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Abstract

Hydralazine (HDZ) is a drug patented in 1949 that has been used for the treatment of arterial hypertension since 1953.
New and better anti-hypertensive drugs have almost moved HDZ into oblivion. Interestingly, anti-cancer effects were
found and this drug is seriously being considered for repurposing it for cancer treatment. The main mechanism of action
against tumors seems to be its ability to act as a demethylator agent. By demethylating the promoter region of tumor
suppressor genes HDZ seems to restore the effects of these genes, which are frequently inhibited in cancer through
epigenetic mechanisms. However, HDZ also has some other important involved mechanisms such as anti-angiogenesis,
and reversal of resistance to imatinib. Particularly important is its ability to restore the activity of non-mutated p16 in
cancer. HDZ ability to inhibit glutamate oxaloacetate transaminase 1 is a recent finding that will probably add further
interest to the drug in cancer treatment. This review analyzes the anti-tumoral effects of HDZ.
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1. Introduction

Hydralazine (HDZ) was discovered almost by chance in 1949 when scientists at Ciba laboratories were searching for
antimalarial drugs (1). This compound was used, and still is, for the treatment of arterial hypertension and heart failure
(2). Although it is not marketed any longer in most countries. The anti-hypertensive effect is related to its vasodilator
abilities through relaxation of arteriolar smooth muscle (3, 4), . Lowering blood pressure usually reflexively increases
heart rate.

In 1980 it was found that HLZ and its derivative dihydroHDZ interacted with DNA and produced DNA damage in rat
liver at concentrations used in the clinical setting, therefore that it was mutagenic and genotoxic (5). This was confirmed
in human cells as well (6). This raised the possibility that HDZ could eventually increase cancer risk. Kaufman et al.
found that protracted use of hydralazine did not increase the risk of breast cancer (7), but did increased the risk of colon
cancer (8).

In rabbits the slow acetylators showed HDZ-related DNA damage, but this was not the case of rapid acetylators (9).
Hence, the acetylator phenotype was strongly related to the possible DNA damage.

HDZ, dihydroHDZ and endralazine (the three derivatives of hydrazine) produced DNA damage, with HDZ being the least
genotoxic (10).

*Corresponding author: Tomas Koltai

Copyright © 2023 Author(s) retain the copyright of this article. This article is published under the terms of the Creative Commons Attribution Liscense 4.0.


http://creativecommons.org/licenses/by/4.0/deed.en_US
https://zealjournals.com/wjapls/
https://doi.org/10.53346/wjapls.2023.5.1.0075
https://crossmark.crossref.org/dialog/?doi=10.53346/wjapls.2023.5.1.0075&domain=pdf

World Journal of Advanced Pharmaceutical and Life Sciences, 2023, 05(01), 012-023

2. Chemistry and pharmacodynamics

HDZ is a phtalazine derivative. Fig.1. It is rapidly absorbed in the gastrointestinal tract. Although the half life in plasma
is short, its clinical effects remain for much longer because the drug has high affinity for the arteriolar smooth muscle
where it accumulates. The drug is partially metabolized through acetylation and the population can be distinguished in
slow and quick acetylators. Slow acetylators have a tendency to show side effects.

NH2 HYDRALAZINE
HN

FDA APPROVED DRUG IN 1953

N N ATC code C02DB02

N CAS 86-54-4

Figure 1 Chemical structure and classification of hydralazine. Hydralazine interferes with calcium transport to relax
arteriolar smooth muscle and lower blood pressure. Hydralazine has a short duration of action of 2-6h.

2.1. Mechanism of action

Different mechanisms may be involved in HDZ’s antitumoral effects. The best known consists of demethylation, e.g.
demethylation of a tumor suppressor gene such as p16. It also re-expressed the estrogen receptor gene and the retinoic
acid receptor genes. Importantly, HDZ was tested in xenografted mice and in two patients (11). It was found that the re-
expressed genes became functional. The authors treated two cancer patients with hydralazine for 10 days and found
that hydralazine demethylated and re-expressed the p16 gene in the head and neck cancer patient and the RAR gene in
the cervical cancer patient. The dose used was slightly inferior to the maximum used for hypertension treatment (200
mg daily). Procainamide showed similar results. Unfortunately, there is no further information about the patients’
outcome. The main anti-tumoral effect seems related to its activity as a demethylating agent through inhibition of DNA
methyltransferases (12). Docking studies have shown that HDZ seems to interact similarly with DNA
methyltransferases as other inhibitors such as deoxycytidin analogs (13).

Tang et al.(14) were able to restore the activity of ERa receptors in non-expressing human breast cancer cells with HDZ.
In these cells, they observed that increased methylation of the receptor’'s promoter region was related to tumor
progression.

The association of HDZ with valproate (an histone deacetylase inhibitor) has shown synergistic epigenomic effects (15,
16). A clinical phase III trial of HDZ plus valproate and classic chemotherapeutics in advanced cervical cancer showed
encouraging results (17). This association also radio-sensitized cervical cancer cells (18). Similar promising results
were found in a phase I clinical trial for breast cancer, in which hydralazine plus valproate were associated with
doxorubicin and cyclophosphamide (19).

HDZ + valproate were able to reverse chemoresistance in 80% of a small group of patients with solid tumors in a phase
II clinical trial(20).

In castration-resistant prostate cancer cells HDZ acted synergistically with enzalutamide (21).

Although the HDZ-valproate association produced apoptosis in cutaneous T-cell lymphoma cells, the association of
vorinostat with decitabine seemed superior (22).

TRANSKRIP is an extended-release hydralazine hydrochloride and magnesium valproate with distinctive specificity for
each patient's type of rapid or slow acetylation. TRANSKRIP is a dual antitumor agent included and classified within the
framework of so-called epigenetic therapies, which are directed against molecular targets. It is the first representative
epigenetic therapy agent that individually combines hydralazine hydrochloride, an inhibitor of DNA methyltransferases,
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with magnesium valproate, an inhibitor of histone deacetylases. These two enzymes are crucial for the development
and progression of cancer as well as for resistance to treatment; since DNA hypermethylation and histone deacetylation
turn off the expression of tumor suppressor genes (23). Only in Mexico is it approved for the treatment of metastatic,
recurrent, or persistent cervical cancer in association with standard chemotherapy.

In 2022, Wu et al(24) found another anti-tumoral mechanism: HDZ is an inhibitor of Glutamate
oxaloacetate transaminase 1 (GOT1). This enzyme is an aspartate aminotransferase. It has pro- and anti-tumoral effects
with the first being predominant.

When inhibited it promotes pancreatic cancer ferroptosis (25), while uninhibited it prevents pancreatic cancer cell
death and promotes its progression (26). It was found that KRAS- mutated cancer cells rely heavily on GOT1 for long-
term proliferation, and GOT1 inhibition sensitizes the malignant cells to glucose deprivation (27). Therefore,
discovering HDZs abilities to inhibit this enzyme is an important finding that gives a new perspective on this drug.

