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ABSTRACT

A growth curve was constructed for SCCVII-SF, a mouse 

squamous cell carcinoma cell line, in a culture of modified 

q-crle's medium. A toxicity curve was constructed for vincristine 

,nd SCCVII-SF cells in the exponential phase of growth. Cells 

in mid-exponential phase were treated with a subtoxic level of 

vincristine for four hours. A count of mitotic cells was taken 

at intervals to determine whether vincristine caused a buildup 

of cells in mitosis after its removal.

Results showed that cells continued to collect in mitosis for

four hours after the removal of vincristine.
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INTRODUCTION

Vincristine is a drug that is used in the treatment of 

cancer. In a common therapy for Hodgkin's lymphoma (the MOPP 

,-egimen) , vincristine is used in combination with mechlorethamine, 

procarbazine and prednisone (De Vita et al, 1972). This treatment 

has been found to bring about complete remission in 81% of 

patients with advanced Hodgkin's disease (De Vita et al, 1972).

The MOPP regimen calls for the administration of vincristine 

and procarbazine eight hours after the administration of mechlore

thamine (De Vita et al, 1970). More recent research, however, 

(Goldstein, personal communication) showed that a greater cytotoxic 

effect was produced in mice when the drugs were given in the order: 

vincristine, procarbazine, mechlorethamine with four hours between 

drug administrations, than mechlorethamine, vincristine, procar

bazine or mechlorethamine, procarbazine, vincristine.

Mechlorethamine has an effect similar to radiation on the cell 

Both ionizing radiation and mechlorethamine therapies cause the 

alkylation of the nucleic acid bases in the DNA molecule. This 

leads to cross linkages in the chromosome. Damage to the cell is 

seen at mitosis. The cytotoxic effects are probably due to an in

hibition of DNA replication (Pratt and Ruddon, 1979).

Living cells are most sensitive to radiation in mitosis 

(Sinclair, 1966) . Since mechlorethamine has a similar effect on 

the cell to radiation, the cells may have a similar sensitivity at 

mitosis. The research in this paper is a preliminary study of the
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Kinetics of the buildup of cells in mitosis after treatment 

with the drug vincristine.

When the peak level of blockage of cells with vincristine has 

been found, further studies can be done with mechlorethamine. A 

copulation of cells can be treated to give the highest concentra

tion of mitotic cells at a particular time. At this time, con

centration of mechlorethamine can be administered to the cells to

determine if the cells are more sensitive to the mechlorethamine

in mitosis.

If it is found that the cells continue to collect in mitosis

after the vincristine is removed from the medium, further applica

tions may be able to be made to the MOPP regimen. The treatment 

may be more effective if vincristine is given before mechlorethamine 

In addition, the mechlorethamine may be able to be given after the 

vincristine is no longer detectable in the body with a greater 

effectiveness than if the two drugs were given more closely together 

In this way, the side effects of the drug would not overlap as 

much as they do given the present schedule of treatment for MOPP 

therapy.
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LITERATURE REVIEW

The Vinca alkaloids are a group of drugs derived from the 

oeriwinkle plant (Vincarosea) (Creasy, 1972) . Three Vinca 

alkaloids, vincristine, vindesine, and vinblastine have been found 

to be effective as cytotoxic agents in clinical use (Pratt 

and Ruddon, 1979). These drugs inhibit mitosis by preventing the 

proper self-assembly of the microtubule that make spindle fibers. 

Vincristine is used in combination with mechlorethamine, procar

bazine and prednisone (the MOPP regimen) for patients in the ad

vanced stages of Hodgkin's lymphoma as well as with other drugs 

for other lymphomas and solid tumors (Pratt and Ruddon, 1979).

Microtubules are long hollow protein polymers. The subunit 

of microtubules, called tubulin, is formed from two proteins: 

alpha and beta tubulin. The tubulin dimers polymerize to form a 

hollow cylinder with a diameter of 25 mm. A microtubule is con

stantly being disassembled at one end and assembled at the other.

A microtubule of constant length is in equilibrium with the 

tubulin subunits in solution in the cytoplasm (Sloboda, 1980).

Vincristine interferes with the formation of microtubules by 

binding to the tubulin protein dimers (Prakash and Timasheff, 1983) 

Dustin showed (Prakash and Timasheff, 1983) that tubulin, in the 

presence of vincristine, forms crystals both in purified form in 

solution, .and in cytoplasm. The vincristine molecule binds to a 

tubulin subunit (Pratt and Ruddon, 1979). When this protein adds 

to the assembly end of the microtubule, the vincristine prevents 

other tubulin molecules from binding to it. Polymerization is
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flocked and the microtubule cannot become longer. Disassembly, 

however, is not blocked, and the microtubule becomes completely 

ieoolymerized. A low concentration of vincristine can cause the 

lisassembly of a large number of microtubules, and completely 

block mitosis.

Mitosis is blocked because spindle fibers are not able to 

form for the separation of the chromosomes to occur. This seems 

to be what causes cell death (Goodman and Gilman, 1975) . Micro

tubules have many other functions in the cell, involving both 

movement and structure (Sloboda, 1980) . Vincristine could, then 

have many varied effects on cell functioning.

