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ABSTRACT

A QUANTI TATI VE CYTOPHOTOMETRI C ANALYSI'S OF
TUMOR CELL GROAMTH PATTERNS THAT OCCUR I N

HUMAN | NTESTI NE ADENOCARCI NOVA

Loui s Joseph Nudo
Mast er of Science

Youngst own State University, 1984

Ei ght adenocarci nomas of the colon were sectioned into divisions
and exam ned microspectrophotometrically for DNA content enploying the
Feul gen reaction. The results indicate that 75% of these tunors contain
an el evated concentration of DNA in the central division. The DNA
elevation is mainly due to the environmental pressures in each individual
tumor which results in the formation of aneuploid cells. Populations
of cells that are active in the synthesis of DNA result in the elevation
of the nmean DNA value in the periphery of the tumpr, which occurs in
the remaining twenty-five percent of the tunmors sanpled. The nmean DNA
val ues and nunber of aneuploid cells were correlated with the possible
age of the tunors and probability for metastasis. The ol der tunors
were shown to metastasize to | ynph nodes and other organs, while the
other tumors exhibit the ability to netastasize but were excised from

patients before this occurred.
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CHAPTER |

I ntroduction

Col on cancer afflicts every country in the world to some
degree. Unfortunately, the United States has a relatively high
i nci dence of colon cancer. Large bowel adenocarcinoma is this
country's nost common malignant tunor, excluding skin cancer (Carter,
1976). Nearly 50,000 deaths per year are attributed to colon carci-
noma (Lei bovitz, 1976). This is second only to lung cancer. About
one half of these deaths are due to netastasis of the cancer to
other vital organs. The npbst comon sites of |arge bowel cancer
netastasis are the liver and lungs. The kidneys, adrenal gl ands,
brain and bone can also be invaded with |ess frequency. Metastasis
occurs mainly through the lynmphatic channels. Direct extension of the
tumor into surrounding tissue may al so account for the spread of the
cancer (Carter, 1976).

There are certain characteristics which may make certain
i ndi vi dual s candi dates for devel opi ng col on cancer. |ndividuals having
survived a previous colon cancer have a high probability of devel oping
col on cancer again (Lipkin, 1975). Statistics indicate that relatives
of patients with |large bowel adenocarcinoma have an increased probabil -
ity of devel oping colon cancer three times greater than that of the
general popul ati on (Lipkin, 1975). He al so states that within the
past thirty years the death rate of nale patients denonstrating col on

cancer has changed very little. N neteen of every 100,000 nale

patients die as a result of the cancer. The cure rate of colon cancer



has not changed remarkably in the past twenty years. The US News and

Worl d Report notes that 43% of people with colon cancer were cured in

the years 1960- 63 as conpared to 50% cured in the years 1973-80, in

the Dec. 12, 1983 issue. These statistics make a strong case for con-
tinued research in this area in order to hopefully rid the human race
of this devastating disease.

In order to understand the characteristics which constitute
the diseased state of the colon, the histology and biol ogy of the

normal col on nmust be understood. The large intestine is approxinately

180 cmin length. It begins at the ileocecal valve which separates

the small and large intestine. The first

1

M croscopically the colon is lined with nany gl ands which range

portion of the large intes-

tine is the cecum This proceeds into the ascending, transverse, and

descendi ng col on respecti The colon term nates at the anus

ely.
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gastrointestinal tract. Radioactive phosphorus was used by Lebl and
(1964) to nmeasure mitotic indices to estinmate cell renewal rates

These initial studies enable experinenters to understand the basic
principles of cell proliferation kinetics in the gastrointestinal

tract. Presently, the colon is studied extensively in regard to the
under|ying mechani smof rapid cellular proliferation. An inportant
observation of maturing and fully mature cells is that they migrate

i n coherent sheets toward the |lumen of the gastrointestinal tract
(Lipkin, 1962). Cell division, as is shown experimentally with tri-
tiated thym dine, occurs in the |ower two-thirds of the colon crypts
This zone is referred to as the proliferative zone. Synthesis of de-
oxyribonucleic acid(DNA) occurs in 15 to 20 percent of cells found in
this zone (Lipkin, 1976). Chance seens to determ ne whether these
proliferative cells continue as proliferating elements or differen-
tiate into mature cells. As cells nove through the transitional zone
they are destined to differentiate. Cells showing cytodifferentiation
may still divide while nmoving through the transitional zone (W nawer,
1969) . As cells nove out of the transitional zone to the |umnal sur-
face all proliferative activity ceases. At the lumnal surface new
stimuli present may be responsible for the cells' final differentiation
and maturation. The average tine of the proliferative cell cycle is 20
hours. The cycle of cell birth, migration, and extrusion leads to a
steady state condition, with the rate of cell birth and cell [|oss

being equal. Proliferation is found to be one cell per 100 cells per
hour and the turnover rate is the sane, thus producing an equilibrium
of cell loss and cell birth. The replacement time for the cells lining

the colonic surface is four to eight days (Lipkin, 1963).



The function of cell proliferation and differentiation are
influenced by many intra and extracellular factors. Sone of these
external factors are available blood supply, hornones, stress, diurna
variation, serumenzymes, nmitotic inhibitory substances, cholinergic
neural activity, and surgical resection(Cooper, 1973). I nternal regu-
lators also control the cell cycle.