Dehghan et al. (28) found that HDZ increases mitochondrial activity in C. elegans by targeting cAMP-dependent protein
kinase which activates sirtuin 1/5. Figure 2

HYDRALAZINE

PROTEIN Activation

cAMP KINASE C of SIRTUIN 1

Modulation of
MITOCHONDRIAL
action

Figure 2 The influence of this mitochondrial modulation has not been tested in human cells, and its importance in
cancer has not been investigated yet.

2.2. List of registered clinical trials for hydralazine in cancer

There are only 7 ongoing or completed registered clinical trials for hydralacine in cancer: one in the USA and the rest in
Mexico.

e NCT00996060 Use of Hydralazine and Valproic Acid in Advanced Solid Tumor Malignancies. Lung cancer
Phase I.

NCT00404508 A Phase II Study of Epigenetic Therapy to Overcome Resistance in Refractory solid tumors
NCT00533299Hydralazine Valproate for Ovarian Cancer

NCT00532818Hydralazine Valproate for Cervical Cancer

NCT02446652 Evaluation of TRANSKRIP ® Plus Chemotherapy in Recurrent-Persistent Cervical Cancer
NCT00404326 Hydralazine and Valproate Plus Cisplatin Chemoradiation in Cervical Cancer

NCT00395655 Hydralazine and Valproate Added to Chemotherapy for Breast Cancer
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Table 1 A summary of further evidence on HDZ anti-cancer effects

Reference

Findings

Yungetal. 2022 (29)

In a large population study of patients with chronic administration of HDZ or valproate, a
small reduction in the risk of hematological malignancies was found.

Liuetal. 2022
(30)

An association of HDZ, valproate, gemcitabine and cisplatin followed by dacarcazine and
doxorubicin, were used to treat chemo-naive patients with advanced hepatocellular
carcinoma. The median overall survival was 14.6 months. The response rate was 27%. The
conclusions of the authors were that valproate and HDZ combined sequential therapy was
effective with manageable toxicities.

Pacheco etal. 2021
(31)

Prostate cancer cells LNCaP, 22Rv1, DU145 and PC-3 were exposed to HDZ, valproate and
panobinostat (an HDAC inhibitor). All three independently reduced viability of all the prostate
cancer cell lines tested. When used in association they showed synergy.

Kumanishi et al.
2019 (32)

Synergy was found between vascular endothelial growth inhibitor and the association HDZ +
valproic acid association in human osteosarcoma cell lines.

Chenetal. 2019
(33)

HDZ significantly increased nanoparticle penetration in advanced desmoplastic tumors. This
should represent a new way to improve treatments for pancreatic cancer and desmoplastic
melanoma.

Perez-Cardenas et
al. 2018 (34)

Treating Ras-transformed NIH 3T3 cells with HDZ + valproate they found growth-inhibitory
effects, inhibited cell motility and decreased expression of Ras. In vivo there was an important
decrease of lung metastasis.

Espinoza-Zamora et
al. 2017 (35)

In a phase I clinical trial the hydralazine and valproate (Transkrip) association, was found to
be useful for the treatment of refractory and progressive cutaneous T-cell lymphoma.

Ruiz Magana et al.
2016 (36)

It was found that HDZ induced caspase-dependent apoptosis in human p53-mutant leukemic
T cells.

Graca etal. 2014
(37)

In vitro they showed that hydralazine induced a significant dose and time-dependent growth
inhibition, increased apoptosis, decreased invasiveness and induced cell cycle arrest in DU145
prostate cancer cells. HDZ restored androgen receptor expression with upregulation of its
target p21.

Bauman et al. 2014
(38)

A group of patients with advanced non-resectable solid tumors previously treated with heavy
chemotherapy received high doses of HDZ and usual doses of valproate. One partial response
and 5 stable disease were observed among the 26 patients.

Candelaria et al
2012

(39)

In gemcitabine-resistant cervix cancer cells the authors found down-regulation of hENT1 and
dCK genes independent of promoter methylation. Treatment with HDZ reversed resistance
and increased the expression of the hENT1 and DCK genes through inhibition of G9A histone
methyltransferase

Yamanegi et al. 2012
(40)

Valproate and HDZ increase the susceptibility of osteosarcoma cells to Fas- and NK cell-
mediated cell death. When used in association these effects were further enhanced .

Jiang et al. 2011
(41)

HDZ associated with thiazolidinedione suppressed proliferation and induced apoptosis in
triple negative breast cancer MDA-MB231 cells by increasing the expression of PPARy. HDZ
by itself increased the expression of PPARYy in vitro and in vivo.

Cruz-Hernandez et
al. 2011

(42)

Seven-day treatment with HDZ plus valproate increased the expression of 964 genes in
patients. The oxidative phosphorylation pathway genes were among the more expressed in
cervical cancer patients. p53 was also up-regulated.

Duefias-Gonzalez et
al. 2010 (43)

A patient with micosis fungoide showed a very important favorable response with the
association HDZ-valproate.

Song et al. 2009
(44)

HDZ induced expression of the APC gene in HeLa and CaSki cervix cancer cells, and inhibited
growth in approximately 50% and increased apoptosis.
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Segura-Pacheco et
al. 2006

(45)

The authors showed that DNA hypermethylation was a participant in the multidrug-resistant
phenotype in the MCF-7 breast cancer cells resistant to adriamycin. HDZ could reverse
resistance.

Mora-Garcia, et al.
2006 (46)

Valproic acid and HDZ up-regulated the constitutive HLA class-I expression in spite of
constitutive promoter demethylation in cervix cancer cells.

Zambrano et al
2005 (47)

Phase I clinical trial of HDZ. All the patients had at least one methylated gene. Genes (APC,
MGMT; ER, GSTP1, DAPK, RARB, FHIT and p16) were studied pre and post-treatment.
Approximately the gene was re-expressed in 75% of the cases.

Bibby et al. 1993
(48)

HDZ increased cytotoxicity on malignant cells of the experimental chemotherapeutic drug
EO9 (apaziquone which is related to mitomycin).

Siemann 1990

HDZ administered after the chemotherapeutic drugs melphalan, cyclophosphamide or CCNU,

(49) increased the extent of apoptosis in sarcoma and RIF-1 tumor.
Chaplin, 1989 Hydralazine increased the effects of chemotherapeutic drugs on the tumor. The author
(50) thought that this was due to increased hypoxia.

Adams et al. 1989
(51)

Melphalan induced growth delay was increased 2.5 fold with previous administration of HDZ.

Chaplin et al. 1987

HDZ increased the cytotoxicity of cytotoxin RSU 1069 in mice bearing Lewis lung tumors.

(52)

2.3. Is hydralazine a pro-angiogenic or anti-angiogenic drug?

HDZ has shown abilities to reduce angiogenesis in vitro and in vivo (53). It inhibited HUVEC proliferation, wound
healing, migration, and tube formation of endothelial cells. The secretion of VEGF and bFGF were reduced as well.
However, this is a contradictory issue because it has been shown that HDZ targets prolyl hydroxylase and increases HIF-
la expression which in turn induces VEGF expression increasing blood vessels density (54). The strong evidence
supporting HDZ's hypoxic effects (55) makes us believe that it is pro-angiogenic. The origin of this controversy may be
due to a different effect of hydralazine in spontaneous and transplanted tumors (56). Another confounding factor is that
hydralazine significantly lowers blood pressure in experimental animals, particularly in mice, leading to ischemia in
some organs (57).

