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Abstract
Background: Low dose methotrexate toxicity rarely occurs, but may present with severe complications, such as
pancytopenia, hepatotoxicity, mucositis, and pneumonitis. Known risk factors for methotrexate toxicity include
dosing errors, metabolic syndrome, hypoalbuminemia, renal dysfunction, lack of folate supplementation, and the
concomitant use of drugs that interfere with methotrexate metabolism. Vitamin B12 deficiency leads to
megaloblastic anemia and may cause pancytopenia, but its role in methotrexate toxicity has not been described.
Case presentation: We present a case of a patient with rheumatoid arthritis who was admitted with febrile
neutropenia, pancytopenia, and severe mucositis, likely secondary to low dose methotrexate toxicity. She had
multiple factors that potentially contributed to the development of toxicity, including concurrent sulfasalazine use
for rheumatoid arthritis. An evaluation of the patient’s macrocytic anemia revealed pernicious anemia. The patient’s
illness resolved with cessation of methotrexate and sulfasalazine, leucovorin treatment and vitamin B12 repletion.
Conclusions: This case illustrates the multiple factors that may potentially contribute to low dose methotrexate
toxicity and highlights the importance of testing for vitamin B12 deficiency in rheumatoid arthritis patients with
macrocytic anemia. Addressing all the modifiable factors that potentially contribute to low dose methotrexate
toxicity may improve outcomes.
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Background
Methotrexate (MTX), a folate antagonist, is one of the
disease-modifying antirheumatic drugs (DMARD) commonly used in low doses (ranging from 10 to 25 mg
weekly) to treat rheumatoid arthritis (RA) and other
immune-mediated chronic inflammatory diseases. MTX
is generally well tolerated, cost-effective, and highly efficacious at inducing and maintaining remission [1]. However, use-limiting toxicity may occur, more commonly
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with high doses than with chronic low doses [2, 3].
MTX is typically administered in conjunction with folic
acid to decrease the risk of toxicity which can manifest
as hematologic, hepatic, pulmonary, infectious, and mucocutaneous adverse effects [4, 5]. Until recently, the
rate of adverse effects with low dose MTX had not been
precisely determined due to limited data mainly derived
from observational studies, case series and case-reports
[6, 7]. A recent randomized, double-blind, placebocontrolled trial of low dose MTX in patients without
known systemic rheumatic diseases showed that low
dose MTX was associated with small to moderate risks
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of adverse events over a median follow-up of 23 months.
The hazard ratio for all adverse events in patients on
low dose MTX compared to placebo was 1.17 (95% CI
1.10–1.25) [8].
The antineoplastic effect of high dose MTX results from
its interference with folate metabolism. Cancer cells require large amounts of reduced folate to maintain purine
and pyrimidine synthesis. Methotrexate competitively inhibits dihydrofolate reductase (DHFR), thereby depleting
reduced folates. This leads to a cessation of DNA synthesis and cell cycle arrest in the S phase with eventual cell
apoptosis. Very high levels of MTX are necessary to
achieve this competitive inhibition of DHFR. The exact
mechanism of action of low dose MTX remains incompletely elucidated. Interference with folate-dependent purine and pyrimidine synthesis seems unlikely as the major
mechanism of action since administration of folic acid
does not result in the loss of clinical effects. Mechanisms
proposed to explain the effects of MTX in RA include antagonism of folate-dependent processes, stimulation of adenosine signaling, inhibition of methyl-donor production,
generation of reactive oxygen species, downregulation of
adhesion-molecule expression, modification of cytokine
profiles, and downregulation of eicosanoids and matrix
metalloproteinases [9].
We report a case of a patient presenting with pancytopenia and severe mucositis as signs of low dose MTX
toxicity. She had multiple possible contributing factors
for developing toxicity. We present it to raise awareness
of the rare, but potentially severe toxicity from low dose
MTX and to outline the risk factors for severe toxicity.
This case highlights the complexity of teasing out the
true cause of low dose MTX toxicity in complicated patients and addresses the potential contribution of vitamin B12 deficiency to its presentation.