The SCC VII-SF cell line is well suited to the study of 
*

mitotic arrest of vincristine. This is because the cells can be 

studied in a monolayer for preliminary studies and as spheroids 

that more closely resemble a tumor for later studies. SCC VII-SF

cells can be reintroduced into mice and studied as a tumor invivo

(Goldstein, personal communication). As more is understood about 

vincristine and mitotic arrest, the conditions for study can be

made more complex.

4



MATERIALS AND METHODS•14 I 
>d I

•ell Line
I

The SCO VII-SF cell line is a murine squamous cell carcinoma
'& I|t I originally isolated from a spontaneous tumor from the esophogeal-

•> 4 I
:astric junction by Dr. Herman Suit of the Massachusetts General 

Hospital and Harvard University. The cell line is maintained by
'-tol I

ilternating cell culture and passages in C^H mice.
od I
-kt I Growth Conditions
’on I Cells were grown in Akiko's medium, a modified Eagle's medium

with 5% fetal and 5% newborn calf serum. The medium has a pH of 

G.971. Cultures were kept in. an incubator at 36.5° with 5% CO2 and 

92.5% humidity. Cell cultures were grown in tissue culture flasks

-3 I for maintaining the line and in 60 mm tissue culture dishes for 

experiments. All experiments were done under sterile conditions

3 I to reduce the possibility of contamination.
I

Cell Counts and Transfer

Cells were removed from the flasks by covering the monolayer 

with trypsin and incubating for five minutes, after completely 

removing the medium. The cells were centrifuged at 2100 rpm for 

three minutes and shaken gently in medium to obtain a single cell

g I suspension. The cells were counted on a hemacytometer with trypan 

blue stain using a phase-contrast microscope. The single cell 

suspension was placed in a flask with fresh medium and replaced 

in the incubator.
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Growth Curve

Cells in late exponential phase were transferred to tissue 
4culture dishes at a concentration of 2 x 10 cells per ml medium.

-pwo dishes were counted for each data point to determine the 

.jrowth rate of the cells.

Toxicity Curve

Cells were transferred to dishes at a concentration that would

produce an estimated 100-200 surviving cells for each drug concen

tration. The dishes were incubated undistrubed for eight days.

After eight days, the surviving cells were counted using the 

criterion that a surviving cell must be represented by a colony of 

fifty or more cells.

The dishes were washed with phosphate-buffered saline and fixed 

with a 3.1 solution of methanol and galatial acetic acid for thirty 

minutes. Colonies were then covered with crystal violet stain 

and left for twenty minutes. The dishes were rinsed in tap water 

and viewed under a dissecting microscope to count colonies.

Vincristine
The vincristine used (Oncovin), was obtained from Eli Lilly 

and Company, in the form of vincristine sulfate in a stable solution 

of saline. The drug used was in vials of 1 ml at a concentration of 

1 mg/ml. Dilutions were made in Akiko's medium.

Mitotic Index
The squash technique was used to make slides for the counting 

of mitotic cells. Vincristine was added to a flask containing cells
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; _n midexponential phase for a final concentration of 5.4 x 10 ^mM. 

This concentration was found to give 80% survival with cells 

mown continually in its presence for eight days. The vincristine 

,-as left in the medium for four hours.

The vincristine was removed by trypsinizing the cells and 

pooling all medium and trypsin. The mixture was centrifuged at 

2100 rpm for three minutes. The supernatant was removed and the 

cells were suspended in fresh medium. The cells were immediately 
transferred to dishes at a concentration of 3 x lO^ cells per dish 

and incubated. Mitotic index counts were taken using the following 

procedure:

1. The cells in the dish were trypsinized and the medium 
and trypsin was pooled and centrifuged.

2. The supernatant was drawn off using a small bore pipet, 
without disturbing the cell pellet.

3. A 50% acetic acid fixative was added, without disturbing 
the pellet and left until the entire pellet became uni
formly opaque and white.

4. Two drops of 2% aceto orcin stain were added and the 
cells were suspended in it by gently pipetting up and 
down.

5. One drop of the cell suspension was dropped on a slide 
and covered with a coverslip.

6. The coverslip was covered with tissue and an even pres
sure was exerted on it by rolling the thumb over the 
coverslip without moving it.

7. The slide was placed on dry ice until frost covered it, 
and the coverslip was removed with a razor blade. The 
slide was allowed to air dry and made permanent using 
histoclad.

The slides were viewed under a light microscope. A field of 

200 or more cells were counted, dividing them into categories of 

mitotic and interphase cells.
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RESULTS

Growth Rate

After becoming accommodated to Akiko's medium, the SCC VII-SF 

jell line had a doubling time of 24.2 hours. Figure 1 shows the 

rrowth curve for the cell line in Akiko's medium.