2.4. Hydralazine decreases blood flow in tumors and causes hypoxia

Injecting HDZ into arteries of rats reduced blood flow in most normal tissues. However, this significant reduction was
much more important in xenografted tumors (58). This tumor- hypoxic effect was also found by other authors (59-63).
However, low concentrations of HDZ increased blood flow while larger concentrations had the opposite effect (64). The
reduction of blood flow in hepatocarcinoma by HDZ led to the development of an improved mechanism to detect the
tumor with ultrasound studies and distinguish tumors from cirrhosis (65).

2.5. Hydralazine in the reversal of imatinib resistance in chronic myeloid leukemia

Eight patients with chronic myeloid leukemia resistant to imatinib were treated with HDZ associated with valproate
and continued imatinib treatment: two patients were suffering a blastic reaction, other 5 in a progressive phase and one
with a chronic phase. Only one patient failed to improve. Two patients underwent a complete cytogenetic response,
three achieved stable disease and other two had partial cytogenetic response. They were followed for 18 months and
the median survival was not reached (66).

2.6. Hydralazine in the treatment of polycithemia vera

HDZ allowed a significant reduction in phlebotomies as part of the treatment of patients with polycithemia vera (67).

2.7. Hydralazine as a resistance-preventive drug

In rats with breast tumors hydralazine associated with valproate prevented tamoxifen resistance and prevented tumor
recurrence, compared with controls (68).
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2.8. Hydralazine and intracellular pH

Nigericin lowers intracellular pH in tumors. When nigericin and hydralazin are associated there is a slight increase in
intracellular acidification, but importantly the duration of the acidification is increased (69). The authors also found
that the nigericin-HDZ association killed tumor cells by decreasing intracellular pH. HDZ alone did not lower
intracellular pH, but decreased extracellular pH (70). When hyperthermia and HDZ were used simultaneously,
extracellular pH decreased significantly (71).

2.9. Hydralazine decreases interstitial fluid pressure

Solid tumors usually have a significantly increased interstitial fluid pressure (72). This pressure decreases the access of
chemotherapeutic drugs to the malignant cell (73), and also plays a role in promoting epithelial-mesenchymal transition
(74), and other pro-tumoral effects (75). Hydralazine has been found to decrease interstitial fluid pressure in tumors
without affecting normal tissues (76, 77).

2.10. Hydralazine facilitates nanoparticle penetration in desmoplastic tumors

Desmoplastic tumors such as pancreatic cancer adenocarcinoma and desmoplastic melanomas have a built in barrier
for the penetration of drugs and nanoparticles. Using nanoparticles loaded with HDZ after three days of treatment the
tumor stroma was significantly reduced and decreased the immunosuppressive environment. Furthermore, the HDZ
liposomes increased the penetration of nanoparticles in the tumor (78).

2.11. DNA methyltransferases (DNMTs) inhibition

It is very frequent to find that malignant cells have extensive alterations of DNA methylation. Focal DNA
hypermethylation at certain sites silences tumor suppressor genes. Inhibition of DNA methyltransferase impedes
silencing these genes, and this is precisely the function of HDZ. Pharmacological inhibition of DNMTs is completed by
the proteasomal degradation of these enzymes (79, 80).

There are many DNMT inhibitors, 5- azacytidine is the best known and most used, however they do not work in solid
tumors and they induce a cytotoxic response (81). Evidence shows that HDZ does not have these limitations: it seems
to work in solid tumors and general toxicity is very low.

2.12. Hydralazine in myelodysplasia

Myelodysplastic syndrome is a group of various hematopoietic stem cell disorders that are characterized by ineffective
hematopoiesis and entail a high risk of progression towards acute myeloid leukemia (82). The association HDZ with
valproate has shown some encouraging results in a disease for which there is no established and effective treatment
(83).

Candelaria et al. (84) treated 14 patients on a compassionate basis. Five patients had a complete response, one a partial
response, and two became transfusion independent, 3 progressed to acute myeloid leukemia. The median OS was not
reached in the eight patients who saw clinical benefits.

2.13. Hydralazine inhibits glutamate oxaloacetate transaminase 1 (GOT1)

Wu et al. (24) found that HDZ was an effective inhibitor of GOT1. This enzyme is an important player in the altered
cancer metabolism by regulating mechanisms to meet nutrient requirements (85). Inhibiting GOT1 increases cell
dependency on glucose and can potentially induce growth arrest. Its over-expression is considered a marker of poor
prognosis in acute myeloid leukemia (86).

2.14. Hydralazine toxicity

Although it has low toxicity, a lupus type syndrome was sometimes found when the drug was used for hypertension
treatment (87). For a complete review on this issue see reference (88).

3. Discussion

Hydralazine is an old and well known drug with a good safety profile that has shown notable anti-cancer effects.

The main mechanism of its anti-neoplastic effects is the inhibition of DNA methyltransferases. This allows the re-
expression of tumor suppressor genes that have been silenced by the tumor. Another interesting effect is HDZ's ability

17



World Journal of Advanced Pharmaceutical and Life Sciences, 2023, 05(01), 012-023

to inhibit glutamate oxaloacetate transaminase 1. Notably, there are many other effects important for tumor treatment,
such as reduction of interstitial fluid pressure, increased penetration of nanoparticles into the tumor, and reduction of
stroma in desmoplastic tumors.

The association of HDZ with valproate has shown synergic anti-tumoral effects. There is already a compound that has
both drugs and has shown remarkable effects in the treatment of myelodysplasia and some solid tumors.

However, there are also some pro-tumoral effects, mainly increased hypoxia which may play against the drug
repositioning,.

Analyzing pro- and antitumoral actions, it seems that the latter significantly surpasses the first.

Neither HDZ nor valproate nor their association represent a stand-alone scheme, but they can be an efficient
complementary treatment to be added to mainstream chemotherapy treatment, without adding major toxicity.

4. Conclusions

Hydralazine is an inhibitor of DNA methyltransferases thus impeding the inactivation of tumor suppressor genes which
restores their activity. HDZ's association with an inhibitor of histone deacetylase such as valproate has shown to be
beneficial when used with classic chemotherapeutic drugs. However, HDZ is not a stand-alone drug but rather a
complementary treatment.

The several ongoing clinical trials makes it possible to predict that it will be incorporated into chemotherapy schemes
in the near future. Other than in Mexico, it has not been approved yet, for the treatment of myelodysplastic syndromes
and metastatic, recurrent, or persistent cervical cancer in association with standard chemotherapy.

Hydralazine associated with valproate has a weak but clear anti-tumoral effect.

References

[1]  The Practice of Medicinal Chemistry. Edited by Wermuth CG. (ed.). (Third ed.). Academic Press . ISBN
9780080568775. Page 12.

