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1. Introduction

Apoptosis is the recognized term for programmed cell death (PCD). It is an inward cell

destruction that is clearly distinguished from cell death by necrosis, which elicits inflammation.

Apoptosis naturally occurs to remove excess or defective cells during embryogenesis and tissue

remodeling. High levels of apoptosis are apparent in the developing immune and central nervous

systems (McCarthy and Evan, 1998). PCD is also a mechanism that eliminates cells once their

purpose is fulfilled. This is the case when megakaryocytes release their platelets and

subsequently undergo apoptosis (Kerr, 1993). Toxic insult, metabolic or thermal stress, hormone

deprivation, and other inducing stimuli cause apoptosis when the necessary caspase cascade or

other mechanism is available ("Oncor Catalog" Edt.1.1, 1995). Apoptosis plays an important

role in regulating tumor growth and transformation by detouring excess cell proliferation.

Research has brought forth a correlation between genetic inhibition of apoptosis and neoplasia

formation (Collins et al., 1993). This aspect is of interest to researchers at the

Marine/Freshwater Biomedical Sciences Center, a part of the Environmental and Molecular

Toxicology Department at Oregon State University. Their aim is to study the relationship of

dietary influences on carcinogenesis utilizing the benefits of the trout research model. It would

be advantageous to incorporate an understanding of apoptosis into their investigations. If science

can learn to manipulate apoptotic control, great strides could be made for the fight against

cancer.

The trout research model is a cost effective and sensitive system to study carcinogenesis

using large numbers of animals. Furthermore, the pathology of trout tumors is well documented

and can be instigated with a variety of carcinogens (Bailey, Williams, and Hendricks, 1995).

Trout tissue differs in some aspects from mammalian tissues. For example, trout tissues contain
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less collagen and require gentler processing. These differences may cause experimental

protocols for mammal tissues to be less effective on trout.

For years, science has recognized apoptosis as an influential variable in cancer research,

yet it has been neglected due to the difficulty in detecting it. Recently, biotechnology has made

strides in analyzing apoptosis. Yet, there is controversy over these new methods; mainly their

accuracy and adaptability (Labat-Moleur et al., 1998). In addition, most apoptosis detection

bioassays were developed on mammalian tissues which necessitates modification to the trout

system. Little work has been directed to accomplishing this goal, and thus it is the focus of this

project to advance apoptosis detection in trout tissues. Specifically, to adapt current

immunohistochemistry techniques to be of use on carcinogen exposed preneoplastic and

neoplastic rainbow trout livers. Secondarily, this study set out to survey the relationship between

apoptosis levels and carcinogen dosage.

To understand how to detect apoptosis, it is essential to examine the progression of

programmed cell death. A complex protease cascade initiates apoptosis. The cells soon exhibit

morphological and biochemical criteria that distinguishes them from necrotic cells. As

mentioned previously, apoptosis is inducible in cells with the necessary chemical pathways.

Thus, cells play an active role in their own demise. In necrosis, there is indiscriminate cell death

due to a pathogenic, toxic, or an inflammatory cause (Geiger, Bloom, and Sarvetnick, 1997).

Chromatin condensation, identifiable pyknotic nuclei (defined by the darkened and irregular

shape), internucleosomal DNA fragmentation, cytoplasmic shrinkage, membrane blebbing, and

deletion of single cells are all found in apoptosis (Geiger, Bloom, and Sarvetnick, 1997; ("Oncor

Catalog" Edt.1.1, 1995; Oxford, 1996). Necrosis is markedly different in that groups of cells

swell and lyse typically as a result of a non-physiological insult ("Oncor Catalog" Edt.1.1, 1995).
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It is also relevant to take a microscopic look at the biochemical pathways in programmed

cell death. Cytotoxic agents, UV radiation, and other stresses initiate a caspase cascade starting

with a protease called ICE or caspase 1. Caspases are certain type of proteases that have

limitations on their substrate and activity. They share similarities in the structure of their

substrates. They only cleave proteins after aspartic acid, they must recognize at least four amino

acid's NH2 terminals to the cleavage site, and they are possibly only receptive to certain tertiary

structures of substrates (Thornberry and Lazebnik, 1998).

