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Abstract. Nifuroxazide (NFZ) is an antimicrobial drug, which
has been found to be a promising antitumor agent in recent
years. In addition to being a classic STAT3 inhibitor, NFZ can
also act on IL-6 and exert an anti-tumor role through inflam-
matory factor pathways. It can also bind to target proteins of
aldehyde dehydrogenase 1, one of the families of E-twenty-six
transcription factors and ubiquitin-specific protease 21 to play
an anti-tumor role in different pathways. NFZ is able to act
on the tumor cell microenvironment to inhibit tumor angio-
genesis and tumor cell migration, enhance tumor immune
cells, increase the cytotoxicity of tumor cells and enhance
the anti-tumor effect of other drugs. Furthermore, it has high
safety with few toxic side effects. The anti-tumor mechanisms
of NFZ were described in the current review, aiming to
provide insight and a reference for future studies promoting
the implementation of NFZ as an anti-tumor drug in the clinic.

Contents
1. Introduction

2. NFZ blocks tumor cell cycle, inhibits tumor cell prolifera-
tion and induces tumor cell death

Correspondence to: Dr Deliang Li, Emergency Department,
Affiliated Hospital of Qingdao University, 59 Haier Road, Jinjialing
Street, Qingdao, Shandong 266100, P.R. China

E-mail: lideliang007@163.com

Abbreviations: NFZ, nifuroxazide; JAK2, Janus kinase 2;
STAT3, signal transducer and activator of transcription 3; IL-6,
interleukin-6; ALDHI1, aldehyde dehydrogenase 1 family, member
Al; ERG, v-ets avian erythroblastosis virus E26 oncogene related;
UPS-21, ubiquitin-specific protease 21

Key words: nifuroxazide, STAT3, tumor, IL-6, ALDH, ERG, tumor
microenvironment

3. NFZ exerts anti-tumor effects by targeting IL-6, STAT3,
aldehyde dehydrogenase (ALDH), one of the families
of E-twenty-six transcription factors (ERG) and ubig-
uitin-specific protease (USP)-21

Tumor-surrounding environment/immunity

Drug combination

Safety and no organ toxicity

Conclusion

Nown A

1. Introduction

Nifuroxazide (NFZ) is a gastrointestinal antibiotic that
was first patented by Laboratoires Robert & Carriere
SA (France) in 1961 (France) and 1966 (USA) (1). It was
widely used and heavily promoted in the 1970s. When
taken orally, the drug can be absorbed and metabolized in
the liver (2). NFZ was first defined as a broad-spectrum
intestinal antibiotic for the effective and safe treatment of
bacterial vaginitis, chlamydia trachomatis, mycoplasma
and candida infections (3). NFZ has a long history of
clinical application. In 2008, NFZ was identified as a
potent inhibitor of signal transduction and transcriptional
activation factor 3 (STAT3)-dependent gene expression
by screening 1,200 bioactive compounds in the Prestwick
library (4). NFZ is defined as a STAT3 inhibitor. A study
has shown that this kinase inhibitory activity explains
the anti-proliferative activity of NFZ in myeloma cells,
which performs a constitutive activation of STAT3 with
negligible effects on normal cells (4). Recent studies
have shown that NFZ has obvious anti-tumor effects and
numerous studies have been conducted on its anticancer
activity (5-7).

The present review used PubMed (https://PubMed.NCBI.
NLM.nih.gov/) to retrieve data. Key words searched included
‘nifuroxazide’, ‘tumor’, ‘STAT?3’, ‘tumor microenvironment’,
‘inflammatory factors’ and ‘anti-tumor’. The time frame for
these basic studies is ~10 years, with only few studies extending
to 10-20 years. This article reviews the specific mechanism of
NFZ various aspects (cell cycle, target protein, drug combina-
tion, safety, etc).
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2. NFZ blocks tumor cell cycle, inhibits tumor -cell
proliferation and induces tumor cell death

NFZ can downregulate cyclin D, resulting in the failure of
cells to enter the S phase from G1-GO phase, and the cell cycle
stagnates at G1-GO in a concentration-dependent manner. It
has anti-melanoma activity in vitro and in vivo, has strong
anti-proliferation activity against a variety of tumor cells, can
induce G2/M phase arrest and cell apoptosis, and inhibit the
migration and invasion of tumor cells (8). It can also signifi-
cantly inhibit tumor growth, reduce cell proliferation and
metastasis, and induce cell apoptosis in tumor-bearing mouse
models (9).

