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FOREWORD

Dnl‘;,* through the combined efforts of several individuals has it been
sible to complete this research project. Many people have offered
e, u['l".;ldtl!}[‘}, encouragement, and their time to me derg my
earch. Although space and time would not permit me to thank sach
E0n mf:hw:lually there are a few that deserve special recognition,
First of all, my family deserves a thanks for all the understanding
they showsd durmg this time. 1 would like to express thanks to my
brother and sister for kindly ignering the mountain of books and
EEPEI‘WW‘K I accumulated In my bedroom and oo the dining room tatle.
Thanks, alsc to my mom and dad, who faithfully waited up for me after
midnight on several occasions after 1 had worked practically most of the
night at =chool.

Or. Barry Goz, assistant professer in the University of Nerth
Carclina at Chapel Hill Pharmaceclogy Department, deserves a special
thanks for all the advice and information he sc gracicusly gave. 1 should
add that Ur. Goz alss tD..!k time from his busy schedule to cali me to
check cn the progress of my rws»:,arr*h

A very special thanks is alse in order to the Physical Science
Department of Pembroke State University. The Department was so
wonderfully helpful and gracicus to allow me to use their sguipment and

rEsSCUrces fhmu»"huut my research.

Although the af'or»—mr:ntmnﬂd pecple were very hf—lpf'ul to me, the next
three individuals have meant more to the successful completion of this
thesis than I will sever be able to describe. They have stuck with me
through the thick and the thin and when no other pecple could help.

Connie Locklear, the lab manager for the Pembrcke State University
Science uppdrtmﬂnt has been unbelisvably giving of her time and ensrgy
*hrf::ugne ut the last several months., Connie, bas cons tantly' been there
running down equipment and giving advice on my thesis and laboratory
procedurss, tut most of all she has b»:r:n constant fmpnd and source of
encouragement. it is not coften that cne is able to find an instructer who
i= willing to devote his or her days to & st dent as Connie has to me.

On several occasions, Connie made special trips to the third floor of the
science building on the weekend to check a r‘prldxma anparatus that I had

to leave | pf:ra‘cmﬂ' over the weekend. I could say many more impressive

things Gnut Connie, but suffice it to say that Webster’s Dicticnary doss

Ry

not possess words that describe Connie’s unselfish commitment to this

BeAry Lavsanore LIgrary
Pamproxe Stats Library
Pembroks, NC 2082
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oroject.

For Ur. Harold Tpaf'ue, professer of chemistry in the Pembroke State
University Physical Science Department, what can I sav? From the
first class 1 tock under Dr. Te:ague four years agc, he has proven to be
an incredible instructor, friend, and counselor. These attributes have
definitely carried over thmugh':aut the last four years and on through this
oroject as well. No matter when I had a problem with the ressarch or
with personal feelings of defeat, Dr. Teague always listened and seemsd
to know just the correct sclution. His friendiv smiie and clever iokes
seemed to always glve me a ray of hope when everything seam :-:I S0
gloomy. More Imgortantly thﬁugn I would like to offer an etern
thanks to Or. Teague for taking time out of his unbr:llpvabl‘;, busy
cchpdule to serve as my advisor on this thesis project. He took Gart of

i= 1988 Christmas var*utlun tu come out and work with me in the iab.
Dn Many, Many More ococas , be gave freely of his own time to work
with me. 1 would like to e;:pru . a8 VETY QPL—:lei thanks to Ur. Teague for
being & super advisor, professor, and friend.

Lastly, but most of all, I weo culd like to thank a special rriend who
has given aamc&} DDTT‘JIL.-I"t, and encouragement when not even my
and most helpful friends could. That special friend is Ged. He has

been the Friend that gave me the health, =strength, and encoura gen ment to
strive on when circumstances, fatizue, and doubt seemed to ail tut
defeat me. To Him I am ever Indebted and to Him I give the uitimate
thanks.
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HE UNDERSTANDING OF CANCER,
ITe CAUSES, AND TREATM&:?\TE‘:}

CANCER! When vou first read that word, what enters your mind?
Ueath, pain, gloom, _‘urrprmg agony, eto’? Mawbw not, bot one thing 1 am
=ure that E*{']tl-'r“" vour mind is a wary, mysterious do ubt and at least

» g

a slight sense of fear. That wo rd, protably mare than any other,
regresents more pain, misery, and dwcpdlr than any other word that has
been known to man over the centuries or since its discovery. Although
it has existed possibly a= leng 25 man ; and certainly for the la=st 2500
vears!, cencer still has a wav of seeming new and mystericus sach time
a person is told, "You may have cancer”. Throughcut this paper, 1 hops to
briefly discuss what is known about thyz dreaded dizsaze and the existing
therapeutic techniguss and to discuss my work on ancther possibls
treatment for cancer.

Althméh we know so much about cancer, what really is cencer?
everal good definitions could ke gn en. Most legitimate definiticns,
t.hs::ugh, should go something like "a dizease m W mm cells of the bf‘ed\;
croliferate in an abnormal and unbmdlr—-d wa» "% In other words,
u»,gltlmdt& defin tluﬁ of cancer neesds to, in scme way, include t ides

5

of uncontroliable and aberrant cell gro wth. Although scientists =

ar
of yet unabie to agree on whether cancer is a single disease cor a group
of diseases that share o SMMmen f"‘hn:tl"d teristice such as uncontrollable

cell growth, cancer will be largely considered to be one disease.
Cancers are often classified in several ways. Cne way is
according to the site of origin and Ere wth. For example, lung, oreast,
or Intestin nal cancers ars known as solid tumors. If cancer oocurs ina
body system such as the circulaticn system or lymeh system, it 1=
cailed a lsukemiz or a hmchﬂma S;’:EE‘ti‘«El}’.g-
or
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he years ‘thrH has been a marked increass in the number of
new mancer cases.  Lots of reasons can be given for the marked overall
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increase in cancer cases. Une is that the average (ife span of man has
reasad; therefore, there i= more ti ] :
population of the U.S. has shown
o &n increase in adtomobiles and ut
inocreases in p“euutant many of which are p cven to cause cancer. uiet
so been found to be a possible cause of cancer. Today, Amr: ans
eat probably mere fat, nitrited foods, and junk food than ever tefore.
Many nonstituents of such foods are known to cause cancer. Buhw
fibrous foods, like cabbage, m*“r& l ari:,etf. were very much a
part of our forefathers’ die et; the cancer rate was also lower then than
today.  Although this does not abscl ’ce ly prove that our dist twia;
causes cancer, nor that the latter diet iz instrumental in preventing
cancer, such a relations t. Whatever the cause for this
drastic increase in cance . hing i= certain and will ke shown
later in the paper: oftentimes, the development of cancer can te
controlied by monitoring the es and envircnment to which an
individual exposes himself or herself
Since the very maturs of cancer is based on abnormal celiclar
differentiation and reproduction, it is of vital importance that we
under=tand normal cellular di rfwre tiaticn and repro duction. In cther
words by understanding the life oycle of a normal Cb'l,;’ =rientizt= are
more able to 'ﬂlStlﬂEUl"—‘L} between a cancerous ‘_‘E;i and a normal ceil.
Celis reproduce by division of a mother cell into two daughter ceil
These daughter cells in turn divide into two oslls, each and the process
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i= ponti {"U‘—"i until some cellolar signal causes temporary or cermanent
termination of the process. Therefore, normal cellular ‘:*Ziv’zir:-n ie
=

desr*mce as a nynlic process. Since most somatic oells possess the

same genetio material an: r t o

follows that there must be

cell, 1.e cytoplasm and org E-He.,

“Plum“ divi=ion oocurs,

The oyelic process descriced above consists of four main gericds
1

I—L.
m
1
ye]
.
-

21 o ad i b4 I 3 1
-1, 3, G2, and 0. These pericds are known to exist in the normal celis
= wall oe th“ ancerous cells of hicher oreanisms. Stases 5. S, and
g8 Bv’bi.i o= = CHNCEOUS Celiz O nlE‘ =r '...'rfc‘_:*“ NIEME, ot -a‘c’:....r T e &y

S ® r ® ¥
G2 all comerise what s known as interphase, In rm_h the *:umr*méntz
[ 3 b » : T . T o *
of the cell are oumhcat&d. The 5 pericd (referring to DNA mh esis) s
the primary period for chromosomal repli_atia:ﬂ, C o1 and 52 are the
T e 11 v
twi pericds of interphase directly preceding and following the B pericd.
™ s . v ™~ o
U refers to the cell division Hwnﬁ the iast pericd of the four.
Q“; = far - 1“:l:: P R R ;-ﬂ:—‘l -ﬁf‘!t’-— e ] R i-g-j:*
Some human cells have a oycle time of 1D nours. dowever, inis
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timse iz uncharacteristic of most normal human 1:‘%,112-? which ha

—— ' - - - =11 1 lo I

longer cyele times. Howewver for a normal cell with a oyele of 16
h

n'.l

i1

‘mur , 51 covers ag:g:r'"ﬂmdtwl“ S hou :.; = ocovers close to 8
02 about 2 ho urs; and O about 1 hour.®

We E«ha'il take a more in depth look at these four stages begioning
with the D stage. | 'urmg interchase the =

@ut in tne nucle = that they are invisible even to | light micrascopy,
t' hese a::’nrc MOS0 !me‘ m:m me thl%“kbﬂP CfDilE and,

‘mm:m nucleus *'*haz"an:teris uln i -r*tamc 4 & chromosomes, 33
identical pairs, randomly plas‘*ed in the nucleus. Each chromo=ome is=
COMES 'St:tf of & double strand of ONA, This doubleness is a result of t
:{uphr"atlun of nuclear chromesomes In the S peried of interphase.
Curing the middle of the D phase, the chromoscmes migr ate

random state to the middle of the nucleus. Spindle fibers,

anchored to two cellular crganelles called centricles, ocne ‘o0 ean .
of the chromosomes, attach to the duplicated chromosomes. One strand
(chromatid} of eac dur‘shsﬂatwd chromoescme is then pulled to each side of
the cell by the spindle fiters. As the chromoscmes are separating to
cpgzwtﬁ._ita: poles of the cell, a furrow ngmﬂ to form in the center of the
celi. Upcn compiete mig s

ration of the chromeosocmes to Dpp!]‘:ltt“ pole
and mn"'pw# formation of the furrow, the chromosomes in the twe
newly formad ‘j:iU;:nt-—I" ceils begin to lengthen and decondense. A
nuclear envelope encloses the chromosomes, and the D phase is
complete.’

