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Cellular Resistance to Antifolates
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Abstract

Qne of the major problems of cancer chemotheraphy is the development of drug resistance in tumors,
resulting in reduced responsiveness to subsequent treatments. The folate antagonists are being used to treat
such diverse illnesses as cancer, ieukemia, psoriasis, rheumatoid arthritis, etc. Previous studies have establ-
ished that resistance to antifolates may occur in mammalian tumor cells by one or more of five mecha-
nisms : (a) an increase in the levels of the target enzyme, generaily as a consequence of gene amplifi-
cation ; (b) an alteration in the target enzyme, leading to an enzyme with a decreased binding affinity for
the drug ; (c) a decrease in the uptake of the drug into the cells ; (d) increased extrusion of drugs out of
cells ; () impaired ability to polyglutamylate the parent drug which is capable of being intracellularly met-

abolized to longer chain length.
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Table 1. Diseases treated with drugs known to interfere with
folate metabolism
Diseases Drug
Cancer, leukemia Methotrexate
Psoriasis Methotrexate
Rheumatoid arthritis Methotrexate
Bronchial asthma Methotrexate

Bacterial infection Trimethoprim

Malaria Pyrimethamine
Hypertension Triamterene
Crohn disease Sulfasalazine
Gout Colchicine
Epilepsy Phenytoin
AIDS Trimetrexate
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Fig. 1. Structure of folate and antifolates.
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Table 2. Sensitivity of neoplastic disease to methotrexate

. Moderatel -
Sensitive® sensitivey Not sensitive
Acute lymphocytic Head and Actite myelocytic

leukemia neck cancer Leukemia
Burkitts lymphoma
Choriocarcinoma

Diffuse fymphoma

Cofon cancer
Renal cell cancer

Breast cancer
Bladder cancer

dTmpP NADPH
NADP

. NADPH
hamocysieine  methionine NADFP
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*Cures disease or is part of cutative regimen
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Fig. 2. Cytoplasmic pathways of one-carbon metabolistm.
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Table 3. Inhibitory effects of trimetrexate on MTX sensitive
and resistant cell lines®
Cell hno MTX, EDs0(uM) TMQ, EDsu(}.Lm
CCRE-~CEM 0.015 {.005
CCRF-CEM/RY 1.5 0.15
CCRF-CEM/R2 5.0 .05
QCRF CEM/R3 3.4 0.003

CEM/R1 » MTX-resistant via 18-fold DMFR gene amplification
CEM/R2, MTX-resistant via amplification and transport defect
CEM/R2, MTX-resistant via transport defect




Falabael gk Axe] NPy 4 843

Table 4. Effect of FPGS activity on sensitivity of CHO cells

to MTX
EDso after exposure to MTX for
Cell
4h 72h
s HM
WTT2 10-33 3-10
AUX-human-2 33-100 3-10
AUX-human-7 10-33 i-3
AUX-human-21 3-3 3-10
AUX-human-79 1-3 3-1¢
AUX-coli T0-33 3-10
HT1080 0.1-03 3-10

*medium contained glycine

Cefls were cuitured in DMEM/dFBS-GHT medium containing
0.5uM PteGlu and various concentrations of MTX were added.
After 4 or 72h, the medium was replaced with identical medi-
ur lacking MTX and the cells were cultured for the balance of
the 72h period. FDso was calculated as the MTX concentration
that reduced cell number by 50 percent
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