The cell cycle is conposed of a series of specific phases in-
cluding the inter and mtotic phases (Swift, 1950). The interphase

is usually designated as qD, G,, S, and 62 while mtosis occurs in M

1’
The resting stage is designated as (%Y The cells in this stage may
remain in the proliferative zone for an undeternm ned anount of tine.
Once a cell commits itself to division it must produce the appropriate
ri bonucleic acid (RNA) and resultant proteins to prepare the cell for
DNA synthesis. This stage is known as G1 or the presynthetic gap stage
The DNA replicates in the gastrointestinal epitheliumevery 14 to 18
hours (Winawer, 1969). After the DNA is replicated, the cell produces
the appropriate RNA and proteins responsible for the M phase or mtosis.
The postsynthetic gap (GZ) period may last six hours or |onger.
Mtosis (M) and followi ng cell division may now take place. The over-
all cell cycle takes approximtely two days (Bottom ey, 1973). See
figure 2

Gt her factors associated with the cell cycle have been shown
to influence cell differentiation in the hunman colon as outlined by
Lipkin (1973). Anong these are nmultiplicity of controls which bring
about appearance and di sappearance of netabolic pathways during

critical stages of cell differentiation. The activity of cyclic

guanosi ne nonophosphate (cGMP) is associated with the induction of
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proliferation. This nononucleotide is primarily found in the crypts of
the colon. As the cells nove through the transitional zone and to the
[ unen, cyclic adenosi ne nmonophosphate (cAMP) becones the predoni nant
nononucl eoti de present. Cyclic AVP is responsible for a decrease in
cellular proliferation and eventually cellular maturation. Cyclic
GW and AMP interact with histone proteins which function in recogni-
tion and regul ation of the genes. Histone proteins nmust interact with
nonhi stone proteins to provide the proper gene for tenplate activity
and eventual ly the necessary protein. Histone protein functionally
represses genes. Cene activation and cellular proliferation are
found to be regul ated by the nonhistone protein. The differential
activation of the genes thenselves likely proceed in a coordinated
manner in proliferating cells to produce the changes observed in the
cell cycle and during differentiation. For exanple, genes coding for
the enzynes thym di ne ki nase and thym dyl ate synthetase are active
during proliferative cell activity. These enzymes are responsible for
produci ng thym di ne nonophosphate (TMP) which is incorporated into the
replicating DNA. In differentiating cells DNA synthesis is terninated
when these genes are repressed. Synthesis of DNAwill term nate when a
deficiency of adenine, guanine, thymne, or cytosine occurs because of
gene repression. The control of thym dine kinase is one of the mgjor
nmechani sns involved in the inhibition of cellular proliferation. Genes
responsi ble for the production of alkaline and acid phosphatase are
only active when colon cells are differentiated (Deschner, 1970).

The cell menbrane plays an inportant role in cellular differen-
tiation. As the cell migrates to the lumnal surface of the crypt it

comes in contact with certain nolecules which bind to specific cel



receptors on the cell nenbrane. These nolecul es cause a rel ease of
macr onol ecul es (cGMP, CAMP) which are capabl e of nodifying gene activa-
tion and control (Lipkin, 1973).

As noted, events leading to and influencing gene activation or
repressionare very conplicated and influenced by many factors. Any
variation or deviation of these factors nmay result in nutant cel
formation. The repression of these nmutant cells may not occur re-
sulting in possible formation of a tunor.

Many interactions between inherited and environnental factors
are involved in the evolution of cellular changes that |ead to neo-
plastic transformation of colonic epitheliumcells (Cooper, 1973).

The main function of the colon is water reabsorption(Haenszel, 1971).
This function can result in the increase of the concentration of in-
sol ubl e toxid substances. Sinultaneously, bacterial putrefaction of
undi gested food material may create carcinogens. The bulk of the diet
and speed of nmovenent of fecal material influences this process
(Haenszel, 1971). Excessive cell loss fromthe colon is the result of
exposure to these transform ng substances. |In response to the cel
loss, the proliferative zone increases in the crypt cells. Also the
time between successive mitosises iS decreased(Bleiberg, 1977).

I verson(1970) observed sensitivity of colonic epithelial cells in-
vol ved in DNA synthesis when carcinogens were present. |t was found
that the cells of the colon increase their DNA synthetic rate in res-
ponse to agitation. The carcinogen now can transform many S phase
cells. The body's immune systemis usually capable of elimnmnating

these resulting transformed cells, except when inherited defects



potentiate the action of carcinogens and increase the possibility of
neopl astic developnent. At this time progressive phases of abnormal
cel | devel opnent occur.

Transformed cells have a growth advantage over the adjacent
normal cells (Nowell, 1976). Regul atory control of thynidine mono-
phosphate synthesis is lost resulting in continued DNA production
(Lipkin, 1974). An increase in RNA and protein synthesis is observed.
There is al so an observable cell accunulation on the luminal surface
of the colon. These accumulations are known as a hyperpl asia or neo-
pl asm (Lipkin, 1974).

The loss of normal cellular regulation in hyperplasia results
in definite shifts in DNA content of cells. This DNA shift will result
ina ploidy level shift (Avtanilov, 1976). These ploidy shifts occur
because of an unequal partitioning of chronosomes. Nunerical alterations
and/ or structural reorganization of chromosones may al so occur (Makino,
1964) . He notes that these abnormalities may be studied in nmetaphase
arrested cells. These abnormalities are represented by chromatid breaks,
transl ocation, stickiness, and fragmentation of chronosones ( Maki no,
1964) . Nondi sj unction may occur which results in chromosomal elinination
(Ohno, 1971). Many tinmes these nmutations are deleterious to the result-
ing cells. Surviving cells may contain three or four doses of a certain
chromosone whil e other chronmosones nay be represented only once. These
cells do not correspond to any whole multiple of a haploid nunber and
are consi dered aneupl oid (Emson, 1967).

Chronmosone rearrangenent was first thought to be a marker of

neopl astic formation (Mkino, 1964). Studi es carried on by Mkino



(1964) and Emson(1967) denonstrated that no set chronmosonal norphol ogy
pattern leads to the transformation of cancer cells. Since the anount
of DNA in the nucl eus corresponds to chronmosomal nunber, this marker
may be studied for clues by which neoplastic fornation nay be controlled
The measurement of cellular DNA content offers advantages in the study
of neoplasns, for it does not depend on norphol ogi cal differences in
chronosones and bears a nore direct relationship to the cell genotype
(Atkin, 1956). Quantitative cytophotonetric nethods which were used
t hroughout this study acconplished this reasonably well. Cell cycle
ki netics can be studied by this nmethod, and the resultant histograns
of fer visual changes, that is, ploidy shifts in DNA |evels.