It 1= well worth menticning that the two daog o8
formed umd»—r normai conditions are gEneti:’Elj;,-‘ identical and all of
their progeny will likewize be identic e amazement is added to

J

i

i

when ocne realizes that about 10 milii! n cells divide every seccrd In the
human body. However, mistakes in :"&.isizz-n do oceur, altho ugh they are
i

n more detall later.
0 th O r.h:t..,t:ﬁ they enter the =1
VY 1mpur’r‘—_snt in relatio

rare.? These p*{::eptmnc wil
Once daughter c=lls have formed
pericd of mte g:has.e. ¥,
the stody of cancer as will d later. &1 activities vary for
different cell types. However, cells t ‘genstically programmed”
to differenti ate into certain types do o in the G4 period and may remain
dermant in S1 for their life time. Cells that repro
thrﬁf ght ut th = peri riod in {:'I"F—'E:dr'at on f@r ‘t.he. = -eriad ¢
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FIGURE 10 Outline of the cell cycle for a 1vpical mammalian cell. A
newly formed cell grows steadily until it divides, bur it synthesizes
DNA only during a period called the § phase. The entire cycle occupics
at Jeast 8 hours and typically Jasts about 24 hours in aduh 1issues. Gl
is the most variable phase, ranging vp to hours or even days. Cells that
no Jonger divide are permanently arrested in G1. Cells usually differ-
entiate afier becoming arresied in G1.




phase, the cells continue to grow during G2,

One vital point to know about normal cellular repreduction is that
cells are only prudurwi, or turned cver, as they are needed. I other

wiords there is a clese equilibrium between the number of cells that dis
or differentiate and the number produced at any given ti
cellular replacement s regulated eszentia Iy in the G1 per u:I which
varies from cell I type to cel l type. 1
Cells that reproduce fast have a very short Lvi conversely, cells that
very long 51, S and G2 times are very nearly
11
this | ri phenomenco can be seen in the development of
an Hn*s?"r*g‘_.. The cells of the zygote, which initially goes thmugh rapid
cell divizicn, have essentially no Gl. As development continues an
formation of body parts E:Hémc idlfﬂ“ﬂ—ﬂtlatlf"ﬂé.‘ there 1*= = i@ngtnmmz of
the 1 w—rlcﬂ.‘z Just as the time of the G! pericd can be aitered in
embryc i*“»g.u:r:il development, this pwrmd pan be radically changed to fit
varying ':.‘C-ﬂultb ns thmi: the cell is g:.tdmﬂ in. For example, bszpnagea}

ocells have a normal | u tgmr« of 170 hours. If part of the esophagus was
to be renm:ﬂfed} cellular reproduction in the EEX‘phd"'U“ could be greatly
accelerated to replace the lost cells. The 51 would necessarily
decrease chenc "ﬂ&:n:uly However when repair of locst cells i= reached,
the 51 period should return to normal-170 hours, '3

Researchers are nct g 1'Dd certain how thizs 1 arrest phenomencn is

regmat& but this r»-‘*ula i= belisved to ocour in the transition from

1 to 5. It i= known tnd‘c. once the &1 gericd is passed, oo 'mpls-tmn of
thp rest of the cycle i=s normally Inevitable. nwrpfx re, normal cells
are able to “decide” whether to have an arrest of division, bow long it
should last, and when, if at all, to resume ’thw cycle. '*--1; entists ars
still uncertain as to the technicalities of the process. 4

At thlz—. point, it should be reiterated that it is of atmost importance
that the normal cellular divisien process be understood in order that the
erratic sellular reproduction charactsristic of cancer will be more
clearly understocd.

Now that cellular divisicn has been briefly discuseed co a more or
lese macroscopic level, we will turn to cellolar division and other
cellular operations on a molecular level. It could be said, and
correctly so, that cellular divisien must be understood at the moleular
ievel in order that the dreaded disease of cancer be better under Et o

First of all, it i= widely held among scientists 1:"*"* cancer reczuits, at
least In some cases, from a genstic problem.  Therefors, the chrom-
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ozomal material is implicated.

Chromozomes, which are housed in the nucleus of the cell, ars
compesed of strands deox <yribonuclele acid, abbreviated ONA. These
strands of DNA coil around each cther to form what is preferably called
in interphase chromatin-which i= very thin and long. When this
chromatin thickens and shertens in the D phase, the strands are called
chromescmes.

DNA and RNA (ribonucleic acid), which is the cther type of nuclel
acid, are composed of individual subunits called nuclectides. A rrmgl
DNA nuclectide consists of three individual part= - a nitrogencus base
(adenine, guanine, cytosine, or thymine), a dEDXVI‘lt‘_ﬁt—: SUZET, and
phosphate.  RNA [mbonudt:u. acid) nuclestides differ from DNA only in
that ribose replaces decxyribose as the sugar, and uracil replaces
thymine a= one of the bases. In both RNA and DNA, individual
nuclectides are joined by phosghate-sugar bonde to form nuclein acid
strands.

Although both RNA and DNA functicn in cellular mechanisms,
only DNA Is responsible for the genetics of the cell. DNA exists as
two complementary strands. This complementarity is afforded DNA &
the intermclecular hydrogen bonds, which are weak electrostatic forces,
between the following n:umpl*-mer:tdrv bases: thymine=adenine and
r“\,mcmz—-«_gudmnc (the horizontal lines represent hydrogen bonds between
complementary bases). These hydrogen bonds g Ve :I uble-stranded ONA
B Pry =table nature co '}pdﬂ-{l to the relativel table nature of RNA.
xample of & ONA strand with its hydrogen bnnd iz illustrated

—t
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Figure 3.20. The genetic code is first transcribed into base
triplets (codons) in MRNA and then translated into a specific
sequence of amino acids in a protein.

DNA
coding f : 5 e g =
strand N S S A R S s e T
GTQGTAécéGAGGTAGccééé*'réé?%éé |
Messenger ¢ A (E ¢ A L1J G G GCUCGC AU (]3 G GCGCAGCA A G ¢ Transcription
RNA N L__ 54 - J>' i ) ""{: I : ‘ ],:—;:Tz‘. ‘ ""'i N : 3 .l ~:’ .A?. i,,l = l‘. T
. I I | I T  — T
Codon1 Codon2 Codons Codon4 Codons Cod0n5 Codon7 Corjona Translation
, Methio- | Iso- o »
Frotein nine | Giycine | Serine leucine Giycine ; Alanine | Alanine | Serine

=
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tach such strand of DNA iz twisted into what i= known as a dodele helix
molecule, which rezemoles a slinky toy.

Replication, put simply, is the synthesis of new and identical DNA
rrom the templatz, or origical strand of DNA, also sometimes called
the sense strand. This replicaticn Lharacterizes the S phase of
intprphasa descrited sariier. This process begins wheo the two strands

of & UNA helix are separated from eac h r by a dnaB protein, &
meameer of the hF‘-hP es. DINA pul\m se hulupn"/vmz: (Fal fff) then
begine replicaticn of each str cmd of the, = p arated DNA helix.!S At the
LLJ]T]F]L—UL,D of ONA replicaticn, which I am greatly simplifying, a
duplicate copy of ONA has been created. For example, & DNA sequence
of -TACC- weuld replicate a complamentary sequence of -ATGC-. Each
criginal strand has =erved a= a temglate to produce a new strand
"mel»:mentarv to it. Each final duplex consists of an criginal strand
and its newly formed complementary strand.  This type of replication is
called semi-c M:.erwt..ve replica ation,

New
O1a " old

utmest importance te cellular existence. They ars

Proteins are of
cell membrans and many cellular organelles, including
im

present in t =
the nunleus, Possibly v most Impertantly, they can function as - enzymes.
Enzymes act in almast every cellular process imaginable as "catalysts
that ragidly perform fairly sgenific bicchemical reacticns."!8 Dut
lepl“ ENZYMES CRUSE chemical reactions within the body to nosur

much faster than t{“ey WU lx:t in & flask. Enz,fmec may dx.,wmphsh this

"‘r‘r ’0"‘1 I"".“. :;v'\@rm-— rm* r-*mf 5 r@' .-ﬂ.“ L vl N rr‘\—t f‘."‘?‘ ol f‘a‘l."‘r"\;f’n":'
R I =3 (£ S O3 PO M P - WD el ediatd miedy el ey P

: ‘ R T PRI UG ...t o T rs =g d t orE t t
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of reaction u, as much as 107147
ust how are these catalysts produced? Since DNA houszes all genetic

info «rmdtlt 0 needr—d oy the cell, it follows that ONA must somehow

possess the "knowl ledge" necessary for protein synthesis. By taking a

closer look at ONA, scientists found that certain sequences of

nuclectides possess the information needed to produce certain proteins.

=uch a sequence is known as a gene. Althc *u"*h il oells of a persocn’s

&

body have the same set of genes (the same gf—‘*r‘r-tlf"' materiall, nct aii
gENES are exXpresse :I in every cell, meaning the whole potential for
protein production is not always atilized. Thersfore, there is
differentiation of s:*:il types. In normal '*Ph._;? duplication of genstic
material 1= held in check by the expression of gepes. In cancer, these
genes evidently are not expressed and ONA duplication ocecurs wildly. ™

A EEne o :L—r for the production of a certain protein, but the question
remains "how I= a protein made?” Part of the process is due to
transcription, which is the forming of comelsmentary R\IA from
DNA.1® RNA exists as single strands. RNA may te one of thres
types: messenger RNA [mRNA), riboscmal RNA [rRNA), and transfer
RNA (tRNA). Transcription initiates when a DNA molecule begins to
separate at an active gene site, l.e. coe that i= »:-z: ressed. An mRNA
sequence iz assembled which iIs complementary to the active ONA gene.
This transcribing of ONA is facili tated &y RNA polymerase. Thus, a
DNA zequence of -CATG- would code for an RNA sequencs of -CUAC-.
When copying of a ONA strand is z'*r::ammetr:} the mRNA is detached and
the compiste ONA helix i=s reformed. Transcription is complete. The
zenctio information housed in the strand of ONA template is now housed
in ‘m»—' mRNA.

Tranlation i= the process in which the protein is actually made. Th
mRENA produced lsaves the nucleus and enters the cytop - it
attaches to ribosomes, cellular organelles made of rRNA and proteins.
Earch tnr8v~ nuclectide sequence of mRNA, ralled & nodon, codes for one
amino acid. Amino acids are the building biocks of proteins. Each
tRNA has two attachment ends. Based on it= inherent nuclectide
sequence [In groups of three called enticodons), sach tRNA recognize
ONE CoF MOors qpr:::lf ic amino acids. The aminc acids are attached at the
37-0OH end cof tRNA. The anticodon of tRNA pairs with the
complementary codon of mRNA on the nuclectide. The aminc acids are
deposited on the ribosome, and successive aming acids ioin to
eventually form protsine. At termination of such a protein producticn,
the ribosome disscciates into tRNA, mRNA. This process, which is
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al=o much more complicated than depicted nere, is known as franslation.

Thus, cne can ""athwr just f' om the brief and very much simplified
discussion given sbove that normal cellular reproducticn and protein
formation is quite lﬁ‘vul\;ed. Now with a tasic understanding of normal
cellular function, attention will now be turned to the cancer cell and
how it differs from this normalcy.