The entire CED-3/ICE family of caspases has gained fame for its link to the initiation

phase of apoptosis, starting a cascade of enzymatic activity (Thornberry and Lazebnik, 1998). A

great deal of mystery clouds this proteinase cascade. It is known that caspases not only initiate

apoptosis, but also contribute to the structural imploding of the cell (Green and Reed, 1998 and

Reed, 1998; Thornberry and Lazebnik, 1998; and Earnshaw, 1995). Caspases accomplish this by

first cleaving proteins that prevent apoptosis from occurring. Ic'/DFF45 and Bcl-2 are two

such proteins. Physical destruction starts with DNA fragmentation and chromatin condensation

within the nucleus; the nuclear membrane remains intact. The apoptotic nucleus emerges as

either a dense circle, membrane enclosed buds from the parent nucleus, or in a darkened half-

moon shape (Earshaw, 1995). The cells shrink and disassociate into membrane enclosed

apoptotic bodies which are marked with chemical death markers and quickly phagocytized by

macrophages (Thornberry and Lazebnik, 1998; Otori et al., 1997; Earnshaw, 1995). See figure

1. All this being said, there is also research that supports other mechanisms controlling apoptosis

apart from these caspase initiators. Alternative hypotheses contend that another mechanism is

the disruption of the electron transport chain of mitochondria, releasing cytochrom c. Thus, even

if caspases are inhibited, apoptosis can still effectively be carried out in some tissues (Green and

Reed, 1998).
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figure 1. Process of apoptosis taken from R&D systems publication.

Apoptosis is beneficial to the organism in that it does not release the cellular constituents

of dying cells into the tissue matrix, as does necrosis when cells rupture. Releasing cytoplasmic

substances cause a positive feedback mechanism to amplify an inflammatory response as in

necrosis. Such a response is unwanted when the body simply wants to eliminate cells for

physiological reasons (Earnshaw, 1995). Normal cells are transfigured and disappear within 30-

60 minutes through apoptosis (Thornberry and Lazebnik, 1998). It is thought that cell

condensation and fragmentation can take as little as 2-5 minutes (Negoescu et at., 1996). This

brief window makes it difficult to detect apoptotic cells solely on morphology; it usually leads to

an underestimate of apoptotic levels (Collins et al., 1993). In fact, dying cells can look similar to

mitotic cells that also display condensed chromatin and irregular nuclei in the early stages of

mitosis (Earnshaw, 1995).

Apoptosis has a critical role in an organism's homeostasis; when apoptotic mechanisms

become dysfunctional, many common diseases can result. The consequences of apoptosis

suppression can be cancer or autoimmune disease. On the other hand, an overabundance of

apoptosis has suspected roles in stroke-caused cell suicide, hepatic disease, insulin-dependent

diabetes mellitus, multiple sclerosis, Hashimoto's thyroiditis, and Alzheimers disease (Miller and
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Marx, 1998; R&D Systems Poster). The function and suppression of apoptosis in carcinogenesis

is the facet that is most relevant to this study. Therefore, a brief introduction to the genetic

regulation of apoptosis as it relates to oncogene mutation is useful. The balance between cell

proliferation and cell death is an elegant dance and not a simple formula or clear cut definition.

Through a coupling mechanism, there is a interrelationship between overexpression of

oncogenes which causes cell proliferation, and increasing levels of cell death. Thus, many

oncogenes and pro-apoptotic genes are interrelated.

For instance, common inducers of apoptosis are also inducers of the P-53 gene which has

a well studied link to increased apoptotic levels and cell growth arrest (often eventually leading

to apoptosis). P-53 is normally produced at low levels in the cell, but it is constantly degraded

by the MdM-2 protein. Lesions leading to elevated levels of the MdM-2 cause complete P-53

inactivation and thwarting of apoptosis (Evan and Littlewood, 1998; Van Engeland et at., 1996).

This scenario is often observed in certain tumors. Oncogenes such as Myc and E1A that increase

cell proliferation when mutated, commonly also call upon P-53 and other mechanisms to

increase apoptosis (Santoni-Rugiu, Jensen, and Thorgeirsson, 1998; Evan and Littlewood, 1998).