Past studies indicate that a significant fraction of cells in
a neoplasmare found to be in a resting state (GO) allowing only 4.5
to 28 percent of this population remaining to actively proliferate
(C arkson, 1965). This study denonstrates that the presynthetic gap
(Gl) time is increased(mre cells in Gl) because much nore DNA syn-
thetic proteins are necessary in aneuploid cells. As expected the DNA
synthesis stage is also prolonged. Clarkson(1965) states that the S
phase can be conpleted in 17 to 34 hours in the diseased colon. The
post synt hetic gap (GZ) whi ch produces mtotic proteins, also takes
[ onger than the normal colon cells. Mtosis in nornmal and neoplastic
ti ssue cover the sane time period(Barthold, 1979). The overal |l dura-
tion of cell kinetics is longer in neoplasns than in normal tissue

The formation of a tumor froma neoplasmis the next stage of
the disease. These tunor |esions are now described pathologically as

adenonat ous because they are derived fromepitheliumof glandular origin



(Thomas, 1982). Nowell (1976) states that a |arge number of cells nay
be affected by a carcinogen but a tunor that ultimately develops is
usual ly the progeny of a single cell, or at nost a fewcells. This
establishes the stemline theory of tunors. Histological research of
tumors show a diversity in the cell populations within a tunor.

These different subpopul ations arise by nmitotic abnormalities which
produce genetically altered cells(Stich, 1960), although just where
in a tunor these cellular populations may be |ocated has not yet been
determi ned. Many of these variants are elim nated because of a neta-
bol i ¢ di sadvantage or inmmunol ogi cal destruction. Subpopul ation pre-
cursors are those cells which have additional selective advantages
over the original tumor cells. Natural and artificial selection
processes such as nutritional changes are responsible for the contin-
uous emnergence of successive clones in a tumr (Kerbel, 1979). Cel |
Loss is also responsible for tunmor growth kinetics. Frindel (1968)
observed a large majority of cells die or mgrate out of a tunor.
Tunmors are able to lose 95 percent of their daily cell production

wi t hout any problens regarding elimnation.

Mal i gnancy is the next stage in the biology of the tumor. A
tumor that has a potential for netastasis contains many subpopul ations,
each with a different ability to netastasize. These netastatic cells
do not result fromrandom survival of cells released fromthe primry
tunmor, but froma selective growh of specialized subpopul ations that

mutate readily (Talmadge, 1982). A |arge degree of aneuploidy and a

great |oss of norphological differentiation are characteristic of the



mal i gnant potential of a tunmor (Nowell, 1976). Col I agenol ytic activity
is seen in malignant cells. This activity allows nmetastatic cells to
mgrate fromthe tissue into the plasma or |ynph and back into the
tissue in another site in the body (Barret, 1978).

Early treatnent of colon carcinona is inportant before metasti-
sis is able to occur. Carter (1976) states that radical surgery is the
only universally accepted curative treatment for |arge bowel cancer
Unfortunately, diagnosis of these tunmors sometinmes occurs too late to
i nsure conpl ete success of surgical excision(Carter, 1976). The main
probl emw th chenot herapeutic agents is that many cells are in a state
of rest in a tunor (darkson, 1965). Only cells active in DNA synthe-
sis are affected by the drug. After the time of treatnment has passed,
these resting cells nmay begin to proliferate. Radiotherapy al so has
not been proven effective against these tunmors. |Immunotherapy is now
bei ng experimentally tested in colon cancer cases (Carter, 1976).

The devel opment of cancer is a conplicated process which con-
tains many variables. Medical science nust find a variable in early
tunmor devel opnent that can be treated effectively to insure a decrease
in the incidence of the cancer or at |east the seriousness of the
di sease.

The purpose of this study is to exam ne human colon tunors in
various stages of development; by serially examning them it is in-
tended that highly proliferative areas be determined. Also by these

nmeans the overall growmh pattern of the cells can thus be el ucidated
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CHAPTER 2

Mat erials and Met hods

The col on adenocarci nomas and control tissue were obtained
surgically by Dr. Armin Banez, a surgeon employed by the Youngstown
Hospital Association. Upon renoval, the tunors were inmediately
placed in 10 percent buffered Formalin solution and transported to
Youngstown State University. This noncoagul ent fixative was chosen
because of its known property of maintaining tissue integrity. The
tissue was fixed in the Formalin solution for a tinme period of 14 hours,
followed by dehydration in a graded ethanol series, cleared in Xyl ene,
and subsequently paraffin enmbedded. This was acconplished by use of a
progranmmabl e tissue processor. Each individual tunor was dissected
into three sections designated left, mddle, and right divisions, and
these were examined serially. The fixation, dehydration, and clearing
process as well as enbedding process is outlined in Table 1

A Tissue-Tec microtonme was enployed in order to section tissue
at a depth of six microns. The resulting paraffin tissue ribbon was
then placed in a warm water bath(59O C) to prevent folding and insure
proper adhesion on an albuminized glass slide. Once the tissue is

oriented on the slide it is allowed to dry on a slide warner.

Cytochemi cal Met hods

The nucl ear Feul gen staining reaction was enpl oyed throughout
this study. This reaction enables the quantitative measurenent of DNA

within a cell nucleus (Feul gen and Rossenback, 1924; as nodified by



TABLE 1

Fi xati on Procedure
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TABLE 1.

FI XATI ON PROCEDURE

A Formalin 10% for 12 hours

B Formalin 10% for 2 hours

C Et hanol 70% for 2 hours

DL Ethanol 95% for 2 hours

E.  Ethanol Abs., three washes for

F.  Xylene for

G Xylene for

1/2 hour

1 hour

H. Paraffin for 1 hour

|. Paraffin for 2 hours

J. Block tissue

2 hours each

17



TABLE 2

Deoxyri bonucl ease Protocol
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TABLE 2.
DEOXYRI BONUCLEASE PROTOCOL
A Bring slides through graded ethanol series to distilled water.
B Inmmerse in 0.05% sol ution of DNAase for 4 hours at 38  C
C Place in 5% TCA at roomtenperature for 10 mi nutes.