[2] The World Health Organization’s List of Essential Medicines.

[3] Kandler MR, Mah GT, Tejani AM, Stabler SN, Salzwedel DM. Hydralazine for essential hypertension. Cochrane
Database Syst Rev. 2011 Nov 9;(11):CD004934. doi: 10.1002/14651858.CD004934.pub4. PMID: 22071816.

[4] LiverTox: Clinical and Research Information on Drug-Induced Liver Injury [Internet]. Bethesda (MD): National
Institute of Diabetes and Digestive and Kidney Diseases; 2012-. Hydralazine. [Updated 2018 Mar 24]. Available
from: https://www.ncbi.nlm.nih.gov/books/NBK548580/

[5] Williams GM, Mazue G, McQueen CA, Shimada T. Genotoxicity of the antihypertensive drugs hydralazine and
dihydralazine. Science. 1980 Oct 17;210(4467):329-30.

[6] Martelli A, Allavena A, Campart GB, Canonero R, Ghia M, Mattioli F, Mereto E, Robbiano L, Brambilla G. In vitro
and in vivo testing of hydralazine genotoxicity. Journal of Pharmacology and Experimental Therapeutics. 1995
Apr 1;273(1):113-20.

[7] Kaufman DW, Kelly JP, Rosenberg L, Stolley PD, Schottenfeld D, Shapiro S. Hydralazine and breast cancer. ] Natl
Cancer Inst. 1987 Feb;78(2):243-6. PMID: 3468287.

[8] Kaufman DW, Kelly JP, Rosenberg L, Stolley PD, Warshauer ME, Shapiro S. Hydralazine use in relation to cancers
of the lung, colon, and rectum. Eur ] Clin Pharmacol. 1989;36(3):259-64. doi: 10.1007/BF00558157. PMID:
2744066.

[9] McQueen CA, Maslansky CJ, Glowinski IB, Crescenzi SB, Weber WW, Williams GM. Relationship between the
genetically determined acetylator phenotype and DNA damage induced by hydralazine and 2-aminofluorene in
cultured rabbit hepatocytes. Proceedings of the National Academy of Sciences. 1982 Feb 1;79(4):1269-72.

[10] De Flora S, Zanacchi P, Bennicelli C, Camoirano A, Cavanna M, Sciaba L, Cajelli E, Faggin P, Brambilla G. In vivo
and in vitro genotoxicity of three antihypertensive hydrazine derivatives (hydralazine, dihydralazine, and
endralazine). Environmental mutagenesis. 1982;4(5):605-19.

18



[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

World Journal of Advanced Pharmaceutical and Life Sciences, 2023, 05(01), 012-023

Segura-Pacheco B, Trejo-Becerril C, Perez-Cardenas E, Taja-Chayeb L, Mariscal I, Chavez A, Acufia C, Salazar AM,
Lizano M, Duefias-Gonzalez A. Reactivation of tumor suppressor genes by the cardiovascular drugs hydralazine
and procainamide and their potential use in cancer therapy. Clin Cancer Res. 2003 May;9(5):1596-603. PMID:
12738711.

Singh V, Sharma P, Capalash N. DNA methyltransferase-1 inhibitors as epigenetic therapy for cancer. Curr Cancer
Drug Targets. 2013 May;13(4):379-99. doi: 10.2174/15680096113139990077. PMID: 23517596.

Singh N, Duefias-Gonzalez A, Lyko F, Medina-Franco JL. Molecular modeling and molecular dynamics studies of
hydralazine with human DNA methyltransferase 1. ChemMedChem. 2009 May;4(5):792-9. doi:
10.1002/cmdc.200900017. PMID: 19322801.

Tang B, Jiang ]. [Study of the CpG methylation status of ER alpha gene in estrogen receptor alpha-negative breast
cancer cell lines and the role of hydralazine demethylation]. Zhonghua Bing Li Xue Za Zhi. 2005 May;34(5):283-
7. Chinese. PMID: 16181550.

Duefias-Gonzalez A, Coronel ], Cetina L, Gonzalez-Fierro A, Chavez-Blanco A, Taja-Chayeb L. Hydralazine-
valproate: a repositioned drug combination for the epigenetic therapy of cancer. Expert Opin Drug Metab Toxicol.
2014 Oct;10(10):1433-44. doi: 10.1517/17425255.2014.947263. Epub 2014 Aug 25. PMID: 25154405.

Chavez-Blanco A, Perez-Plasencia C, Perez-Cardenas E, Carrasco-Legleu C, Rangel-Lopez E, Segura-Pacheco B,
Taja-Chayeb L, Trejo-Becerril C, Gonzalez-Fierro A, Candelaria M, Cabrera G, Duenas-Gonzalez A. Antineoplastic
effects of the DNA methylation inhibitor hydralazine and the histone deacetylase inhibitor valproic acid in cancer
cell lines. Cancer Cell Int. 2006 Jan 31;6:2. doi: 10.1186/1475-2867-6-2. PMID: 16448574; PMCID: PMC1408081.

Coronel ], Cetina L, Pacheco I, Trejo-Becerril C, Gonzalez-Fierro A, de la Cruz-Hernandez E, Perez-Cardenas E,
Taja-Chayeb L, Arias-Bofill D, Candelaria M, Vidal S, Duefias-Gonzalez A. A double-blind, placebo-controlled,
randomized phase III trial of chemotherapy plus epigenetic therapy with hydralazine valproate for advanced
cervical cancer. Preliminary results. Med Oncol. 2011 Dec;28 Suppl 1:5540-6. doi: 10.1007/s12032-010-9700-3.
Epub 2010 Oct 8. PMID: 20931299.

Mani E, Medina LA, Isaac-0livé K, Duefias-Gonzalez A. Radiosensitization of cervical cancer cells with epigenetic
drugs hydralazine and valproate. Eur ] Gynaecol Oncol. 2014;35(2):140-2. PMID: 24772915.

Arce C, Pérez-Plasencia C, Gonzalez-Fierro A, de la Cruz-Hernandez E, Revilla-Vazquez A, Chavez-Blanco A, Trejo-
Becerril C, Pérez-Cardenas E, Taja-Chayeb L, Bargallo E, Villarreal P, Ramirez T, Vela T, Candelaria M, Camargo
MF, Robles E, Duefias-Gonzalez A. A proof-of-principle study of epigenetic therapy added to neoadjuvant
doxorubicin cyclophosphamide for locally advanced breast cancer. PLoS One. 2006 Dec 20;1(1):e98. doi:
10.1371/journal.pone.0000098. PMID: 17183730; PMCID: PMC1762324.

Candelaria M, Gallardo-Rincén D, Arce C, Cetina L, Aguilar-Ponce JL, Arrieta O, Serrano A, Perez-Plasencia C,
Gonzalez-Fierro A, de la Cruz-Hernandez E, Revilla-Vazquez A, Chavez-Blanco A, Trejo-Becerril C, Perez-Cardenas
E, Taja-Chayeb L, Camargo MF, Robles E, Duefias-Gonzalez A. A phase Il study of epigenetic therapy with
hydralazine and magnesium valproate to overcome chemotherapy resistance in refractory solid tumors. BMC
Cancer. 2007 Feb 5;7(Suppl 1):A27. doi: 10.1186/1471-2407-7-S1-A27. PMCID: PMC1796571.