It iz quite difficult to develop a single all-encompassing definiticn
for cancer since so lztt}e s known about the disesase in compariscn to
cther many other dizeases. However, cne possible definition might te
that cancer is a disease r ea—*ultmg frem the .'1 mproper division and
differentiaticn of a cell. While this definiticn fal l to mention many
dapEPt“ of the disease, it, nevertheless, _nt:ul two of the basic
characteristic of cancer, 1.e., faulty cell division 'nd aulty cell
differentiation. We will now take a closer look at the diseas

Cancer is initiated when one oell becomes cancernus. Thes
cells, 1ntr=re-=tmg1\, encugh, are usually rather healthy but posse
]T}r:iEﬂlf’I—'j cell division rate and 1mpmpr—"~r di f'f'e entiation. Cancer o
may be descrived as somewhat immertal because they do not die s:d‘“f
nearly as fast as normal cells. To digress, as di scussed sarlisr i
some detail, normal cell reproduction is l: =5
pericd of mtr-rpnds»:s Differentiation, dise
deals with the specialization of cell types I different functions.?!
Recall, that all cells possess the same gen e ic information,
but all of it is not sxpressed in each cell, allowing for differentiation
when different genes are sxpressed. Therefore, it would logically s=em
that cancer cell= bave a problem in the G peri::-d and/or in gens

L_L."ﬂ
._J

3

ly regulated by the '_
s=ed more brlwrlv eariier,

J

g H=
L
=

he failure to differentiate properly is exemplified in certain

¥ t},gr:es,. Nermally, lymphooytes 31" e immune system
in the buman blood stream attacking and destroying foreign
tacteria, and then they die after a few da ays., Howsver ip these certain
types of leukemis, the lymphooytes produced by the bone marrﬂw fail to
mature and, morscver, they do not possess the ability to destroy
cacteria. They alsc do ncot die as fast as normal | mphucvtm. ThE\,
in time, accumulate and use up the nutrients available to the normal
lgfmpnuﬁ’ tes, LF‘ﬂtI‘lbUtlﬂg to their ea my demise. The patient is in turn
meore susceptible to viral and bacterial diseases. Thus, oftentimes
leukemia patientz die from the._e SECT ddz"g infections instead of
canner. % ‘

Knowing that differentiation and divisico are distorted io cancer, the
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ult from the alteration or
trol of growth but not for life [of the ceil]™ 2

cbeerved significant dlf'f't:rl-»n:::s between the
vranes of norme l nd cancercus cells [transformed cells) tudies
by :az.h Inbar, and Shinitzsky show the fluldity of lipid i= more
croncunced in leukemia cell membranes. Further studies showed that
alterations in the normal membrane molety may in turn relay certain
biochemical messages to the inner osll causing changes in cell division
andor differentiation.*

Furthermore, researchers found that thers existed a link between
cAMP and oGMP and cell division. Usually low cAMP and high cGMP
levels, or an optimal ratic of the twa, exists dumng cell division . Ira
Pastan and colleagues from the National Cancer Institute in Bethesda,
Maryland =et cut to determine a pozslble cause of the relationship
between low cAMP levels and increased cell division. The level of
adenylate cyclase, which catalyzes cAMP production, was found to
decrease in cells transformed b; ihe R&EV, which i= an uni:ugtnlr r{’\ii
virus. Similarly, they tested the cAMP lavel and found it to al
decrease. The team pus‘cu]dtm that =ince adenylate cyclase i= a
memerane enzyme, changes in the membrans x*lyr*..tpmtr:mﬂ and npu:lq
croduced by transformation inhibit adenylate oyclase activity, which in
turn inhibits cAMP production. Further studiss by Pietro Gulling and
Yeoon Sang Cm—Enung at NCI show that administration of dibutyl cAMP
(an AMP analog) reduced cancer growth until the treatment was
terminated. growth until the treatment was terminated. Gullinc
theorized that the cAMP derivative functioned to break down tumer
cells since the activity of acid ribonuclease, which is a lysczyme that
denatures KINA, doubled. He alsc noticed that the reduction of certain
tumors noincided with increases in several other such enzymes. 2

Given that the cancer cell membrane differs from the
normal cell memerane, the next guestion i= what causes the membrane
to drastically differ? To answer this question requirss a look at the
g npti_s of ‘mw CENDEroUS ':E:h Realizing that abnormal cell division
an main culprits of cancer, genstice must
b ormalities. Since normal cell divisio

i due to proper genetic reguiation, it
ugi:_:d.u, h:-llowa that im;:r*;:_, sjlfrf-r»:‘-ntmtmn iz due to improper
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genetic regulation. Th iz improper genetic regulaticn often results from
mutaticns in the normal genetic makeup. i\f utations may be described,
molecularly sp dkm , 85 'an alteratico in a number or =zeguence of
nuclectide pairs in Ddr? of a cell’s ONAL"? that may produce significant
changes in the cell life cycle

As described earlier, normal cells re
the genetic material that causes terminat

ter

.

celve signals originmating from
io

on of cell division, If there is
a mutation In the genels) that cause(s) termination of cell divisicn, then

it can be =een how normal cell divi .is:'n can transform into cancerous

oell division. _;lmllarl‘»‘, it has been found that cancer celis that
reproduce fast are less dlffla‘f‘pﬂtldtt:ﬂ than those that I“PE'I"F':::‘UC& more
sicwly,  An intrusicn of genetic mutaticn seems to te also s “P‘“;: ible
for thi=s chenomena. mllﬂli“l:if‘]': have discovered that mutatisns genes
that reguiate ea "’x,, cn in the differentiaticn pathway produce thp's e highly
maiignant canc thdt are poorly develc I;:frud 1\1=u thn—«v have found that
mutaticns in gen responzible for mguidtmn further down the pathway

cause less strrngl *za?l,gnant tumors =ince the cells are more no *I"}T'}dh‘,r
developed.

will be discussed lat : y bre
Although cells have repair ENZymMEs to fix =u

o fix
normal nuclectides are often left cut in the refy
Sometimes extra nuclectides ars mr*iuued int
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he DNA strands Len
deletions are called frameshift mutations. These deletion= exist as
Jicated ONA and RNA

mutaticns and are thu or*».«s:nt in subsequent rep
Thus, daught 51" cells will carry this mutated L*Nﬁx
atic

Ancther type of mutation, called a point muta
i= =

nuciectide p i substituted by ansther. For examj a -5 is
substituted with a -CA-. This fy pe of mutation may a aleo detr&memtaﬁéy
affect 'mrmdl l function. Altho ugh most mutaticns ooour dus to
enviro {'}IT'PP'EEI .ﬂtB like DﬂE]’ﬂlDE{l‘:‘- and radiation, they alsc sometimes
ooCur S;:vunt.anw u iy. However, this cocurs only about once in every 10

Billion E‘iU!ﬂEI}tlI{E‘ dded to ONA.Z
Mutatione, as jez»:rmed above, may cause the production of altered

mRNA. This disto :rtﬂd mENA causes faulty transcription and

translation in additicn to faulty replication. Thus, proper pr tpin

functicn is damagei M tations, therefore, can lethaily affect o I= by

affecting the ':'.-dsmpiate loes of es==ential enzyme=. In Fant , Tany

researchers belisve that mutat i msgscﬂsi‘cle or proteins that

aticn

f genes
regulate cellular ilff'prpntl izion
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of most buman cancer’.
Cancer, whatever the cause(s), often for ms tumors. A tumor i= 'a

swelling due to the abnormal grl:x“.x th of cell=." Cancers are cften

characterized by tumor gmwthz. It =hould be noted though that not all

tumeors indicate cancer. Scome cells transform without normal

differentiation and division to form =clid-tumors that possess fiorous
capsules. Some of these tumers suddenly stop growing and oo cancer
rezuite. "Growths that remaln enclosed and do mt spread, whether they
stop growing or continue to enlarge, are called benign tumers. "

x.‘:J though many tumers are benign in nature wi th no spread of

the abnormeal cells s, many tumecre result from the spread of cancer cells
in the body. This sprt:admé of cancercus cells to pdrta of the tedy from
ite of initial growth i=s called metastasis. In many cases, cancers
are not discovered until metastasis has coourred.  In such nase =, the
victims often die =since the oo mm»—te treatment of the disease is
impossikle. Tumers with cells that spread to cther body =ites are
called malignant tumors. %

Tumor names :m: Df'tm guite tricky and r‘ump;w: tu understand if cne
does oot understand the proper nomenclature.  In most cases, the
prpf'l’x describes the location of the origin of the tumer and the suffix
descrices whether it is benign or malignant. Benign tumors

sually end in -oma.”
Malignant tumers are usually x:f two types sarc (fleshy) and

Ty

carcino {crablike). """BI"CDIT}::L‘:' defined earlisr in my paper, are "=olid
Q\

-

LI N

K L
T

tumecrs gru*‘mrﬁh from derivatives uf' embryonical mescderm such as
il vms:r*tl“r—‘ tissue, cartilage, bone, musecle, and fat.” Likewise,
cercinomas are “solid tumors derived from F-*»p'thelial tissuss."¥
Pv’ir.-:...,odermal tissues produce sarcomas, like ostecsarcomal and
liposarcomas, while endodermal and ectoderma tissue produce

v

! r

Y 1
carcinomas (e.g. liver cancer - hepatoccarcinomas, cancers of pigment
=kin celis melanccarcinomasz. 2
tletastasiz involves SP-*M“I"‘EU. steps. Normally, it Is initiated with

cells or aggregates of cells detaching frem the pmmarv tumor and
moving to varicus locations. Interestingly enough, unlike normal cells,
cancerous cells have very little affinity for m:u'*b other; thus, Lhe

malignant cells possess the ability to detach from the tumer. The

lT-l

reazon for this lessensd cell-to-cell attraction is n:'{UF‘» tt- the
af I‘x—-ﬂ'h—ﬂtll rne:{ alteration of the cell membrane caused by

T he mode of = spread of these invading cells is often via the

i1
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circulatory dﬂd lymph systems. As the heart pumps blood cut through

the arteries and capillaries, it delivers oxygen to tissues and removes
carbon dioxide a d other wastes via veins to the kidney and }ungs..
Motile malig Pilc can penetrate the walls of the blood vessels and
thus FI"Pdd to all body areas in & very short time.

The lymgh system carries lymgh back toward the heart. Lymgh is
residual fluid from tissues that collects in ly mph vessels and empties
into the binodstream immediately prior to the blood reentering the
heart. Lvmgh nodes, situated al sng the lymph vessels, are aggregates of
Ivn‘mnun‘“\s’tpz that filter out viruses and bacteria and -:iestrcﬂ,f i:hem.
Cancer cells, primarily those of o ciI""‘lﬂu]T}d..,} re often tr e
lymph ncdes. ’"%\;’:_, cells often metastasize from these nod:
**;,fmph nodes ans_l cody crgans. Thus during s cur’gli_,a.g removal of a tumer,

f

dootors often check lvmph nodes "upstream” from the primary tumer for
metd"tas iz,

Remember, cancer results from an abnormal rate of cell division.
Cancer, therefors, E:-‘-," definiticn must cocur in tissues that possess the
acility to undergo cell divisicn or the ability to resume cell division,
and this is exactly what is found. Therefore, tissues that locee their
ability to divide sh 'ulu Aot r»‘ddnf form cancers, and this is a“ o Found
to be the case. Nerve cells, iuntdr“ muscie cells, and heart muscle
cells, which all ceas zms;ur& very rarely become r*anr‘*r:ruuz.gg

Normal cellular division is r‘r‘-‘-gu;’attu r:ﬂ,e the 51 pericd of interghase.
Thus, it is a defective G1 pericd that alss leads to cancer. it should be
emphasized and understood that the cancercuz oell possesses G, S,
iif}.;., and U t as a normal cell does. Furthermore, a cancer

jus \
cell possessing a dupli ication time of 16 hours will have basisa iy the
sams period times as a normal cell wi h a duplication time of 15
hours. %2

Tre deviation of the can
the 1 pericd, however, E

er cell from the normal c=ll in relation to
in the faz:t. that the norme! arres
7 = 1/or inhibited. Most cancercus celis
do have at least a vestige of 2 1 cer i:z’ though; however, they fail to
uit of t‘% abnormally short &1
and relentisss reproduction of

‘ i
'nz:t:\n”)plute’*j;; differentiated, malf’um:tim ng cells that are cften
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that are given primary consideration. These primary agents include
“hwmm';s rmmtian, viruses, and cnocgense.

