the
variability in human mammarf_tumours, as with animal tumours,
proved not very successful. Estrogen réceptor levels in the
overall population did not correlate well with AHH activity.
In the sub-populations of 20 n 1 en ané‘zo "high" AHH activitg
samples, there appeared to be no'significént correlatiocon
between AHH activity and degree of histopatholggical differ-
entiation of‘the tumours (r = 0.645) or staging of the disease
(r = 0.002), which reflects degree of axillary metastases.

When two sub-populations of human breast tumours

were examined for possible correlation between AHH activity,
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analysis revealed that no significént éifﬁerence in response
‘to chemotherapy could be attributed’ to "high” or "low" AHH
activity in the tumours. The few patignté in each sub-
population that wefe "evaluable" and demodgﬁrated the
proposed response based on ARH aqtiﬁity {patients with
"high" AHH activity tumours reé?Sndiné more favodrably to
chemotherapy than those withn "low" AHE activity) indicated
that a more comprehensive étudy may have some potential in
evaluation of predictive‘abilities of AHE in patiént
response to chemotherapy.

A§ in any clinical test, the elapsed-time for follow-
'up.period;must be greaﬁhenough éo that any remissions and
fesponse to chemotherapy can bé determined. In this study,
_over time; more patients mayv become "evaluable" under

criteria established for this study. In the fu ure, patients
may undergo a relapse, with assignment to chemotherapy as a
possible outcome or those presently on chemotherapy will, in
time, Be‘able to be assessed as to their response to treat-
ment. As in all retrospectlwe studies, the res&;rcher has
had little control over the etperlmental design. It would
be easier to judge any poss;ble_correlgtlon between AHH
activity and response to chemotherapy if the situdy had bheen
éeﬁigned to best simple tregtment effects of various chero-
therapy regimes in "high" aﬁd "low" AHH activity patients-
The significance of the‘presence of high levels of AHﬁ
activity in hﬁman breast tumours will probablyv require the

passage of several years before an accurate assessment can

be made. Th&eventual compute%fistion of records will make

i
—
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such a study easier and allow maore patients to be examined.

In summary, the results demonstrate that some
human breast tumours posgess detectable levels of AHH
act1v1ty that vary in range from non—detectable to levels
equal to those of uninduced rat liver. The higher levels of
activity f:;ee?le those seen in "induced" mouse agd rat mam-
mary tumours. Competitor studies with ANF revealed a hetero-~
genous response to the. inhibitor indicating the presence of
multiple forms of cytochrome P-450. A survey study of sémples
of "low" and "high" activity tumours indicated that examina-
tion of‘ieveis of AHH in human breast tumours might be a
promising method by which -to prediét response to chemotherapy. -
A more detailed analysis of the clgnical records at a later

date might shed more light on this interesting possibility.

. .



'‘CHAPTER VT

CONCLUSIONS

SR
l) Mouse, rat, ané human mammary tumours have

MFO activity aé measured by the AHH assay.

2) Mouse mammiary tumours possess higher levels
of AHE activity varied depending on the mode of tumouf—
induction: “spontaneouslf-axising" {umours have signifi-
cantly higher levels than DES tumoud’or chemically;
induced tumours. Treatment cof genefically "responsive" .
mice with BN% resulted in a 10-fold-increase of ARH activityv.

)

In "responsive" mice, ANF coééistently inhibited AHH activity
both in untreated and BNF-induced tumours.

%) Tumours in “non—responsgzsﬂ mi. \\did not

-

demons;rate "Anduced" AHEH acﬁivity after BNF treatment.
Basal tumour AHE was not inhibited by ANF whereas BNF-
induced fumour AHH-was inhibited to 50 per cent of control
1a "non-responsive” mice. | |

4) Sefial transplantaéions of mouse tumours indi-
cated that variation in AEH activiﬁy decreased in succesxsive
transplants as compared to the ofiginal tu%our populatizzla

5) Basal AHH levels in rat tumoﬁrs were comparable
to levels re?orted for normal rat mammary tissue. Treafment

A 2. .

of rats with BNF caused a 70-fold increase in mean tumour AHH
activity. ANF consistently ;nhibited tumour AHH in BNF~- 1
treated rats. i

6) AHH activity in human breast tumours was vari—

able ranging from non-detectable levels found in most tumours

-
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to values as high as non-induced rat liver. ANF in the

incubation flask inhibited AHH activity in some human ‘tumours
. ) -4 .

and caused apparent stimulation in others. This may represent

evidence for multiple forms of cvtochrome P-450 in the human

population.

7) Examination of clinical records revealed no

correlation between AHH activity in human'breast_tumours'aﬁd
estrogen receptor concentration. A preliminary studf of a
sanple of tﬂé human tumour populatiq@ revealed somé evidence
for a possible correlation bétween tumour AHH activity and

patient response to chemotherapy.

