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ABSTRACT

<
Multidrug resistance is a phenomenon which occurs in cancer cells. These 

cells become resistant to the drug of treatment as well as resistant to other unrelated 

chemotherapeutic drugs. Previous studies have shown that calmodulin inhibitors and

calcium channel blockers are able to reverse resistance in these cells when used in

conjunction with the chemotherapeutic drug. In this study, the ability of the 

immunosuppressive drug, cyclosporin A to overcome cellular resistance to the 

chemotherapeutic drug vincristine was analyzed. The Chinese hamster cell line, 

DC-3F and its multidrug resistant variant, DC-3F/VCRd-5L were used. Analysis 

revealed that cyclosporin A caused complete reversal of multidrug resistance in 

resistant cells and caused increased sensitivity to vincristine in sensitive cells.
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*
INTRODUCTION AND LITERATURE REVIEW

*

Multidrug resistance (MDR) is an interesting phenomenon which occurs in 

cancer chemotherapy. MDR cells are characterized by resistance to the 

chemotherapeutic drug of selection as well as cross-resistant to structurally related 

and unrelated compounds. MDR cells also exhibit decreased accumulation and 

retention of these drugs and overexpression of an integral membrane protein called 

permeability-glycoprotein (P-gp) (2). MDR is also characterized by amplification and 

overexpression of MDR 1 gene which codes for P-gp and possibly MDR (24). The 

exact mechanism of MDR is not known, but it is thought that P-gp plays a major role in 

this phenomenon probably by actively pumping drugs out of the cell (7). Some 

agents such as calmodulin inhibitors and calcium channel blockers can reverse MDR 

to increase drug cytotoxicity in the cells.

Chemotherapeutic Agent

The alkaloid, vincristine (VCR) is a natural product drug derived from the plant 

Vinca rosea (15). This drug has a cytotoxic, antineoplastic and antimitotic effect on 

cells. These properties seemed to be linked to its binding to the tubulin dimer of 

microtubules, subsequently causing depolymerization and disruption of the cellular 

microtubular network, including the mitotic spindle (15). The extent of the cytotoxic 

properties of this drug, however, does not always correlate with its binding strength to



tubulin. Therefore, the Vinca alkaloid must work on other levels as well. These 

include inhibition of incorporation of [3H] thymidine into DNA and [3H] uridine into 

RNA, inhibition of lipid and protein biosynthesis, alteration of phospholipid 

composition, retardation of the flow of membranes from one cellular compartment to 

another, affect of cyclic AMP and glutathione metabolism (8, 15) and inhibition of the 

calmodulin-dependent Ca+2 - transport ATPase activity (15). The Vinca alkaloid has 

a wide range of effect on cells, and no single property seems to be the cause for its 

efficacy in cancer treatment.

Multidrug Resistant Cells

Some chemotherapeutic drugs change the activity of certain enzymes while 

others interact with the structural proteins or DNA of the cells. In the first case the 

cells become resistant only to the drug which has affected them. In the second case, 

however, the changes in transport or in membrane permeability elicit MDR and make 

those cells resistant to other cytotoxic drugs whether structurally related or unrelated 

(6, 11, 19). Cross-resistance seems to be mediated by alterations in membrane 

transport (19). Inaba et. al. showed that drug influx in MDR cells is passive while drug 

efflux requires energy. In this experiment glucose was removed from the medium 

and metabolic inhibitor, 2,4-dinitrophenol, was added. The drugs in both the 

sensitive and resistant lines accumulated in the cells but no active efflux of the drugs 

occurred in the cells. Upon addition of glucose efflux of the drugs resumed because 

ATP was generated through glycolysis (6). The mechanism of drug efflux seems to
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be associated with the characteristic over-expression of the MDR 1 gene which 

encodes for P-gp (24).