For qu;te some time, the envircoment has teen linked to cancer. In
fact in 17561 Dr. John Hill, & Lendeon doctor, sald concerning snuff as a
nasal cancer agent,

’L}l.fith respect to cancer of th
= fatal as a v others....lt i= e

_,huuld venture upon {s]nuff who is o

far liakie tg 7 CANCEr: and No Man can oe

|,’[1
o3

ose, they are as dreadful and
' - that no man
hat be i= not =c
ure of that.*
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In the eighteenth century, the British physician Percivail Pott ._,tu died
the inciden E of sorotal cancer in men who were chimney swesps
VOung bu ys. 1t was found that =oot got embedded in the skin and,
thprpf'ﬂrr:ﬁ gave rize to scrotal :“ans:*e-.:r.“‘ Bince that time, it has been
found that oo omponents of cigarette smoke, radon gas, soot r*umpu nents
gascline oo »mc‘unpnt =, askbestos and many, many more =ubstances are
environmental carcing gens or suspected carcinogens.

Many of these envircomental carcinogens are ﬂhpmf}s:ais.. Cancer
results from these chemical carcin DEENS with various exposure fimes.
It may te as long as 40 years or as short as four mo nth” ihe long
pericd exists beraum the iAP\JE’JIJ;I—ﬂP—'ﬂt of cancer coours in s
divided into two stages called initiation and promstion.

X
!

*TJ

BE
DoCurs M‘m cells are exposed to a limited dose, even a =in

gle dose of a
ge I substance.” Although initiated zells do not further develoo
t ncer cell immediately, thiz initiaticn i= irreversible and
=U EPLiU*—-ﬂt :L:zu hter elle acquire this 1r:"r=‘;erz'i':ale state.

ni= initiation is
.esj" E:qy" the ezxpf:zsum to the n’nemical {=). r’re: mictic
re wi =5 e further expe Ee:i
initiation chemical or ancther ini tldtr T C::lmplkt ca
defined as those that act as both Initiators and promster
For example, asbestos is believed to be a promster, but not an
initiator. Clgarstte smcke, which possesses =everal initiators and oro-
oters, can initiate & cell. If & worker exposed to astestos is a
cigarette =mcoker, the promoters from the asbestos and cigarette =moke
* b0 con p:u d the prome tm effect of cancercus cells
‘ initiators. This combin
found to az:::eiarata the rate of lung cancer 8-fold. Aswzs—
tos, which in the past bas been widely used, has been shown to be
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preszent in over B0 percent of all Americans. Asbestos promoters can
also promote cancers that have been initlated by sources cther than
cigarette smoke.*

It was discussed earlier that cancer is thought to result from
mutations. It has bee found that mest carcinopens alsc produce
muotaticns in bacteria. {Chemicals that cause mutations are cailed
mutants.) Mozt chemicals that are mutagenic to bacteria are al=o
mutagenic to humans. Thres conclusicns have been made based on this
similarity:

m

{1} About 90 percent of the chemicals that are carcinocgenic
initiators in animals act as mutants in tacteria.

(2} Chemicals not acting as mutants in bacteria, usually do not

initiate animal cells.

cterial mutagens virtually always act as complste carcinogens

n animals.

{u

3]

X
i

e
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From these conclusions, it can be generalized that most initiator
also act as mutagens and virtually all mutagens probably act as
DEll’“DiﬂLgE =.* Not a whole Iot is currently known about the
mechanistic acticns of carcinogens’ ability to cause cancer. But it is
accepted tndt carcinogens must in some way aiter, .e. mutate, the
oreexisting ONA, RNA, or pmmm of the cell. Severs l carcinogens,
13%(*—» B-pro ‘Fli,.ldr"tnqe and uracil mustard alkylate 'i B, d :] —Cr{p-. EroUp
to) the nuclecsides and/cr amine acids. But most proven I"nmmgenz are
paradoxically unreactive chemicals like polyoy l"‘llf’“ Aarc fmat
h_;, drocarbens, aromatic amines, and nitrossamines,

However, research by James A, Miller and Elizabeth C. Miller of
the MeoArdle Ldt., atory has shown that r‘armn cgens ocontain a reactive
electrophilic center. That means they must possess an electron
deficient atom that can readily attack the electron-studded centers of
UNA, RNA, and proteins. Socme electrophilic gro ’up are carconium
ions, free radicals, epoxides, and the nitrogen in esters of
fy ::irz:m:vl:mm»:u and nvirnmmlr‘* acids. Al accepted carcinogens that
are not electrophiles are believed to te altered by the body’s normal
metabolism mte:- Pn:a:trf'ph jies.*

""HH metabolizm of these carcinogens inte electrophilic derivatives

-,

iz coordin tei} rddmxlcail}*, by enzymes that no 'I"IT]::LM'." act in the
”rfph:ﬁ::.ﬂn::dt on of and disposal of foreign chemicals"! Oxidizing enzymes
Known as mioro }al mixed-function 1«<xg'gr“—'-nd‘=»:== oxidize functicnal

i4
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sroups of these forelgn chemicals, thus making the molacules maors
colar and more soluble. dily
with sugars and sther molecules, makmE the chemical ma
For r-mm::l_} the normal fiiet::x fication route of 2-
acetylaminofluorens [AAF), & possible insecticide and proven
carcinogen, was stodied by = ier. fﬂr“ of the ring
carbons can be hydroxylated by the oxygenases. Inert ring- -hydroxy-
AAF gluronides are formed when the above product is reacted with
glucoronic acid.

However, one of theses hydroxylases can hydroxyvlate the amide
functional group of AAF and produce N-hydroxy-AAF. This compound
when acted upon by sulfotransperase is oo coverted to a highly
elewtronbzhr‘ sulfate ester, which is thought to be & major carcinogen.
The _:utfmr_-: of this reaction is shown Dalc«w. Epoxide derivatives and
several cther groups have been identified as carcinogens.

|
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Protection from carcinogens might be developed by studying these and

other related enzyme systems responsible for the detoxification c f'

foreign che micals. men-mcu»—rmg that oxidation of certain moietie

of foreign melecules is the normal route of detoxification f'* r many of

them, stimulation of this mechanism might add an element of prot tention

against chemical carcincgenssis. Furthermors since epo {m_e can iead

m carcinogenic derivatives, ichibition of this process would alse add

an element of protection. Hon wever, the enzymat detoxification

process s very oo *ﬂ'}pi’—'z(, and it would seem a very :Iiff ult task to

safely and positively alter such mechaniems thhr:vu imultaneousl }

producing detrimental physiological =ff :_ts“"'a

Not a great deal is actually known about chemical carcinogenssi
i following: |

i

T

r-

Thecrized gmet' modes of carcinogenesis include the
modificaticn of existing ONA or of RNA, which is transcribed into
mENA and (2 a.;tr—-rdtiun of proteins that repulate the "u;:\,mg of ONA.
"ne strongest thecry iz the latter cne. Ancther theo ry emphasizes
lteraticns of Ero teins in cells or in the immuns =ystem might

is
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: y allow for the growth of preexisting cancer oalls. After all,
many e:aminug“ ns have proven to be zmmumsupp s=sants as ]

Taking a closer look at compounds known to causs cancer, we Find
several groups. Only the major groups will be discussed. Cne such
group is composed of polyoyelic aromatic hydrosarbons. These
compounds are believed to br— activated into ::*arr*muﬁpmﬂ epoxides, or
metabolites of epoxides that possess carcinogenic and mutagenic
powers, 51

Nitroscamines, over 100 of them, have teen proven to be

arcinogenic. These compounds are present in teer, whisky, cheese,
“k&:ﬂ bacon and tobacco smoke.  They are thought to Be active as
erivatives of the parent compound, such as in hvdroxyls, aldshydes,
lkyl diazonium hydroxides, and/cr carbonium ions.3%

Aromatic amines, amides and nitre compeunds bave all Been shown
to cause cancer alsc. Aromatic amines, which form N-nydroxy
r‘drr*mugmlr* derivatives, have been shown to cause urinary biadder
cancer in industrial workers. 3

Many nitrocfurans, which are used as ant ibacterial and antiprotozoan
agentz and In human and veterinar ne and animal food
preservatives, have been shown to cause cancer. Nitroreduction to
form el _:trﬂphwr* intermediates seems to be the route of
carcinogenesis for nitrofurans. >

Many alkylating agents act as carcinogens without having to te
activated through meta‘culcm. Being already lP“t*"thiH':} they readily
react with nunlecphilic aress in cellular molecules. These ):ﬂtS
include anti-tumeour drugs [(to be discussed later),

some spoxides, amines and halogen derivatives. These ag entc dii{m ate
ONA to express their r*arr*mwém pOWETS.,

Finally, a number of inc rganic compounds have been identified as
human -:arﬁin:ﬁ" =. These include arsenic, coromium, and nickel
compounds, tf**-*f‘}”ildﬂ'h cadmium, chromiom, nickel, and lead have been
shown to negatively affect DNA polymerases in vitro,

Although just how these chemicals exert their carcin ogenic powers

I

l:LU '.J

ﬂj

]

in

on cells is not fully understood, covalent tcendmg of these compounds to
DNA entails alteraticn of the nitrogen basss. Also some agents react

‘-mth the phoephodiester linkages. Although reactions at several
ositions of sach base do cocur, the most reactive sites are the guanine
arzd dd*—"ﬁlf"‘-' nit.rz:;genc 3
Thus we =es that chemicals do possess a wide spectru
t * i
genic pr}wer} much of which is poorly understocd. Wnat i= mare.? thers

ai
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cal tI“U!“ urel(s) characteristic of ail
n thr:-i E Jflcatlu n of carcinogens. Thus

h"]

8 f'i:zrm of energ‘;; th"

e | :Ief'mlfe; z'*a'“r*mmgkmr’- % owhile it is
wave radiation definitely causes cancer.

thrdw::elat light is the number one cause of skin cancer, Over
400,000 new *J,u. skin cancer cases are reported each yvear. The cure
rate i= cver 95 percent though _mt e skin cancer can be dstected early
on.>® The sun, & major source of UV light, is thus a maln culprit of
skin cancer.

