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ABSTRACT 

On a worldwide scale, cancer has become a more prevalent cause related to mortality and 

morbidity. Enzyme therapies are becoming more widely used in medicine today, 

with numerous advantages in the treatment of diseases. Methionine amino acid plays a 

significant role in tumor cells. Methionine dependency of these cells ultimately results in 

apoptosis due to methionine limitation in tumor cells. Methionine amino acid has the 

potential to be used against several types of cancers. L-methionase is a microbial enzyme that 

has great therapeutic value as a potent anticancer agent against various types of tumor cell 

lines, including breast, lung, colon, kidney, glioblastoma, and neuroblastoma. The 

elimination of methionine is catalyzed by the L-Methionase enzyme, which results in the 

formation of α-ketobutyrate, methanethiol, and ammonia. L-methionine is absent in 

mammalian systems, but it is present intracellularly in bacteria and extracellularly in fungi. 

Methionine restriction can be beneficial in improving the effectiveness of chemotherapy by 

inhibiting the proliferation of tumor cells. Methionine is an essential amino acid that is 

involved in several significant functions in mammalian metabolism, such as the synthesis of 

proteins, the methylation of DNA, and polyamines. Methionine also plays an indispensable 

role in gene activation and inactivation due to methionine limitation in cancer cells. 

Received 15th March 2024; Revised 20th April 2024; Accepted 11th Aug. 2024; Available online 1st June 2025 



Rajpara R And Kumar A*                                                                                                                        Review Article  
 

 
3485 

IJBPAS, June, 2025, 14(6) 

Therapeutic interventions for various cancers have been developed using L-Methionase by 

introducing recombinant proteins to deplete methionine, which is essential for the growth of 

cancer cells. The current focus of clinical trials is on the application of L-methionase and 

methionine restriction in combination with chemotherapeutic regimens. 

Keywords: L-Methionase, Anticancer Enzyme, Enzymes Therapy, Methionine 

Restriction 

INTRODUCTION: 

Cancer is a major health problem and 

continues to lead to death. Despite 

significant advances in cancer treatment, 

there is still a need for more effective and 

safer therapies [1]. The cancer cells 

proliferate abnormally, they require a high 

number of amino acids as nutrients 

because they are the building block for 

protein synthesis. So, without amino acids, 

tumor cells fail to function because 

proteins cannot synthesize. According to 

this concept, recent research has targeted 

amino acid metabolic enzymes that 

deregulated specific amino acid 

metabolism that is essential for cancer cell 

proliferation [2]. 

Enzyme therapies are becoming more 

prevalent in medicine today, with many 

advantages in disease treatment. Enzymes 

have two significant features First; 

enzymes frequently bind and act on their 

targeted site with high affinity and 

specificity. Second, Enzymes are catalytic 

and convert numerous target molecules to 

the desired product. Enzymes are highly 

specialized and effective drugs that can 

change the body's biochemistry for the 

better than smaller molecules [3]. 

Enzymes have emerged as a promising 

therapeutic agent for a variety of illnesses, 

from metabolic deficiencies, such as 

fibrosis, joint problems, cancer, and 

cardiovascular diseases. There are 4 types 

of enzymes used in cancer treatment. 1] 

Arginase 2] Asparaginase 3] Glutaminase 

and 4] Methionase. Arginine-degrading 

enzymes consist of three main types of 

proteins: arginine. arginine deiminase, 

arginase, and arginine decarboxylase 

which exist in archaea, bacteria, and 

eukaryotes [4]. L-asparaginase is an 

important chemotherapeutic agent for 

acute lymphoblastic leukemia and other 

hematopoietic malignancies. L-

asparaginase is an enzyme found in 

bacteria, fungi, yeast, actinomycetes, 

algae, and plants [5]. L-glutaminase is 

used as an effective agent in the cure of 

acute lymphocytic leukemia and HIV. L-

glutaminase activity is found in abundance 

in the tissues of animals, plants, and 

microbes like bacteria, fungi, and 

actinomycetes. Microbial L-glutaminase 

has received greater attention for its 
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potential biotechnological applications in 

large-scale production [6]. 

