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ABSTRACT

Methods of preparing chromosomes from human lymphocytes 

for viewing with the scanning electron microscope (SEM) were 

investigated. Several fixatives were used. Chromosomes were 

isolated on nuclear pore filters, critical point dried, and 

coated with gold for SEM. Chromosome spreads were not very 

clear and chromosome overlap prevented establishment of clean, 

complete karyotypes.

iii



LIST OF ILLUSTRATIONS

Fig, 1 "■ 'ft Pagei

1. Scanning electron microscopic view of 

a chromosome spread . ......... 13

IV



INTRODUCTION

The study of human chromosomes has centered around the 

karyotype. Comparison of normal and abnormal karyotypes has 

led to such discoveries as the connection of the Philadelphia 

chromosome with the disease chronic myelogenous leukemia.

The light microscope has been used to gather information con

cerning banding, number, and overall dimensions of both nor

mal and abnormal chromosomes. Transmission electron micro

scopy has yielded information on the fiber length, diameter, 

and organization of normal and abnormal chromosomes. The 

three-dimensional view provided by the scanning electron 

microscope is now being used to provide even more information 

about chromosomes. With further study these new techniques 

will provide more knowledge concerning the link between 

chromosomal aberrations and diseases such as cancer and leu
kemia .

.My research investigated the preparation of chromosomes 

for viewing with the scanning electron microscope to provide 

good, clear chromosome karyotypes that could be examined and 

compared.
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LITERATURE REVIEW

Chronic lymphocytic leukemia (CLI.) differs from other 

forms of leukemia in that it most often occurs in people 

over 50 years of age and that it is usually benign. All 

patients with this disorder have an increase in lymphocytes 

(Chanarin et al., 1976). The total lymphocyte level is 

often between 5,000-30,000/,ul, but may be even higher. The 

average lymphocyte number of an adult should not exceed 

4,000/,ul. Patients with elevated lymphocyte counts alone, 

may show little change for many years. Those with other 

manifestations have a more aggressive form of the disease and 

may require treatment. Most cases are eventually accompanied 

by enlarged lymph nodes, glands, liver, and spleen (Chanarin 

et al., 1976) .

Along with genetisists, oncologists have become concerned 

with chromosomes and their role in cancer. In 1893, Galeotti 

(cited in German, 1970) described abnormal divisions and aneu- 

ploid cells in carcinomas. He, also, showed that similar abnor

malities could be produced in normal tissue by treatment with 

certain chemicals. Boveri (cited in German, 1970) in 1914, 

suggested that a change in the chromosomal complement of a cell 

is etiological with malignancy. There is now substantial data 

indicating that chromosome changes, particularly consistent 

translocations, are specifically associated with a number of
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tumors (Rowley, 1980). The vast majority of cells in the 

various forms of leukemia demonstrate these changes as well 

(German, 1970).

Researchers often find abnormal chromosome changes in 

advanced forms of leukemia. One major example of this is 

shown in chronic myelogenous leukemia. German (1970) noted 

that cancerous cells in nearly every patient show the same 

abnormality known as the Philadelphia chromosome. This 

chromosome is the result of a shortened long arm of chromo

some 22, of the human genome. The endpiece has been trans

located to the long arm of chromosome 9. This piece may, 

also, translocate to other chromosomes (Rowley, 1980). 

Sandberg (1980) stated that the chromosome pattern of chronic 

lymphocytic leukemia. (CLL) is poorly understood. He men

tioned various studies on the karyotypes of patients with 

CLL, but there were no unifying elements.

Recent immunologic findings suggest that CLL is a B-cell 

disease. Recent advances in determining cell surface and 

other markers have indicated that the majority of the cases 

with CLL are of the B-cell variety with a T-cell type being 

uncommon (Rowley, 1980; Sandberg, 1980).

Little is understood about how a chromosome break might 

contribute to a cell becoming cancerous. It has been sug

gested that the expression or suppression of mutagenic proper

ties depends upon balance in chromosomes between factors
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responsible for expression and suppression. Rearrangements 

of the chromosome structure through breaks or translocations 

may bring related factors together upsetting the normal, 

balance (Hitotsumachi, et al. , 1971). Bishop (1982) suggests 

that cancerous or malignant cells may be caused by oncogenes 

(“cancer genes") which are known to exist in normal mammalian

chromosomes.

At the beginning of the 19th century, chromosomes had 

neither been studied nor named in scientific literature (Ger

man, 1970). The nuclear events in the cell cycle have now 

been studied to the limits of light microscopy (Golomb, 1974). 

Important information concerning banding, number, and overall 

dimensions has been obtained for both normal and leukemic

chromosomes, from these studies, but the limited resolution 

of the light microscope has prevented further examination of 

the fine structure of human chromosomes. Transmission electron

microscopy (TEM) on whole mount human chromosomes was first 

done by DuPraw in 1965, He showed evidence for a folded fiber 

organization (Golomb, 1974). Important morphometric findings 

of normal and abnormal chromosome fiber length and diameter 

have been discovered. Since then, numerous TEM studies have 

revealed important information about the chromosomes. How

ever using this method, the entire chromosome cannot be viewed 

at the same time. The scanning electron microscope (SEM) 

offers a compromise between the light microscope and the TEM,
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It was first used on whole mount chromosomes in 1971, to 

demonstrate the three-dimensionality of surface spread, cri

tical point dried, human chromosomes. These three-dimensional 

photographs have provided new knowledge of chromosome struc

ture (Golomb, 1.974; Utsumi, 1981; Yu, 1979).