3. NFZ exerts anti-tumor effects by targeting IL-6,
STAT3, aldehyde dehydrogenase (ALDH), one of the
families of E-twenty-six transcription factors (ERG) and
ubiquitin-specific protease (USP)-21

NFZ is a multi-target drug that can fight tumors through
multiple target proteins and target pathways.

NFZ exerts antitumor effects through the JAK/STAT3
pathway. The JAK-STAT pathway has a variety of roles in
physiological processes such as cell growth, differentiation
and immune response. It plays a role in cell cycle regulation,
cytokine signaling and apoptosis (10). STAT3 is present in
numerous malignant tumor cells. STAT3 is continuously
activated in most human primary cancer sites and tumor cell
lines, such as human astrocytoma, multiple osteosarcoma,
prostate cancer, colon cancer, stomach cancer, liver cancer
and breast cancer (5,11-17). Dysregulation of this pathway is
closely related to carcinogenesis and poor prognosis of various
cancers, including kidney cancer (18), lung cancer (19), cervical
cancer (20) and bladder cancer (21). Immunohistochemical
results of 149 patients with invasive bladder cancer showed
that 51.3% of them had high STAT3 expression (21).

The amide group of NFZ is located in the para-position of
the hydroxyphenyl part. This configuration promotes conju-
gation between carboxyl oxygen atoms, phenyl radicals and
hydroxyl oxygen atoms. This structural arrangement makes
the hydrogen atoms in the hydroxyl part more fluid and is a
classical STAT3 inhibitor that can inhibit JAK/STAT3 phos-
phorylation (3,5,9,12,22-25). NFZ has antitumor effects in
hematologic tumors and solid tumors by inhibiting the STAT3
signaling pathway (4,11). NFZ inhibits the constitutive phos-
phorylation of STAT3 by reducing the self-phosphorylation
of JAK and leads to the downregulation of the target gene of
STAT?3, myeloid cell leukemia-/, thereby reducing the survival
activity of myeloma cells without affecting normal peripheral
blood mononuclear cells (4).

AutoDock Vina (version 1.1.2) was used for molecular
docking on STAT3. The mesh sizes of catalytic and allosteric
sites were 15, 15 and 22.5, respectively. The dimensions x,
y and z were 11.25, 15 and 15, respectively. The Lamarque
genetic algorithm was used to perform 2,500 evaluations
and 100 run docking simulations. Bio via Discovery Studio
Visualizer 2020 was used to show molecular interactions
between proteins and ligands. Molecular docking techniques
were used to dock the spatial structure of STAT3 (Fig. 1).

When NFZ and Stat3 bind (binding sites Lys591, Glu612 and
SERG613), it can inhibit STAT3 phosphorylation and thus inhibit
transcriptional pathways related to this pathway. Binding site
residues, such as Lys591, are consistent with previous struc-
tural studies of STAT3 (11).

Anti-tumor effects through the IL-6/JAK/STAT3 pathway.
In numerous cancers, inflammatory cytokines [e.g. tran-
scription factors (TFs)] are the most direct and promising
targets (11). IL-6, discovered in 1976 (26), is a glycosylated
protein composed of 184 amino acids (27) and a pleiotropic
cytokine, which not only participates in immune response, but
also in the basic processes such as inflammation, hematopoi-
etic function, bone metabolism and embryonic development.
Physiological processes that play important roles in a variety
of diseases include cell proliferation, immune surveillance,
acute inflammation, metabolism and bone remodeling (26-31).
It was originally described as stimulating B lymphocytes and
hepatocytes (31). Numerous human malignancies are caused
by a variety of cell types, including tumor cells and stromal
cells (10,25,32,33).