Case presentation
A 66-year-old African American female presented
complaining of five days of difficulty swallowing,
swelling of the back of her tongue, painful bloody
oral white plaques, and cough productive of bloodstreaked sputum. Associated symptoms included
chills and the onset of right hand swelling and pain
of the right knee.
Her past medical history included rheumatoid arthritis, obesity, type 2 diabetes mellitus, crystal-proven
gout, vitamin D deficiency, stage III chronic kidney disease, macrocytic anemia, hypertension, and two episodes
of tonsillitis treated with antibiotics in the last two years.
She had been diagnosed with RA (ANA+, RF+, CCP-)
two years earlier and treated with renally dosed MTX
(10 mg) weekly and daily folic acid supplementation with
a 1 mg dose. Sulfasalazine 500 mg every 12 h had been
added four months prior to presentation to improve
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disease control. The patient reported taking her last dose
of MTX two weeks prior to presentation—she had been
advised by a pharmacist to hold MTX when she began a
course of amoxicillin clavulanate for a toenail infection.
Other medications included metformin, glipizide, hydrochlorothiazide, carvedilol, amlodipine, clonidine, hydralazine, allopurinol, and vitamin D. She denied smoking,
alcohol use, or use of recreational drugs.
On physical exam she had a temperature of 38 °C
(100.4 °F), a heart rate of 124 beats per minute, and relative hypotension with a blood pressure of 101/77 mmHg.
Physical exam revealed dry mucous membranes, severe
mucositis, oral candidiasis, active synovitis of the right
wrist, and right knee tenderness. She was awake, fully
oriented, and had no neurological symptoms.
Laboratory work-up showed pancytopenia, macrocytosis, acute kidney injury, a high serum folate level of 20
ng/ml and a vitamin B12 level of 127 pg/mL (Table 1).
Right knee arthrocentesis revealed urate crystals. On admission, medication toxicity was suspected, and methotrexate, allopurinol, sulfasalazine, and metformin were
held, while folic acid and vitamin D were continued. She
was treated with fluids and broad-spectrum antibiotics
for tonsillitis due to febrile neutropenia. Prednisone
treatment for a gout flare was initiated. During this
hospitalization she was additionally diagnosed with pernicious anemia (positive intrinsic factor antibody and
negative parietal cell antibody) and received vitamin B12
injections (1000 μg daily for a week) for repletion.
Throughout the patient’s hospital course, no fevers
recurred. Blood and synovial fluid cultures were sterile. No focus of infection was identified other than
oral candidiasis, which was treated with fluconazole
for 7 days. Broad spectrum antibiotics were discontinued. By day 4, mucositis began to improve to the
point that the patient could tolerate a liquid diet.
Pancytopenia persisted, however, with a platelet nadir
of 49,000/uL, and leucovorin (10 mg every 6 h) was
added to her regimen on day 6. By day 7, significant
improvement in mucositis had occurred, pancytopenia
was resolving, and she was discharged home with leucovorin, weekly B12 injections, prednisone, insulin
and antihypertensives. Four days post-discharge, the
WBC count was 13,900 cells/uL, the platelet count
was 688, 000/uL (Table 1), and the patient had resolution of all her symptoms. Subsequently, prednisone
was discontinued and etanercept was started after a
negative purified protein derivative (PPD) skin test.
No complications occurred during ten months of
follow-up. The macrocytosis persisted with an MCV
of 105, likely due to inadequate vitamin B12 replacement, as a recent vitamin B12 level was only 248 pg/
ml. In follow-up, the patient reported satisfaction with
her new treatment and denied adverse effects.
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Table 1 Baseline and trend of the patient’s laboratory work-up
Baseline

Day 1

Day 4

Day 7

Day 13

2 months follow-up

8 months follow-up

Reference range and units

WBC

5140

1450

1920

2260

13,990

10,320

7650

3500–10,500 (cells/ul)

Absolute neutrophils

2990

420

840

990

6440

7970

5550

1700–7000 cells/ul

RBC count

2760

2700

2910

3090

2810

2980

3720

3900–5030 cells/ul

Hemoglobin

9.7

9.4

9.9

10.2

8.9

9.7

11.3

12–15.5 g/dl

MCV

105

104

104

102

110

109

105

82–98 fl

Platelets

161

82

49

311

688

150

156

150–450 units/ul

Creatinine

1.17

1.65

1.06

1.01

1.09

1.58

0.5–0.9 (mg/dl)

BUN

21

65

21

22

16

33

8–23 (mg/dl)

GFR

56

61

39

37

63

67

Reticulocyte count

0.36

2.41

4.44

ml/min/1.73 m2

Serum folate

20

5–24 (ng/ml)

Vitamin B12

127

180–914 (pg/ml)