MDR 1 gene

The MDR 1 gene has been shown to encode for P-gp which has been 

implicated in the mechanism for MDR. DNA clones have been produced from the 

mRNA of the MDR 1 genes (5). When this gene was transferred into an otherwise 

drug-sensitive cell its expression conferred the MDR phenotype (5, 24, 25). The 

cDNA was recovered from the sensitive cell in its original form showing that mutations 

did not occur inside the cell so that the MDR 1 gene was responsible for the 

overexpression of P-gp (5). The reading frame of the protein encoded by the MDR 1 

gene was that of 1280 amino acids. This size is consistent with the estimated size of 

the non-glycosylated P-gp in human cells which pumps toxins from normal cells (7). It 

is also important to note that the relative drug resistance of a resistant cell correlates 

with the copy number of the cDNA (24). When the cells were transfected with cDNA 

a monoclonal antibody for human P-gp identified its presence on the cell surface (25).

Permeability glycoprotein

Permeability-glycoprotein (P-gp), associated with the plasma membrane, is a 

characteristic element of multidrug resistance (17). P-gp has a molecular weight of 

170,000 daltons and is 1280 amino acids in length (7, 17). The structure of P-gp is 

such that it snakes back and forth across the plasma membrane twelve times forming
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a 12-sided pore (7). Two large homologous domains are found on the inside of the
♦

cell projecting into the cytoplasm containing ATP binding sites (7). The portion of the 

protein outside of the cell bears the sugar chains of the glycoprotein. The degree of 

multidrug resistance is directly proportional to the expression of P-gp (17). A 

radiolabeled analogue of vinblastin, [3H] NABV, a Vinca alkaloid closely related to 

VCR, was used to determine the binding site of the drug. The [3H] NABV acceptor 

was found to be P-gp (17). In the sensitive cell line this component was not found 

suggesting a direct functional role of P-gp in MDR (17). Studies have shown that a 

radiolabeled analogue of a calcium channel blocker, [3H] azidopine, also binds to 

P-gp and even competes for binding with a second radiolabeled analogue of 

vinblastin, [125l] NASV (17). The exact role of P-gp in MDR is not certain, but P-gp 

probalbly serves as an efflux pump to reduce accumulation of chemotherapeutic 

agents or it may change the plasma membrane to prevent influx (7,15).

Calcium Channel Blockers and Calmodulin Inhibitors

Calcium channel blockers and calmodulin inhibitors enhance drug cytotoxicity 

in multidrug resistant cells (2, 22). Enhancement of cytotoxicity is related to increased 

accumulation and retention of the chemotherapeutic agent by the calcium channel 

blocker or the calmodulin inhibitors called modulators (13). There is no correlation 

between calcium channel blocking activity and reversal of MDR (3). Three possible 

mechanisms for reversal of MDR by these modulators have been given. In the first 

case reversal may occur due to the fact that the calcium channel blockers or
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calmodulin inhibitors prevent the formation of the calcium-calmodulin complex which
F

may affect efflux (22). The second explanation is that any change in the intracellular 

calcium environment may damage the cell membrane to prevent efflux (22). A third 

explanation is that modifiers bind to P-gp and increase intracellular drug 

accumulation by inhibiting efflux of the drugs by this glycoprotein (3).

Cyclosporin A, CYA

Cyclosporin A, an immunosuppressive agent, has been used in experiments 

involving the reversal of MDR. As with other modifiers no correlation between CYA 

effectiveness in immunosuppression and reversal of MDR has been shown (22). The 

mechanism of CYA in reversal of MDR is unknown, but it may enhance intracellular 

drug binding or promote favorable chemotherapeutic drug interactions at the 

membrane level (20, 21). CYA has also been shown to bind to calmodulin possibly 

affecting the formation of the calcium-calmodulin complex or interfering with 

intracellular calcium levels (10). CYA has been used in vivo as an 

immunosuppressive agent so it is known that CYA can be used in vivo in reversal of 

MDR with reasonable safety (21).

The purpose of this work was to determine if CYA could reverse MDR in 

resistant cell lines. The first phase of the study involved determining relative drug 

resistance of the resistant cell line as compared to the sensitive line. This gave the 

basis for comparison of the second and third phases of the study. The second phase 

involved treating resistant cells with varying concentrations of VCR in conjunction with
a
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CYA. The results from this phase were used to determine if resistant cells could be 

made sensitive by reversing MDR. The final phase of experimentation involved 

treating sensitive cells with CYA in conjunction with VCR. This phase would show

whether or not CYA could cause sensitive cells to become even more sensitive.

*
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MATERIALS AND METHODS
*

The cells used for this experiment were Chinese hamster lung cells. This line, 

derived from normal female Chinese hamster lung tissue, was established by Dr. T. 