L- Methionase 

L-Methionase is also known as 

methionine-γ-lyase, methionine lyase, 

methionine demethylase, and L-

methionase. L-methionase belongs to the 

family of pyridoxal L-phosphate (PLP) 

dependent enzymes, and catalysis the α-γ 

elimination of L-methionine, converting 

into α-ketobutyrate, methanethiol, and 

ammonia. L-methionine is an essential 

Sulphur-containing amino acid for humans 

[7]. L-methionase is a microbial enzyme 

with high therapeutic value as a potent 

anticancer agent against various types of 

tumor cell lines like breast, lung, colon, 

kidney, glioblastoma, and neuroblastoma. 

Besides protein synthesis, methionine acts 

as a precursor for glutathione, polyamines, 

and S-adenosyl methionine (SAM). 

Glutathione plays a significant role in 

cellular antioxidant mechanisms, while 

polyamines are required for nucleotide 

biosynthesis and cell division. SAM is 

required for the methylation of DNA, 

RNA, and proteins. L-Methionase enzyme 

ranging from 149 to 173 kDa is composed 

of four subunits, each of which has a 

molecular weight of 41 to 45 kDa [8].  

L-methionine, an essential amino acid, is 

required for the survival and proliferation 

of human cancer cell lines and malignant 

tumors. Lack of methionine in the 

bloodstream arrests the carcinoma cells at 

the S-G2 phase of the cell cycle resulting 

in cell death [9]. L-Methionase is absent in 

mammalian systems and intracellularly 

present in bacteria and extracellularly in 

fungi [10]. L-methionase is recognized as 

an antibacterial, antiprotozoal, antifungal, 

and antioxidant agent [11]. L-methionase 

has a significant therapeutic value because 

it has shown effective results as an 

anticancer agent both in vitro and in vivo. 

In vitro studies have demonstrated that L-

Methionase selectivity depletes L-

methionine in cancer cells, leading to 

inhibition of protein synthesis and 

induction of apoptosis. In vivo, studies 

have also demonstrated the antitumor 

activity of L-Methionase inhibits the 

growth of breast cancer xenografts in mice 

[12]. 

Now, recombinant Methionase (rMETase) 

from Pseudomonas putida was found to 

process favorable kinetic properties and 

was more stable [13], [14]. Recombinant 

Methionase has shown promising results 

in combinational therapies against cancer 

cells, where it is used with 5-fluorouracil 

and 1,3-bis (2-chloroethyl)-1-nitrosourea 

(BCNU) have displayed significant 

activity in mouse models of colon cancer, 

lung cancer, and brain cancer [15]. It leads 

to the activation of prodrug 

selenomethionine, leading to its 

conversion from non-toxic to toxic 
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methylselenol, resulting in anti-tumor 

properties due to superoxide synthesis by 

thiol oxidation [16]. Further examination 

explored the pharmacokinetics properties 

of PEGylated L-Methionase by Lessening 

its antigenic properties, extending its half-

life time, and reducing the 

hyperammonemia with maximum 

therapeutic efficacy [17]. 

MICROBIAL SOURCES OF L-

METHIONINE 

The presence of L-Methionase has been 

reported in several organisms including 

plants, bacteria, fungi, actinomycetes, and 

protozoa except for humans. Even though 

L-Methionase exists in several plants and 

protozoa groups, due to tiresome 

extraction processes, other feasible sources 

such as bacteria and fungi were 

successfully explored by researchers 

(Table 1).  