Vitamin D,25-OH

7

30–100 (ng/ml)

LDH

426

140–271 IU/l

0.6–1.8%

Methylentetrahydrofolate reductase genetic test: Negative for the variants C677T and A1298C

Discussion and conclusions
The most common side effects of low dose MTX include
fatigue, nausea, abdominal discomfort, diarrhea, stomatitis, and rash, which are usually reported in the ambulatory setting [3]. Folic or folinic acid supplementation is
linked to lower rates of hepatotoxicity, gastrointestinal
toxicity, and possibly to lower rates of mucosal adverse effects [1, 3, 5]. Rarely, low dose MTX may provoke severe
complications such as hepatotoxicity, severe mucositis,
neurotoxicity,
and
myelosuppression,
requiring
hospitalization [1, 3, 7]. Pancytopenia and oral mucositis
were the most common findings in two recent studies of
hospitalized patients with low dose MTX toxicity [2, 10].
MTX levels do not correlate with the clinical manifestations in low dose MTX toxicity cases [2, 10].
Reported factors increasing low dose MTX toxicity risk
include acute kidney injury, drug interactions, use of other
DMARDs, dosing errors, hypoalbuminemia, alcohol use,
lack of folate supplementation, and obesity [1–3]. Potential contributory factors to low dose MTX toxicity identified in our patient were illiteracy, concomitant use of
sulfasalazine, amoxicillin clavulanate and allopurinol,
obesity, acute kidney injury, and Vitamin B12 deficiency.
Dosing errors leading to low dose MTX toxicity occurred commonly in studies of hospitalized patients [2,
10]. Physicians must strive to educate patients thoroughly
regarding the weekly dosing of MTX and differentiate this
from the daily folate dose [10]. Though illiterate, our patient reported the dose and interval of MTX, knew not to
increase the dose in case of a flare, and used a pill box
filled by a medical assistant. Hence, a dosing error appeared unlikely as a causal factor in this case.
Sorting out the contribution of comorbidities and drug
interactions to low dose MTX toxicity becomes a confusing