X-raye, ancther form of radiation, have alsec been proven
to cause cancerz. Since the risk of cancer de w—»lup ng is proportional to
the dosage, large doses of X- “rays, such as those used in the treatment of
iline=ses mean high risks. Since X-rays have been used extensively In
the head and neck reglons to treat skin dissrders, an outbreak of thyroid
cancer has resulted. Befors X-rays were used, thyroid cancer was not a
big problem inthe UlD, A Etrmmg sta
treated with X-raye, the
the rate in the normal p
while they were in the fet

1

-

istic shows that in women
: rate of breast cancer is 1' 01 times higher than
opulaticn. Children who were Expu._ed to X-rays
al stage of :1r~*w=>ls_;pn“1»~nt ha\n: nuch higher
leukemia rate than children not exposed to them.®

Although the existence of radiation carcinogenssls bas been known
for =ome time, it, like chemical carcinogenssis, i1s not fully understood.
if radiation could [;aE_ through the human body without leaving behind
energy, there weuld really be no sericus prur:-lpm —L:zw»—v*"r} radiaticn,
made ug of photons (X- and y-rays) or electrons, neutrons, protons,
stog dépu =its enough ENETEY in tody cells to cause ionization. From
certaln types of ionization, free radicals, which are proven carcinogens,
can be formed.®

Radiation effects may be somatic or hereditary, Somatic effects

i
goour in nermal somatic @DQ,; cells. These ma\; appear a very =hort

}_f“

)
-
I

time following exposure dus primarily to atlun of mitosiz brought
cn oy the radiation. Heredi tdr’f effects resu t fr sublethal dosages of

radiation that may form mutations in ONA that are mhﬁmtr—nj in each cell
generation.® It is known that large doses of radiation can cause
cleavages and rearrarngements of ONA. Howsver, such large doses also

17
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kill the cells, so cancer is not usually initiated in thi=s way., Low levels
of radiaticn, on the other hand, F sbably serve to mutate normal ONA.
As the dosage increases he number of point mutations increases.
Although such matations not be readily evident at first, with time
and several generations h vidence of such mutaticns becomes
increaszingly clear.® In time, cancer often forms as a result of these

mutaticns.

The final majcr cause of r dea vlt‘) viruses
and the related topic of znmge IS, 3& uz i= not a cell, but it 1= an
intracellular para=ite that ha= only cne or & very few strands of nucleic
acid molecules (sither ONA or RNA, but not b'“thl surrounded by a

protein cocat. Viruses are r=<t*"r:fm::1” =mall and can only be =een with an
electron microscope. It is vitally lmpr rtant that it be undsrstood that =
virus can only replicate by using the | _;u;:ur*atmrﬂ machinery of its h ,_,t
cell. Cnee a viros invades a cell, the virus uses the host oell’s DNA ¢
ranscrice mRNAs that translate viral proteins. The virus uses

the host cell’s mitochondrial energy as well as its amine aclds to form
proteins and un"dl nucleic acids for its v m:u progeny. When the Drugurﬂ
are formed in the host cell, the cell may {yse (burst) relea=ing the ne
viruzes or, depending on the type of vircs, the progsny may seep tnnagh
the membrans.

Cnoogencic viruses [once, tumor; genic, ft:\rmmg,f"* like other
viruses may be classified acco rding tc some basic characteristics like
the naturs of their nucleic acide, the shape of the protein coats, and the
kinds of host animals infected and how they are affected. UNA viruses
may or may not cause cancer and are thus often used in the lab in erder
to stody cancer growth. Three such groups of UNA viruses are the
papovaviruses, the adenoviruses, and the herpesviruses.®?

Papovaviruses are of medium size and replicate in cell nuclei.
Certain types of papovaviruses have been discovered in some types of
human cancer. Certain papovaviruses, called polyoma virusss may

actually produce multiple kinds of tumers. For example, coe such virus
was found to cause 20 different kinds in mice, including lunt kidney,
liver, tlood vessel, and skin tumors.%

One meouse polyema virus dl"‘tUd.lJ."f‘ causes more than 10 types of
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tumors, kj:;?ﬂdlﬂe on the tissue typs invaded. This finding lad to
confirmatico by some =cientists that cancer is a actually a family of

related dizea EE:E ratnpr than separate dizeases. Mous=e polyoma virus,

however, i s2d to be a carcinogen to man.®
Adencviru =

in the nuclel of their host
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cells. Ower 20 varicus adenoviruses, which are often f:' nd in the
respiratory tract have been found in humans. While this groop of
viruses causes cancers in rodents, they are ko nown to only cause

Herpesviruses, which are DNA viruses, are res =ponsible for such
= hicken pox, cold sores and, infecticus

I impies = I uses cold scres and
i vz’t 5 into cancer cells,

out 1t is "Rﬂ'f krzuwn _zi‘ these viruses cause cancer in vivo., Herpes

simplex II, the major cause of veneresal diseasze., are known to cause

some kinds of cancer in humans. 5

RNA viruses usually proliferats
ihey infect plants, insects, birds, and mammals. i—’r:ei

u:l

s

Tt Polio, mumgps, and
the flu are caused by these viruses. One such virus called the Bittner
{B-Type) virus i= known to cause mammary cancer in rats. Most
femals voung that feed from an infected mother develop cancer, while
he males do not get cancer. Howsver, neither young males nor famalss
from paremts who are cancer-free or cancer prone when

I I
=d ty an
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uninfectpd male develop significant cancers. Ther
the virus passed con thro lu-&h 'he mether’s milk is responsibie fo
mdmmary cancer.  Althou f;{ re iz no definite o roc f that they | cause
nancer in humdnh, =imila viruses are alsc found in humans.”?

C-Type RNA viruses cause cancer in several :i_;mwtp“ ammdla E

vell a= woolly monkeys, ba E:uon and gitbons., They are often

tr'aﬂs.m t»~ﬂ ITOM gensra ti:rn to generation in :
cause any disease. Howsver, these "hidden” v
ECthEtbQ by hormenes, radiation, ete. to cause |
i}mmhr"mes. or sarcomas. !

Once a C-Type RNA virus is activated, it may act in several ways.
It might transform a normal cell into cne that is CENCErous, where the
virus may continue to grow. Or, the virus may proliferate in a cell
with no cancerous results. Lastly, the virus may be transferred form
one animal to ancther through saliva, urine, ste, 72

The action of cnocogenic L 1[\1\ viruses is E!U.l te Interesting. A
L_*{\u-x viruz infects a cell, the viral ONA is transcriced intc mRNA.
The mRNA, through transiation as desf:*rlt:sr—-d eariier, forms virai
proteins, many of whlr*n stimulate normal cellular ONA replic
This then leads to cell division. Of course, the virus o ontinues ta repro-
duce as well.

After several wi
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eks of this division, most infected cells
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terminate their eprx ducticn and die [crizes utdgr—r The infected cell
that =urvive are transformed by the virus and will grow Indefinitsly
in vitro. Some such cell cultures have been kept for more than twe
decades with no apparent loss of rep roduction power., These cells
develop into cancer when lﬂ');:id']tl-*i_; into hosts. ™

A necessary element of this transformaticn is the permanent
incorporation o of viral DNA into normal cellolar DNA. Thus, the viral
UNA I= replicated just like normal UNA. And this Incor purdtlt n he ips
dmlum why viruses traneform a normal cell into a malignant oell that
does not form more viruses.”

Unce incorporated, some of the viral DNA continues to direct the
action of viral proteins, which transform the infected cell into a can-
cercus one. Only a small part of viral ONA nesds to be Incorporated
into & normal cells gr:—': ome in order to transform it. "Indeed it appears
that coly one particular gene is needed, and this codes for a single
crotein whose az.th:ztlcs bring about transformation.”™

Oncogenic RNA viruses transform normal oells in basically the
same way as cnoogenic DNA viroses, but with a 1ittle twist,

Remeamber that in order for the DNA virus to produce viral proteine it
had to be incorporated into the normal cellolar DNA. Q»z:, the RNA

n

n
viral message must be incorporated into the normal cellolar ONA.
Thus, from the RNA message a complementary ONA strand must be
manae.
Az the diagram illustrates, this is an aimost total reversal of
normal transcription. First, an enzyme called reverse transcriptase
[

(which is coded if' or by the viral RNA) activates the synthesis of the
DNA strand complementary to the RNA strand. A double strand (ons

viral RNA attached to ._.mthws.zzr-‘d viral ONAJ results. The RINA
strand iz removed by an snzyme., The rumdmmg DNA strand acts as a
ternplate for the cr:duvtm of a new ONA strand. This new viral DN
duglex iz incorporated into the normal celi’s ONA and acts as

the template for the production of viral mENA. Thi= mRNA in turn
pro roduces viral proteins through translation. Also, the new viral RNA
from transcription is identical to the RNA chromosomes, thus allowing
viral reprodustion to cocur. ™ Such RNA viroses are called retrovirusss.
Advanced Immune Deficiency (AIDS) 1= a common retrovirus.

The reverse tfdﬂ‘:r“f‘lpt sz mentioned atove i= only found In onoogeni:
RNA viruses. Thus, the exiztence of reverse transcriptaze ina cell
may mean cne of tw:: thinga: { = in the i

ONA copy of th
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in ome human cancer cells helps supt:@rt t.he :3? BMONE SOME
- 1 Ta t

scientists that at ieast some caneers, including some

.|

resuit from onoogenic RNA viruse s. ¥
Further evidenoe that certain ca = may be caused by onoogenio
viruses is seen in cancer of the uterin_‘ cervix in females. Most
females with cervical cancer were alsc found to possess the herpes
simplex 11 virus described earlier, Thls, virus, commonly foond in
:

-

utes, has also been found to transformy normal buman celis in
into cancer cells. A}t%augh this dees not prove the seemingly
! g one conclusion that cervical cancer is Pau =ed by herpes simglex 11,
i 73

- sure adds strong circumstantial evidence to this b pﬂt =iz’

E stein-Barr virus, EB wrua often causes infectious meno nr‘;u niensis
in humans. However, thl‘: dizease is relatively short-term and i= over
in

<
ru '—1 b

Nalw

n

Fon

f.J

.,

na few wesks., A variant disease that ressmbies mo snonuclecsis,
Ei d lymphoma, will eventually kill its victims should they go
unt cated. x:rﬂ viruses are believed to also cause nascpharyngeal
] i =

carcinomas in southern China. Tnusa there seems to be some variation
in the axpra...srx e effects of this virge. ¥

To summarize, we see that the maior causes of cancer as held by
=nientists today are radiation, chemicals, nd unwr'!gwm viruses.
Chemicals and radisticn seem to cause cancer by mutation of genes
important in the duction

: - regulation of cell differentiaticn and reprodu
Aowever, ongoogenie viruses seem to produce cancer oy inter Fering with
‘t[ = =:::eii’5 EEne ::«m&ucte- that regulate normal c{if'f'wrpntla‘w and
causing mutations. From a bird’s eye view, ons
May Measo 'Ddti‘v conclude that the ultimate cause of cancer liss in the
genetic material, ’.E. the DNA, of the cell. Hav mg dizcussed the
moiecular and genetir: f oy ndatlf neE. r“«t CANCEr &s wﬂi aS & .a_.e.atad CRUSSS
of cancer, the next =
treat cancer :““ There ars Sevemi wetnuds u_:r::.r:l to t eat cancer mt.npd»ugh
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encers, the overall cutiock

a::a »:e the norm
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tre
stil l _.Pr—m gluun‘:w. In fact for mest

nzt to discuss cures, but S-year survival retes: "the p roporticn “«r
patients who survive for at least 5 years after dia osis without clinical
avidence of their disease.” Cwver the last thirty years or so, arcund 30
pernent of all cancer victime have been complstely cured, whils approx-
ima te - 70 pereent finally die from cancer 'e:culudmc noomelanoma

=kin cancer, which has & very high corurence and cure rate. )

21
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Cooventional tnwr cies have thus glven nominal resuits in
the treatment of cancer. These methods are vasically to (1) excize
rancer oells uairzg surgery [2) to kil the cancer s:.aiis. using radiaticn
and (3} to kill cancer cells or inbitit repreducticn of them by using

drugs and/or hormones.