Bacteria 

L-methionase produces intracellular 

enzymes in most bacterial species. Both 

gram-positive and Gram-negative bacterial 

species have been reported to produce L-

Methionase. Some of these are anaerobic 

Porphyromonas gingivalis [16] and 

Treponema denticola [17], in eukaryotic 

pathogens such as Entamoeba histolytica 

[18], furthermore, the bacteria 

Pseudomonas putida [9], Aeromonas sp 

[19], Citrobacter freundii [15] and 

Lactococcus lactis; Clostridium 

sporogenes [19] Brevibacterium lines [20], 

Triichomonas vaginalis [21], Bacillus 

haynesii [22] and Hafnia alvei [23]. 

B. lines which are a normal flora present in 

a way of curd are a rich source of L-

Methionase [24]. Since L-Methionase was 

discovered in E. coli, this enzyme has been 

found in various bacteria and it's 

considered a key enzyme in the bacterium 

metabolism of L-methionine [25]. 

Bacterium hafnia alvei bacteria from blue 

cheese to find bacterial strain secreting L-

Methionase enzyme. Currently, low 

therapeutic efficiency and high levels of 

toxicity are caused by a few bacterial 

Methionase which increase the demand for 

new bacterial L-Methionase producers, 

with lesser side effects and more 

efficiency.  

Fungi and yeast 

Fungi are another potential source of L-

Methionase along with bacteria. Several 

adverse side effects linked with bacterial 

L-Methionase often restrain their 

application. This obstruction demands a 

search for L-Methionase from novel 

sources. Fungi seem to be effective 

eukaryotes for enzyme production not only 

from the pharmacokinetics point of view 

but also from the cost of fermentation 

conditions. Moreover, the fungal enzyme 

possesses a lower immunogenic reaction 

during tumor therapy, which may be 

related to the structural competence of the 
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human immune system.  L-methionase 

produce Extracellular an enzymes in 

fungal species.  

Several studies were reported on the 

production and optimization of L-

Methionase enzyme were investigated by 

using several agro-industrial residues by 

Aspergillus flavipes using solid-state 

fermentation [26], [27]. Fungi such as a 

Trichoderma harzianum [28] and 

Penicillium notatum. Some studies were 

reported on the partial characterization of 

L-Methionase from fungi including 

Aspergillus sp; Penicillium sp and 

Humicola fuscoatra. L-Methionase in the 

culture of yeast such as Geotrichum 

candidum [29], [30], Debaromyces 

hansenii, and Saccharomyces cerevisiae. 

L-Methionase activity was quantitatively 

screened on a large number of isolated 

yeasts from various sources, including 

Egyptian soil, marine soil, marine water, 

and cheese products were quantitatively 

screened for L-Methionase activity.  

Protozoa 

In contrast to other organisms possessing 

L-Methionase, anaerobic parasitic protists, 

namely Entamoeba histolytica and 

trichomonas vaginalis a pair of L-

Methionase isoenzymes such as MGL 1 

and MGL 2 [18]. 

L-METHIONASE MECHANISM OF 

ACTION 

The mechanism of action of L-Methionase 

involves several steps. First, L-Methionase 

catalyzes the hydrolysis of L-methionine, 

producing L-homocysteine and 

methylthioadenosine (MTA) [31]. 

L-homocysteine can be further 

metabolized into cysteine, which is 

another important amino acid required for 

cell growth. MTA is a potent inhibitor of 

S-adenosylmethionine (SAM), which is 

required for DNA methylation, a process 

that regulates gene expression. By 

inhibiting DNA methylation, MTA can 

lead to the activation of tumor suppressor 

genes and the inhibition of oncogenes, 

which can contribute to the anti-cancer 

effect of L-Methionase [32]. Furthermore, 

the depletion of L-methionine by L-

methionase can also cause cancer cells to 

undergo programmed cell death or 

apoptosis [33]. 

Overall, the mechanism of action of L-

methionase involves the depletion of L-

methionine, (Figure 1) the production of 

L-homocysteine and cysteine, and the 

inhibition of DNA methylation through the 

production of MTA these effects can lead 

to the inhibition of cancer cell growth and 

the induction of apoptosis, making L-

Methionase a promising therapeutic agent 

for the treatment of cancer [34]. 