IL-6 binds to the IL-6 receptor and then binds to the
glycoprotein 130 receptor to produce a signal transduction
hexamer receptor complex. Recruited and activated JAKs
phosphorylate STAT3 in turn, leading to gene regulation.
Abnormal expression of IL-6 occurs in various cancer types
and is associated with poor clinical prognosis and metastasis.
In pathophysiological states, IL-6 mediates inflammation
and regulates the MAPK, PI3K and JAK/STAT carcinogenic
pathways (34). STAT3 is the main downstream regulatory
signal of IL-6 in regulating inflammation and tumor trans-
formation (28,35,36). NFZ effectively inhibited STAT3 and
cancer-related inflammatory phenotypes NFZ effectively
inhibits STAT3 and cancer-related inflammatory phenotypes
(overexpression of Bcl-2, transcriptional activation of IL-6,
and association of TNF-a, Bcl-2, EGFR, STAT3, transcription
factor p65 (RELA p65), and wingless-type MMTYV integra-
tion site family, member SA (WNT5a) with cell survival);
NFZ alone or in combination is used to prevent or treat
tumors (37). Overexpression of IL-6, IL-6Ra and gp130, the
upstream effectors of the IL-6/JAK/STAT3 pathway, may lead
to abnormal activation of STAT3 (38), and IL-6 is an upstream
signaling component of STAT3 (13,39.,40). Secretion of IL-6
induced the expression of STAT3 target genes, such as Cyclin
D1, Bcl-2, BelxL, VEGF, VEGFR2 and matrix metallopro-
teinases (MMPs) (41-44). IL-6 and p-Stat3 were overexpressed
in 83 breast cancer samples. The IL-6/JAK/STAT3 signaling
pathway can promote tumor cell proliferation, angiogenesis,
epithelial-to-mesenchymal transition and cancer stem cell
subpopulation growth, while inhibiting the anti-tumor immune
response (45-47).

In breast cancer, the IL-6 pathway is frequently acti-
vated, simultaneously promoting breast cancer metastasis
and suppressing the anti-tumor immune response (47). NFZ
decreased the viability of three breast cancer cell lines, MCF-7,
MDA-MB-231 and 4T1 cells, and induced cancer cell apoptosis
in a dose-dependent manner. Activated cleavage of caspase-3
and Bax downregulated Bcl-2. It also significantly blocked the
migration of cancer cells and phosphorylated STAT3 Tyr705
to reduce the expression of MMP-2 and MMP-9. It inhibited
tumor growth and blocked lung metastasis formation in mice
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Figure 1. Molecular docking analyses of nifuroxazide and STAT3. Chemical structure of STAT3, 3D structures and interactive docking sites of STAT3

(binding sites Lys591, Glu612 and SER613).

with no detectable toxicity. The number of Ki-67-positive cells
and MMP-9-positive cells can be downregulated, cleaved
caspase-3 positive cells can be upregulated and the number of
myelo-derived suppressor cells in the lung can be reduced by
NFZ (48-52).

Abnormal STAT3 has a positive effect on breast cancer and
induces Gl cell cycle progression, proliferation, anti-apoptosis,
angiogenesis and metastasis through transcriptional regula-
tion of target gene expression (39,53-57). Specific expression
of STAT3 activated immunosuppressive tumor-infiltrating
medullary suppressor cells (MDSCs), tumor-associated
macrophages (TAM) and T-regulatory cells. STAT3 further
induces upstream expression of cytokines and growth factors
to produce a malignant autocrine paracrine positive feedback
loop (47,57-59). STAT3 and IL-6 can further activate nuclear
factor kB (NF-«kB) signaling through nuclear factors in breast
cancer. IL-6 is targeted to the expression of let-7 miRNAIL-6
mRNA in the 3'-untranslated region. Activation of NF-xB
inhibits let-7 and leads to IL-6 hyperactivation and subsequent
activation of STAT3 (60). Studies have shown that oncostatin
M (OSM) can further activate the IL-6/JAK/STAT3 signaling
pathway and promote the progression of breast cancer both
in vivo and in vitro. OSM and IL-1f synergistically induce
further activation of STAT3 secreted by IL-6 in estrogen
receptor + and triple-negative breast cancer cells (54,61-63).

IL-6/JAK/STAT3 can inhibit tumor angiogenesis.
Abnormal activation of STAT3 signaling is related to overex-
pression of VEGF (64,65). IL-6/STAT3 is thought to regulate

the development of breast cancer by promoting JAK and angio-
genic signals (66-68). NFZ can inhibit the growth of Ehrlich's
breast cancer in vivo (11,69). Female albino mice were injected
with cells from Ehrlich cancer producing Ehrlich solid tumors.
NFZ was able to reduce the tumor mass and alleviate tumor
pathology. NFZ downregulated IL-6, TNF-a and NF-«b,
enhanced angiostatin, decreased tumor VEG and downregu-
lated STAT3 phosphorylation in a dose-dependent manner. It
was able to inhibit the growth of solid breast cancer in vivo.
JAK/STAT3 increases breast cancer stem cells and cancer
chemotherapy resistance by regulating lipid metabolism.
STAT3 is a direct inflammatory cytokine target (70), and
JAK/STAT3 increases breast cancer stem cells and cancer
chemotherapy resistance by regulating lipid metabolism.
Inhibition of the JAK/STAT3 signaling pathway was able to
reduce the characteristics of breast cancer stem cells and the
expression of multiple lipid metabolism genes (71-74).