However, commen to all these methods is the problem of metastasis.
y cancerous cell is abolished, the threat of cancer stiil
remalins. So recently, scientists have t.u ed to th IlEld ﬂf'
immunotherapy in order to use t y's
fight cancer.¥

Surgical removal is fairly successful in cases whers cancer is

>

iﬁiagnn:b:? early on. For example, skin cancers are normaily detected
early on, and nonmelanoma skin cancers do not metastasize. Thus thess
skin cancers are fairly curable by surgical procedures.®

Cancers that lnvade m‘cn—mm tissu = are normally less treatable with

tl
surgery, =ioce they & )
other words by the time thn: =g tva of DENCET, ]
detected, mptdbtasia has often already cocurred, and
to isolate and,/or remove the cancercus nells, ®
Radiation is often used to treat certain kinds of testicular cancer,
Hodgkin’s disease, skin cancer, larvngeal cancer, and scme kinds of
Int

oo trz CENCET. he forms of X- -ravs and rai cactive materialis, liks

i

o
-

- ¥
alt 60, radiation therapy is often effective on hign v loraiized
! Bl
are*s.gs
i 2 . ] Ta » * » L
"The Intent in using radiatiocn against cancer is to kili a

maximum number of cancer cells while k’lling & minimum nm‘mr—r

normal cells."® And may 1 add, this is quite a ta
and sbnormal cell= are oo st:mtiy‘ cn\..qdmg, it is d
and probably Impossible task to Ee;Pr‘-tww’} eradic
without dzf'e-z:’flng the rmal cells using when using
' ral reasons, cancer celis
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= by rad n than a Iot of normal cell types. Reproducing
cells to be ml led sasier than those halted in the G1 period.
Kemember, normal cells halt reproduction in G1 while cancerous cells
continue reprzducti'}n. Secondly, the faster a cell divi:{: thc more
senzitive the cell i= o radiatle:n amage. [hisisp @:zb;y due, at least

. I
ity of catching these guickly dividin

in part, t nat L d ng
cells in the © phase and D pha=e with radiation i= a Iot higher thano it
wiould be for elower dividing celle.®

The negative =ide of this is that there are normal cell= that
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reproduce at faster rates than most cancer cells, e.g. bone marrow
TE

=N
cells. They are thus more sensitive to radiation than the t
cells. 3o, when cancer patients are given radiation therapy, orten they

become anemic, meaning t hieir red olood cell count b nOMes abno ran

fam

low., (N E: The bone marrow is responsible for the production of red

if' ethf:d to Erz-l»—;“tl\x~1\ increase tne =ensitivity Df' cancer
: . ;

1

i nts
radiaticn thera pm hrl rmk r%f' nEW cam:}:m developing from the radiation
' bBle to destroy every cancer

oan reform tne cancer.

conventional method= o
immmy therapy nere and
: ot :

z‘*hr—m 'herap\,» la= t =ince m‘y esear‘._.h profect n the r*nrzmr:fth apeutic
arena. As was menticned sarlier, Immunctherspy i= & relatively new
method of cancer therapy whereby a patient’s cwn immunes system is
activated to fight cancer.
The immune system consists of twe divisions inv olving white

ticed ceils called lyvmphooytes, These l}‘;'n'zphr:u:j;;tes which are found in
the blood, compose most of the spleen, the thymus gland, and the lymeh
e j._m 30

mg:hm:‘ tes are divided into two maln groups: B-lymphooytes and

-1*'mc- hooytes. B- lwmphawtcs produce antlbodies that are specific for
certain anti igens, which are fo *I“r-'lgt'} proteins, on invading bacteria,
viruses, etc. These antibodies bind to the forsign agents via the
antigens and thus help remove the forelgn elements. This i=
known as fumoral immunity.  T-lymphocytes ars white blood cells that
bind themsalves to foreign bacteria, viruses, ste. and then releass
chemicals that may aid in destroying the foreign bedy or in stimulating
the Immune system.™

Two Eroups of observations zeem to support the immune system as

the main line of defense. Among children born with immuncdeficisncy
dizeases, an unusually high oumeer of them develop cancer. Alse,

pecple, such as trans =plant victims, who are given immuncsuppresants,
tend to z’".veis:m cancer at an abnormally elevated rate. Howewver, only

r

te
the rates of certain types of cancers are elevated with high


http:elevat.ed
http:lynlpnocy.es
http:cnenlotnerapeu_.lc

cazes, thus g;
e Imp -rtan‘c int

ne mtmducti n Qf vaccines into humans have shown some promise

in the fight agal ncer.  Vaccines tmn Bacillue Calmette Guerin and

Caorynebacter Eum ha*- e been shown to inf the growth of human

melancmas.  Although precursor molecules can be adminiztered to
e

]

pacteria and these bacteria metabolize molecules into the anticancer
agents, thers is a potential drawback., The agents formed are no doutt
detrimental to the bacteria themselves.* Therefore, the use of bacteria

=t

i

i
or anticancer drug pmductis:xn iz limited.

Interferocn, a product of white tlood cells, inhibit the multiplication
of viruses. Some evidence indicatss that it may inhibit cancercus osll
growth.? '

Fimally, there i= chemotherapy, a method of cancer research
in which chemical ry to alleviate cancer. This branch of
cancer treatment is indeed an excitir nd it is the method of
cancer treatment considered by =ome to offer the mx:.e.i: e ‘mra at tmﬁ
time. Of course, the aim of :‘hwmu‘chﬂrap;, is to =el
the cancercus cells without detrimentally affecting the he 1th};} nurmal
~ells.

Chemotherapy 1= often used in combinaticn with surgery and/or
radiatis oo bo try to remove a 1i the cancer from & pa‘:ipni The raticnale
is that if surgery and/or ra d’i't most of the canDerous
oelis, then ’*bwm"\*rh&—*m::feut i gantﬂ' can be
remalnin g cancer cells.®

e other methods of treatment,
drawbacks. By forming mutations, ceil
these drugs. Since almost all chemotherapeutic agent
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b = are mutagens,
they could even Quss,lbr;, increase the an ‘zuunt of mutant cells. In fact,
these d drugs may ald the mutant cells by ridding them of the comepetiticn
with cancercus f_(eﬁs. Therefore, the drug may cure one cancer and help
to initiats ancther. Also, drug_. do not selectively kill only cancer a:&ils;
they kill normal cells alss. Also, some cancer cells mystericusly
arrest in 51 pericd, and drugs become ineffective since most dfrr:ct he
= period.®®

it i= neces=ary to bave a deeper understanding of chemotherapectic
agentz and their mechanisme of action in order to understand and
appreciate my Individual synthesis project. Dranted that the fz:uuwfing
material may =eem gquite complex, I will attempt to simplify the
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TABLE 1. Cytotoxic chemotherapeutic agents
in clinical use

Noncell-cycle-specific alkylating agents (standard)
Short, acute acling (1 1o 3 weeks)
nitrogen mustard (Mustargen®)
Mediurn acting (2 to 4 weeks)
Thio-TEPA, i. v. or i. m.
Chiorambucil, oral (Leukeran®)
Melphalan (Alkeran®-phenylalanine
mustard-L-sarcolysin), oral
Long delayed (4 to 6 weeks)
{Liposoluble, aqueous-insoluble nitrosoureas)
Carmustine (BCNU)
Lomustine (CCNU)
Semustine (methy!-CCNU)
Streplozotocin
Atypical alkylating agent
Busulfan (Myleran®)
-Hexamethylmelamine (HMM)
Alypical phosphamidase activated (2 10 4 weeks)
Cyclophosphamide (Cytoxan®)
Cell-cycle-specific antimetabolites
Antipyrimidines, antipurines
Methotrexate
5-fluorouraci! (5-FU)
Cytosine arabinoside-cytarabine
{Ara-C®&, Cytosar®)
Thioguanine (6-TG)
B-mercaptopurine (6-MP); azothioprine
(imuran®)
Hydroxyurea (Hydrea®)
Acute mitotic inhibitors——plant alkaloids
Cell recruitment by mitotic delay
Vincristine (Oncevin®)
Vinblastine (Velban®)
Podophyliotoxing (VM-26, VP-16)
Antibiotics {various mechanisms)
Protein inhibitors, synchromzers
Dactinomycin
Mitomycin
Adriamycin
Daunorubicin
Bleomycin
Mithramyein
Metal complexes—alkylators
Cis-platinum-~Platinol®, DDP
Enzymes
L-asparaginase (Elsparr)
Miscellanecus agenis
Procarbazine (Matuiane®)
Imidazole carboxamide (Dacarbazine®, DTIC)

et e AR
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ﬁ;"l‘m Cancer, t*uh.. amounts ?:: f nx:’aing differ&nz:es (cicchemical,
morehe *if:rtl"ai etu‘, tetween cancer and normal el ,
few differences have been found, not many hd\ been found tha
significantiy different encugh to allow for the production of drogs t
will selectively home in on the cancer cell without affecting the normal
cellular population,

Out of the & rru(lﬂ“]ﬂt*:‘f 200,000 compounds tested since 18955 in
the L. S. oy the Naticnal Cancer Institute for anticancer treatment, only
sround 30 have been approved for usege in the ULS. Half of these
200,000 are synthetic and nalf natural preducts® {i.e , they are
extracted from nutum} scurces like plants, tacteria, = ..

;'r*thp*y: compeunds are divided into two major classes: alkviating
agents and antimetabolites,®®

i\ikxmtm‘* agents [RX, R=alkyl group, X=lsaving group) are
essentially compounds that react with nucleo p hilic fnucleus-loving) partes
of meolecules (Y) to form covalently bonded, alkylated oroducts RY).?
For example, RX+ Y™ —-- >RY + X, The dlE.DuW:I"} that such
compounds might possess anticancer potential came about when it was

:’l

[11

discovered ﬂ":it alkylating agents used in chemically warfare in 13407%s
destroyed _WmDhulEI tissues and tlocd-forming crgans. o0

mmiatm reagents normally react with targst molecules (the
nuclenphiles) through an S 1 mechanism (Substitution, Nuclecphilic, 1
molecule) or an SNZ mechanism [Substitution “~.'um»—rg:h1h:~ 2
moleculel. Explanation of thehe organic mechanisms would reguire

a pretty involved dizcus ut‘! of crganic chemistry. Therefors, for my

purpcees in this paper, it should =uffice to say that most epoxides,
aziridines and alkanes lph nates work by the 52 mechanism. 1

These alkylating agents commonly react with electrs negative
siements, like oxygen, nitrcgen, or sulphur, in nuclecphilic me 'm'* ules,
Reacticn with water [H,O) serves as a detoxification of the alkylating
agent. These agents can al=o react with D(\H which containe oxygen and

nitregﬂn in grea tabundanu- and pro ‘mm ontaining -5H groups. 107

Alrylating agents n may be oy totoxic LDEI.&“&M.’LIDSJ ; nwutagwnz‘ﬂ
(mutaticn-caus mcf , ard/or teratogenic (effecting fetuses) siue to

their alkylating powers uf nuwiw cnilic molecules, Cyiotoxic E%:jxfiaiz.ing
agents unders stand ably Induce a rapid reducticn In CINA u,nth& iz, loss