C. Hsu in 1954. It was cloned twice by J. Biedler in 1965, and designated DC-3F. 

These cells grow in monolayer on a substrate and have chromosome numbers in the 

diploid range. Resistance to VCR was developed by maintaining the cells at a

40jig/ml concentration of VCR. This multidrug variant was designated 

DC-3F/VCRd-5L. All procedures used in this experiment , except incubation, were 

carried out under sterile conditions. The steps involved the following:

I. Preparing DC-3F medium
II. Subculturing cells

III. Removing cells for plating
IV. Counting cells for plating
V. Calculating cells for plating

VI. Plating cells in multiwell plates
VII. Treating cells with VCR and CYA
VIII. Fixing colonies
VIV. Counting cells for colonogenic assay

I. Preparating DC-3F medium

1. 1 x HAM's FI2 with Glutamine: 500 ml
2. 1 x Minimum Essential Medium Eagle Modified with Earl's Salt with 

Glutamine: 500 ml
3. 20% Fetal Bovine Serum: 25 ml
4. MEM Non-essential amino acids 10 mM: 2.3 ml
5. Penicillin/Streptomycin: 5 ml
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II. Subculturing cells 

> A. Subculturing DC-3F cells

1. Place DC-3F medium and trypsin in 37° C water bath to warm
2. Sterilize hood and hands with 70% EtOH
3. Filter 8-10 ml of DC-3F medium using a 0.2 micron filter
4. Sterilize trypsin using the same filter
5. Aspirate old medium from flask using a 10 ml pipette and vacuum
6. Using 5 ml pipette, transfer 5 ml trypsin into growth flask and let 

stand 30 sec
7. Discard trypsin into waste tube and allow cells to loosen for 3 min
8. Wash side of T-flask with 2 ml of medium to collect cells
9. Label sterile T- flasks with date, transfer number and initials

10. Transfer 8-10 ml DC-3F medium into a sterile T-flask using 10 ml sterile 
pipette

11. Transfer 0.05 ml of the cell suspension using a 0.1 ml pipette into a new 
sterile T- flask

12. Cap flask loosely and place in 37° C incubator with 5% CO2 for 10 d

B. Subculturing DC-3FA/CRd-5L cells

1. Use same procedure as above except add 0.2 ml of 5 mg/ml VCR to 
25 ml filtered DC-3F medium to make 40 pg/ml concentration of VCR

2. Transfer 8-10 ml of this medium into a sterile T- flask and continue as above

III. Removing cells for plating

1. Under sterile conditions filter 2 ml of medium and 5 ml of trypsin 
warmed in 37° C water bath.

2. Discard medium from growth flask into waste tube
3. Transfer 5 ml trypsin into growth flask allow to stand 30 sec
4. Discard trypsin into waste tube
5. Allow cells to loosen for 3 min
6. Using 5 ml pipette, transfer 2 ml sterile DC-3F medium into flask
7. Rinse sides of growth flask to collect cells
8. Transfer medium with suspended cells into 10-ml sterile tube

IV. Counting cells for plating

1. Use 10-ml Isoton blank to determine baseline reading on Coulter 
Counter less than 50

2. Transfer 2 pi of the medium with cells to a second 10-ml Isoton
> solution
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3. Mix cells with Isoton by inverting the vial
4. Count cells using the Coulter Counter

> 5. Multiply the number obtained by 1000 to determine the number of
cells per 1 ml solution

6. Reread blank for baseline reading less than 50

V. Calculating cells for plating

1. Determine ml of medium needed using 1 ml of medium containing cells in 
each well and using three wells for each concentration of VCR, of VCR and 
CYA used together

2. Multiply the number of wells by 400 cells/well to determine the 
number of cells needed per 1 ml of medium

3. Divide the number of cells needed by the number of cells counted 
per 1 ml of solution to give the pi of medium-suspended cells

4. Transfer this amount of medium-suspended cells into the amount of 
filtered medium required
i.e. 90 wells x 400 cells = 36,000 cells 

285,000 cells counted/ml
285.000 cells/ml = 0.14 ml or 140 ml suspended-cells in 90 ml 