enterprise, particularly in older complex patients. According to older literature from the 1990s and early 2000s, specific comorbidities may predispose to particular types of
adverse effects (reviewed by Sparks et al. 2017) [8]. Obesity,
metabolic syndrome, diabetes, hypercholesterolemia, liver
disease, alcohol abuse, and lack of folate supplementation
have been associated with the risk of transaminitis [4, 5,
11]. The development of pancytopenia has been associated
with low RBC folate, elevated mean corpuscular volume
(MCV) due to folate depletion, impaired renal function, hypoalbuminemia, and infection [4, 5, 11]. Our patient presented with an MCV of 105 which we initially attributed to
MTX itself, but she turned out to have another possible
cause of macrocytosis-- pernicious anemia. Stopping the
offending MTX likely led to the resolution of pancytopenia,
as did the eventual addition of leucovorin, perhaps, but the
vitamin B12 repletion may have improved matters as well.
Concurrently, we had stopped SSZ and allopurinol therapy,
as they also may cause cytopenias. The exact cure of pancytopenia, in this case, remains somewhat obscure.
The patient presented with acute kidney injury superimposed on chronic kidney disease. Kidney injury may
have been a result of MTX toxicity, from volume depletion related to mucositis, but also may have been a
cause, by raising MTX levels, as MTX is renally excreted. Allopurinol may have contributed to renal injury,
thereby causing decreased clearance of MTX and increased toxicity which has been reported more frequently in the setting of high dose MTX and tumor lysis
syndrome [12]. Decreased renal function has been associated with an increased risk of severe toxicity and with
higher overall side effects [10, 13].
Many commonly used drugs, such as aspirin, nonsteroidal anti-inflammatories (NSAIDS), proton pump
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inhibitors, penicillins, and trimethoprim sulfamethoxazole, interact with MTX and its levels by decreasing
renal clearance [10, 14]. Our patient had recently completed a course of amoxicillin clavulanate which likely
did causally contribute to the MTX toxicity.
Combination of MTX with a second DMARD may improve disease control but increase the risk of toxicity. A
superior efficacy to toxicity ratio has been observed
when combining MTX with sulfasalazine or hydroxychloroquine rather than azathioprine or cyclosporine
[15]. SSZ was added to the patient’s regimen four
months earlier. In vitro studies have demonstrated that
SSZ is a non-competitive inhibitor of the reduced folate
carrier which allows folate and MTX transport across
the cell membrane, and therefore, hypothetically, could
reduce MTX effectiveness or cause a lack of synergistic
effects [16]. However, in vivo clinical trials have shown
greater effectiveness of the MTX-SSZ combination than
either of the drugs alone [17]. Case reports of severe
pancytopenia associated with long-term SSZ use for inflammatory bowel disease noted severe folate deficiency
in these patients. Our patient received a much lower
dose of SSZ for a much shorter period and displayed an
elevated serum folate level on admission. The high
serum folate level in our patient suggests that SSZ was
not the culprit of her pancytopenia [18, 19]. Red blood
cell folate was not measured in our patient. However,
there is no accurate evidence regarding the reliability of
red blood cell folate compared to serum folate in patients on the combination of SSZ-MTX. Homocysteine,
also not measured in our patient, would likely have been
elevated due to concomitant vitamin B12 deficiency.
Haagsma et al. randomized early RA patients to SSZ,
MTX, or a SSZ-MTX combination and studied plasma
homocysteine levels to measure the influence of each
therapy on folate related cellular metabolism. They observed a persistent increase in homocysteine concentration in patients treated with MTX alone or the SSZMTX combination, in contrast to SSZ alone. They concluded that SSZ is not an efficient folate antagonist
in vivo [20]. It remains possible, though less likely, that
SSZ contributed to the pancytopenia in our patient via
an idiosyncratic reaction.
No clear association exists between pernicious anemia
and rheumatoid arthritis in the medical literature though
RA has been associated with other autoimmune conditions. Anemic patients with rheumatoid arthritis most
commonly exhibit anemia of chronic disease or iron deficiency anemia [21]. In a small but extensive study, vitamin B12 deficiency was discovered in 29% of RA
patients but Schilling tests were normal in 80% [21]. Our
patient had macrocytic indices which had developed
during MTX treatment as often occurs due to impaired
nucleic acid metabolism. Once vitamin B12 deficiency
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was confirmed in our patient, we suspected metformin
as a culprit for the vitamin B12 deficiency, but ultimately
the patient was found to have intrinsic factor antibodies,
a specific finding of pernicious anemia [22]. Macrocytic
anemia or macrocytosis without anemia should not simply be attributed to DMARDS without checking vitamin
B12 and folate levels.
Vitamin B12 deficiency disrupts the folate cycle, and
folate becomes trapped in an unusable form. This limits
the amount of the form of folate (methylenetetrahydrofolate) necessary for the synthesis of thymidine and
DNA. Tissues with rapid cell turnover, such as the
hematopoietic system, are particularly affected by vitamin B12 deficiency. Erythroid precursors and granulocyte precursors malfunction, giving rise to macrocytes
and hypersegmented neutrophils. Less commonly, pancytopenia may ensue. Our patient’s pancytopenia may
have been accentuated by her vitamin B12 deficiency
[23–25].
As noted earlier, the mechanism of action of low dose
MTX remains unclear. One postulated mechanism suggests that MTX may work by interference with methyl
donation [9]. MTX antagonizes dihydrofolate reductase
and thereby reduces the availability of the main cellular
methyl donor in humans, S-adenosylmethionine (SAM).
Vitamin B12 deficiency leads to impaired methylation
and results in accumulation of homocysteine and reduced synthesis of methionine and SAM [23–25]. Theoretically, the combination of vitamin B12 deficiency
and MTX use could compound the antagonism of methyl donation through lower levels of SAM. We found
no data on enhanced toxicity of MTX in the setting of
vitamin B12 deficiency.
Our report has several limitations. We did not measure RBC folate levels which could have possibly been affected by SSZ administration. We relied, instead, on a
serum folate level which was elevated and presumed the
patient did not have significant folate deficiency. Nevertheless, we treated the patient with folic acid from the
start and switched to folinic acid on day 6. Though we
ordered a MTX level, none was performed. In studies of
low dose MTX toxicity, serum MTX levels have not correlated with clinical toxicity, specifically with neither
neutropenia nor thrombocytopenia [10]. We did not
measure a RBC MTX polyglutamate level, which might
have provided interesting information, but would not
likely have changed our actions in this case.
This case illustrates the multiple factors that may potentially contribute to low dose methotrexate toxicity by
increasing serum MTX levels or interfering in its metabolic pathway. Our analysis sheds light on the difficulty
of assigning causality to any one factor. It highlights the
importance of testing for B12 deficiency in RA patients
with macrocytic anemia as knowledge of vitamin B12
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deficiency may play a role preventing some complications associated with folate antimetabolite medications.
Evaluation of all the potential contributors to low dose
methotrexate toxicity in the outpatient setting may help
avoid hospitalization and improve patient outcomes.
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4.