25
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replication, and production of atnormally large cells.
bee shown that there i= a direct relationship between the
numeer Pf' Kylating groups per amr*t and the amount of oytoxicity and
5o pa%en‘“» -—q:res.sw:l by the drug. Thersfore, scientiste have
'i t alkylating agpnt“ may work by ’r*m_;.—imt(mg b

1 complernentary strands of the ONA halix', thus resulting
in the witme:—:zez blucmn_! of cell division. As a matter of fact, in vitro
studies of commoenly used alkylating agents [e.g. ohic rde:ULli,
melphalan, ;:nc!ﬁ;huramlj" mus tard, t:-uuuﬂf:«nan CONU [L12-
chicroethyll 3-oyelohexyl-1-nitros: ~ur=a)) have shown th:— formaticn of
inter- and intra- strand L)N% cross links. Furthprmr:sr»:, alkylating
agents are not f;tncz..w—:z:w*lfm; therefore, they can be effective at any
ta i“

he o1, n”’, S m,i’.?i&.i 04

i

1]

age o
E hemically kyl groups of these agents, scientists

have hoped te_,« be a = the uptake by tumors of these &

in order to increase their effectiveness. This has rwu.‘treﬂ in an array

of alkyl derivatives, many of which express anticancer potenti

Em-fw chf%r*ussr:d bwlm are

l‘

e group of agents called nitrg,
mu_.tmrds. WES thv irst alkylating agent used to treat cancer. It i..,
often used In oo f]T}DlD:itlL.- with other drugs for treatm \ent of cancer.
elphalan has an R group that closely resemkles phenylalanine, =
normal aming acid of the body. Ch crambucii, ancther commeonly used
alkylating agent, is metabolized in vive by oxidation to ohenylacetic
mustard which also acts as an dl&}ldtmg dg?:ﬂt 103

Cyelophos pndmm»::, the most commenly used nitrogen mus tard, is
activated oy the cvtochrome P-450 mixed function cxidase system. The
metabolism of oycls spnacammn} iz shown in the foliowing disgram.
Cyolophosghamide is initially hydroxylated at the -CHp groups located
adjmcent to the N atoms in ONA. Oxidation of the ring gives 4-
hydroxyclophos sphamide (11} in equilibrium with aldophosphamide (12
Aldos Dh:lTﬂlﬂE is furtner croken down into pm« sghoramide mustard and
nornitrogen mustard (14) which seem to be the di"‘tl\"f:" alkylating
metabolites of cyclosphamide. As a by-product, acrolein {15}, which i

ieved to be bladder toxic and the causative agent of ha emr‘»rrhciglr*
ystiti= brought on by cyolopho Qph mide treatment, i= produced. Now,
mMEesna ‘153:1 (sodium mercaptoethane sulphats) is used in con i
with cyelophosphamide in o order ta protect the bladder. Mesna
the biadi ler by reacting with acrolein to alleviate its toxicity.!
Methane sulphonates, aziridines, and epoxides are used a= alkylating

H o

e
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azentz, tut are not as commenly used as the nitrogen mostards. Thay
aot mestly by reacting ‘\;1th SH zrougs in protsine. Busulphan, &
methans dip_,unmc\ iz by far the mest widely ueed of the zroop.!

Triazs =n2s, a third Er: :up of alkylating group o of alkylating agents, bave

07

anly ooz alkylating group. Uacarbazens, the ooly triazene clinically in
usz, has tesn shown to produce methylated nucleic acids. Treatment

with thi= drug i= highly toxic though, poesitly tecause of the diazonium

£y
compound [22) prujuccz as a result of light catalysis. 1%
Figure 10.3 Metabolism of 5-(3,3- D:methylmazanohmadazole-4-
carboxamide {DTIC, 8)
</ ICO“H2 mucrosomal <r‘ ICON“Z ‘
N= N*N/Cﬁs urigation N=N N C"ZOa
ﬁ3 H3
5 21
hy
ICONH2 <NIC°N“2
M
. ﬁ N=N N”‘CH;@
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Figure 10.1 {a) DNA Interstrand Guanine-guanine Cross-link Produced by a
Bifunctional Alkylating Agent; (b) Hypothesised Production of a Cross-link
Between the N-7 Positions of Two Guanine Residues in DNA by a Nitrogen
Mustard (Phosphoramide Mustard)
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Figure 10.2 Metabolism of Cyclophosphamide () [M represents the

-

nitrogen mustard group, N{CH,CH,Cl),]
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agent iz produced when this s:w*u;z iz ﬂ']&“:t’ﬂbi.‘*ilzed, TL,ES '=gent i .
tD inhikit x::‘:r*:ur‘ enzyme =ystems by carbamylating the enzyme
constituent of the =ystem rendering them inactive. ™
Certain ndtural {:- roducts, which are thoze isclate:

= !
bacteria, ete. are alsc umd as anticancer gents. These agents are often

wery chemically complex, and thus their mechanizme of action ars
overall poorly understocd.  Vincristine f._m,- arzii vinblastine (37 ars
P

two such agent=. They are KOGWD ta act during the metaphaze, whicn
is the phase of mitosis in mlignt jves |
the central axis of the cel } ‘z pruz:f re f'ur ivizion. Normally, spindis
fibers form during this g: aze and attach to tn chromescmes in order to
bem back to cpposite sides of the cell during anaphase. However,
=tine and vinblastine seem to inhibit or destrov the formaticn of
. T s 13,01 i
spindle fikers. Thus, cell

-

alar division is inhitited. 10
products koown as antibictics are also used in cancer
v, Actinomyein D I':Ia tincmyein) binds stron 1’:,» ti
:qume -stranded ONA, thus interfering W’ith transcription, T

Anthracyclines E:mdr‘ in between DNA base pairs and forme radicals;
methramain binds to ONA dnd ichibits RNA synthesis, 2
The final n jz:;r class of anticancer drugs 1s called antimetabclites,

ke to think of as the "ultimate mtrdde =", An
= v a compeound that closel ¥ chemically rese

-

' m
ite. Tmm rwsemblanr*e llows an antimetabol te. b

hethotre: at:., one s Ph dﬂtlﬂ'!*‘tdi:ulltfi‘ se e:tivei*«,-' inhibite
dibydrefolate r Educt’se. This inhikition in turn blocks the production
oro ~duction of tetrahydr ofclate, which is & precurscr molecule fo
N3, N-methyiens té rehydrofolate. The latter tramsfors & carbon unit
from deoxyuridine mon i'FﬂDEph:{tt: (dUMP) to thymidine menopho g:: ate
(TMP) by an enzyme called thymidylate Q‘fﬂthptdﬁt‘. NDI‘D‘}:&J
methmemﬂ tetrahydrofolate is ‘reduced by NADPH back to dihy arﬂrf“qate

e ‘wm,n:r.‘ methotrexate interferes with this process and 1 ONA synthesis

iz i rfﬁr*—d with., Because thes=e folates are needed to form .'*':'n:mzx mes
raspa:nsi ie for the s:x,n'm esiz of inosinic acid, a precurscr of purines,
this lack of reduced folates also knocks out the produ t of purines.
Protein svnthesiz and amino acld preduction is alsn ntwrruktu-r_z S14
Therefore Tor cells affested by methotrexate,

28
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FIG, 7. Common structural formula shared by thvee vinca a'kaloids.
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: R SR I S 1
no purines + no proteins + no aming acids = eventusl cell death

- wrto hem e oo iombiuity Fape medbiee s ~
Although methotrexate has no selectivity for acticn on cancerous
1 * : i b4 LR 3 ¥ T T
cells over normal cells, itz oviotoxic ability is :35&&5‘::3&{1‘& on cellular
. 1 LB S S ) 4 i =
10 1o ©

?
repr roduction, i.e. it is phase-specd
that cells that ares in ths Strdti! 0 of methotrex
stand a stronger chance o e not. As
mentioned earlier, cancer cells often, i:ut Aot aiwa‘v‘_.ﬁ have & hi
of proliferation and thu g r propensity to be affects
s:*.yt: toxic drugs than their normal o Ul"]t!-'I"C':lr't have.

Purine antimetabolites are synthesized compounds that closely

rezembls the normal purine | ~onstituents of the body but differ pn-":ué
structurally that they are able to interfers with normal cellula
metabolizm. :s-mprcaptupurmr: i= coe such drug.  Although t.he exact
mechanism of toxicity is unknown, it is known that it functicos best on
racidly reproducing cells. What i known about the metabr‘slicm s“-f this
drug is that through = m—r;; oo mple < =zet of reactions, it is i:le
produce s number of mmbﬁ,urv effects on puring b;a:as.vn‘muz ;:
nuclestide interconversion’. i\eictdt:u lized f-meroaptopurine !knr::wn as

Z’decxythioguanosing) Is also incorporated into DNA, and thlE may
furthr«r serve as a means of inhitition of DNA pruauctl

Lastly, thers are the pyrimidine antimetabelites. Similarly to the
purine antimetabolites that resemble normal H'ﬁi:mgr«m:auz purines, these
cyrimidine an'rlmr:tat}u.ut.e are synthesized compounds that »“TF:-SI:i*
resemble end "Q—"?DUE- purines. However, they differ enough chemisally
to interfere with normal cellular metabolism.

The dizcovery of pyrimidine metatolites is guite Interesting. It was
found that rat nvpdtﬂ a cells UEEﬂ uracil in nucleie acld synthesis
aster than normal liver cells. Charles Heﬁei’ berger synthesized a
uracil derivative that would be mistaken by cells for normal oracil.
This derivative would differ on i} v rwpmr*m,f a hydrogen atom with a

This means
i-
L

Pao
Ll’]
3
L-L-u

'"'?”J

*iU!”'f‘lﬂP atom at the C- 5 positi 3 as shown below. Fluorine is known
to have a similar atomic radius tﬁ t of hydrogen, and might go
unrer‘o:niz =d, at least for a Wmle oy the cell.

When S-fluorouracil Is enzymatically transformed into 5-

luwudmx ridine monophosphate (S-FAUMP), this foreign’ compound
cinds and ?: ie= up the enzyme thymidylate syothetase. This inhibiticn
prevents the enzyme from reacting with th:— normal deoxyuridine
monophosphate to form thymidine monophosphate, which is a precursor

to normal DNA thymidine triphcephate. Similarly, 5-fluore-2

2%
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' ' _ HN CH HzN\]/ “CH,
' Ov—é /l(ilH T | )QH
‘ N > N He 0  CoO-
- L wo b/ N
Deoxyribose H, N C_~N—(’;——CH2—~{!3
monophosphate — H H
dUMP Ns,N’0-Methylenetatrahydrofolate
Figure 25-15 :
Synthesis of dTMP from lThY’““’V'“e synthase
dUMP. 0
i o
HN/ \C——'CH3 HzNW// \\C‘H2
S L N
\T/ R N/\\C}-Q o cot
H V4 H
L I T
Deoxyribose | HO N— yC_N,.C,, 0
monophosphate Ho N H }L
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Fluorouracil

Fluorodeoxyuridylate
(Suicide inhibitor)

Thymidylate synthase

N, N methylene-

tetrahydrofolate

Glycine

Serine

3

Figure 25-16

‘Thymidylate synthase and dihydrofolate veductase are target enzymes in cancer
chemotherapy. Fluorodeoxyuridylate inhibits the methylation of dUMP. The
folate analogs aminopterin and methotrexate block the regeneration of tetrahy-

drofolate.