Lopes N, Pacheco MB, Soares-Fernandes D, Correia MP, Camilo V, Henrique R, Jerénimo C. Hydralazine and
Enzalutamide: Synergistic Partners against Prostate Cancer. Biomedicines. 2021 Aug 7;9(8):976. doi:
10.3390/biomedicines9080976. PMID: 34440180; PMCID: PMC8391120.

Schcolnik-Cabrera A, Dominguez-Gémez G, Duefias-Gonzalez A. Comparison of DNA demethylating and histone
deacetylase inhibitors hydralazine-valproate versus vorinostat-decitabine incutaneous t-cell lymphoma in
HUT?78 cells. Am ] Blood Res. 2018 Jun 5;8(2):5-16. PMID: 30038842; PMCID: PMC6055069.

Duefias-Gonzalez A, Coronel ], Cetina L, Gonzalez-Fierro A, Chavez-Blanco A, Taja-Chayeb L. Hydralazine-
valproate: a repositioned drug combination for the epigenetic therapy of cancer. Expert Opin Drug Metab Toxicol.
2014 Oct;10(10):1433-44. doi: 10.1517/17425255.2014.947263. Epub 2014 Aug 25. PMID: 25154405.

Wu Q, Sun Z, Chen Z, Liu ], Ding H, Luo C, Wang M, Du D. The discovery of a non-competitive GOT1 inhibitor,
hydralazine hydrochloride, via a coupling reaction-based high-throughput screening assay. Bioorg Med Chem
Lett. 2022 Oct 1;73:128883. doi: 10.1016/j.bmcl.2022.128883. Epub 2022 Jul 9. PMID: 35820623.

Kremer DM, Nelson BS, Lin L, Yarosz EL, Halbrook C], Kerk SA, Sajjakulnukit P, Myers A, Thurston G, Hou SW,
Carpenter ES, Andren AC, Nwosu ZC, Cusmano N, Wisner S, Mbah NE, Shan M, Das NK, Magnuson B, Little AC,
Savani MR, Ramos |, Gao T, Sastra SA, Palermo CF, Badgley MA, Zhang L, Asara JM, McBrayer SK, di Magliano MP,
Crawford HC, Shah YM, Olive KP, Lyssiotis CA. GOT1 inhibition promotes pancreatic cancer cell death by

19



[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

World Journal of Advanced Pharmaceutical and Life Sciences, 2023, 05(01), 012-023

ferroptosis. Nat Commun. 2021 Aug 11;12(1):4860. doi: 10.1038/s41467-021-24859-2. PMID: 34381026;
PMCID: PM(C8357841.

Guo Y, Chen T, Liang X, Gou S, Xiong ], Cui ], Peng T. Tumor Cell Derived Exosomal GOT1 Suppresses Tumor Cell
Ferroptosis to Accelerate Pancreatic Cancer Progression by Activating Nrf2/HO-1 Axis via Upregulating CCR2
Expression. Cells. 2022 Dec 2;11(23):3893. doi: 10.3390/cells11233893. PMID: 36497150; PMCID:
PMC9735520.

Zhou X, Curbo S, Li F, Krishnan S, Karlsson A. Inhibition of glutamate oxaloacetate transaminase 1 in cancer cell
lines results in altered metabolism with increased dependency of glucose. BMC Cancer. 2018 May 11;18(1):559.
doi: 10.1186/s12885-018-4443-1. PMID: 29751795; PMCID: PMC5948873.

Dehghan E, Goodarzi M, Saremi B, Lin R, Mirzaei H. Hydralazine targets cAMP-dependent protein kinase leading
to sirtuinl/5 activation and lifespan extension in C. elegans. Nat Commun. 2019 Oct 28;10(1):4905. doi:
10.1038/s41467-019-12425-w. PMID: 31659167; PMCID: PMC6817882.

Yang BH, Lin WZ, Chiang YT, Chen YC, Chung CH, Chien WC, Shiau CY. Epigenetics-Associated Risk Reduction of
Hematologic Neoplasms in a Nationwide Cohort Study: The Chemopreventive and Therapeutic Efficacy of
Hydralazine. Front Oncol. 2022 Feb 2;12:809014. doi: 10.3389/fonc.2022.809014. PMID: 35186746; PMCID:
PM(C8848747.

Liu YC, Su CW, Ko PS, Lee RC, Liu C], Huang YH, Gau JP, Liu JH. A clinical trial with valproic acid and hydralazine
in combination with gemcitabine and cisplatin followed by doxorubicin and dacarbazine for advanced
hepatocellular carcinoma. Asia Pac ] Clin Oncol. 2022 Feb;18(1):19-27. doi: 10.1111/ajco.13443. Epub 2020 Sep
22. PMID: 32964588.

Pacheco MB, Camilo V, Lopes N, Moreira-Silva F, Correia MP, Henrique R, Jer6énimo C. Hydralazine and
Panobinostat Attenuate Malignant Properties of Prostate Cancer Cell Lines. Pharmaceuticals (Basel). 2021 Jul
13;14(7):670. doi: 10.3390/ph14070670. PMID: 34358096; PMCID: PMC8308508.

Kumanishi S, Yamanegi K, Nishiura H, Fujihara Y, Kobayashi K, Nakasho K, Futani H, Yoshiya S. Epigenetic
modulators hydralazine and sodium valproate act synergistically in VEGI-mediated anti-angiogenesis and VEGF
interference in human osteosarcoma and vascular endothelial cells. Int J Oncol. 2019 Jul;55(1):167-178. doi:
10.3892/ij0.2019.4811. Epub 2019 May 23. PMID: 31180533.

Chen Y, Song W, Shen L, Qiu N, Hu M, Liu Y, Liu Q, Huang L. Vasodilator Hydralazine Promotes Nanoparticle
Penetration in Advanced Desmoplastic Tumors. ACS Nano. 2019 Feb 26;13(2):1751-1763. doi:
10.1021/acsnano.8b07830. Epub 2019 Jan 17. PMID: 30642161.

Pérez-Cardenas E, Taja-Chayeb L, Trejo-Becerril C, Chanona-Vilchis ], Chavez-Blanco A, Dominguez-Gémez G,
Langley E, Garcia-Carranca A, Duefias-Gonzalez A. Antimetastatic effect of epigenetic drugs, hydralazine and
valproic acid, in Ras-transformed NIH 3T3 cells. Onco Targets Ther. 2018 Dec 7;11:8823-8833. doi:
10.2147/0TT.S187306. Erratum in: Onco Targets Ther. 2022 Aug 04;15:845-846. PMID: 30584338; PMCID:
PMC6290866.