This coupling of cell growth and death limits neoplasm formation in the face of common DNA

damage. With further mutations, apoptotic pathways are disassembled leading to unchecked cell

proliferation. The biochemical pathways of these interrelated genes are not clear. One theory is

that pro-apoptotic signals from oncogenes increase the sensitivity of cells to stimuli that engage

apoptotic systems like the P-53 pathway (Evan and Littlewood, 1998). A therapeutic window in

neoplasm formation is created in which cells are ultrasensitive to apoptotic stimuli. This is partly

the reason that, for a limited time, cancerous cells are more receptive to chemotherapy than

normal cells (Evan and Littlewood, 1998).
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IGF-1 and other transforming growth factors, along with Bcl-2 proteins are anti-apoptotic

and suppress cellular oncogene induced apoptosis seen with deregulation of genes such as c-Myc

gene. On the other hand, these anti-apoptotic proteins can also make it more difficult for cells to

enter the cell cycle (Green and Reed, 1998, Evan and Littlewood, 1998; Van Engeland et al.,

1996). Once again, the point is made that most of these controls of cell growth and death are in

balance during health. When the scales are weighed enough to the proliferation side there can be

tumor progression and malignancy.

It has been demonstrated that apoptosis plays an important role in carcinogenesis. This

makes apoptosis a target for many chemotherapy drugs. The criticism of chemotherapy and

irradiation is that they broadly cause cell death by disrupting the cell's environment, damaging

both normal and cancerous cells. The probable mechanism of this cell destruction is apoptosis

by caspase initiation (Thornberry and Lazebnik, 1998). Chemotherapy seems to be particularly

successful in tissues that are prone to apoptosis and have the necessary apparatus in place. Yet,

there are tissues such as the colon, in which apoptosis is naturally low. Cancers in these tissues

are resistant to chemotherapy (Hickman et al., 1995). A challenge in research today is to make

therapies that specifically activate the caspases of cancerous cells and are adaptable to various

tissues. The interrelationship between oncogenic mutation and heightened apoptotic levels is

another target of potential therapy. It is when these natural checks of cell growth are removed

that neoplasms form, and thus if this relationship can be reassembled it may allow the body to

perform its own chemotherapy (Thornberry and Lazebnik, 1998).

After discussing the importance and process of programmed cell death, it is now

necessary to analyze what methods are available to detect its presence. Apoptosis has several

characteristics that make it elusive. As previously mentioned, it is a rapid process. Also, cells

undergoing apoptosis may look markedly different from recently or long dead apoptotic cells
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that may linger in the tissue matrix. This is a concern because apoptotic remains undergo

phagocytosis at variable rates depending on tissue characteristics (McCarthy and Evan, 1998).

When analyzing cell morphology, it is often difficult to discriminate between apoptotic bodies

and individual apoptotic cells. In some circumstances, increased cell proliferation accompanies

apoptosis and cells are continually being replaced. Therefore, counting viable cells may not be

effective. Of most interest to investigators related to this study is the relative rate of apoptosis

and mitosis; this will indicate the likelihood of neoplasmic growth (McCarthy and Evan, 1998).

The approaches to detecting apoptosis are numerous. Depending on the discipline, researchers

may have more confidence in certain techniques than others.

Most commonly apoptosis is detected through TUNEL and Klenow

immunohistochemistry bioassays, cell morphology criterion, and analysis of cellular membrane

phosphatidylserine expression. Such approaches utilize light microscopy, electron microsopy,

and flow cytometry. Less common are biochemical techniques for mixed cell populations such

as analysis of DNA fragmentation ladders apparent on gel electrophoresis, immunoblotting

assays signaling cleavage of caspase substrates, and examining mitochondrial characteristics.

The only way to track progression of a cell through apoptosis is by time-lapse video microscopy,

which requires expensive equipment and can only represent a few cells at a time (McCarthy and

Evan, 1998). This study set forth to adapt the most popular method of DNA detection to trout

livers, the TUNEL assay, and to compare these data with those derived by assessing cell

morphology.

TUNEL stands for terminal deoxynucleotidyl transferase (TdT)-mediated dUTP-biotin

nick end labeling. The activated endonucleases create large sections of 300 kb and 50 kb pairs

initially, and further degrade the DNA into the characteristic DNA fragments of 160-180 by in

length (McCarthy and Evan, 1998; Lovelace et al., 1996). These fragments have double stranded
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ends that are blunt or staggered with an available 3'-OH group. Digoxigenin complexed with

nucleotides can be attached onto these fragments. An anti-digoxigenin antibody can be attached

in the next step of the procedure to visualize the apoptotic cells. The digoxigenin complexed

with dUTP nucleotides are attached using one of two enzymes. TdT enzyme is template

independent and can make use of any free 3'-OH group to attach the dUTP complex, whether on

a staggered or blunt end (Lovelace et al., 1996). In the Klenow (in situ nick end-labeling) assay,

DNA polymerase synthesizes a complementary hybrid sequence exclusively on the staggered 5'

ends. For this reason, the TUNEL assay is favored because it uses the TdT enzyme and

apoptotic DNA fragmentation creates 5' staggered and blunt ends (Geiger et al., 1997).