D Pass through distilled water and stain.

REAGENTS
25 ng DNAase

37 ny MgSO4

6.8 mi of 0.1 MCitric Acid

18.2 ml of 0.2 M NazHPo4

25 ml of distilled water



Therrien, 1966; and Bryant and Howard, 1969). A stain control slide
subj ected to deoxyribonucl ease action before Feul gen staining is
included in order to renove DNA and to abolish any staining. Table 2

descri bes the procedure used for the deoxyribonucl ease treatment.

To Summarize Tissue Treatnent:

The specimens are subjected to the foll owi ng sequence of events

1. The paraffin sections are cleared in xylene to
remove the wax fromthe tissue

2. The tissue slides are then hydrated by being
imersed in a graded al cohol sequence which con-
cludes in distilled water. This step is needed
to remove the xylene and bring the tissue back
to its natural state.

3. Hydrolysis of the tissue is achieved with a
solution of 5N hydrochloric acid for 42 mnutes
at roomtenperature. This procedure hydrol yzes
adj acent hydroxyl groups to aldehyde. The acid
al so renobves purine groups

4. Rinse in distilled water.

5. The slides are stained for one hour in freshly
fortified Schiff's reagent with potassium-meta-
bisulfite. The stain reduced the adjacent al de-
hyde groups on the deoxyribose to formthe
characteristic magenta color. One dye nolecul e
conmbined with the two adjacent al dehyde groups,

thus the stainis quantitative for the anount of



DNA in the cell. The stain is purchased from
the Fisher Scientific Conpany (Cl. #42500).

6. Rinse the slides three tines in freshly prepared
10 percent potassium netabisulfite rinse (Yemma,
1972). This step is necessary to prevent reoxida-
tion of the dye fromthe magenta color to the
| eukof ushin col or.

7. Rinse in distilled water.

8. The slides are subjected to a graded ethanol series
in order to dehydrate the tissue

9. The tissue is imersed in xylene to renove the
et hanol and prepare the slides for the nmounting
nedia. The coverslips are affixed to the slides
wi th pernount.

A summary of this procedure is presented in Table 3.

Spect rophotonetric Method

A Zeiss type 01 microspectrophotometer with a quartz iodine |ight
source is used to quantitate the Feulgen Stained tissue. The process of
m croscopy and spectrophotonetry were enployed to neasure and conpute
the amount of DNA in the individual nuclei. M crospectrophotonetry of
DNA content in the nucleus may be used as an objective test for the
eval uation of cell ploidy and cell population heterogenisity (Avtandi -

[ ov, 1976). The objective enployed is a Zeiss oil imersion objective
X100 Nurerical Aperature 130, at an optover setting of 1.25X, with a
Zeiss imersion oil, 518CDM5884. For the selection of the desired

wavel engths a continuous interference filter nmonochromater is utilized.



TABLE 3

Staining Procedure



TABLE 3.

STAI NI NG PROCEDURE

A Xylene for 7 mn.

B.  Ethanol Abs. for 7 mn.
Et hanol 95% for 7 mn.

Et hanol 70% for 7 mn.

m O O

Distilled water rinse

F.  HCLl (5N) for 42 min. at roomtenperature

G. Feulgen Stain - 4 parts Schiff's reagent to 1 part potassium-
metabi sul fite (1049 for 1 hour

H. Potassium nmetabisulfite for 10 mn.

I. Potassium-metabisulfite for 5 mn.

J. Potassium-metabisulfite for 5 nin.

K Distilled water for 5 mn.

L. Distilled water rinse
M  Ethanol 70% for 10 mn.
N Ethanol 70% for 5 mn.
0. Ethanol 95% for 5 mn.

P. Ethanol Abs. for 5 mn.
Q Xylene

R Munt coverslips with permount



The instrument alignnent and phototube linearity response are checked
bef ore any readings are taken. The naxi mum and m ni mum wavel engt hs
of the dye are determned by an absorption curve (Figure 3. The two
wavel engt hs determined by the absorption curve are 560 and 505 nm

The relative anounts of DNA neasured by the microspectropho-
tometer are deternined by the two wavel ength nmethod (Patau, 1952;
and Ornstein, 1952). Mayall and Mendel sohn(1970) show this method
is chosen because it elimnates a direct measurement of nuclear
materials. This method is |ess subject to errors due to parts of
the material being out of focus (Atkin, 1969). Nucl ear materials
that are not heterogeneously stained are also conpensated. Al tissue
slides are concurrently hydrolyzed and stained to insure uniform stain-
ing of the DNA content within the cells.

According to the absorption curve the maxi mum extinction (E2)
occurs at 560 nm The second wavel ength is chosen by cal cul ating half
of the maxi mum extinction which is found to occur at 505 nm(E 1).
After this is determ ned, nuclei are picked randomy to be read. Each
nuclei is centered in the aperature which is slightly larger than the
nucl eus. The aperature specific for the nuclei is 6.3 mcrons in
diameter. Readings are made in this order: on the nucleus at 560 nm

(

), on the nucleus at 505 nm(l ), background at 505 nm (I ),

18560
and background at 560 nm(l

s505 0505

0560). The anount of chronophore (M) is

determ ned using these readings and enploying the formula, M= KALlc
The constant Kis not included in the calculations. L is calculated

by the equations L1 - (l—Tl), and L, = (1-T2) where T is the transmit-

2
tance. Qis determined by L = (1_T1), and L2 = (1—T2), where T is

the transmittance. Transmittance is determned by T, =

17 N sse0’t

0560
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and T /I0 . The ratio between Ll/L2 equals Q This value (Q)

2 = Iss505/ L0505

is needed to eradicate the influence of unoccupied area neasured around
the nucleus. This is allowed because the extinction ratio at the two
wavel engths is 2:1. The Qvalue is converted to the Cvalue in a
tabl e determ ned by Patau in 1952. The correction factor Cis used in
the calculation for the distributional error.