METHIONINE RESTRICTION AND 

CANCER 

Methionine 
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L-methionine is an essential amino acid 

that is important for various biochemical 

processes in the body. Cancer cells have a 

higher demand for L-methionine than 

normal cells and L-methionine 

supplementation could promote cancer cell 

growth. However, other studies have 

shown that L-methionine supplementation 

may have an anticancer effect by 

inhibiting cancer cell growth and inducing 

apoptosis [35].  

Methionine also plays a central role in the 

metabolism of all macromolecules control 

of gene expression, cytoprotection, and 

membrane integrity. Normal cells can 

grow on homocysteine, instead of 

methionine, due to their active methionine 

synthase. Hence, lowering plasma and 

cellular methionine levels with L-

Methionase appears to be a promising 

therapeutic strategy for treating cancer. In 

terms of therapeutics, an effective enzyme 

should have little effect on normal cells 

and a low km value for methionine and 

activity toward homocysteine [36]. 

Methionine Restriction (MR) 

Methionine is an essential amino acid, and 

as such it must be included in the diet. 

Despite the consumption of methionine 

being essential for survival, studies have 

shown that limiting methionine in the diet 

of animal or cell culture media provides 

metabolic benefits such as decreasing 

adiposity, increasing insulin sensitivity, 

decreasing inflammation and oxidative 

stress, and extending lifespan [37]. Rats 

fed a diet with 80% less methionine lived 

40% longer than rats fed a control diet. 

Dietary methionine restriction was also 

effective at extending lifespan in mice 

[38]. Methionine restriction has been 

shown to improve lifespan through a 

variety of processes, including a decrease 

in oxidative stress and inflammation, a 

change in autophagy, and an increase in 

hormones that protect against heart disease 

[39]. Another mechanism by which MR 

may extend lifespan is by providing a 

reduction in cancer incidence and an 

overall reduction in cancer mortality [40]. 

The ability of MR to improve insulin 

sensitivity and reduce adiposity may be 

directly related to its anticancer potential 

as several types of cancers are closely 

linked to obesity and insulin resistance and 

the anticancer effect on MR may be 

secondary to its ability to reduce adiposity 

and increase insulin sensitivity [41]. 

Methionine Restriction in Cancer 

Cancer cells have a higher demand for and 

are often starved of nutrients and oxygen 

which are needed in abundance for rapid 

growth. L-methionine plays an essential 

role in the methylation of DNA, polyamine 

synthesis, and mammalian protein 

synthesis [42]. Methionine also plays a 

central role in the metabolism of all 

macromolecules and controls gene 
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expression, cytoprotection, and membrane 

integrity. Methionine restriction is a 

principal approach in the metabolic control 

of cancers and exhibits methionine 

dependence for survival and proliferation. 

Methionine restriction has a significant 

positive impact on fruit fly lifespan 

extension. Therefore, methionine 

disintegration with L-Methionase is found 

to be an important strategy for the control 

of certain ailments. So, in the presence of 

L-Methionase malignant cells are deprived 

of vital growth factors that result in the 

exhaustion of methionine, and eventually, 

the tumor cell dies off [43-46]. 

Even though Methionine is an essential 

amino acid, it can be substituted with 

homocysteine, which is transformed into 

methionine in a reaction catalyzed by 

methionine synthase. That utilizes 

cobalamine and 5-methyl tetrahydro-folic 

acid as cofactors [47]. This enzyme 

supports normal cells to grow on nutrients 

supplemented with homocysteine, folic 

acid, and cobalamin (B12) with the lack of 

methionine. Supplementation of 

homocysteine in the place of methionine 

or disintegration of methionine with 

Methionase in methionine-dependent 

tumor cells growing exponentially in 

culture results in cell cycle arrest, strict 

inhibition of mitosis, and eventual death 

(Mazzucchelli et al., 2013; Meyskens et 

al., 2014; Sinha et al., 2014). Methionine 

deprivation affects tumor cells with the 

propensity to divide and cause them to 

arrest predominantly in the last S/G2 phase 

and are susceptible to spontaneous death. 