Three technical advances have led to methods widely used 

today in the study of chromosomes. The first was the field 

of tissue culture, in which cells removed from their natural 

environment, can continue to divide and proliferate. The 

second was the discovery that., if a cell in metaphase is placed 

in a hypotonic medium, it swells and the chromosomes separate 

and can be seen more clearly when fixed. The final discovery 

was that phytohemagglutinin (PHA), used to separate erythro

cytes from leukocytes of human blood, has the ability of in

ducing small lymphocytes to enter DNA synthesis and divide 

(German, 1970). These methods, though, are not always prac

tical when working with CLL because this disease has a slow 

cellular proliferation rate and a diminished response to the 

mitogen, phytohemagglutinin (Sandberg, 1980). However, with 

the use of the scanning electron microscope and a mitogen that 

favors the growth of B-cell lymphocytes, we may obtain more 

information on the relationship between abnormal chromosomes 

and chronic lymphocytic leukemia.
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MATERIALS AND METHODS

BLOOD

Human blood samples were obtained from patients with 

chronic lymphocytic leukemia. The experimental blood came 

from a 79-year-old male with untreated CLL. He had an en

larged liver and spleen and a total white cell count of 

40,000/,ul as compared to a normal count of 4,000/,ul. 

Peripheral human blood was, also, obtained to be used as a 

control to establish a normal karyotype.

CULTURING

Five ml of blood were drawn from the donor and cultured 

in approximately 7 ml of medium. Eagle’s Minimal Essential 

Medium containing 20% fetal calf serum, PHA, and an anti

biotic was used. Sterility was maintained by flaming over 

a Bunsen burner. Approximately two-tenths ml of blood were

added to each culture tube. The blood and culture medium

were gently mixed and the capped tubes were placed lengthwise 

in the incubator with a slight tilt. They were cultured for 

72 hours at 37 C/5% CO,,. After incubation, the cells were 

resuspended by gently mixing. One-tenth ml of colchicine or 

colcimid was then added to each tube, and the tubes were re

incubated for 1-2 hours before harvesting.

HARVESTING

Cells were resuspended by gently mixing the centrifuged
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for 5 minutes at approximately 1600 RPM to separate the 

lymphocytes. Supernatents were removed by pipett and the 

pellets resuspended in hypotonic solution. The first ml 

was added slowly (drop by drop) and then up to 7 ml (3 or 

4 drops at a time). The caps were replaced and the tubes

heated in a water bath at 37 C for 15-30 minutes. The 

cells were centrifuged .into a pellet. The supernatent was 

removed without disrupting the pellet, and the pellets 

were resuspended in fixative. The fixative was slowly 

pipetted down the side of the tube and into the pellet, 

drop by drop. The tubes were agitated gently after each drop 

to mix evenly. After 1 ml had been added, 5-10 drops 

could be added at a time up to 7 ml, shaking gently after 

each addition. The tubes were then placed in the freezer

for a minimum of 2 hours. This allowed the fixative to be

throughly mixed with the cells. The tubes could be held 

in the freezer, after this point, indefinintely.

FIXATION

The cells were removed from the freezer and centrifuged 

out of the fixative. The supernatent was decanted without 

disrupting the pellet. The the pellets were washed in the

fixative three times. Each time the fixative had to be added

slowly and the cells spun down again. After the final wash 

the supernatents were decanted down to % ml. The pellets
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were gently resuspended and dropped, by pipette, onto the 

surface of a slide, round coverslip, nuclear pore filter, or 

SEM stud. The coverslips, filters and studs were immediately 

placed in 100% ethanol.

CRITICAL POINT DRYING

This technique was done by Dr. Highison and his assistant 

The purpose is to completely dry the speciman out without it 

losing its external shape. After drying, the filters and 

coverslips were affixed to SEM studs,

GOLD COATING

This process was also carried out by Dr. Gregory Highison 

or his assistant. The material on the SEM stud was coated 

with a very thin covering of gold.

SCANNING ELECTRON MICROSCOPY

The scanning electron microscope used, was owned by 

the University of Nevada. Reno. It was run by a technician. 

With the SEM we viewed the surfaces of the studs looking for

clusters of chrorwsomes that were clear. We looked for a

complete karyotype. Photographs were taken of the best karo- 
types.

MITOTIC COUNT

For each blood sample used, a sample of the fixed cells

8



was placed on a glass slide. When dry, they were stained 

with Geimsa stain and viewed with a light microscope. I 

did a mitotic count of the number of cells in metaphase out

of a total 1,000 cells.