5.

Patient perspective

I remember I went to the hospital because the pain in
my mouth was awfully bad and I could not take even a
sip of water. I did not look for medical attention very
soon cause at the beginning I thought it was a viral infection or so. I am glad about the results by the time I
left the hospital, the treatment worked very well. I think
the methotrexate was a good medication. I knew from
my doctor that side effects are common and that when
they occur, it is better to stop the medication and to find
medical attention, but I just did not think it could be
that serious. Now, my rheumatoid arthritis is well controlled on Enbrel and so far, I have not had any issues.
Thank you for taking care of me and I really hope the
paper helps other people.
Abbreviations
DMARDS: Disease modifying antirheumatic drugs; MCV: Mean corpuscular
volume; MTX: Methotrexate; RA: Rheumatoid arthritis
Acknowledgements
We are grateful to our patient for granting us permission to publish her case.
Authors´ contributions
MJP, NT drafted the manuscript. WC evaluated the patient in the follow-up
appointments. All the authors were involved in the care of the patient
throughout the hospitalization. All the authors analyzed the case, critically
reviewed, and approved the final version of the article.
Funding
None.

6.

7.

8.

9.

10.

11.

12.

13.

14.
15.

Availability of data and materials
N/A

16.

Ethics approval and consent to participate
The case reported is based on retrospective data. No ethics committee
approval was pursued.

17.

Consent for publication
Informed consent was obtained from the patient to publish her medical
data.
Competing interests
The authors declare that they have no competing interests.

18.
19.
20.

Received: 28 July 2020 Accepted: 28 December 2020

References
1. Romão VC, Lima A, Bernardes M, Canhão H, Fonseca JE. Three decades of
low-dose methotrexate in rheumatoid arthritis: can we predict toxicity?
Immunol Res. 2014;60:289–310.
2. Ahmadzadeh A, Zamani N, Hassanian-Moghaddam H, Hadeiy SK, Parhizgar
P. Acute versus chronic methotrexate poisoning; a cross-sectional study.
BMC Pharmacol Toxicol. 2019;20:1–7.
3. Hoekstra M, Van Ede AE, Haagsma CJ, Van De Laar MAFJ, Huizinga TWJ,
Kruijsen MWM, et al. Factors associated with toxicity, final dose, and efficacy

21.

22.

23.