36,000 cells needed medium

VI. Plating cells in multiwell plates

1. Under sterile conditions label required number of six-well multiwell plates
2. Mix medium containing the cells three times with sterile 1 ml pipette
3. Transfer 1 ml of this medium containing cells into each well
4. Add 1.5 ml of sterile medium into each well to obtain a final 

volume of 2.5 ml in each well
5. Replace covers of the multi-well plates
6. Incubate plates at 37° C in 5% CO2 for 24 hr to allow attachment

VII. Treating cells with VCR and CYA

Treating the cells for this project consisted of three parts:
A. Determination of fold resistance using DC-3F and DC-3F/VCRd-5L cells 

with varying concentrations of VCR.
B. Treatment of DC-3F cells with 1 pM, 5 pM, and 10 pM concentrations of 

CYA in conjunction with varying concentrations of VCR to determine the 
effect of CYA on sensitive cells

•
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C. Treatment of DC-3F/VCRd-5L cells with 1 pM, 5 pM, and 10 pM
concentrations of CYA in conjunction with VCR to determine reversal of

f MDR by CYA

A. Determination of fold resistance using DC-3F and DC-3F/VCRd-5L cells 
with varying concentrations of VCR:

1. Warm the medium in 37° C water bath to room temperature
2. Dissolve the measured amount of VCR in dH2O 

VCR = 824.98 MW
0.00825 g VCR/5 ml dH2O = 5 x 10"3 M VCR

3. Prepare dilutions of 5 x 10'3 M VCR stock with medium
Dilution: stock =_____ stock

total volume stock and medium

i.e. 1 ml 5 x 10^ M VCR = 1 ml5x1Q-3MVCR____________= 5 x 10^M
10 ml medium 1 ml 5 x 10’3 M VCR + 9 ml medium VCR

*

4. Prepare the following medium dilutions of VCR to treat DC-3F cells:
1 x10‘10M 
5 x 1O’1O M 
1 x10’9M 
2.5x10’9M 
5x10’9M 
1 x10'8M 
5x10-®M 
5x IO’7M 
Control

5. Prepare the following medium dilutions of VCR to treat DC-3F/VCRd-5L 
cells:

1 x IO’7 M 
5x 10-7 M 
1 x IO'6 M 
5x IO’6 M 
1 x 10’5 M 
2.5x10_5M 
5x IO’5 M 
1 x 10'4M 
Control

6. Label three wells for each drug dilution
7. Aspirate medium from 24-hr cultures using the vacuum and sterile pipette
8. Transfer 2.5 ml of each drug dilution into three wells

1 0



9. Use three wells without VCR as a control
10. Cover plates and incubate at 37° C in 5% CO2 for 7 d

♦
B. Treatment of DC-3F cells withl pM, 5 pM, and 10 pM concentrations of CYA in 

conjunction with varying concentrations of VCR to determine the effect of CYA 
on sensitive cells:

1. Warm medium in 37° C water bath to room temperature
2. Under sterile conditions dissolve the following:

3.0 mg of 1216 MW CYA in 2.5 ml DMSO to yield 
2.5 x 10-3 M concentration of CYA

3. Under sterile conditions prepare the following VCR dilutions in triplicate 
to be used in conjunction with differing concentrations of CYA:

1 x10-1°M 
5x10-10M 
1 x10'9M 
5x10-9M 
1 x10'8M 
5x10’7M

Control with neither VCR nor CYA

4. Pipette 10 ml of each drug dilution into three 25-ml sterile tubes.
5. Label tubes with concentration of VCR and one of each of the three tubes 

with 1 pM, 5 pM, and 10 pM concentrations of CYA
6. Label duplicates of each of these tubes into which the solutions will be 

filtered
7. Using sterile tip and pipetteman, pipette 10 pi, 50 pi, and 100 pi of CYA

into one of each of the three tubes
8. Filter contents of each tube into the second labeled tube using the 30 cc 

syringe and the 0.2 micron filter (To conserve materials, use one filter 
for each of the concentrations of CYA and filter from the highest 
concentration to the lowest concentration of VCR)