A conmputer programwitten by Dr. John Yenma was used to cal cu-
late the relative DNA values utilizing the Ardahl main frane conputer

at Youngstown State University.



CHAPTER 3

Resul ts

Frequency histograms of DNA neasurenments facilitate the
observations made in this study. In this way, najor and mnor shifts
in the nuclear DNA are easily detectable. Where tables are used they
will aid in the characterization of data while graphs aid in the
characterization of cells whose DNA content appears to uniquely char-
acterize ploidy levels. The nean DNA values are used to assess the
nucl ear kinetics involving changes in DNA of the cells.

Since the two-wavel ength nethod of microspectrophotometry was
utilized, it was necessary to generate an absorption curve for the dye-
mol ecul e conpl ex under investigation(Figure 3. A nornal tissue con-
trol was used to establish this curve, and since all tissues used in
this investigation were treated and stai ned under the same conditions
simul taneously in order to elimnate any experinental error, the es-
tabl i shed wavel engths representing the maxi mum absorption and the
hal f - maxi mum 560 nm and 505 nm respectively were enployed in obtaining
the results through this study.

The control tissue used in this study were obtained by biopsy
and after mcroscopic exam nation was regarded as normal diploid tis-
sue by a pathologist. The nean DNA content of this tissue was 11.07
arbitrary units. This value is used to describe diploid or the 2C
condition of the cells. Fifty-eight percent of the 300 sanpled cells

are contained in the diploid state. Cells containing replicated DNA



and proceeding through the anaphase stage of nmitosis contain twice the
di pl oi d val ue (22.14). The cells at this value are considered 4C

The DNA val ues between the diploid and diploid replicated 4C areas are
in the synthesis phase (S) of the cell cycle. The large anpunt of
cells in the synthesis phase is attributed to an irritation in the
area of the biopsy. Also, colon epithelia has a rapid proliferation
rate which accounts for the large nunmber of S phase cells. Cells with
a DNA content slightly larger than the 2C level are just beginning to
synthesize their DNA. The DNA content approaching the tetraploid |eve
are in the late stages of DNA synthesis. Using these paraneters the
tumor histograns are exam ned and conpared in order to interpret the
dat a.

A DNA content above the tetraploid (4C) level that appears
within a population is interpreted to be indicative of cancerous tissue
pre-di agnosis supports this interpretation. For exanple, a cell that
contains an octoploid (8C) amount of DNA will have a DNA val ue of 44. 40.
The tunmors in this study contain many cells that are not found in a
defined ploidy level. These cells are described as being aneupl oid which
is characteristic of cancerous tissue. As nentioned previously aneuploid
cells are commonly found in tunors of all physiological types. Table 3
descri bes the nunmber of aneuploid cells contained in each quadrant of

each tunor exam ned
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Tunor 1

Turmor 1 was a whitish-tan tissue neasuring approxinately
4 x 3.5 x 1.5 cm The pathology report continues to describe the
tumor as an infiltrating moderately well differentiated adenocarci nona
This tumor has invaded the pericolonic fat region of the descending
colon. O the five mesenteric |ynph nodes exam ned, three show
netastatic potential. A liver biopsy illustrates ischemc tunor
necrosis which is highly consistent of netastatic disease. The
nunber of aneuploid cells present are consistent with a well devel oped
tumor of standing duration

The histogranms representing the cellular population of tunor 1
contain a mean DNA |evel approaching the tetraploid range. The reason
for this is consistent with the presence of a |arge nunber of aneuploid

cells(31) found in all the tunor quadrants. The majority of aneuploid

cells(14) is illustrated in the central division histogram A fewcells
in this section are approaching the octoploid (80 level. The left divi-
sion has the next highest nunber of aneuploid cells (12). The centra

and left sections have similar nean DNA val ues which is as expected
reflected in the simlar nunber of aneuploid cells denonstrated in the
representative histogranms. The right division denonstrates a |ower
mean DNA val ue and thus contains a | ower number of aneuploid cells.
The cells contained in the diploid to tetraploid category are
very active in DNA synthesis. The accelerated activity of prolifera-

tion within this tunmor can be expected to result in a greater nunber

of nutants anong those cells.
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Tunor 2

Turmor 2 was described pathologically as an infiltrating, well
differentiated adenocarci nonma with extension to the pericolonic soft
tissue of the proximal transverse colon. This irregular, annular nass,
obstructs the lumen and neasures approximately 0.6 to 0.7 cmin dianeter.
Al so excised were seven nmesenteric |ynph nodes which were negative for
net astatic di sease.

The tunor sanple neasured contained eight aneuploid cells.

Five of these aneuploid cells are contained in the central division
As expected, this section also has the highest value for the nean DNA
level inthis tumor. The right and left divisions share the other
three aneuploid cells. Their nean DNA val ues are sinilar.

The central section contains many cells in the late DNA synthesis
phase. This may be the reason for the nunber of aneuploid cells observed
in this division. The other two divisions have the mgjority of their
diploid to 4C cells in the early stages of DNA synthesis. There is |less
chance for mitotic nmutations occuring and giving rise to aneuploid cells.

These divisions are essentially diploid in DNA content.
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Tunor 3

Tumor 3 was a semi-annular, slightly raised ul cerated neoplasm
nmeasuring 4.5 x 3.5 x 0.5 cm This tunor is described as a noderately
differentiated, deeply infiltrative adenocarcinoma in early stages of
devel opnent. The tunor penetrated through the nmuscularis into the
serosal soft tissue. There were no netastatic precursors found in
ei ght regional |ynmph nodes

No aneuploid cells were found in the popul ati on of neasured
cells. The three divisions' mean DNA values are sinmlar to that seen
in normal tissue. Certain environnental factors may be present that
l[imt mutant cells beconing aneuplerotic or in this case nay be due to
the age of the tumor. The majority of cells present in this tunor are
actively synthesizing their DNA  Tunor growth may eventual ly change
envi ronnental conditions that will result in the appearance of aneupl oid

cells.
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Tunmor 4

The tissue of tunor 4 was grayi sh-white and irregul ar shaped.
The mass neasures 8 x 5 x 5 cm  This col on adenocarci noma i s noderately
well differentiated with extension to the serosa and paranetrium There
is no netastatic carcinona seen in the ten pericolonic |ynph nodes ex-
ci sed.