After the digoxigenin bound nucleotides are attached, the tissues are thoroughly washed

to remove any unbound complex. Next, the hybrid molecules of an anti-digoxigenin-peroxidase

are applied to the tissues. Because of its high affinity, the antibody quickly attaches to the

digoxigenin. There is a skewed ratio of excess antibody to aide in attaching the peroxidase.

Once bound, the peroxidase acts upon a tertiary chromogen antibody. Peroxidases are enzymes

that utilize hydrogen and organic peroxides (Oxford,1996). Some of these substances may be

endogenous in certain tissues, and thus quenching of these peroxidases with hydrogen peroxide

prior to TdT incubation is recommended. Following another washing, a soluble chromogen

substrate is added. These types of chromogens contain the necessary hydrogen or organic

peroxides and are acted upon by the peroxidase. The initially soluble, uncolored chromogen

becomes insoluble and bound to the strep-HRP. During this process, the peroxidase transforms

the substrate from clear to colored. See figure 2. In this experiment AEC (3-Amino-9-Ethyl-l-

Carboazole) chromogen was used and produced a red color under light microscopy. Finally,

tissues are counterstained with hematoxylin to visualize non-apoptotic cells.
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In some cases, the TUNEL assay has been shown to give sensitive results that

discriminate between necrotic cells even in the early stages of apoptosis (Lovelace et al., 1996).

Yet, there has been some controversy over this point, and this has definitely not been established

in trout livers. Negoescu et al., date; Labat-Moleur et al., 1998 uphold that there may be some

lack of specificity and sensitivity of the TUNEL assay due to fixation and permeabilization.

Possible explanations lie in the fact that the DNA of apoptotic cells is ultracondensed. DNA

density and surrounding proteins can block the detectable antigens with the TUNEL assay.

Crosslinking and precipitating fixatives may worsen the situation. (Labat-Moleur et al., 1998).

Commonly, pretreatments with permeabilizing agents are used to increase accuracy. The

TUNEL assay in conjunction with morphology gives a more reliable picture of apoptosis levels.

Furthermore, indiscriminate staining of necrotic cells has been observed in some cases (Bonfoco

et al., 1997; McCarthy and Evan, 1998). Analysis of morphology can alert researchers to this

error.

The intent of this study was to modify the TUNEL assay to detect apoptosis in

preneoplastic and neoplastic livers exposed to a dietary carcinogen. To confirm its accuracy,

cellular morphology was assessed for apoptotic criteria on thin plastic sections. Secondarily, the

relationship between carcinogen dose and apoptotis level was studied. The effect of a variety of

fixatives on the TUNEL assay was also noted.
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Figure 2. Schematic of the TUNEL Assay modified from Lovelace et al., 1996.
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2. Methods

2.1 Exposure, Harvest, and Fixation

Hatchery-bred rainbow trout fry were exposed to dibenzo[a,l]pyrene in the diet for a period of 28

days (5 days a week). At the time of exposure, fry were approximately 5 months old. Relevant

dose levels were from 28.4 ppm to 225 ppm. Animals were harvested at day 15 and day 29 from

exposure and preneoplastic livers were sampled. Older trout with liver neoplasms following

exposure to aflatoxin B 1 were also harvested, and their livers were sampled. The preneoplastic

livers from day 15 and day 29 were immersion fixed with 10% neutral buffered formalin for an

unknown time frame and then archived. Trout intestines and neoplastic livers were fixed in a

like manner for 15 hours at the time of the study. To assess the affect of cross-linking fixatives

on the TUNEL assay, a small group of intestinal and neoplastic liver tissues were fixed by

immersion in Bouin's fixative, Karnovsky's solution, Zn formalin (Buffered), Lillie's Bouin's

fixative. 70% ETON. 5% and 10% neutral buffered formalin for 15 hours. Tissues were paraffin
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fixative, 70% ETOH, 5% and 10% neutral buffered formalin for 15 hours. Tissues were paraffin

embedded and cut into 3-5 urn sections with an average area of 1.26 cm2, 0.6 cm2, and 1.6 cm2

sections for intestines, preneoplastic livers, and neoplastic livers respectively. Lastly, sections

were mounted on glass slides.