9. Label three wells of the 24-hr incubated cultures with the proper 
concentrations of CYA and VCR.

10. Aspirate medium from the wells using a sterile pipette and the vacuum
11. Pipette 2.5 ml of each of the filtered solutions into the appropriately 

labeled wells.
12. Incubate treated wells at 37° C in 5% CO2 for 7 d

C. Treatment of DC-3F/VCRd-5L cells with 1 pM, 5pM, and 10 pM concentrations 
of CYA in conjunction with varying concentrations of VCR to determine 
reversal of MDR by CYA:

1 1



1. Warm medium in 37° C water bath to room temperature
2. Under sterile conditions, prepare CYA as above and prepare the

It following VCR dilutions in triplicate to be used in conjunction with differing
concentrations of CYA:

1 X10-9M 
5x10'9M 
1 x10‘8M 
5x10'8M 
1 x10‘7M 
1 x10"8M 
1 x10’4M
Control neither VCR nor CYA

3. Label tubes with the concentrations of VCR and one of each of the three
tubes with 1 pM, 5 pM, or 10 pM concentrations of CYA. Label 
duplicates to these tubes into which the solutions will be filtered

4. Using pipetteman, pipette 10 pi, 50 pi, and 100 pi of CYA into properly
labeled tubes

5. Using the procedure above, filter the contents of the first set of tubes into 
those of the second.

6. Aspirate medium from 24-hr cultures using sterile pipette and vacuum
7. Using sterile pipette, transfer 2.5 ml of each solution into 24-hr incubated 

cells
8. Incubate at 37° C in 5% CO2 for 7 d

VIII. Fixing colonies

1. Remove plates from incubator after 7 days
2. Under the hood, aspirate medium from the wells using a transfer pipette
3. Add 1 ml formalin solution to each well
4. Allow the formalin to fix the cells for 1 hr
5. After 1 hr aspirate the formalin from the wells using a transfer pipette
6. Rinse each well with 10 x Dulbecco's phosphate buffer (Sigma Chemical 

Co.)
7. Aspirate buffer from each well
8. Stain the colonies in each well using two drops of Giemsa stain
9. Allow to stand for 10 min

10. Rinse each well twice with distilled water

VIV. Counting colonies for colonogenic assay

Count colonies using an electronic counter and a grid for accuracy
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RESULTS

The results which follow are the product of the three-phase experiment. Tables 

1-6 show the VCR concentrations used for each part of the experiment with their 

respective values for percent control. Percent control is equal to the average number 

of colonies in the three wells for each concentration of VCR divided by the average 

number of colonies in the control wells multiplied by 100. These points were plotted 

on graphs (Fig. 1-3) and the IC50 values, the doses of VCR at which 50% of cell 

growth was inhibited, were determined. Relative drug resistance (RDR) was

calculated using the IC50 values for each phase of treatment divided by the IC50

value for the sensitive line.

A. Results for determination of fold resistance using DC-3F and DC-3F/VCRd-5L cells 
with varying concentrations of VCR

Table 1. DC-3F cells treated with VCR:

{VCR1
5x1O'1oM 
1 x 10-9 M 
5x10’9M 
1 x 10‘8M 
2.6 x10'8M 
5x108 M 
1 x 107M 
5x 107M

% Control
100.0
98.3 
95.0 
66.6 
50.0 
40.0
28.3 

5.0
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Table 2. DC-3F/VCRd-5L cells treated with VCR:

[VCR1 % Control
1 x 10-7 M 100.0
5x10-7M 93.3
1 x 10-6 M 89.1
5x10-6 M 71.6
1 x 10 -5 M 66.6
3x 10-5M 50.0
1 x 104M 0.0

B. Results for treatment of DC-3F and DC-3F/VCRd-5L cells with 1 gM and 5 gM 
concentrations of CYA in conjunction with varying concentrations of VCR to 
determine reversal of multidrug resistance by CYA

Table 3. DC-3F cells treated with VCR and 1 gM CYA:

[VQR] % Control
1 x 10_10M 90.7
5 x 10-1° M 89.6
1 x10’9M 82.7
3.5x10-5M 50.0
5x10’9M 38.3
1 x 10-8 M 5.2
5x10-?M 0.3

Table 4. DC-3F cells treated with VCR and 5 gM CYA: 