.‘bf



APPENDICES

I. Statistics

All statistical teSts and repetitive calculations were
performed on a Texas Instruments model SR-52 programmable

calculator. -

A. Standard deviation of X by the N ! method was computed

using the following formulae:

2 32 ) = &
Sb X, - nX where X = X X,
X 1 S 1
1=1
o
n-1 n
~
Standard error of the mean of X by the N method was
computedlés foliows:
SDx ,
-SEM = L
-~ . X

;

Variance of the data was calculated by:
) ﬁ:‘:—_\

A

[

_ 2
v = (SDX)

The cc@?f?gient.of variation, representing the relative
spread of distribution of data points, was calculated as

follows:

0
S
I

100% SDX

X
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. B. Least Squares Regression Line

The linear least-squares fit of input cdata points

(x,y) were calculated using the following formulae:

nIxy - (Yx) (Yy)
slope = m = = 7
nyYxt - (Ex) '
a—t it «
- Ty - =mTy
&ntercept = b =
n

4

The least square line of v on x has the equation:

A L meh——— T T

v = mx <+ b

C. Correlation Coefficient

The ceorrelation coefficient of input data points (x,V)
was calculated as follows:
i xy - I xXvy
n
r =
2 >

Tx? - (Tx? Eyz - (Eyﬁ

J
n
D. Student's "t" Test
The value of t was determined from the egquation:’
X + ¥

t =

(n. - 1) sp® + (n - 1 sp?\A 1

x X v
by o
— n + n - 2 n n
x v X
3 = x _. Ty

where X = T and Y = T

”
m
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~
fSD; = Standard deviation of x ané SD, ' = Standard devia-
tion of y. Degrees of freedom = N - N_ - 2.

x h's

E. . F-Test for Comparison of Variancesi

Variation from different populations were ‘compared by

-

means of the following ratio:

v

.1
F = . 'v.— where Vl > V2
2 €
where DFl = degrees of freedom for upper variance
. vl = Nl - 1 )
where DF2 = degrees of freedom for lower variance
Vo = Ky - 1

F. One-Way Analysis of Variance (ANOVA)

The following formulae were used in testing the differ-
ences between population means of k treatment groups; where

each group i (i = 1,2,..., K} consists of n, observations

X (3 =1,2,..., nT):

1]
. .
. . i
Sum of observations in group L = ij
=1
- kK n. k n.
Total Sum of Sguares = S§ = Y 3] ;o= | T v 54
i=1 §=1 =3 i=1 =1 3
4 X
¥ n
. i=1 %
k n 2 k n.
Treatment Sum of Squares = TSS = Y ‘ijl -l ¥ Z? XL .
i=1\ j=1 3 i=1 3j=1 13
n. k
i T n. -



Errox Sum ©of Squares ="ESS = SS - TSS

-
-

'DF, x TSS

» . ) ” 2
The value of the F statistic is: F = .
: . ' DFl x ESS

where DF, = treatment of degrees of freedom =

DF, . error’ degrees of Freedom =

g
1

1
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II. DNA Measurement by Ethidium-Bromide %echni;que

Beers and Wittliff (1973) have outlined a rapid method
of detéz;ining DNA in mammary gland homogenates using the
ethidium-bromide technique. This method was applied to

determination of DNA in mammary tumour tissues.

L

A. Reagents

l) SDS Homogenizing Buffer: This buffer
contains 0.05M Tris-HCl, 1.95M NaCl, 0.025M
EDTA, and 0.1% laﬁryl sodiun sulfate (SDS)
at pH 8.0. To prepare G.OS-g‘%ris {TBAM) ,
113.1 Erﬁacl, ané 7.30 g EDTA were combined’
and made up to 1L. The buffer was broughé;m
to pH S.0 with concentrated NaOH. SDS was

_ a2dded and mixed; it remains as a flocculent

precip}tate._

2) Washiﬁg Buffer: This buffer is identical to

| the hombgenizagzén buffer except that it
contains no SDS.

3) Dilution Buffer: This buffer contains 0-0Sﬁ
Tris-ECl, 0.2M NaCl, and 0.025M EDTA at pH
8.0. To prepare, combine 6.05 g Trig,

11.60 g NaCl, and 7.30 g EDTA and make up
to 1 1. Bring to pH 8.0 with concentrated

NaOH.

-

=y
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Ethidium—Bromide_Solufioh: Ethidium-bromide is

addeqﬁﬁt a coﬁcgntration of 40 mg per litre.bf
dilution buffer. ‘

Ribonuclease: 20 ﬁg ribonuclease per ml dilution
buffer is prepared so when 20 ul 1is added to the
extracted sample, 400 pg ribonuclease &S presént.
ENA Standards: DRA sténdards are made up ig the
washing gyffer using calf thymus'DNA. The
samplés are made up lo—ﬁold.more concentfated so

&
that upon dilution with the dilution buffer, the

. final concentration series ranges from 10 ug/ml

to 100 pg/ml. A stock concentration of 1 mg/ml

is made and dilutions performed so that initial

. concentrations before éilution range from 0.1 -

L4

1.0 mg/ml.