2.2 Immunohistochemistry

The Oncor Apotag kit was used with a modified protocol. Thirty-one preneoplastic livers

sampled at day 15 and day 29 after dibenzo[a,l]pyrene exposure at 28.4 ppm, 80 ppm, and 225

ppm were analyzed with the TUNEL assay. Trout intestines and liver tumors were used for

positive controls. Secondarily, the liver neoplasms and intestine sections used for the

comparative fixative study were also treated with the following protocol. A concentration of 50

ul/ 100ml of Tween detergent was added to each PBS and H2O wash tub prior to the adding of the

AEC chromogen. Tissue sections were first heated on a slide warmer for 10 min at 70°C as

recommended by Geiger, Bloom, and Sarvetnick, 1997, to optimize paraffin removal.

Depariffinization and dehydration were continued throughout the following steps: 1) 3 changes

of p-xylene for 5 minutes each wash 2) 2 changes of absolute ethanol for 5 minutes 3) one

wash in 95% Ethanol for 5 minutes and another wash in 70% ethanol for 3 minutes 4) wash

specimen in one change of PBS for 5 minutes.

Triton X-100 was used at 0.1% (v/v) in 0.1% (w/v) sodium citrate for 15 minutes at room

temperature. There was no marked difference in results using 20 ng/ml concentration of

proteinase K or Cytopore (a sapponin based detergent by Genzyme). (Quenching of endogenous

peroxidases using hydrogen peroxide proved unnecessary for trout tissues). After washing the

tissues with 2 changes of dH2O for 2 minutes each, an equilibration buffer was applied liberally

for at least 10 seconds at RT. This step helps minimize interference of contaminants. Shortly
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before applying the TUNEL mixture, the reaction buffer containing the digoxigenated

nucleotides was added to the TdT enzyme in a 1:3 dilution and stored on ice. Tissues were

treated with l lul/cm2 of TdT mixture and incubated at 32°C in a humid chamber. The reaction

was stopped with the supplied stop buffer, and tissues were washed in 3 changes of PBS for 1

minute each. Anti-Digoxigenin-Peroxidase is the sheep polyclonal secondary antibody used and

was applied in a ratio of 13 ul/cm2. Incubation for 30 minutes (RT) in a humid chamber was

required for this step. Specimens were washed in 4 changes of PBS for 2 minutes each. AEC

peroxidase substrate was removed from refrigeration and applied to the tissues liberally with an

incubation of 30 min (RT, humid chamber not necessary). After 3 changes of dH2O for 1 minute

each, each slide was counterstained individually with Gill's hematoxylin triple strength. Tissues

were saturated for 20 seconds with counterstain and rinsed in 3 washes of dH2O. The perimeters

of the tissues were blotted dry and Crystalmount was covered on the lower half of slide

containing the tissue. Slides were heated at 30-70°C on a slide warmer, and Crystalmount was

reapplied as needed. Once the mounting medium solidified, slides were dried overnight in a dark

place and coversliped the following day using Permount full-strength without xylene.

2.3 Morphological Indices

Intestine samples from the same source as used in the TUNEL assay were dehydrated in

graded ethanols and embedded in glycol methacrylate (GMA) sections. Thin 1-3 urn slices were

mounted on slides and stained with an hematoxylin / eosin stain adapted for GMA sections as

follows: stained with triple-strength hematoxylin for 10 minutes at 60°C, rinsed in dH2O and in

Bluing's solution (.5% sodium acetate) for 5 minutes, and rinsed again in water; counterstained

in eosin for 8-10 minutes and then briefly rinsed in 70% ethanol; wash in dH2O, air dry, and

mount with Permount. Eight slides processed in the above manner were assessed under light
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microscopy at the 25X objective. Results were compared with 8 intestines stained with

immunohistochemistry. Apoptotic cells were determined using established criteria as follows:

a) marked condensation of chromatin and cytoplasm (apoptotic cells);

b) cytoplasmic fragments with or without condensed chromatin which are hematoxylinophilic

(apoptotic bodies);

c) intra- and extra-cellular chromatin fragments (micronuclei) (Labat-Moleur et al., 1998;

Neogescu et al,. 1996; Albright)

2.5 Data Analysis

Data analysis was performed by Stat Graphics Plus. The relation of apoptotic cells to

dose of dibenzo[a,l]pyrene was analyzed by multiple regression. The apototic cell counts

obtained from TUNEL assay vs. morphological criteria were examined using a two sample

analysis for comparison of means (t-test and confidence intervals), Mann-Whitney W test to

compare medians, and Kolmogorov-Smirnov Test to compare distributions.

