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Figure 1: Comparing Folic acid and Methotrexate 

structure.

The coenzyme folic acid (top) and the anticancer drug 

Methotrexate (bottom) are very similar in structure. As 

a result, methotrexate is a competitive inhibitor of many 

enzymes that use folates.

Figure 2: Methotrexate binding 

to DHFR.

Our drug Methotrexate (green) binding 

to and inhibiting the active site of 

DHFR (blue).

Figure 3: Wildtype and Mutant 

sequences of JAK2

Homolog sequence comparison 

between the JAK2 wildtype and 

mutated protein.
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Figure 4: DHFR pathway inhibition

Shown above is the biochemical pathway to transform 

foliate into 5,10 methylenetetrahydrofolate. This reaction 

occurs at all times throughout the body. Methotrexate 

inhibition occurs when methotrexate binds to the DHFR 

instead of the folic acid, stopping the conversion.

Piritrexim is a lipid-soluble drug which is as effective an 

inhibitor of dihydrofolate reductase as methotrexate. Phase I 

and II studies have indicated activity in some tumor types. A 

theoretical advantage of piritrexim over methotrexate is a 

lack of any known effects on histamine metabolism, which 

may lower the risk of hypersensitivity reactions. Because 

piritrexim is not a substrate for polyglutamation, the drug is 

not selectively retained within cells for prolonged periods. It 

is a potent inhibitor of DHFR and, like methotrexate and 

trimetrexate, it can inhibit de novo purine biosynthesis
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Cancer is a disease caused by uncontrolled division of 

abnormal cells in various parts of the body. Leukemia is a 

group of cancers that mutant bone marrow and result in high 

numbers of abnormal white blood cells. Leukemia has many 

origins. Its symptoms may include the ability to be easily 

bruised, feeling tired, fever, and an increased risk of 

infections. Leukemia has the highest incidence in Europe 

and North America with a mortality rate of 3.2-7.4% per 

100,000 population. Maria Curie died of leukemia in 1934. 

There are four main types of leukemia — acute 

lymphoblastic leukemia (ALL), acute myeloid leukemia 

(AML), chronic lymphocytic leukemia (CLL) and chronic 

myeloid leukemia (CML).

Janus kinase 2(JAK2) is one of the two proteins (MLP and 

JAK2) that are commonly mutated that result in leukemia. 

Single base pair mutation can transform JAK2 gene, and that 

mutation results in ALL. It is a non-receptor tyrosine kinase 

which is a member of the Janus kinase family. 

Methotrexate (C20H22N8O5) does not exist in any natural 

organism, and it was originally synthesized by Biochemist 

Yellapragada Subbarao in 1947. The drug is a folic acid 

antagonist. It can be used broadly to treat various cancers 

and arthritis. As a drug for the treatment of cancer, 

methotrexate is cheap, but not specific, and will inhibit all cell 

growth pathways that use a specific enzyme.

To treat ALL, methotrexate competes with folic acid for the 

same enzyme, dihydrofolate reductase (DHFR). 

Methotrexate can inhibit the reduction of dihydrofolic acid to 

tetrahydrofolic acid. Tetrahydrofolate is an important 

coenzyme necessary for synthesizing purines and 

pyrimidines used in DNA biosynthesis.  By slowing DNA 

replication, cancer cell proliferation is limited.

Figure 5:Biochemical depiction of Folic acid cycle

Above is the Folic acid cycle of DNA synthesis. Methotrexate 

binds to and inhibits the enzyme dihydrofolate reductase, 

resulting in inhibition of purine nucleotide and thymidylate 

synthesis and, subsequently, inhibition of DNA and RNA 

syntheses