B. Procedure

1) To homogenate or nuclear pellet from 0.5 - 1.0 g

tumour, add 3.0 ml hémogenizind\buffer.
2) Using thé Pélytron PT-10 at a setting of "6", the
homog%natg;plus buffer is rgsuspended'fo: 10 -
wy .seconds. ' d
. 3). Heat suspension at 60°C for 1 hour.

4) Cool for lOeminutes at 0°¢c to precipitate the SBS;
centrifuée for 10 minutes at 10,000 x g and collect
the supernatant. )

‘ 5) Wash pellet with 2.0 ml washing-buffer; éentrifugg

. for 10jminutes at 10,000 x g and pool with previous



' supernatant. o ' ¥
é)‘ Add 2.0 ml homogeniziné 5uffer to the pellet and
| extract again for 1 hour at 60°C. Chill as
before, centrifuge, and combine this super-
natant with previous one.
7) Wash the pellet with 2.0 ml of washing buffer.
Centrifuge and combine supernatant with above.
8) Remove two 0.1 ml aliquots.and dilute each to
1.0 tl- with @ilution buffer.

9) Add 1 ml ethidium-bromide solution to each ali-
‘ A

-

Quot and read the fluorescence against standards.

10) 2add 20 ul ribonuclease (20 mg/ml) to Hydrolyze
R¥A. . o | |

11) Incubate samples at 37°C for 1 hour along with
appropriate standards.

12) DNA ®ontent is determined from the difference in
the fluorescence of the ribonuclease-treated
sample and that read before the ;dditioﬁ-of ribo-

nuclease.

C. Technical Notes

The fluorescence of each sample was determined by
exéiting at 365 nm and reading the emission at 590 nm.
Ethidium-bromide binds quantitativelf to DN? and RNA
Ey intercalating with the baéésfof these polymers. After
fhis occurs, the  fluorescence of the d&e ié'énhanceg 20—
25-fold and +his increase, when assaved at concentrations
of salt greater than 0.1M, was specific for nucleilc acid

polymer.



III. Lowrv Techniqﬁg for Protein Measurement

: ®
. A ”‘_Reagénts ' a
o :1) Reagent A: Dissolve 20 ¢ mazco3 {sodium
carbonate) in 900 ml distilled water before
adding 0.2 g soddum - -potassium tartrate. Make
up to 1 litre.
2) Reagent B:P Dissolve 0.5 ¢ Cuso, ) E,0 f;'
100 ml distilled water to make up a 0.5%
solution.’

s 3) Reagent C: Aalkaline copper sulfate solution.
Mix 50 ml reagent A with 1 ml reagent B just™
prior to use. Discard after 1 day.

4) _Folin Reagent: Dilute 50 ml Folin-Ciocalteau
reagent (nN) with 70 ml distilled water.

5) BSA (5 mg/ml) : Make up‘a stock solution of
BSA at 5 mg/ml by adding 5 g BSA and bringing

¢ up to l L with water. e

B. Procedure

1) Pipet 100 pl of microsomal suspeﬁsion into'test
tube aftérlappropriate dilution.

2) Add 900 31 distilled water and mix.

3) Prepare blanks in the same manner by adding
100 pl distilled water in one and ;00 el GPO4
buffer in another. il

4) .Standards are prepared in the same manner; 100

vl of each BSA standard ranging from 50 - 500

g BSA is added.

-
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6)
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Pipet 5 ml of reagent C to each tube, mix
and let staﬂd for 10 minutes.

After =10 minutes, aéd 0.5 ml Fblin reagent,
mix immediately and allow colour development
at room temperature for 30 minutes.

After 30 minutes, measure absorbance‘at 660
nm against the distilled water blank. Subs,
tract the GPO# bufferf blank from the unknoﬁn
and determine the conce%tration from a stand-
ard BSA protein curve, established using BSA

solutions over a range of concentrations.

Correct value for dilution if required.
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IV. 3-Hvdroxvbenzolalpyrene Standardization Curve

In order that the relative fluoreécence from micro-
somal-suspensions can be guantified, a standérd curve
using purified 3~hydroxybenéo[alpy:ene (2 generous
gift from Dr. E. W. Nebert) was constructed (Nebert,

1978) .-

A; Reagents

—

1} Stock solution of 3-hydroxybenzo(a lpyrene:
‘A stock solution of 2 x 10”%M was made up
by adding 0.536 mg /10 ml methanol.