Toxicity of Vincristine

The number of surviving cells were counted for each concentra

tion of vincristine tested, after eight days of growth in the 

presence of the drug. The average plating efficiency for SCC VII-SF 

after growth for eight days without treatment of vincristine was 

65%. All surviving cell fractions were calculated with respect 

to the plating efficiency. The colonies from cells treated with 

vincristine were much smaller than the control colonies. Figure 2 

shows the relationship between the concentration of the drug and the 

survival of the cells. The LD,._ for vincristine was a concentration 
of 8.1 x 10 ^mM.

Mitotic Index

Figure 3 compares the fraction of the cells that were in mitosis

and the time after the addition and removal of vincristine. The

cell population had a background mitotic index of 3.1%. The calcu

lated mitotic index for untreated cells was 2.1% for mitosis lasting 

thirty minutes in a cell cycle of approximately 24 hours. The

mitotic index rose to 9.25% in the four hours of treatment with

vincristine.

After four hours, the drug was removed from the medium. The
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II
iii

_.,totic index continued to rise for four hours, reaching a peak

.11.8% at eight hours. The mitotic index declined over the next 

; hours, returning to the background level of 3.1% by 32 hours 

•'ter vincristine was added to the culture.

The rate of buildup of cells in mitosis for the four hours of

;rug treatment, and for four hours after the drug was removed, was

• iirly constant (Figure 3) . The average rate of increase of cells

Ln mitosis was observed to be 1.2% per hour. The calculated rate 

f increase was much higher than the observed rate. Since the 

•oubling time for SCC VII-SF in Akiko's medium was 24.2 hours, in 

me hour, 4.1% of the cells should enter mitosis. At this rate, 

it eight hours after the drug.was administered, the mitotic index

,;ould be 35.9%: three times higher than the observed mitotic index 

if 11.8% (Figure 4) .
The rate of release of cells in mitosis, after the peak mitotic 

index was reached, was also constant (Figure 3). The average rate 

of decline was 0.39% per hour. If all of the cells were released 

it once, the mitotic index would have gone from its peak level to 

the background level in the time that it takes to complete mitosis 

(Figure 5). In this case, whether the release occurred when the drug 

was removed, or at the peak mitotic index, the mitotic index would 

have returned to 3.1% in approximately 30 minutes.
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DISCUSSION AND CONCLUSIONS

The rate of mitotic arrest is slower than it would be if all 

jells that normally would be entering mitosis were stopped.

This indicates that either vincristine does not stop all of the 

cells in mitosis, or the cell cycle was being slowed. The slower 

rate was probably caused by a combination of the two. Colonies 

from cells grown in vincristine to determine its toxicity were 

smaller than the control colonies. Cell growth may have been 

slowed by the treatment. However, if the slowing of the cell cycle 

were to account for the entire difference in rates, a greater

difference between the treated and control colonies would have 

been seen. The calculated rate of increase in mitotic index was 

three times faster than the observed rate. If the doubling time had 

increased by three times to 72.6 hours, no colonies of fifty or 

more cells could have grown in eight days of incubation for the 

toxicity experiments. The slower rate of mitotic arrest buildup 

was probably due to a slowing of cell growth and an efficiency of 

less than 100% for mitosis. The degree to which the slowing of 

the cell cycle affects the mitotic index could be measured by com

paring growth curves for cells grown with and without treatments of 

vincristine at the concentration used here.

The mitotic index continued to rise after the removal of 

vincristine at four hours. Vincristine may bind tightly to the cell, 

and not completely be removed by removing the drug from the medium. 

The delay in the release would then be due to the extra time
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needed by the cell to remove the drug from the cytoplasm. This 

may be because the vincristine binds irreversibly to the tubulin 

subunits, and the cell has to produce more tubulin to produce micro 
tubules.

Unlike other spindle poisons, vincristine does not have the 

effect of synchronizing the cell cycle. With other drugs, when 

the drug is removed, all cells in mitosis immediately resume 

dividing. All cells held in mitosis would divide at the same time. 

These cells would continue through the cell cycle together, giving 

a partial synchronization of the cell population.

The explanation for the gradual release could be that 

vincristine acts as a noncompetitive inhibitor of tublin polymeri

zation, changing the structure of the tubulin protein. The 

vincristine would be more or less permanently bound to the tubulin, 

as suggested in the discussion of the mitotic buildup. If the 

vincristine were competitively inhibitory to polymerization, it 

would react at the active site for polymerization and be released. 

If this were the case, the cells would probably release from 

mitotic arrest soon after the vincristine was removed. The rate of

release of the cells would be faster than the rate observed. The 

cells themselves may differ in their ability to recover from the 

many effects of vincristine, giving the slow rate of release.

The results of this study are significant because they give a 

greater understanding of the kinetics of mitotic arrest with 

vincristine. More experimentation could be done to give a better 

idea of how the cell reacts in the way it does. With a higher

15



population of mitotic cells than in a normal population, the 

cells can be treated with mechlorethamine to discover whether 

they are more sensitive to it in mitosis. Further experiments 

would be appropriate to study situations more like those found in 

clinical treatments with vincristine and mechlorethamine.
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