A variety of tumors including Lewis lung 

carcinoma, several human colon cancer 

lines, and glioblastoma have shown 

controlled growth by L-Methionase [51], 

[52], [53], [54] (Table 2 and 3). 

L-METHIONASE USE IN VARIOUS 

CANCER 

Methionine Restriction and Breast 

Cancer 

The second most prevalent type of cancer 

diagnosed in women is breast cancer. 

Breast cancer cells are hormone receptor-

positive if they express either of the 

estrogen and progesterone receptors and 

are considered HER-2-positive if the 

breast cancer cells overexpress the protein, 

HER-2 9 human epidermal growth factor 

receptor 2) TNBC makes up about 16% of 

all breast cancer diagnoses. Few studies 

have examined the efficacy of MR in 

breast cancer models [55-57]. 

TNBC has fewer treatment options than 

forms of breast cancer due to the lack of 

response to hormone therapy and drugs 

that target HER-2. MR may provide an 

easy to enhance the efficacy of potential 

treatment options for TNBC. Tumor 

necrosis factor (TNF) related apoptosis-

inducing ligand (TRAIL) receptors are an 

exciting possibility for cancer treatment 
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due to their ability to induce apoptosis in 

cancer cells while having little on normal 

cells [58], [59]. Despite their efficacy in 

preclinical studies, TRAIL receptors have 

not been successful in human clinical 

trials. Methionine deficiency increases 

TRAIL-R2 expression in TNBC cells but 

not in healthy breast epithelial cells. 

Further, a methionine-free diet suppresses 

breast cancer growth and enhances the 

efficacy of the TRAIL-receptor-2 

monoclonal antibody in inhibiting breast 

cancer growth in mice. Recent studies 

have been undertaken to determine if 

blocking the ability of MR to activate the 

integrated stress response will enhance its 

efficacy in treating TNBC.MR has been 

shown to activate two kinases 

nonderepressible 2 (GCN2) and protein 

kinase R like endoplasmic reticulum 

kinase blocking and enhancing the efficacy 

of methionine restriction nutrients in 

TNBC [60- 63]. 

Methionine Restriction and Colorectal 

Cancer 

The fourth most common cause of cancer-

related death in the United States is 

colorectal cancer. The relationship 

between methionine restriction and 

colorectal cancer has been established in 

tumor prevention and treatment in animal 

and cell culture models [64]. A recent 

study evaluated the effect of MR on two 

patient-derived xenograft models of 

colorectal cancer. Methionine restriction 

(86% methionine-restricted diet) was 

initiated either two weeks before 

inoculation to determine the effects of MR 

on cancer prevention, or when the tumor 

became capable to test the treatment effect 

of MR. Importantly, MR also enhances the 

efficacy of 5-fluorouracil, a 

chemotherapeutic drug with great efficacy 

against colorectal cancer in the PDX 

model [65-66]. 

Methionine Restriction and Prostate 

Cancer  

Prostate cancer is the second leading cause 

of cancer death among adult men in the 

US and current treatment options include 

hormonal therapy to decrease testosterone 

levels, radiation therapy, or surgical 

procedures. While there are options 

available for prostate cancer, there are no 

known interventions to prevent the 

development of cancer [5], [67-69]. Using 

a well-characterized mouse model for 

prostate cancer, it was shown that dietary 

MR inhibits prostate cancer development 

especially in the anterior and dorsal lobes 

of the prostate, where are most severe 

lesions are found. While the mechanism by 

which MR inhibits prostate cancer cell 

proliferation, inhibiting the insulin/GF-1 

axis, or reducing polyamine synthesis. The 

cells of the prostate produce high levels of 

polyamines and inhibition of polyamine 
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synthesis is effective at suppressing tumor 

growth in prostate cancer [70]. 