Dilutions were c&one such that a concentra-—

tion range of 2 x 107%M to 2 x 1078

'

jelded a range of 1-10,000 pmoles: of
3-hvdroxyvbenzofalpyrene per incubation
£lask.

2) Reaction Mixture: The 3-hydroxybénzo—

[a Jpyrene was addea to the feaction
mixture containing co-factors and micro-
somal prétein'as described in Chépter IX.

B. Progéduré |

| 15 The microsomal suspension was heated to
60°C for 10 minutes to destroy arny enzyme
activity. This ensures that the 3-OEBP is

not converted.enzymatically to nonfluores-

AN
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2 cence and concentration of 3-0HBP is not under-

éstimated.-

2) 'The reactibn.mictufé is prepared in the normal
manner as outlined in Chapter It usmng heat-
1nact1vated'm1crosowal susnen5101s.

3} Upon addition of 3-OHB? to the reaction
mixture, the normal‘ipcubation period of 60
minutes at 37°C is followed éfter which the
usual incubation and extraction procedures
are Performed. )

c. Resultg

The resultant standard curve indicates a lack of
linearity at low 3-OEBP concentrations {see Figure
16). This lack. of linearity is not inherent in the
filvorometer itself as direct addition of 3~OHBP alone
to 1.0N NaOH results in a linear calibration curve
(Nebert, 1978). Similar standard curves are dbtained
whén no microsomes are present in the reaction mixture
as when the samples are not incub’ted- The nonlinear-
ity is attributed to insufficient extraction at.10w
3-0HBP concentrations. This‘lack of linearity  becomes
important in tissues with low AHH activity and sets
the limits of the assay at 0.1 pmole 3-pHBP/mg/mipute.
Note: Because of the difficultiesAin obtainingly

>

using, and.storing acthfntic 3-0HBP as a standard,
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Figure 16. 3~Hydroxybenzolalpvrene Standard Curve.
The curve depicts the relative fluorescence as a function of

3-0OHBP concentrations  added to the reaction mixture and -

incubated for the 60 minute time period. ' Heat-inactivated

SR

mouse mammary tumour microsomal suspension was used with

560 ug microsomal protein added to each incubation flask—.‘Qs
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it is desirable tg\be able to use a readily avail-

able standard to calibra%e the machine each day.
Quinine sulfate, a stablas compound, fluoresces

stronély in 0.1N H2804; at the'peak excitation and
' %

emission wave-lengths of 3-OEBP. A standard curve .

using a concentration range of-quinine sulfate
from 0.001-20 pg/ml can be constructed for this

purpose.

Ea

£

&
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V. Characteristics of "High" and "Low" AHE Activity Tumour:

Sub-Populations

Characteristics . "~ High AHH Low AHH
Median Age (vears) 54 70
Per Cent ER Positive . ' 10 ' 25
o 2 ‘
Disease-Free Interval (months) 28.8 '28.0
Disease Staging - Stage I .35 § 21 s
Stage IIX ] 40 s 57 %
Stage III . 5% 11 s
_ Stage IV . 20 5 - 11 s
Degree of Tumour Diffe:entiation_
- poorly differentiated 57 & 46 &
- moderately diffeﬁentiaﬁed o 7% "0 %
- Well differentiated 36 § 54 %
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Chemicals Used and Suppliers

Acetone

Albumin, bovine seﬁum {B3s5a)
Alphanaphthoflavone. (ANF)
Beta naphthdflavone‘(BNF)
Cupric Sulfate |
Deoxyribonucleic acid (DNA)

Diethvlstilbestrol (DES)

Dimethylbenﬁanthracene‘(DMBA) .o

Dithiothreitol (DTT)

ther (énaesthesia grade)
Ethidium-bromide
Ethylene diamine tetra-acetate

Folin-Ciocalteau Reagent - 2N

~Glycerol

Hexane )

Aauryl sodium sulfate (SDS)

Magnesium c@loride

Nicotinamide adenine monophosphate,
::g;;ed (NADPH)

Nicotinamide adenine, reduced (NADH)

Potassium phosphate e

Ribonuclease I ) -

Sodium carbonate

- Sodium chlqride

Sodium hydroxide

- Fishera

- Sigmab
- /sfgma
- Sigma
- Fisher

©— Sigma

-— Sigma
- Sigﬁa
- Sigma
- Sisher
- Sigma
- sigma
- Sigma’
- .Sigma
—~ Fisher
- Sigma

- Fisher

- Sigma
- Sigma
~ Fisher
- Sigma
- fFisher
~ Fisher

~ Fisher

-
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Sodium tartrate

Tris (tris(hydroxymethyl)aminomethane) -~

Sigma Chemicals, St. Louis, Missouri, U.S.A. _

Fiéher',

Fisher

Fisher Scientific Company, Toronto, Ontario, Canada. .
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