The cells measured in this tunmor yield two aneuploid cells.
One cell is seen in the central division and one in the left division
These sections al so show nany cells in advanci ng stages of DNA synthesis,
many of these cells nay be aneuploid. The left section contains the
hi ghest mean DNA val ue due to nore cells approaching the tetraploid
level. The right division's cells are quiescent in conparison to the
rest of the tunmor. This results in a [ower mean DNA value as well as
the fact that the tumor is not devel oping an appreciabl e nunber of

aneupl oid cells via nmutation of dividing cells.
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Tumor 5

Turmor 5 was a noderately well differentiated adenocarci noma
of the colo-rectal region. This tunmor has invaded the muscul ar wal
and has spread to the adjacent fat. Adenomatous polyps were observed
in the area of the tunor. Seventeen mesenteric |ynph nodes were ob-
served for metastatic neoplasm The tunmor did not metastisize to
t hese gl ands.

The central division contains 75% of the aneuploid cells
sanpled in this tunor and al so contains the highest nmean DNA val ue.
The remai ning aneuploid cell is confined to the right division

The cells within nornmal ploidy linmts are seen to be actively
synthesizing their DNA. The left and central divisions have the
majority of cells in the S phase. The right section has the | owest

mean DNA val ue and has 29%of its cells in a resting stage
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Tumor 6

The sixth tumor was an ul cerated |esion about 4.5 x 3.5 cm
and approximately 0.5 cm deep. This tumor was a well differentiated
adenocar ci noma of the colo-rectal area. The serosa of the sigmid
col on had been invaded by the lesion. Metastasis to one of the nine
peri-rectal |ynmph nodes was observed.

Two of the three aneuploid cells were found in the mddle
section of this tumr anmong cells nmeasured. This section also had
the highest mean DNA val ue due nore than likely to the presence of
aneuploid cells in the S phase. The right division contained the re-
mai ni ng aneupl oid cell.

The normal cells of this tumor were actively synthesizing their
DNA. The central section had 26% of the cells in the late stage of syn-

thesis. As a result, the mean DNA values are simlar in these two areas
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FI GURE 11.
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Tunor 8

This tunor was described as a pinkish-tan, noderately el evated,
fungating nmucosal mass. The |esion was well circunscribed and neasures
3 x 3.5cm This tunor occupied half the circunference of the col on
lunen. The adenocarcinoma is noderately well differentiated with in-
vasion into the inner nuscular layer. Four |ynph nodes were negative
for tunor involvenent.

Four of the five aneuploid cells detected anpbng those nmeasured
were in the central area of the tunor. The remaining aneuploid cel
was contained in the right division. These two areas of the tunor have
a greater nmean DNA concentration than the renaining left section. Again,
t he nunber of cells contribute to this factor. The middle section
contained the |argest anount of these cells. The right division also
has a number of cells involved in DNA synthesis. A total of 51% of the
cells in the |eft section were quiescent. This fact accounts for the

| ow DNA concentration average
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TABLE 4

Nurmber of Aneuploid Cells



Table 4

Nunber of Aneuploid Cells

Left M ddl e R ght Total per
Di vi sion Di vi sion Di vision Tunor
Turmor 1 12% 14%* 5% 31
Tunor 2 1 5 2 8
Tunor 3 0 0 0 0
Tunmor 4 1 1 0 2
Turmor 5 0 3 1 4
Turor 6 0 2 1 3
Tumor 7 2 4 1 7
Tunor 8 0 4 1 5
Tot al 16 33 11 60
Per cent 2% 4% 1.47% 245%

*Total cells counted in all cases - 100.
Percent of nuclei in the diploid to tetraploid range - 97.5%

The T test was enployed to neasure differences between the neans of
aneuploid cells in each division. The central quadrant was significantly
different than the two peripheral divisions. The peripheral divisions
were not determned to be significantly different fromone another.



CHAPTER 4

Di scussi on

In the past quantitative cytophotonetry has been used to
i nvestigate DNA changes that occur in cells during the cell cycle,
both those which are normal as well as those that appear abnormal
(Atkin, 1969; Emson, 1967; Avtandilov, 1973). Recently these nethods
have been used to a great advantage to investigate DNA changes in pre-
cancerous and cancerous cells (Heenan, 1975; Leibovitz, 1976). These
studi es have mainly centered on DNA changes that occur during the ad-
m ni stration of chenotherapeutic drugs to cancer patients (Carter,
1976). This nmethod enabl es investigators to nonitor the effectiveness
of such chem cal agents.

The purpose of this study is to characterize tunors obtained
fromthe human col on, and to assess them on the basis of DNA changes
within the population of cells conprising the tumor. An attenpt is
made to discover cellular growth patterns that may take place in ener-
ging or young tunors as well as those occuring in one that has aged
and is defined as a differentiated cancer. Since this type of tissue
characteristically gives rise to metastasizing cells, the likely
origin and characterization of cells involved in novenent fromthe
defined tumor area to lynphatic tissue, and then to other tissues,
wer e studied and are discussed

In an effort to make conpari sons between normal and cancerous

popul ations of colon cells, normal cells were first investigated and



characterized (Figure 4) and thus served as the control tissue for

this study. Cytophotonetric analysis of this tissue denmonstrated that
it is conmposed of diploid cells with nost cells in the 2C, unreplicated
DNA category and G1 phase of the cell cycle. There are however, cells
in the S phase as would be expected as well as some entering the 62
phase. These cells are at or near the 4C replicated state. The 2C
cells have a nean DNA val ue of approximtely 11.07, an average of the
three divisions representing the control tissue(Figure 4. However
since colon tissue is a highly proliferative tissue (Leblond, 1964),

it may be assumed that many of the cells on or near this value are in
early S phase. The 4C or Gb cells woul d be expected to be at or near
the 22.15 mean DNA value as they enter this phase. Care should be exer-
ci sed when these values are used in this way, for they nust be considered
approximate val ues due to the dynamic nature of cells conprising colon
tissue. G owh here is very rapid and DNA synthesis is alnost a con-
tinual process, this coupled with those cells conpleting this event as
wel | as the appearance of occasional aneuploids tend to obscure this

val ue.