3. Results

3.1 The TUNEL Assay on Trout Tissues

Several adaptations to the standard TUNEL assay protocol were advantageous in

detecting a clear and accurate signal. However, there was some difficulty in maintaining the

consistency of this signal over the course of the study. The suggested modifications to protocol

are summarized in Table I with the indicated advantage. Figure 3 gives examples of positive

staining on a preneoplastic liver at dose 225 ppm.



Difficulty in discriminating
between DAB chromogen and
endogenous melanin in trout
tissues.

Limit perrneab t do to 20
ng/ml proteinase K or a mild
sapponin based detergent
(cytopore by Genzyme) or
triton X- 100 detergent.

Difficult to conclude.
Decisively, use only
p-xylene. Control all
incubation temperatures
closely including lab room
temperature, limit any
exposure to extraneous
chemicals in lab. Use 5 or
10% neutral buffered formalin
fixative or Zn formalin at
minimal fixation times.

Tissues remain intact; clear
signal to background ratio.
Possibly, trout tissue contains
less collagen than mammal.

Recommend xylene may
contain impurities that affect
the TUNEL reagents. Varying
temperatures possibly
interfered with experiment.
Enzymes easily deactivated by
too high temperatures (get
ref), and nonresponsive if
temperature to low. Possible
interference with chemicals in
air. Too long of fixation times
may have contributed to
inconsistency. Crosslinking
fixatives interfere with signal.

livers, and

0
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Table 1. Summary of Modification to TUNEL Protocol

No Staining.

Used AEC chromogen. Gives a bright red signal that
is easily identified from
melanin.

Table 1. Protocol developed for pre-neoplastic trout livers, neoplastic trout
normal intestinal tissues based on adaptations from the Oncor Apotag® assay. Indicated is the
reasoning for the modifications.
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figure 3. Staining of carcinogen exposed trout liver (225ppm) with the TUNEL assay.

3.2 TUNEL Assay vs. Morphological Determination of Apoptotic Cells

Results from detection of apoptosis using the TUNEL assay and morphological criteria

under light microscopy were shown to significantly deviate in mean and median at the 95 percent

confidence interval. Sample sets were not different in distribution. Stat Graphics conducted

statistical analysis on the two sample sets of apoptotic cells per 10,000 cells. The t-test was used

to assess the Null hypothesis of mean sample 1 = mean sample 2. Alternative hypotheses of

mean (tunnel) > mean (morphology) was statistically valid with P-values greater than .015.

Thus, the data sets did differ significantly at the 95 percent confidence interval and the TUNEL

assay results showed a higher percentage staining than the morphological results on plastic

sections. However, there was not a significant difference in the distributions between the two

samples. See figure 4 to compare sample sets.
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figure 4. Density graph of distribution between sample sets taken from immunohistochemistry
and morphological analysis. The x-axis represents # of cells detected per 10,000 and the y-axis
is the frequency of the x-variable in number of slides. There was a sample set of 8 slides for
TUNEL and 8 slides for morphological analysis. The means of the data samples are significantly
different, but the distributions are not. The TUNEL data resulted in a higher mean level of
apoptotic cell detection in the intestinal tissues.

3.3 Apoptotic Response in Trout Livers to Dibenzo[a, l]pyrene Insult

There was a significantly valid relationship between the dose of dibenzo[a,l]pyrene and

the level of apoptosis in the carcinogen-exposed trout livers at the 99 percent confidence level as

determined by multiple regression analysis. Results showed a p-value of less than 0.1 for the

ANOVA and a R2= 33.8624 percent. While there was a statistical relationship, the limited

sample size of this study caused the best fit line to only account for 33 percent of variability.

The highest dose (225 ppm) elicited the largest number of apoptotic cells per 10,000. Medium

and low doses (80 and 28.4) gave rise to less apoptosis. The lowest dose did not differ

appreciably from the control. See figure 5 and 6.
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figure 5. Plot of the average cells stained per 10,000 (bars) for each of the high, medium, low,
and control doses (225 ppm, 80 ppm, 28.4 ppm, and 0 respectively).