Espinoza-Zamora JR, Labardini-Méndez ], Sosa-Espinoza A, Lopez-Gonzalez C, Vieyra-Garcia M, Candelaria M,
Lozano-Zavaleta V, Toledano-Cuevas DV, Zapata-Canto N, Cervera E, Duefias-Gonzalez A. Efficacy of hydralazine
and valproate in cutaneous T-cell lymphoma, a phase II study. Expert Opin Investig Drugs. 2017 Apr;26(4):481-
487. doi: 10.1080/13543784.2017.1291630. Epub 2017 Feb 15. Erratum in: Expert Opin Investig Drugs. 2017
Apr;26(4):523. PMID: 28277033.

Ruiz-Magafia M], Martinez-Aguilar R, Lucendo E, Campillo-Davo D, Schulze-Osthoff K, Ruiz-Ruiz C. The
antihypertensive drug hydralazine activates the intrinsic pathway of apoptosis and causes DNA damage in
leukemic T cells. Oncotarget. 2016 Apr 19;7(16):21875-86. doi: 10.18632/oncotarget.7871. PMID: 26942461;
PMCID: PMC5008330.

Graca I, Sousa EJ, Costa-Pinheiro P, Vieira FQ, Torres-Ferreira ], Martins MG, Henrique R, Jerénimo C. Anti-
neoplastic properties of hydralazine in prostate cancer. Oncotarget. 2014 Aug 15;5(15):5950-64. doi:
10.18632/oncotarget.1909. PMID: 24797896; PMCID: PMC4171604.

Bauman ], Shaheen M, Verschraegen CF, Belinsky SA, Houman Fekrazad M, Lee FC, Rabinowitz [, Ravindranathan
M, Jones DV Jr. A Phase I Protocol of Hydralazine and Valproic Acid in Advanced, Previously Treated Solid Cancers.
Transl Oncol. 2014 Apr 17;7(3):349-54. doi: 10.1016/j.tranon.2014.03.001. Epub ahead of print. PMID:
24746712; PMCID: PM(C4792814.

Candelaria M, de la Cruz-Hernandez E, Taja-Chayeb L, Perez-Cardenas E, Trejo-Becerril C, Gonzalez-Fierro A,
Chavez-Blanco A, Soto-Reyes E, Dominguez G, Trujillo JE, Diaz-Chavez ], Duenas-Gonzalez A. DNA methylation-

20



[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

World Journal of Advanced Pharmaceutical and Life Sciences, 2023, 05(01), 012-023

independent reversion of gemcitabine resistance by hydralazine in cervical cancer cells. PLoS One.
2012;7(3):€29181. doi: 10.1371/journal.pone.0029181. Epub 2012 Mar 12. PMID: 22427797; PMCID:
PM(C3299634.

Yamanegi K, Yamane ], Kobayashi K, Kato-Kogoe N, Ohyama H, Nakasho K, Yamada N, Hata M, Fukunaga S, Futani
H, Okamura H, Terada N. Valproic acid cooperates with hydralazine to augment the susceptibility of human
osteosarcoma cells to Fas- and NK cell-mediated cell death. Int J Oncol. 2012 Jul;41(1):83-91. doi:
10.3892/ij0.2012.1438. Epub 2012 Apr 19. PMID: 22576685.

Jiang Y, Huang Y, Cheng C, Lu W, Zhang Y, Liu X, Zou L, Ben Q, Shen A. Combination of thiazolidinedione and
hydralazine suppresses proliferation and induces apoptosis by PPARy up-expression in MDA-MB-231 cells. Exp
Mol Pathol. 2011 Dec;91(3):768-74. doi: 10.1016/j.yexmp.2011.09.007. Epub 2011 Sep 10. PMID: 21930124.

De la Cruz-Hernandez E, Perez-Plasencia C, Pérez-Cardenas E, Gonzalez-Fierro A, Trejo-Becerril C, Chavez-
Blanco A, Taja-Chayeb L, Vidal S, Gutiérrez O, Dominguez GI, Trujillo JE, Duenas-Gonzalez A. Transcriptional
changes induced by epigenetic therapy with hydralazine and magnesium valproate in cervical carcinoma. Oncol
Rep. 2011 Feb;25(2):399-407. doi: 10.3892/0r.2010.1086. Epub 2010 Dec 8. PMID: 21152880.

Duefias-Gonzalez A, Vega MT, Martinez-Bafios D, Garcia-Hidalgo L, Sobrevilla P. Response to hydralazine-
valproate in a patient with mycosis fungoides. Case Rep Med. 2010;2010:657579. doi: 10.1155/2010/657579.
Epub 2010 Mar 21. PMID: 20339522; PMCID: PMC2842973.

Song Y, Zhang C. Hydralazine inhibits human cervical cancer cell growth in vitro in association with APC
demethylation and re-expression. Cancer Chemother Pharmacol. 2009 Mar;63(4):605-13. doi: 10.1007/s00280-
008-0773-z. Epub 2008 Jun 3. PMID: 18521605.

Segura-Pacheco B, Perez-Cardenas E, Taja-Chayeb L, Chavez-Blanco A, Revilla-Vazquez A, Benitez-Bribiesca L,
Duenas-Gonzalez A. Global DNA hypermethylation-associated cancer chemotherapy resistance and its reversion
with the demethylating agent hydralazine. ] Transl Med. 2006 Aug 7;4:32. doi: 10.1186/1479-5876-4-32. PMID:
16893460; PMCID: PMC1563479.

Mora-Garcia Mde L, Duenas-Gonzalez A, Hernandez-Montes ], De la Cruz-Hernandez E, Pérez-Cardenas E, Weiss-
Steider B, Santiago-Osorio E, Ortiz-Navarrete VF, Rosales VH, Cantd D, Lizano-Soberén M, Rojo-Aguilar MP,
Monroy-Garcia A. Up-regulation of HLA class-I antigen expression and antigen-specific CTL response in cervical
cancer cells by the demethylating agent hydralazine and the histone deacetylase inhibitor valproic acid. ] Transl
Med. 2006 Dec 27;4:55. doi: 10.1186/1479-5876-4-55. PMID: 17192185; PMCID: PMC1781077.

Zambrano P, Segura-Pacheco B, Perez-Cardenas E, Cetina L, Revilla-Vazquez A, Taja-Chayeb L, Chavez-Blanco A,
Angeles E, Cabrera G, Sandoval K, Trejo-Becerril C, Chanona-Vilchis ], Duenas-Gonzalez A. A phase I study of
hydralazine to demethylate and reactivate the expression of tumor suppressor genes. BMC Cancer. 2005 Apr
29;5:44. doi: 10.1186/1471-2407-5-44. PMID: 15862127; PMCID: PMC1131894.

Bibby MC, Sleigh NR, Loadman PM, Double JA. Potentiation of EOQ9 anti-tumour activity by hydralazine. Eur ]
Cancer. 1993;29A(7):1033-5. doi: 10.1016/s0959-8049(05)80218-7. PMID: 8499134.

Siemann DW. Enhancement of chemotherapy and nitroimidazole-induced chemopotentiation by the vasoactive
agent hydralazine. Br ] Cancer. 1990 Sep;62(3):348-53. doi: 10.1038/bjc.1990.295. PMID: 2206941; PMCID:
PM(C1971466.