NFZ targets ALDHI. Studies have shown that NFZ targets
STAT3 and inactivates ALDHI to inhibit multiple myeloma
and melanoma cells, respectively (10,75,76). NFZ can be
biologically activated by ALDH, which is highly expressed
in certain cancer-initiating cells (ALDH-high stem cells).
Although ALDH?2 is a direct target of NFZ (75), the biolog-
ical activity of NFZ against ALDHI is superior to that of
ALDH2 (76). In vivo, the drug binds a substrate bag suitable
for the aldla 1/A3 subtype to two cysteine residues at the active
site of the enzyme, resulting in oxidation and inactivation of the
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enzyme. NFX selectively kills ALDHI1-high cancer-initiating
cells, which correspond to a high tumorigenic subgroup. In
stark contrast, Odero cells were found to be resistant to NFZ.
In vivo experiments using mice transplanted with A375-L2T
melanoma cells showed that the ALDHI-high cancer
subpopulation was highly sensitive to NFZ, which completely
eradicated the population in vivo (77).

NFZ induces programmed cell necrosis and apoptosis
through ERG. NFZ can activate different regulated cell death
pathways (parthanatos and apoptosis) (74-80). NFZ affects
multiple transcription factors through the ERG-associated
protein-protein interaction network in the MAPK signaling
pathway. NFZ can downregulate IL-1, IL-6 and C-C motif
chemokine ligand-2 (81). ERG and other transcription factors
containing ETS domains work with multiple transcrip-
tion factors (activator protein-1, nuclear factor of activated
T cells, NF-kB) or proteins to regulate downstream gene
expression (5,82,83). After NFZ binds to ERG, the spatial
conformation of ERG is changed, which makes ERG unable
to combine with poly(ADP-ribose) polymerase 1 (PARPI)
and other proteins smoothly. Researchers such as Hossain
and Bostwick (84) through knocked down ERG (83)
confirmed that NFZ blocked the interaction between ERG
and PARP1 (84,85). NFZ inhibited the proliferation of trans-
membrane protease serine:ERG-positive cells by interfering
with ERG or ERG-associated TFs. NFZ has a stronger affinity
for ERG than STAT3 and ALDHI (75). NFZ showed a strong
inhibitory effect on the growth of ERG-positive prostate cancer
cell lines (VCaP, DU145-ERG), but did not inhibit the growth
of ERG-negative cell lines (LNCaP, DU145, WPMY) (84).
NFZ had stronger inhibitory effects on ERG-overexpressing
cell lines. The IC,, difference between the DU145-ERG and
DU145 vectors was at least 7-fold, and the addition of olapalil
reduced the inhibition of DU145-ERG by NFZ by at least
10-fold (82). NFZ upregulated genes associated with DNA
repair in prostate cancer VCaP cells (BRCAI1, FA comple-
mentation group and PARP1), particularly PARP1. PARP1
inhibitors (olapalil) blocked NFZ-mediated growth inhibition
of VCaP cells in a dose-dependent manner. An increase in
intracellular allograft inflammatory factor occurred, which
eventually produced a large number of DNA fragments to
induce cell necrosis (86,87).

NFZ targets USP-21. USP is an enzyme that catalyzes protein
deubiquitination and is involved in biological processes
related to metabolic disorders and cancer proliferation.
Abnormal USP function has been associated with a variety
of diseases, including metabolic dysfunction associated with
liver disease and cancer (85). Certain USPs regulate oncogene
activity and/or tumor suppressor function, while others influ-
ence pathways associated with tumor progression (88). In
HepG2 cells, NFZ increased miR-4458 levels and not only
inhibited USP-21 and its substrate ATP citrate lyase, but also
increased p-AMP kinase a (the downstream functional target
of USP-21). Thus, NFZ may be characterized by the fact that
in the chemical structure of nifuramide, the oxygen atoms of
the nitro group and the oxygen atoms of the carbonyl group
exhibit higher electron densities due to their binding within the
conjugated system. As a result, these oxygen atoms have the