Thymidylate synthase is another enzyme 

that MR can target in prostate cancer cells. 

Thymidylate synthase is the enzyme that 

catalyzes the methylation of deoxy uridylic 

acid during nucleotide biosynthesis and 

thus an important target for cancer 

treatment. The chemotherapy drug 5-

fluorouracil inhibits TS activity by 

disrupting the action of TS, causing DNA 

and RNA damage, making 5-fluorouracil 

an effective and commonly used cancer 

treatment [71]. However, 5-fluorouracil 

has been reported to increase TS protein 

expression, resulting in 5-fluorouracil drug 

resistance. Several studies have shown that 

MR and 5-fluorouracil have synergistic 

anti-cancer effects. MR selectively reduces 

TS activity in prostate cancer cells by 80% 

within 48 h but does not affect TS activity 

in normal epithelial cells. Importantly, MR 

also reduces TS protein expression, 

potentially explaining the synergy between 

MR and 5-fluorouracil [72].  

FUTURE PROSPECTS 

The unique catalytic reaction of L-

Methionase and its limited distribution in 

pathogens but not in humans make this 

enzyme a promising target for designing 

novel chemotherapeutics agents. Tumor 

cells show enhanced methionine 

dependence in comparison to normal cells. 

The greater requirement of methionine by 

rapidly growing tumor cells supports high 

protein synthesis and regulation of DNA 

expression yet it can be exploited by the 

use of Methionase-based therapy to rapidly 

deplete the cancerous cells. Thus, the 

restriction of methionine is an important 

strategy in cancer growth control 

particularly in malignant cells that exhibit 

dependence on methionine for their 

survival and proliferation. Currently, 

selenomethionine is also used as a prodrug 

in cancer therapy along with the enzyme 

L-Methionase that converts prodrug into 

active toxic chemicals that cause the death 

of cancerous cells.  More recently, a fusion 

protein consisting of L-Methionase linked 

to annexin-V has been used in cancer 

therapy. The fusion proteins have 

advantages in that they have specificity 

only for cancer cells and do not harm 

normal cells.  

CONCLUSION 

In conclusion, Microbial L-Methionase is 

a promising enzyme for the treatment of 

various cancers. This enzyme has been 

shown to have potent anti-cancer 

properties both in vivo and in vitro. 

Additionally, microbial L-Methionase has 

been found to have minimal toxicity and 

few side effects making it an attractive 

treatment option for cancer patients. While 

future research is needed to fully 

understand the potential of this enzyme in 

cancer therapy, the available evidence 
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suggests that microbial L-Methionase 

could be a valuable addition to a weapon 

of anti-cancer treatment. 
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Figure 1:  Mechanism of Action of L-Methionase Enzyme
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Table 1: Microbial Sources of L-Methionase 

 

            Sources Microbial Species References 
Bacteria Aeromonas sp (Strekalova et al., 2019) 

 Arthrobacter sp (Jonsson et al., 2019) 
 Bacillus subtilis (Jambulingam & Sudhakar, 2019; Saengkerdsub, 

2012) 
 Brevibacterium linens (Amarita et al., 2004) 
 Citrobacter freundii (Kahraman et al., 2011) 
 C.intuemedius (Faleev et al., 1996) 
 Clostridium sp (Kulikova et al., 2017; Pokrovsky et al., 2018) 
 Bacillus hynesii (Kotramada Bopaiah et al., 2020) 
 Bacillus cereus (Dike & Ekwealor, 2012) 
 Klebsiella aerogenes (Seiflein & Lawrence, 2001) 
 Pseudomonas putida (A. S. A. El-Sayed et al., 2017; Inagaki, n.d.) 
 Pseudomonas suturzi (abozeid, 2023) 
 Yarrwia lipolytica (Bondar et al., 2005) 