[VCR] % Control
1 x 10"1°M 73.7
5x 10-1°M 53.3
6x 10‘10M 50.0
1 x 10-9 M 38.9
5x10-9 M 12.7
1 x 10-8 M 4.4
5x IO'7 M 0.6
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Table 5. DC-3F/VCRd-5L cells treated with VCR and 1 gM CYA:

[VCR] % Control
1 x 10-9 M 81.9
5x 10-9 M 75.0
1 x IO'8 M 71.6
5x IO-8 M 65.0
1 x 10-7 M 61.6
5 x IO-7 M 55.2
1 x IO 6 M 52.0
2x10’6M 50.0
1 x 10-4 M 0.0

Table 6. DC-3F/VCRd-5L cells treated with VCR and 5 gM CYA:

[VCR]
1 X10-9 M 
3x10'9M 
5x109 M 
1 x 10-8 M 
5x10’8M 
1 x 10’7M 
1 x 10-6 M 
1 x 10‘4M

% Control
51.6
50.0
48.3
47.3 
31.0 
21.5

1.2
0.0
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Fig.
1. Effect of VCR on drug sensitivity of cell line DC-3F and its MDR 
variant, DC-3F/VCRd-5L. In this phase of treatment the IC50 value for 
the sensitive line was 2.6 x 10'8M VCR and 3 x 10 5 M VCR for resistant 
cells. This gave the relative drug resistance of the two lines as 1154 
fold. The resistant line is 1154 fold more resistant to VCR than the 
sensitive line. The IC50 value or the sensitive line found in this phase
was used as the baseline value for sensitivity of the cells and was used 
to divide the IC50 values determined for the last two phases of 
treatment to determine their RDR.

9
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120

ln[VCR]

■a— DC-3F 

— DC-3F with 1p.M CYA

■«— DC-3F with 5(xM CYA

Fig. 2. Effect of VCR in conjugation with 1 jiM and 5 jiM concentrations 
of CYA on sensitive, DC-3F, cells. At a 1 pM concentration of CYA, the 
IC50 value of VCR was3.5x 10‘9M which showed that the sensitive

cells were made 7.2 fold more sensitive compared to the baseline value 
At a 5 pM concentration of CYA the IC50 value of VCR was 6 x 10"1 °M

which showed that these cells were 43 fold more sensitive compared to 
the baseline value.
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120
-----Q— DC-3F

Fig. 3. Effect on VCR in conjugation with 1 pM and 5 pM concentrations 
of CYA on resistant, DC-3F/VCRd-5L, cells. At a 1 pM concentration of 
CYA, the IC5Q value of VCR for the resistant cells was 2 x 10’®M

compared to the baseline value which gave the RDR to VCR as 76.9 fold 
At a 5 pM concentration of CYA, the IC50 value for VCR was 3 x 10'9M 

compared to the baseline value which gave the RDR as 0.115 fold .
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DISCUSSION AND CONCLUSION&
The study showed that CYA can completely reverse MDR in resistant

Chinses hampster lung cells in vitro. In addition, sensitive cells can be

made even more sensitive to VCR using this agent. At a 5 gM

concentration of CYA resistance was completely reversed in the resistant

line. This is significant due to the fact that this concentration of CYA

has been used as an immunosuppressive agent in vivo. Thus it may be

used in vivo to reverse MDR in resistant cancer cells.

The exact mechanism of action of CYA is not known, but it is thought

to bind to P-gp. If P-gp serves as an efflux pump for decreasing drug

accumulation in the cell then the binding of CYA to P-gp may block this

energy-requiring mechanism. CYA may do so by preventing the drug from

binding to P-gp, an important first step in drug efflux . If this occurs 

then drug cannot be pumped out of the cell so the drug stays in the cell 

and kills the cell (7). CYA may also work intracellularly by affecting 

drug binding or in some other way increasing cytotoxicity of the 

chemotherapeutic agent (20,21).

Even though the mechanism of action of CYA has not been determined 

further studies are to be conducted in this area. Two analogues of CYA

<
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will be tested. Other studies (6) have shown that lesser concentrations 

of analogues of CYA can reverse MDR. They are not toxic in vitro, but they 

may be toxic in vivo. Nevertheless, studies using CYA reverse MDR in

vitro and bring reversal of MDR in vivo a step closer in cancer treatment.
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