ability to form strong bonds with amino acids with opposite
charges. Previous studies have also revealed the anti-prolif-
erative properties of furan-containing compounds (85), while
nitrofuran derivatives have shown tumor growth inhibition
through p53-dependent mechanisms (89), and the anticancer
potential of amide compounds has been similarly confirmed.
For instance, decibuprofen and amide derivatives inhibit
MCEF-7 cell proliferation (90), and these derivatives inhibit
the growth of multiple cancer cell lines by interacting with
the tyrosine kinase domain of human epidermal growth factor
receptor 2 (91). The association of USP-21 (92,93) extends to
the stem cell regulation of cancer cells, which activates the
Wnt pathway to enhance the stem cell properties of pancre-
atic cancer cells (94). In addition, USP21 is involved in the
deubiquitination of K48-linked ubiquitin chains, stabilizing
Nanog, and maintaining the dryness of mouse embryonic stem
cells in both in vivo and in vitro environments (95). In bladder
cancer, USP21 expression is elevated and associated with poor
prognosis. Notably, it blocks ubiquitination of EZH2, thereby
promoting the proliferation and metastasis of bladder cancer
cells (96). In non-small cell lung cancer, USP21 promotes
tumor cell proliferation, invasion and migration through the
Y Y1/small nucleolar RNA host gene 16 pathway (97). The
interaction of USP21 with MAPK kinase 2 stabilizes the latter,
ultimately leading to the activation of ERK1/2 and the propa-
gation of carcinogenic signals in liver cancer (98,99).

4. Tumor-surrounding environment/immunity

Cell necrosis and downregulation of these inflammatory
factors caused by NFZ activation of parthanatos can alter
the immune microenvironment and enhance the immune
response (81). NFZ can increase the infiltration of CD8+
T cells and decrease the number of M2 macrophages in
colorectal cancer; the percentage of M2 macrophages
(CD11b+F4/80+CD206+) blank group was 10.2%, the
percentage in the 25 mg/kg group (CD11b+F4/80+CD206+)
was 8.6% and the percentage in the 50 mg/kg group
(CD11b+F4/80+CD206+) was 3.6% (11). NFZ reduced the
number of bone marrow-derived suppressor cells in breast
cancer cells and colorectal cancer cells, and increased intra-
tumoral CD8+ T-cell infiltration. Importantly, a significant
decrease and changes in the number of M2-type macrophages
in the tumor were observed in a model of abdominal metas-
tasis (78).

5. Drug combinations

STATS3 as the target was able to increase the sensitivity
to olaparil (100) (Fig. 2). NFZ reduced cell proliferation
in vitro, adenovirus combined with oncolytic action was able
to enhance the therapeutic effect of STAT3/5 inhibitors on
bladder cancer (8) and attenuated salmonella carrying NFZ
and programmed cell death 1 (PD-1) small interfering RNA
could effectively inhibit the development of colon cancer (99).
Combined use can improve the survival rate of mice, stimulate
strong anti-tumor immunity and improve the therapeutic effect
of anti-tumor immunity. Its mechanisms are mainly involved
in immune regulation and apoptosis (101). Induction of PD-1
ligand 1 (PD-L1) weakened the antitumor effects of radiation
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Figure 2. Diagram of the action of NFZ in combination with other treatments. The combination of palbociclib and radiotherapy can increase the efficiency
and radiotherapy attenuates the toxicity. NFZ was shown to inhibit tumor growth by inhibiting the phosphorylation of STAT3. CpG ODN as a TLR9 agonist:
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triggers an immune response. Combination with NFZ can enhance the antitumor effect in vivo and in vitro. The new drug application increases its anti-tumor
effect and exerts its multi-protein targeting anti-tumor function. NFZ, nifuroxazide; APC, antigen-presenting cell; MHC, major histocompatibility complex;
Th, T-helper; Treg, T-regulatory cell; TAM, tumor-associated macrophage; TLR, Toll-like receptor; siRNA, small interfering RNA; PD-1, programmed cell
death 1; PD-L1, PD-1 ligand 1; NK, natural killer; SASP, senescence-associated secretory phenotype; CLM, co-prodrug-loaded micelles; DOX, doxorubicin;
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E-twenty-six transcription factors; PD-1, programmed cell death 1; PD-L1, PD-1 ligand 1; NK, natural killer.


https://www.spandidos-publications.com/10.3892/ol.2025.15006

6 LIU et al: ANTI-TUMOR EFFECT OF NFZ THROUGH INHIBITING MULTIPLE PROTEINS

Table I. Antitumor effects of different target proteins of nifuroxazide.