Koss (1977) wusing a microfluorometric analysis of normal col on
tissue also found that the najority of cells were in the 2C category
with many cells in the S and early 4C range. Mcrofluoronetry enables
the experimenter to sanple a |arge nunber of nuclei in a short period
of time. However, when conpared to the data obtained by microspectro-
photonetry, the method of analysis used in this study, it conpared

favorably with that data and simlar results were obtained.
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Seven of the eight cancerous tunors (87.5% examined in this

study contain aneuploid cells (Table 4), which are those higher in DNA
content than the 4C value obtained in the control. This consideration
will tend to shift the histograms to the right and increase the nmean
DNA val ue established for the controls. The presence of aneuploid cells
result in the prolonging of all stages of interphase in the cell cycle.
The pre-synthetic gap (Gl) is increased because nmore synthetic protein
is required before aneuploid cells can enter the synthetic phase (9.
The S phase al so takes longer in aneuploid cells because there is a
greater anmount of DNA to synthesize as conpared to nornal tissue. Pro-
teins synthesized to prepare the cell for mtosis occurs in the post-
synthetic gap (G2) stage, which is also prolonged in aneuploid cells
because of an increased nunmber of chronmpbsomes. Mtosis basically
occurs in the sane time period regarding aneuploid and normal cells.
Barl ogi e (1978) found a 91% inci dence of aneuploid cells in malignant
tumors of different tissues. The percent of aneuploid cells in the
sanpl ed popul ations in the experinmental tunors range from 10.3% (Tumor
1) to 0.7% (Tumor 4). The majority of nuclei (97.5% in these experi-
mental tunmors are in the 2C to 4 region of the cell cycle. The 2C
cell popul ati ons have been found in all tumors (Ludwig, 1973; Freid-
[ ander, 1973). Tayl or (1983) reported that populations of 2C cells
vary in concentration in breast tunors from10% to greater than 70%
This published data correlates well regarding the |arge nunber of 2
to 4C cells found in the histograms presented in this paper.

Hyperdi pl oid cellular populations are defined as having a

majority of cells in the 2C to 4C range in addition to a certain



percentage of aneuploid cells. Atkin(1957) described this hyperdiploid
configuration when he observed that the average DNA content of tunors
were slightly elevated in conparison to normal tissue. Cells examnined
by Stich (1960) showed that the average amount of DNA was slightly
deviated fromthe 2C value. Many other studies in which tunors were
exam ned gave a hyperdiploid histogramas a result of aneuploid cells
in these tunors (Avtandilov, 1973). For exanple, in studies done by
Inui (1967), mammary carci nomas had DNA | evels within the 2C to 4C
range with some hyperdiploid characteristics. The DNA distribution
patterns of occult sclerosing and frank papillary carcinoma of the thy-
roid were near the 2C val ues with aneuploid characteristics (lzuo, 1971).
Barl ogi e (1978) exami ned aneuploid cells and found characteristics to a
variety of hyperdiploid histograns in 24 to 26 tunors. Adenocarci nomas
consi stently show aneupl oid val ues usually in the hyperdiploid range
but al so have cell popul ations resenbling nornal tissue(Stich, 1960).
It was determined in this study that seven of the eight sanpled tunors
had hyperdiploid cells within the popul ation

Aneuploid cells were not present in Tunor 3 and the analysis and
resul ting histogram does not denpnstrate an appreci abl e nunber of hyper-
diploid cells (Figure 7. The average DNA content of this popul ation of
cells closely resenmbles that of normal tissue. This is expected since
it is in the early stages of tunorgenesis and had not denonstrated the
presence of any metastisizing cells. The pathol ogical exam nation of
this tissue supports this data

The pat hol ogi cal description of differentiated as well as un-

differentiated tunors reveal ed throughout this study that morphol ogica
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characteristics of cells and thus tunor tissues can be correlated wel
with recorded DNA changes in the representative histograms. Aneuploid
DNA apperns are expected in well differentiated carci nomas where the

age of the tunor is significant. It is evident that well differentiated
tumors are nore likely to be derived fromlow ploidy stemcells or

those closer to 2C characteristics which can give rise to cells of

hi gher ploidy levels. Al of the tunors exanmined in this study were
descri bed pathologically as noderately to well differentiated adenocar-
cinomas.

However, the degree of aneuploidy or percentage (Table 4) of
aneuploid cells found in a tunor does not always denonstrate a direct
relationship with the degree of tunor differentiation or the degree of
i nvasi veness. This accounts for the variety of varying nunber of aneu-
ploid cells contained in the experinmental tunors. For exanple, Tunor 1
contains the greatest anount of aneuploid cells (10.3%. The renui nder
of the tunmors decrease in aneuploid cell content until there are none
present in Tumor 3. It is evident that although cells becone aneupl oid
during tunorgenesis and is a prerequisite to nmetastasis, other factors
are involved which determ nes whether and when they will becomne invasive.