of methotrexate in patients with rheumatoid arthritis. Ann Rheum Dis. 2003;
62:423–6.
Van Ede AE, Laan RFJM, Rood MJ, Huizinga TWJ, Van De Laar MAFJ, Van
Denderen CJ, et al. Effect of folic or folinic acid supplementation on the
toxicity and efficacy of methotrexate in rheumatoid arthritis: a forty-eightweek, multicenter, randomized, double-blind, placebo-controlled study.
Arthritis Rheum. 2001;44:1515–24.
Prey S, Paul C. Effect of folic or folinic acid supplementation on
methotrexate-associated safety and efficacy in inflammatory disease: a
systematic review. Br J Dermatol. 2009;160:622–8.
Salliot C, Van Der Heijde D. Long-term safety of methotrexate monotherapy
in patients with rheumatoid arthritis: a systematic literature research. Ann
Rheum Dis. 2009;68:1100–4.
Solomon DH, Glynn RJ, Karlson EW, Lu F, Corrigan C, Colls J, et al. Adverse
effects of low-dose methotrexate: a randomized trial. Ann Intern Med. 2020;
172:369–80.
Sparks JA, Barbhaiya M, Karlson E, Ritter S, Raychaudhuri S, Corrigan C, et al.
Investigating methotrexate toxicity within a randomized double- blinded,
placebo-controlled trial: rationale and design of the cardiovascular
inflammation reduction trial-adverse events (CIRT-AE) study. Semin Arthritis
Rheum. 2017;47:133–42.
Brown PM, Pratt AG, Isaacs JD. Mechanism of action of methotrexate in
rheumatoid arthritis, and the search for biomarkers. Nat Rev Rheumatol.
2016;12:731–42. https://doi.org/10.1038/nrrheum.2016.175.
Kivity S, Zafrir Y, Loebstein R, Pauzner R, Mouallem M, Mayan H. Clinical
characteristics and risk factors for low dose methotrexate toxicity: a cohort
of 28 patients. Autoimmun Rev. 2014;13:1109–13. https://doi.org/10.1016/j.
autrev.2014.08.027.
Schmajuk G, Miao Y, Yazdany J, Boscardin J, Daikh D, Steinman M.
Identification of risk factors for elevated transaminases in methotrexate
users through an electronic health record. Arthritis Care Res (Hoboken).
2014;66:1159–66.
Crews KR, Zhou Y, Pauley JL, Howard SC, Jeha S, Relling MV, et al. Effect of
allopurinol versus urate oxidase on methotrexate pharmacokinetics in
children with newly diagnosed acute lymphoblastic leukemia. Cancer. 2010;
116:227–32.
Bressolle F, Bologna C, Kinowski JM, Sany J, Combe B. Effects of moderate
renal insufficiency on pharmacokinetics of methotrexate in rheumatoid
arthritis patients. Ann Rheum Dis. 1998;57:110–3.
Kremer JM. Toward a better understanding of methotrexate. Arthritis
Rheum. 2004;50:1370–82.
Katchamart W, Trudeau J, Phumethum V, Bombardier C. Efficacy and toxicity of
methotrexate (MTX) monotherapy versus MTX combination therapy with nonbiological disease-modifying antirheumatic drugs in rheumatoid arthritis: a
systematic review and meta-analysis. Ann Rheum Dis. 2009;68:1105–12.
Jansen G, Van Der Heijden J, Oerlemans R, Lems WF, Ifergan I, Scheper RJ,
et al. Sulfasalazine is a potent inhibitor of the reduced folate carrier:
implications for combination therapies with methotrexate in rheumatoid
arthritis. Arthritis Rheum. 2004;50:2130–9.
Capell HA, Madhok R, Porter DR, Munro RAL, McInnes IB, Hunter JA, et al.
Combination therapy with sulfasalazine and methotrexate is more effective
than either drug alone in patients with rheumatoid arthritis with a
suboptimal response to sulfasalazine: results from the double-blind placebocontrolled MASCOT study. Ann Rheum Dis. 2007;66:235–41.
Logan ECM, Williamson LM, Ryrie DR. Sulphasalazine associated pancytopenia
may be caused by acute folate deficiency. Gut. 1986;27:868–72.
Grindulis KA, McConkey B. Does sulphasalazine cause folate deficiency in
rheumatoid arthritis? Scand J Rheumatol. 1985;14:265–70.
Haagsma CJ, Blom HJ, Van Riel PLCM, Van’t Hof MA, Giesendorf BAJ, Van
Oppenraaij-Emmerzaal D, et al. Influence of sulphasalazine, methotrexate,
and the combination of both on plasma homocysteine concentrations in
patients with rheumatoid arthritis. Ann Rheum Dis. 1999;58:79–84.
Vreugdenhil G, Wognum AW, Van Eijk HG, Swaak AJG. Anaemia in
rheumatoid arthritis: the role of iron, vitamin B12, and folic acid deficiency,
and erythropoietin responsiveness. Ann Rheum Dis. 1990;49:93–8.
Aroda VR, Edelstein SL, Goldberg RB, Knowler WC, Marcovina SM, Orchard TJ,
et al. Long-term metformin use and vitamin B12 deficiency in the diabetes
prevention program outcomes study. J Clin Endocrinol Metab. 2016;101:1754–61.
Green R, Allen LH, Bjørke-Monsen AL, Brito A, Guéant JL, Miller JW, et al.
Vitamin B12 deficiency. Nat Rev Dis Prim. 2017;3 September:1–19. https://
doi.org/10.1038/nrdp.2017.40.

Jara-Palacios et al. BMC Rheumatology

(2021) 5:5

24. Fujii K, Nagasaki T, Huennekens FM. Accumulation of 5methyltetrahydrofolate in cobalamin-deficient L1210 mouse leukemia cells.
J Biol Chem. 1982;257:2144–6.
25. Forster VJ, McDonnell A, Theobald R, McKay JA. Effect of methotrexate/
vitamin B12 on DNA methylation as a potential factor in leukemia
treatment-related neurotoxicity. Epigenomics. 2017;9:1205–18.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Page 6 of 6