..." t' ", ■> .' ...
EXPERIMENTAL CHANGES

In the first experiment., the cells were cultured for 

72 hr and colchicine was allowed to act for 1% hrs. The 

hypotonic solution, 0.075M KCL, was allowed to act for 15 min

The fixative was a 3:1 solution of methanol:acetic acid.

Part of the cells received three washes with this solution, 

and the other part received two washes with this solution 

and a final wash with 50% acetic acid. Some of the material

was air dried and the rest was critical point dried.

In the second experiment, the cells were cultured for 

72 hr and colchicine was allowed to act for 2 hr. The hypo

tonic solution, 0.01 M sodium citrate, was allowed to act for

30 min. Half the cells were fixed with a 3:1 solution of

methanol:acetic acid, and the other half were fixed with a

3:1 solution of ethanol:acetic acid., Three tubes in each 

set were given three washes with the same solution and one 

tube in each set was given two washes with the same solution 

and a final wash with 50% acetic acid. All of the material

was critical point dried.
In the final experiment, the cells were cultured for
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72 hr and colchine was allowed to act for 2 hr. The hypo

tonic solution, 0.01 M sodium citrate, was allowed to act

for 20 min. One tube was fixed with three washes of a

3:1 solution of methanol;acetic acid and one tube was fixed

with two washes of the methanol:acetic acid and a final wash

with 50% acetic acid. The rest of the cells were washed

in Karnofsky’s fixative. All the material was critical 

point dried.
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RESULTS

When the material of the first experiment was viewed 

with the scanning electron microscope, no good chromosome 

spreads were found. There were a few clumps and it appeared 

as if the cells had collapsed on the chromosomes rather than 

having broken as they were supposed to. This indicated that 

a change in procedure was necessary. The mitotic index for 

this blood sample was 10 per 1,000 or 1%.

When the material of the second experiment was viewed 

with SEM, some chromosome spreads were found. The chromo

somes appeared to have fuzzy edges. This indicated that 

further changes were needed. See Fig, 1. The mitotic index 

for this blood sample was 80 per 1,000 or 8%.

I was unable to view the results of the third experi

ment with SEM. The mitotic index for this sample was 40 

per 1,000 or 4%.
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Fig. 1 - A scanning electron microscopic view of a 
chromosome spread. These are chromosomes from the lymph 
ocyte of a patient with chronic lymphocytic leukemia.
The cells have been cultured, and treated with hypotonic 
and fixative solutions, respectively. The cells were 
broken open on the nuclear pore filter on which the 
chromosomes now lay. The chromosomes were coated with 
a thin layer of gold before viewing.
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DISCUSSION AND CONCLUSION

The first set of chromosomes that we viewed were not 

very good. We could not find any clear spreads. The 

cellular material seemed to have collapsed in on the 

chromosomes rather than having been washed away. We, also, 

found some red blood cells and other blood material indi

cating incomplete separation. This may have been due to a 

number of things such as not enough washes, not allowing 

the cells to act with the hypotonic solution long enough, 

or from the airdrying. It is possible the lymphocytes were 

not completely separated from the rest of the blood material 

or that the cellular debris was not washed away completely. 

These are all problems that could be solved with changes in 

technique. With the second sample we allowed the hypotonic 

solution to act longer and all the materials were critical 

point dried. These changes helped and we were able to find 

some chromosome spreads. The chromosomes had fuzzy edges. 

Further changes in technique were indicated.

Perhaps other fixatives have to be tried or different 

hypotonic solutions. Maybe the procedure requires more 

washes to get better separations of the lymphocytes from 

the blood and better separation of the chromosomes from the 

cells. Clear chromosome views have been obtained with SEM 

by Golomb (1974), Utsumi (1981), and Yu (1979). They each
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used a technique where hypotonically treated cells were 

applied to the surface of distilled water in a Langmuir 

trough. The surface tension of the distilled water disrupted 

the cell membranes. The chromosomes could then float free 

and be picked up on a formvar coated surface. We did not 

use this method because we hoped to get a complete karyotype 

from a single cell.

One other change that will have to be made in the future 

of this project is the mitogen. PHA has its best effect on 

T-cells, and CLL is primarily a B-cell disease. The chromo

somes that come from a CLL patients T-cells may or may not

be leukemic. Cell surface markers can be used to determine

if the cell you are dealing with are T-cells or B-cells.

When we are able to get good, clear, three-dimensional pic

tures of each chromosome, we will, need to use a B-cell sti

mulating mitogen so that a karyotype of the leukemic chromo

somes is established.

The normal mitotic index is 7-43 per 1,000. A higher 

index is indicative of leukemia. The mitotic indices of the

first and third blood samples fall in the normal range indi

cating that these sample were obtained from the control 

sources. The index of the second sample is higher than nor

mal indicating that, this is a leukemic blood sample.

The future scope of this research is to compare a 

karyotype of CLL chromosomes with a normal karyotype. The

14



three-dimensional view of the chromosome surface may indicate 

breaks, inversions, translocations, or other chromosomal rear

rangements. Chromosomal disturbance may be the cause of CLL 

in the same way that the Philadelphia chromosome is linked 

to chronic myelogenous leukemia.
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