That all of these tunors, however, eventually becone invasive
to the surrounding tissue of the lumen of the colon, points to the exis-
tence of an intrinsic factor or factors which determne the period at
whi ch these cells beconme invasive. |nvasive adenocarci nonas however
were found in nost cases to contain aneuploid DNA content and is,
however, a necessary requirement of tunorgenesis and nmetastasis. It

was found that only one of the eight tunors exam ned had netastasized



to another organ. Tunor 1 had netastasized via the |ynph nodes into the

l[iver. The histograms of this tunmor denonstrated an el evated DNA | eve

al nost reaching the 8C level (Figure 5). It is evident that a condition

whi ch increased the process of malignancy was characterized by the pres-

ence of near 8C cells or polyploid cells. That the other tumors exam ned
have the potential to netastasize nust be deduced fromthe data presented
for the mpjority of nmlignant tunors contain hyperdiploid characteristics
and the potential to become polyploid.

This paper correlates the age of the tumor or time of diagnosis
to the nean DNA value and netastasis. The older the tunor the greater
the chance of accunulating aneuploid cells of a higher mean DNA val ue
The hi gher the mean cellular DNA value the greater the potential for
netastasis as these cells beconme polyploid. Since Tunor 1 netastasized
to the liver and al so contains the highest nean DNA val ue anong the
experinental tunors, it is safe to assume that this was a |ong standing
tumor. Tunor 6 netastasized to the |ynph nodes and denonstrated a
hyperdi pl oi d mean cellular DNA value. This tunor may have been excised
earlier than Tunor 1. Five tunors showed hyperdiploid histograms and
no evidence of metastasis to regional |ynph nodes. These tunors with
hyperdi pl oid characteristics contain metastatic potential, however were
not present in the patients for as long a duration as Tunmor 1. They
were nore than likely excised before they could reach this potenti al
thus these tunors were fairly young. Tunor 3 was diagnosed early in
its devel opment which accounts for the 2C histogramand the 2C mean
DNA val ue

The conparison of DNA content in different divisions of a tunor

is unique to this study. Seventy-five percent of the experinental



tumors have a higher concentration of DNA contained in the central
section where abnornal cells had existed prior to recognized tunor
growth. O the 800 cells sanpled in the mddle section, 4%of these
cell's were aneuploid. This percentage was found to be consistent with
the hypothesis that cells progress fromthe diploid to aneuploid Ieve
of DNA, and then polyploid. The left divisions contain 16 or 2% aneu-
pliod cells out of the 800 cells sanpled. The |owest percentage of
aneuploid cells(1.4% was found in the right sections of the sanpled
tunors(Table 4). An el evated nean DNA val ue can al so be seen in the
central division without the presence of aneuploid cells, this data is
consistent with the prior stated hypothesis since these cells appear
to be in the process of increasing their DNA. Tunor 3 does not contain
aneuploid cells within its population but has a slightly el evated nean
DNA value in the central division due to nore cells being involved in
DNA synt hesi s.

Twenty-five percent of the tunobrs exam ned do not have their
mean DNA concentration elevated in the central section. Tunors four
and seven contain a higher mean DNA concentration in the left division
Tunor four has a total of two aneuploid cells, one in the central section
and one in the left section. The increased nean DNA value in the |eft
division is due to a large nunber of cells conmtted to DNA synthesis.
The central division of Tumor 7 contains four aneuploid cells as com
pared to the two aneuploid cells found in the left division. As in
Tunor 4 the left division of this tunor showed a greater nunber of S
cells or cells that are committed to the progression to aneupl oi ds.

As stated earlier, the anount of S cells and aneuploids will shift

hi stograms to the right thus resulting in an increased mean DNA val ue.



Aneuploid cells are the result of chrombsomal change that
occurs in a tunmor. Particular environmental pressures can influence
the devel opment of tunmors (Carter, 1976). Tunmors benefit fromthe
presence of a diversity of cells, because of the regulatory constraints
i nposed on|individual menbers of the cell populations as may occur
t hrough the administration of chenotherapeutic agents (Fidler, 1982).
These popul ations are characterized by a particular chronosomal con-
stitution which in turn determnes DNA content. Fidler observed
these characteristics and revealed that cells isolated fromone tunor
have been shown to differ with respect to growth rate, karyotype, cel
surface receptors, immunogenisity, and capacity for nmetastasis. This
data explains the differences found in the cellular populations repre-
sented by histograns denmonstrating mean DNA val ues, and anount of
aneupl oid cells found in the sanpled tunors.

Tritiated thym dine studies have shown tunor growth occurs on
t he peripheries of tunors(Cole, 1963). In this study he noted an
accunul ation of cells on the advancing edge of the neoplasm This
accunul ation of cells is likely due to the rate of rapid cell division
taking place in these areas. It is probable that this growth pattern
is centrifugal because the tumor grows fromthe middle to the periphery.
The cells actively dividing on the periphery of the tunor have a |ower
DNA content and are in the 2C DNA category conpared to the cells that
are located in the central and slower growi ng area of the tunor.

Seventy-five percent of the central divisions exam ned have an
i ncreased DNA concentration along with an increased nunber of aneuploid

cells. Mtotic abnornalities which produce aneuploid cells may come



about because of reduced circulation in certain portions of a rapidly
growi ng tunor (Nowell, 1976). Hanna (1982) studied tunor cells in
culture and discovered the presence of hypoxia in the tissue colony as
it increases in size. The cells exposed to this stress either die or
survive. The survival of these cells usually |leads to the production
of a new subpopul ation which thrives in this environnent (Ohno, 1971).
A loss or reduction of nutrients as well as oxygen can be expected
when certain parts of the tunmor may beconme hypoxic. The surviving
aneuploid cells nay have a certain genetic conposition which enables
themto reproduce in this environment.

As previously stated, elevated levels of DNA in the centra
divisions are shown in 75% of the tunmors studied in this experinent.
This increase is due to aneuploid cells which are a result of environ-
nmental stress and stinmuli causing nutated mitosises. Each tunor is in
an environment which dictates the characteristics seen in the resulting
hi stograms of their DNA

I n conclusion, tinme of diagnosis or age of the tunor seems to
strongly influence DNA changes as shown in the resulting histogramns.
The ol der the tunmor the higher the nean DNA value. The probability
for the occurrence of metastasis also occurs in older tunors because

of this el evated DNA val ue.
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