Tetrahydrofolate

> dTMP

Dihydrofolate

NADPH 4+ H*

NADP*

Dihydrctolate reductase

Inhibited by
aminopterin
and
amethopterin
{methotrexate)
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Chapter 26
BIOSYNTHESIS OF NUCLEOTIDES




decxyuridine, =hown below, may be glven in place of 5-flucrocuracil with
=imilar results.!!® o

HN | F
.
HOCH, oo
OH H

IT‘I-.J
f [¥]
—t
m
il
o
=
T
:I
=
oy
il
2

o digress for & moment, one subtle, but interestin
t seems that anticancer drugs are acty al

z [hat is, they cause abnormal I:Eu'lular I"un:*tm NS In cancer

celis. This is E:-Eﬂe.f'il:ial to the cancer victim. The development of
B ] drugs i= a good example of how scientists have
used naturs’s naturai functicne to bensfit mankind.
is also incorporated into RNA,M? and can thus

interfere with ;g:zrz:xc:-er protein production (transcription and translation).
Remember, uracil s unique to RNA.
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modification +h~re =tiil would remaln the possibility of the ceil oot
:md ma mfir‘at,l n. At least, the compound would have
¢

z] age tefore total recognition as a
forelgn compound. ?h us, we irz« ided to attempt to synthesize a
comecund with two slight but important molecular distinctions From
their normal nuclectidic counterpartz. More spenifically, 5-
Flusrouracil was chosen to be the base and arabinose to be the sugar
maoiety

HOCH
2.0 OH
HO
OH
S-fluocrouracil arabincee
HOCH
20 OH
OH H
uracil decxyribose

~flu.;rr ura oil to aratinose would produce an antimetatolite
‘ Dur m;c»:"s‘thml i= that =ince 5-

1 = v

e eyl e ant= -
as well as araC are croven anticancer = agents, the

Comidning
with a stru
fiuorouracil

bt E’] l;n
‘..,.
”‘!
]
w
"
8
E':j
bd
N
[
n
fomens
5 5

)
M




comeination of the arabinose and fswfiuomura 1l moistiss should produce
the ara-5-flucrouridine e::r:{mpaund that may alsc be an anticancer ag s:nt.
Since the ambif}:ee seemes to function a= de medw normaliy ¢ doe
in DNA, and 5-fluorcuracil is active just as uracil is in RNA
=Yy 'm;hesls. this proposed derivative may give a double blow to the cancer
el dup hi'*a*lun In other words, this oo mpﬂund might possibly act in
lﬂhlbltlne the de novo synthesis of thymine from uracil oy inhibition of
thymidylate Smt etase or some other enzyme vital to this pathway.
1&1_0, it may be possible that the synthesized compound might be
metabolized into the arabincse and 5 fluorouracil I“']L.*lPth‘: in the cell.
t:‘m-dzr- could then oe used in the further de nove synthesis of
A and/or RNA nuclectides; likewise, the 5-fluorourac
o incorporate into RNA. These nu "‘w:_.tluws nould int I“TEEI“E:
er oeil rmnr‘ah on, tran‘“’s“ri on, and translaticn.
.EE was tor Et‘l ze the trans -OH ' ’
stitution on uracil, the drug would =till posssss the
e incorporated into RNA, thus interfering i S0
Eai ion (the production of proteins). This
wiuld =eem to enha noe the chance for effective termination of the
cancer cell. It is difficult to te surs about the Eha:ti‘v‘enesz of thi= or
any other compound without appropriate pharmacslogi
While this compound =eems promising for ;L_h
cotency, the selectivity of such a compound for snly cancerous nells i= a
guestion. Therefore, we ranmt assure that this drug will selectively
affect cancer celis and not normal celis. How VEVET, selectivity remains
] ;I“%E}EFm with virtuaily all anticancer drugs used today. It should te
mbersd, thﬁuf,h that some types of cancer do express sbnornally
;ast rates of cell division., Thereio ore, b they would cuf-nu much mor
time in tbe =-phase than normal cells do. From all previous research
" flusreuracil, it would alsc seem that the mechanism of
I would be to inhibit DNA repilcation and croper
tranacmg:-ti n and translation. Since uracil is a component of both a

Y

an::i ara—ﬁ FU, it would also seem that ara-5 FU should work through
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The S}"Dti‘}ESIS of this prooosed molecule was decided upon as the
central | f my research project. 1t was decided sarly on that,
considering the limited ameount of time that I had and my a\s"il able
rezources, [ would not be a y testing for biclogical activity,
Therefore, the synthesis, purification and characterization

was decided upon s= a suitsble prode

an 224985
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1

The proposed compound would consist of the 5 flucrocuracli molety

oo
snd the arabinose =
'I

ugar. My basic goal was to chemically inactivate ail
reactive functional -O- groups on each molecule except for the
-3~ attached to carbon i ] 1

Next, a protocol designed for adicining the
two constituent groups, i.e. the '5-flusrouracil group and i
group, in E‘Z’-‘:d.i'“t.l‘- the correct orientation was needed. (This correct
orientation -the tricky yur*- would be that the 3-N of the 5-flucrouracil
would bond with the carcon 1 -O-constituent of the arabincse.! Next,
=eparation, purification, and o h" acterization would be done.
The initial procedurs used was from A Textbock of Practical Organic
Hpm;l'«'-'tr‘v' oy Vogel pp. 6%‘*8 5 9, 3.0 grams of arabincse were r‘*xu:w:x
with &ml of benzoyl chloride and 15.6 mi of 10% NaOH. (The benzovi
chloride, structure tmnw} iz a very tig and bulky group. heref‘are? it
=hould C-I“t:"”ldb: adequate steric bindrance to the molecule and
dc«pr:“‘;}mat@ly tie up the active -O- groups of the arabinose molecule
alsc shown below.) Three flasks were set up with each one containing
i*‘:E rea r"-tant described above. The reactan ts were stirred for
g8 dmately 72 hours.

£

b2

'T:!

cci

After the reaction was comgplete, small white spherical soll

roducts remained. The spheres were pulverized and eub jected tooa thin

layer chre matography test (TLC). 95% ethyl alchol was found to be an

",D ropriate solvent for the eroduct, which was hy ;::uthea ed to be either
rabincee tetrabenzoate, arabinose tribenzoate, arabinose \

:tI"P‘C"ﬂQSB moncbenzoate, or a mixturs of the three. Since this syntnetl

mechanizm was old and efforts to find the complete reaction mechanism

oroved futile, this procedure was abandened, and ancther procedurs was
-1

d".:bl.l-

The next procedure attemeted was an alteration of a procedurs
or

l——yd'

LL«.

developed by Anmnd'n Oliapally at ’F rida A & M University.
Appr »x*mamiw 5.0g of arabinose were added to 10 ml of acetic
anhydride and 0. 1ml p pyridine. This = olution was stirred for
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L

impurities and remixed with sthyl acetate.
off oy then using the ro tavapor. No ory stals for ed, out a crownizsh,

vellow visf:c-us liguid remained. An infrared qDH“trum of the liguid was
: te remained.

run to determine whether or not the arabinose tetraaceta
Although l}'ﬂDUl”lHEE seemed to remain in the c-n_.u_;uz:*_: at least =ome of

the dbElI‘Pu croduct, arabincse . E:+I"dd‘“Ptdtt‘:, was believed to

The =pectrum s2ems to show some of the catal yet pyridine still present.

)
e
g
)
M
1
0
2
=

HOTHz 0_on ROCH
HO . CH.C—O-C C 0.1 ml pyridine 20__OR
O H
3 3 -
g I 9 hrs., 100 C RO,
OH 0 0o
5.0g¢ 10 ml R
R -ﬁCH
O
The nexzt. important reaction was designed to inactivate the -2 and C-
& -0O'=- . Hexamethyldizilane was used f this step. This mechanism
Wwas also r:r_;rru\m:a? but altered somewhat, from Ur. Ollapally at Florida

A &M, To 1.3g of 5-flucrcuracii was added 4.u mi of
i*z,;.:{an'zei:.%}y’iﬁiEL:mx::, approximately 15 mi acetonitrile, anz:i =mail
awmur*t of sodium saccharin as & catalyst. The solution was refluxed ©
about 2 hours with no ctsery ‘aE:iw reaction ur*mrrm,f *lrnetm'i
formamide was then added to try to increase dissclution of the
reactants. E’li"x’]-—«‘ch1 formamide is also a very good sclvent for aguecus

a= well as orga phaf-‘«w. Dissolution cccurred :md an increase in
reacticn temper aturr: was noticed from B0°C to 90°C. After refluxing at
a temperatur i:e ween 80°C and 90°C for approximately 11 hours, the
acetonitrile and was drawn off with the rotary ey saporator. The
remaining solution was yvellowish-brown and cily. The flask containing

the product(s! was then D}dmd in an ice-water bath to promote
crystallization. A sclid formed. Methylene chloride was used to

w
on
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Should further characterizatien testing prove that the above two
products described have been successfully ‘synthesized, cne more step
remains in the synthesis of my proco szed oo mmuni the jocining of the
wo constituents. This reaction, although it bas not been completad,
seems to be the sasiest of the three. The two constitusnts are refluxed
with anhydrous SnCly at 130°C. After they are joined (N-1 of the 5-
f'iu: ‘ruumr_n drzmvat ve to the C-1 of the arabinocee derivative), the acsty

tie up the reactive -O- groups are removed.

lhl” rpax_huﬁ iz =nown below.

continuing and will hopefully yvield =ome
oo mhw- "ezuitz Dr. Barry Goz has expressed interest in

~oiogically te tng the ars -5-FU for bial

| izolation of the compound. Shaoul
scho ﬂE in medicinal chemistry, there seems z
that I could -‘u?}mlptp this z:‘*rf:'m“t and do some work on sev
compounds that © bave in mind.

Looking toward the future should T dec :IP to attend graduate schocd, ]
olan to oo sntinue work in drug dev v—m{:vmr—zt I bave several more ideas
s:-‘f' possible anticancer oo «mpaundc that u_,-r:'r(; f‘rrnmrm,: One such
und is very similar to the one . 1 worked on for this orioie
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iz ara- o fluor ;-51 /tidine. Zince ara U has beeo proven a Sueeésﬁrul‘,
anticancer agent, my hunch i= that by exchanging an H atom in the 5-C
position of =:;t-:rz.’inr3 with an F atom the cell will not initially recognize
the difference, but the differsnce will cause normal nellular
interference later on in the normal proces of celiular metabolism,

Cancer is quite a perplexing disease and one that should be feared.
Yet, cancer Eﬁouid nct be feared to the peint of utter dismay., Withoot
nope, man is most mis eratle 1o any v—ndﬁam r sought after. Therefore,
he g_.dl of current research and, I hope, futun— r b

th EEEI"Dh that a
J I TN R - Iag . - —_—
ezlective cure will be discoversd mr NE i ,f the m:ﬁt afded SCOUrges
i

ROCH
2O0__OR anhydrous SnC1,
RO . i,
Yerlux 130°C >
OR
R---ﬁCH
o)
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