Carcinogen Dose vs. Apoptotic Response

figure 6. Seen below is variables with best fit line. Statistical analysis was performed with Stat
Graphics Plus multiple regression analysis. Results showed a p-value of less than 0.1 for the
ANOVA table, showing a statistically significant relationship between the variables at the 99
percent confidence interval. R2= 33.8264, p-value=.0004, Multiple regression best fit line:
cells=3.84327 + 0.496546*dose



u

I

19

3.4 Apoptosis Visualized with the TUNEL Assay in Trout Neoplasms

There was a much higher level of apoptosis in the neoplasms than in normal liver cells.

The TUNEL assay stains apoptotic nuclei red. The boundary between normal and neoplastic

tissues was observed to be a distinct line separating high level of apoptosis and no observed

staining.

3.5 Results of Effect of Fixation on the TUNEL assay

Only Zn buffered formalin, 5 and 10 percent formal fixatives yielded satisfactory results.

Other fixatives caused high background. Microwaving for antigen retrieval did not eliminate the

background interference and non-specific staining.

4. Discussion

4.1 The TUNEL Assay on Trout Tissues

Little work has been done to adapt the TUNEL assay to trout tissues. Hornung,

Spitsbergen, and Peterson, 1999, recommended less permeabilization on trout sac fry; this was

also the conclusion of the present study. It was also demonstrated that p-xylene yields far better

results than impurified xylene. Tween improved the signal to background ratio, and the

necessity of complete deparaffinization was observed. After the protocol was adapted, tissues

stained with a clear signal. However, there was a brief interlude in the study. When it was

restarted there was difficulty in retaining the same positive results. It was especially

disheartening when several experimental runs yielded satisfactory staining on the positive

control intestine tissues, but little or no staining on the preneoplastic livers from treatment groups

that previously had yielded a signal. There could be some variation in different fish, but more
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likely there was a problem that developed in the protocol. In an assay with so many variables, it

was extremely difficult to ascertain the source of the discrepancies. The best theories that could

explain the difference include:

1) The study was resumed in the winter versus its initiation time in the summer. There was a

radical difference in lab room temperature and that may have affected the incubation

temperatures. The colder temperature in the lab may have influenced room temp incubations,

such as the permeabilization step. The permeabilization incubation temperature may have been

critical. Trevigen trouble-shouting guide reported that variances in the room temperature during

the permeabilization incubation caused inconsistencies. They reported, "One of the biggest

variables in labeling is the [permeabilization] step, since this is performed at room temperature.

You may notice that your signal is not as strong on days that your lab is colder, and better on

warmer days. To avoid this variability, you may wish to optimize your permeabilization at a set

temperature, perhaps 25-30 Celsius". However, this was not in the recommended protocol for

the Apoptag kit or Trevigen's apoptosis detection kit protocol. Controlling the permeabilization

incubation should be incorporated into future trials of the TUNEL assay.

2) The study was resumed in another lab area. Previously, a lamp was used to illuminate the

work space. This lamp may have increased the temperature of some of the incubations.

Furthermore, there could have been interfering chemicals in the new lab environment.

3) The archived preneoplastic tissues were fixed before this study was conducted. Perhaps,

there was some variability in how the fixations were carried out for different samples of

preneoplastic livers. For instance, some may have been fixed for longer periods, or some may

have been exposed to different chemicals in the lab environment. This would explain why the

positive control intestines and neoplastic livers, fixed at the time of the study and under

documented protocol, stained more consistently than the preneoplastic livers.
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4) Lastly, there could have been some introduced human error. For instance, solutions in the

latter part of the experiment might not have been mixed as well as in earlier experimental runs.

Some advances were made with this study, but there is still more work to do before investigators

can easily use this detection method for apoptosis in trout livers.