Fungi Aspergillus flavipes (El-Sayed, 2009) 
 Aspergillus fumigatus (Hendy et al., 2023) 
 Aspergillus carneus (Kebeish & El- Sayed, 2012) 
 Trichoderma harzinum (Salim et al., 2019, 2020) 
 Candida tropicalis (Selim et al., 2015) 
 Aspergillus ustus (Abu-Tahon & Isaac, 2016) 
 F.solani (Kubota et al., 2022) 
 Geotricum candidum (Bonnarme et al., 2001) 

Protozoa Entamoeba histolytica (Tokoro et al., 2003) 
 Treponema denticola (Fukamachi et al., 2005) 

Table 2: Methionine Restriction and Cancer in Cell Culture 
Cancer Model Effect of Methionine Restriction References 

Lymphatic leukemia, human monocytic 
leukemia, rat liver epithelial cell, rat 

liver fibroblasts, human breast 
fibroblasts, human prostate fibroblasts 

Normal cells can grow methionine-depleted 
homocysteine-supplemented media, while 

cancer cells can't survive. 

(Halpern et al., 1974) 

Human prostate cancer cell line, 
primary prostate epithelial cell 

 

MR synergistically enhances the anti-tumor 
effect of 5-FU by depletion of reduced 

folates, selective inhibition of thymidylate 
synthase, and creation of an imbalanced 

nucleotide pool. 

(Lu et al., 2003) 

Human prostate cancer cell line MR in PC3 cells reduces mitochondrial 
membrane potential and induces caspase-

dependent and independent apoptosis. 

(Mazzucchelli et al., 2013) 

Human prostate cancer cell line MR led to an accumulation of the cyclin-
dependent kinase inhibitors p21 and p27. 

(Lu & Epner, 2000) 

Human prostate cancer cell line, human 
cervical carcinoma cell line 

MR induces apoptosis of prostate cancer 
cells via the N terminal kinase-mediated 

signaling pathway. 

 
(Wallis et al., 2020) 

Human TNBC cell line Methionine deprivation increases the 
sensitivity to potential cancer drugs in 

TNBC cancer cells by enhancing TRAIL 
receptor-2 expression. 

(Lu et al., 2002) 

Human TNBC cell line and a mouse 
model of TNBC 

Methionine deprivation inhibited the 
migration and invasion of cancer cells. In 
addition, methionine deprivation reduced 
the activation of FAK and expression of 

MMP-2 and MMP-9. 

(Jonsson et al., 2019) 

Human TNBC cell line and mouse 
fibroblasts 

MR inhibited growth and induced apoptosis 
in TNBC cells in a GCN2 and PERK-

independent mechanism. 

(Strekalova et al., 2015b) 
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Table 3: Methionine Restriction and Cancer in Animal Model 
Cancel model Effect of Methionine Restriction References 

Human gastric cancer xenograft in 
nude mice 

Methionine depletion increased the 5-FU 
antitumor activity by modulating intra-tumoral 

folate metabolism. 

(Takakura et al., 2006) 

Rat with Yoshida sarcoma Methionine deprivation inhibits tumor growth 
and metastasis with administration of 5-FU. 

(Goseki et al., 1991) 

Mice injected with human pre-
malignant breast epithelial cell line 

Methionine restriction inhibits the growth of 
breast tumors by increasing cell cycle inhibitors 

in nude mice. 

 

F344 rat treated with azoxymethane to 
induce colon cancer 

Methionine restriction inhibits colonic tumor 
development during the post-initiation phase of 

carcinogenesis partially due to proliferation 
inhibition. 

(Komninou et al., 2006) 

Transgenic Adenocarcinoma of the 
mouse prostate 

Methionine restriction inhibits prostatic 
intraepithelial neoplasia in TRAMP mice. 

(Hens et al., 2016) 