Chaplin DJ. Hydralazine-induced tumor hypoxia: a potential target for cancer chemotherapy. ] Natl Cancer Inst.
1989 Apr 19;81(8):618-22. doi: 10.1093 /jnci/81.8.618. PMID: 2704051.

Adams GE, Stratford IJ, Godden ], Howells N. Enhancement of the anti-tumor effect of melphalan in experimental
mice by some vaso-active agents. Int ] Radiat Oncol Biol Phys. 1989 May;16(5):1137-9. doi: 10.1016/0360-
3016(89)90268-x. PMID: 2715059.

Chaplin D], Acker B. The effect of hydralazine on the tumor cytotoxicity of the hypoxic cell cytotoxin RSU-1069:
evidence for therapeutic gain. Int ] Radiat Oncol Biol Phys. 1987 Apr;13(4):579-85. doi: 10.1016/0360-
3016(87)90075-7. PMID: 3558048.

Zhang Q, Lin Z, Yin X, Tang L, Luo H, Li H, Zhang Y, Luo W. In vitro and in vivo study of hydralazine, a potential
anti-angiogenic agent. Eur ] Pharmacol. 2016 May 15;779:138-46.doi: 10.1016/j.ejphar.2016.03.021. Epub 2016
Mar 9. PMID: 26968484.

Knowles HJ, Tian YM, Mole DR, Harris AL. Novel mechanism of action for hydralazine: induction of hypoxia-
inducible factor-lalpha, vascular endothelial growth factor, and angiogenesis by inhibition of prolyl
hydroxylases. Circ Res. 2004 Jul 23;95(2):162-9. doi: 10.1161/01.RES.0000134924.89412.70. Epub 2004 Jun 10.
PMID: 15192023.

21



[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

World Journal of Advanced Pharmaceutical and Life Sciences, 2023, 05(01), 012-023

Horsman MR, Nordsmark M, Hgyer M, Overgaard ]. Direct evidence that hydralazine can induce hypoxia in both
transplanted and spontaneous murine tumours. Br ] Cancer. 1995 Dec;72(6):1474-8. doi: 10.1038/bjc.1995.532.
PMID: 8519662; PMCID: PMC2034065.

Fenton BM. Influence of hydralazine administration on oxygenation in spontaneous and transplanted tumor
models. Int ] Radiat Oncol Biol Phys. 2001 Mar 1;49(3):799-808. doi: 10.1016/s0360-3016(00)01400-0. PMID:
11172963.

Horsman MR, Christensen KL, Overgaard ]. Relationship between the hydralazine-induced changes in murine
tumor blood supply and mouse blood pressure. Int ] Radiat Oncol Biol Phys. 1992;22(3):455-8. doi:
10.1016/0360-3016(92)90852-9. PMID: 1735677.

Hasegawa T, Song CW. Effect of hydralazine on the blood flow in tumors and normal tissues in rats. Int ] Radiat
Oncol Biol Phys. 1991 May;20(5):1001-7. doi: 10.1016/0360-3016(91)90197-c. PMID: 2022499.

Fisker RV, Horsman MR, Overgaard ]. Hydralazine-induced changes in tissue perfusion and radiation response in
a C3H mammary carcinoma and mouse normal tissues. Acta Oncol. 1991;30(5):641-7. doi:
10.3109/02841869109092433. PMID: 1892683.

Nordsmark M, Maxwell R], Wood PJ, Stratford IJ, Adams GE, Overgaard ], Horsman MR. Effect of hydralazine in
spontaneous tumours assessed by oxygen electrodes and 31P-magnetic resonance spectroscopy. Br | Cancer
Suppl. 1996 Jul;27:5232-5. PMID: 8763887; PMCID: PMC2149994.

Thomas C, Counsell C, Wood P, Adams GE. Use of fluorine-19 nuclear magnetic resonance spectroscopy and
hydralazine for measuring dynamic changes in blood perfusion volume in tumors in mice. ] Natl Cancer Inst. 1992
Feb 5;84(3):174-80. doi: 10.1093/jnci/84.3.174. PMID: 1542128.

Bailey KM, Cornnell HH, Ibrahim-Hashim A, Wojtkowiak JW, Hart CP, Zhang X, Leos R, Martinez GV, Baker AF,
Gillies R]. Evaluation of the "steal" phenomenon on the efficacy of hypoxia activated prodrug TH-302 in
pancreatic cancer. PLoS One. 2014 Dec 22;9(12):e113586. doi: 10.1371/journal.pone.0113586. PMID:
25532146; PMCID: PMC4273999.

Lewis |S, Sharp TL, Laforest R, Fujibayashi Y, Welch M]. Tumor uptake of copper-diacetyl-bis(N(4)-
methylthiosemicarbazone): effect of changes in tissue oxygenation. ] Nucl Med. 2001 Apr;42(4):655-61. PMID:
11337556.

Peters CE, Chaplin DJ. Blood flow modification in the SCCVII tumor: effects of 5-hydroxytryptamine, hydralazine,
and propranolol. Int ] Radiat Oncol Biol Phys. 1992;22(3):463-5. doi: 10.1016/0360-3016(92)90854-b. PMID:
1735679.

Sultan LR, Karmacharya MB, Al-Hasani M, Cary TW, Sehgal CM. Hydralazine-augmented contrast ultrasound
imaging improves the detection of hepatocellular carcinoma. Med Phys. 2023 Mar;50(3):1728-1735. doi:
10.1002/mp.16232. Epub 2023 Jan 30. PMID: 36680519; PMCID: PMC10128060.

Cervera E, Candelaria M, Lopez-Navarro O, Labardini ], Gonzalez-Fierro A, Taja-Chayeb L, Cortes ], Gordillo-
Bastidas D, Duefias-Gonzalez A. Epigenetic therapy with hydralazine and magnesium valproate reverses imatinib
resistance in patients with chronic myeloid leukemia. Clin Lymphoma Myeloma Leuk. 2012 Jun;12(3):207-12.
doi: 10.1016/j.clm1.2012.01.005. Epub 2012 Mar 14. PMID: 22420986.

Lin WZ, Chung CH, Shaiu CY, Yang BH, Chien WC. Hydralazine Associated With Reduced Therapeutic Phlebotomy
Frequency in a Nationwide Cohort Study: Real-World Effectiveness for Drug Repurposing. Front Pharmacol. 2022
Apr 1;13:850045. doi: 10.3389/fphar.2022.850045. PMID: 35431926; PMCID: PMC9011102.

Hilakivi-Clarke L, Warri A, Bouker KB, Zhang X, Cook KL, Jin L, Zwart A, Nguyen N, Hu R, Cruz MI, de Assis S, Wang
X, Xuan ], Wang Y, Wehrenberg B, Clarke R. Effects of In Utero Exposure to Ethinyl Estradiol on Tamoxifen
Resistance and Breast Cancer Recurrence in a Preclinical Model. ] Natl Cancer Inst. 2016 Sep 8;109(1):djw188.
doi: 10.1093/jnci/djw188. PMID: 27609189; PMCID: PMC6255695.