4.2 The TUNNEL Assay vs. Morphological Determination of Apoptotic Cells

When the TUNEL assay yielded satisfactory results, it detected an average of 402 cells

per 10,000, which was more sensitive than the 312 cells detected by morphology on the same

tissues. The means were statistically different at the 95 percent confidence interval. Other

studies have observed the same findings. Negoescu et at., 1996 and Aibright et al., 1997

reported the TUNEL assay to be more sensitive than morphological analysis, stating that TUNEL

can detect apoptotic cells in mammal tissue before there is visible morphological criteria. This is

confirmed by the order of apoptosis mentioned previously. DNA fragmentation is the first stage

of apoptosis, several morphological changes take place after that, followed by macrophage

engulfinent. However, this discrepancy could draw into question the accuracy of the TUNEL

assay. Another method of detection, such as gel electrophoresis concurrent with morphological

analysis and immunohistochemistry would further verify TUNEL's accuracy. Morphological

analysis of GMA sections with hematoxylin and eosin staining gave less sensitive results on a

limited sample size, but was easier to perform than the Apotag assay. Apoptotic cells were

easily identifiable by morphology to the trained eye. Morphological analysis was substantially

less time consuming than the six hour Apoptag assay. Immunohistochemistry requires additional

time spent counting positive cells under the microscope. Another advantage is that H&E stained

slides have less chance of fading over the long term than does the AEC chromogen of the
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TUNEL assay. However, if exact counts of apoptotic cells are required, there is a better

accuracy with the TUNEL assay.

4.3 Apoptotic Response to Dibenzo[a,i]pyrene in Trout Livers

In tissues that gave a clear signal in the TUNEL assay, there was a statistical relationship

between increasing carcinogen insult and apoptotic levels. Mutations in oncogenes such as Myc

and E1A has been shown to increase levels of apoptosis along with cell proliferation (Santoni-

Rugiu, Jensen, and Thorgeirsson, 1998; Evan and Littlewood, 1998). This increase in apoptosis

is the cell's natural defense against malignancy. Whatever the exact mechanism of apoptotic

control, it is clear there is an elegant dance between cell growth and programmed cell death. It is

the intent of subsequent studies to look at cell proliferation and programmed cell death

simultaneously in the trout model in response to dietary carcinogens. First, successful protocols

must be established for the TUNEL assay on trout livers and other tissues.

4.4 Apoptosis Visualized With the TUNEL Assay in Trout Neoplastic Livers

In developed neoplasms, there was a high intensity of apoptosis which shows that

apoptosis plays a continuing role in tumor progression. In the majority of livers with neoplasms,

the tumors stained with a high frequency, but the normal cells had only an occasional apoptotic

staining. This indicates there is a low level of apoptosis in normal liver cells. As far as the

fixative comparison using the TUNEL assay on the preneoplastic tissues, only Zn buffered

formalin, 5 and 10% neutral buffered formalin gave satisfactory results. Microwaving was tried

to improve results with the other fixatives, but was unsuccessful.
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4.5 Effect ofF'ixation on the TUNEL Assay

This study found that Zn buffered formalin, 5 and 10 percent neutral buffered formalin give the

clearest signal with the TUNEL assay. Using other fixatives will require further adaptation to

the protocol; probably antigen retrieval when using cross-linking fixatives (Labat-Moleur et al..,

1998).

5. Conclusion

Less permeabilization is required for trout tissues than for mammal tissues. Only

p-xylene gave satisfactory results for the TUNEL immunohistochemistry assay. Tween

detergent improved the signal to background ratio. Quenching of endogenous peroxidases was

unnecessary. AEC chromogen accompanied by hematoxylin counterstain proved the best color

contrast for the TUNEL assay. Extra amounts of Crystalmount preserved the AEC signal from

fading. Also, it is suspected that the temperature of all incubations, including those at room

temperature, is critical to clear and consistent results with the TUNEL assay. Therefore, all

incubations should be controlled closely and manipulated to give the strongest signal. Further

research is needed to understand what is the best temperature range for each incubation. In

addition to protocol modifications, this study showed a correlation between increasing doses of

dibenzo[a,l]pyrene and increasing apoptosis. It was also observed that trout liver neoplasms

showed high levels of apoptotic staining with the TUNEL assay, as did normal intestinal cells.

The TUNEL assay was more sensitive than morphological analysis in this study. Morphological

detection on thin plastic sections was less time consuming and more manageable than

immunohistochemistry. Further study is required to optimize the use of TUNEL on the trout

model to increase its consistency and ease of use. This important area of research will give

scientists a vital tool in monitoring apoptosis in response to carcinogens. By observing both
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rates of apoptosis and cell proliferation, investigators may be able to better understand the role of

apoptosis in tumor neogenesis. Through this knowledge and other accomplishments, science

will be closer to techniques that can manipulate apoptosis to fight cancer. And that will be a

huge leap for chemotherapy patients, science, and mankind.
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