Newell K, Wood P, Stratford I, Tannock I. Effects of agents which inhibit the regulation of intracellular pH on
murine solid tumours. Br ] Cancer. 1992 Aug;66(2):311-7. doi: 10.1038/bjc.1992.262. PMID: 1503904; PMCID:
PM(C1977830.

Adachi E, Tannock IF. The effects of vasodilating drugs on pH in tumors. Oncol Res. 1999;11(4):179-85. PMID:
10566616.

Aoki Y, Akagi K, Tanaka Y, Kawai ], Takahashi M. Measurement of intratumor pH by pH indicator used in 19F-
magnetic resonance spectroscopy. Measurement of extracellular pH decrease caused by hyperthermia combined

22



[72]

[73]

[74]

[75]

[76]

[77]

[78]

[79]

[80]

[81]

[82]

[83]

[84]

[85]

[86]

[87]

[88]

World Journal of Advanced Pharmaceutical and Life Sciences, 2023, 05(01), 012-023

with hydralazine. Invest Radiol. 1996 Nov;31(11):680-9. doi: 10.1097/00004424-199611000-00002. PMID:
8915749.

Salavati H, Debbaut C, Pullens P, Ceelen W. Interstitial fluid pressure as an emerging biomarker in solid tumors.
Biochim Biophys Acta Rev Cancer. 2022 Sep;1877(5):188792. doi: 10.1016/j.bbcan.2022.188792. Epub 2022
Sep 7. PMID: 36084861.

Bockelmann LC, Schumacher U. Targeting tumor interstitial fluid pressure: will it yield novel successful therapies
for solid tumors? Expert Opin Ther Targets. 2019 Dec;23(12):1005-1014. doi:
10.1080/14728222.2019.1702974. Epub 2019 Dec 11. PMID: 31825703.

Piotrowski-Daspit AS, Tien ], Nelson CM. Interstitial fluid pressure regulates collective invasion in engineered
human breast tumors via Snail, vimentin, and E-cadherin. Integr Biol (Camb). 2016 Mar 14;8(3):319-31. doi:
10.1039/¢5ib00282f. PMID: 26853861; PMCID: PMC4792648.

Pu W, Qiu ], Riggins GJ, Parat MO. Matrix protease production, epithelial-to-mesenchymal transition marker
expression and invasion of glioblastoma cells in response to osmotic or hydrostatic pressure. Sci Rep. 2020 Feb
14;10(1):2634. doi: 10.1038/s41598-020-59462-w. PMID: 32060379; PMCID: PMC7021835.

Podobnik B, Sersa G, Miklavcic D. Effect of hydralazine on interstitial fluid pressure in experimental tumours and
in normal tissue. In Vivo. 2001 Sep-Oct;15(5):417-24. PMID: 11695240.

Zlotecki RA, Baxter LT, Boucher Y, Jain RK. Pharmacologic modification of tumor blood flow and interstitial fluid
pressure in a human tumor xenograft: network analysis and mechanistic interpretation. Microvasc Res. 1995
Nov;50(3):429-43. doi: 10.1006/mvre.1995.1069. PMID: 8583955.

Chen Y, Song W, Shen L, Qiu N, Hu M, Liu Y, Liu Q, Huang L. Vasodilator Hydralazine Promotes Nanoparticle
Penetration in Advanced Desmoplastic Tumors. ACS Nano. 2019 Feb 26;13(2):1751-1763. doi:
10.1021/acsnano.8b07830. Epub 2019 Jan 17. PMID: 30642161.

Zhou Q, Agoston AT, Atadja P, Nelson WG, Davidson NE. Inhibition of histone deacetylases promotes ubiquitin-
dependent proteasomal degradation of DNA methyltransferase 1 in human breast cancer cells. Mol Cancer Res.
2008 May;6(5):873-83. doi: 10.1158/1541-7786.MCR-07-0330. PMID: 18505931; PMCID: PMC3361136.

Kinney SR, Pradhan S. Regulation of expression and activity of DNA (cytosine-5) methyltransferases in
mammalian cells. Prog Mol Biol Transl Sci. 2011;101:311-33. doi: 10.1016/B978-0-12-387685-0.00009-3. PMID:
21507356.

Patel, P.B.,, 2019. Anti-tumor potential of Hydralazine, a DNMT1 inhibitor, on breast cancer growth and
progression. Cancer Research, 79(13_Supplement), pp.3845-3845.

Jehangir W, Karabachev A, Jahangir T, Umyarova E. Myelodysplastic Syndrome with Transfusion Dependence
Treated with Venetoclax. Case Rep Hematol. 2020 Mar 12;2020:9031067. doi: 10.1155/2020/9031067. PMID:
32231817; PMCID: PMC7091525.

Omidkhoda N, Mahdiani S, Samadi S, Rahimi H, Mohammadpour AH. Efficacy and Safety of Valproic Acid in
Myelodysplastic Syndrome and Acute Myeloid Leukemia; a Narrative Review. Drug Res (Stuttg). 2023 May 23.
doi: 10.1055/a-2088-3718. Epub ahead of print. PMID: 37220791.

Candelaria M, Burgos S, Ponce M, Espinoza R, Duefias-Gonzalez A. Encouraging results with the compassionate
use of hydralazine/valproate (TRANSKRIP™) as epigenetic treatment for myelodysplastic syndrome (MDS). Ann
Hematol. 2017 Nov;96(11):1825-1832. doi: 10.1007/s00277-017-3103-x. Epub 2017 Aug 23. PMID: 28831600.

Zhou X, Curbo S, Li F, Krishnan S, Karlsson A. Inhibition of glutamate oxaloacetate transaminase 1 in cancer cell
lines results in altered metabolism with increased dependency of glucose. BMC Cancer. 2018 May 11;18(1):559.
doi: 10.1186/s12885-018-4443-1. PMID: 29751795; PMCID: PM(C5948873.

Cheng Z, Dai Y, Zeng T, Liu Y, Cui L, Qian T, Si C, Huang W, Pang Y, Ye X, Shi ], Fu L. Upregulation of Glutamic-
Oxaloacetic Transaminase 1 Predicts Poor Prognosis in Acute Myeloid Leukemia. Front Oncol. 2020 Mar
24;10:379. doi: 10.3389/fonc.2020.00379. PMID: 32266153; PMCID: PMC7105742.

Meyler's Side Effects of Drugs: The International Encyclopedia of Adverse Drug Reactions and Interactions,
Sixteenth Edition 2016. Elsevier. ISBN 978-0-444-53716-4

Mladénka P, Applova L, Patocka ], Costa VM, Remiao F, Pourova J, Mladénka A, Karlickova J, Jahodar L, Voprsalova
M, Varner K], Stérba M; TOX-OER and CARDIOTOX Hradec Kralové Researchers and Collaborators.
Comprehensive review of cardiovascular toxicity of drugs and related agents. Med Res Rev. 2018 Jul;38(4):1332-
1403. doi: 10.1002/med.21476. Epub 2018 Jan 5. PMID: 29315692; PMCID: PMC6033155.

23