Targets Target-associated proteins Activities Tumor types (Refs.)
JAK2/STAT3 p-STAT3|,CDK2|,SASP2|,p-RB|, GO/G1phase?; tumor Osteosarcoma, (8,21,73)
P211,Ki67|, Cyclin E1], Bcl-2], Baxf, weight|; pulmonary hepatocarcinoma
CC-31,MMP1|,MMP2 |, MMP9 |, metastasis | ; cell
PARP11 apoptosis?; cell
invasion|; migration|;
survival ratef;
lymphocyte
infiltration in tumor
tissues?; immune cell
response in spleent;
CD4* and CD8* T
lymphocytes in the
spleen?
IL-6/STAT3 Cyclin D1}, Bcl-2|, Bel-xLT, VEGF|, Cell apoptosisT; cell Breast cancer (42,48-51,70,71)
VEGFR2|,MMPs |, CC-31, TNF-a|, NF- invasion|; migration];
kb, IL-6] survival rate?; solid
breast cancer
ALDH ALDH"eh| Tumor initiation, Multiple myeloma, (9,73)
tumor growth | melanoma,
ERG MAPK|,IL-1|,IL-6],CCL-2|,PARP11, Apoptosist, necrosis]  Prostate cancer (75)
AIFt, TMPRSS parthanatos 1
USP-21 p-AMPKat, USP21| Cell proliferation Hepatocarcinoma,  (84,86)

bladder cancer,
liver cancer

CDK, cyclin-dependent kinase; SASP2, small acid-soluble protein 2; p-RB, phosphorylated retinoblastoma protein; P21, p21-activated kinase;
Ki67, proliferating cell nuclear antigen Ki-67; Bcl-2, B-cell lymphoma-2; Bax, BCL2-associated X protein; CC-3, cleaved-caspase 3; MMP1,
matrix metallopeptidase 1; PARP, poly ADP-ribose polymerase 1; Bcl-xL, B-cell lymphoma-extra large; VEGFR2, vascular endothelial growth
factor receptor 2; TNF-a, tumor necrosis factor-a; NF-kb, nuclear factor kappa B; IL-6, Interleukin 6; ALDH, aldehyde dehydrogenase;
MAPK, mitogen-activated protein kinase; CCL-2, C-C motif chemokine ligand 2; AIF, apoptosis inducing factor; TMPRSS, transmembrane
proteases serine; p-AMPKa., phospho-adenosine monophosphate-activated protein kinase a; USP21, ubiquitin-specific peptidase 21.

therapy. High expression of PD-L1 impaired the anti-tumor
function of T lymphocytes and macrophages. In addition, NFZ
was able to significantly inhibit radiation-induced upregulation
of PD-L1. Invivo and in vitro experiments have shown that radio-
therapy combined with NFZ enhanced T lymphocyte activation
and the M1 macrophage ratio, improved the anti-tumor effect
of radiotherapy and provided a synergistic treatment strategy
for patients with hepatocellular carcinoma (102). In vivo, the
combination of NFZ with CpG ODN exhibited a therapeutic
effect on liver cancer. NFZ inhibited cell proliferation, induced
apoptosis and inhibited the migration and invasion of HepG2
cells. The combination of NFZ and CpG ODN had a significant
inhibitory effect on tumor growth in tumor-bearing mice and
there were almost no side effects. In addition, NFZ combined
with CpG ODN treatment significantly induced apoptosis,
enhanced the infiltration of CD4+ and CD8+ T lymphocytes
and macrophages, and increased the proportion of CD4+ and
CD8+ T lymphocytes in the spleen of tumor-bearing mice. The
combination of NFZ and CpG ODN provides a new strategy for
the treatment of liver cancer (103). A novel lipoprotein-unstable
S-2 phosphate antidrug has been synthesized for NFZ, which

can be regionally selectively broken down by the abundant
membrane enzymes in cancer cells. The cytotoxicity of diazine
trioxide nanoparticles self-assembled to <20 nm was deter-
mined by the MTT proliferation assay. The results showed that
this substance had multiple effects in inhibiting cancer cells
compared to proflurazine. The local concentration of the drug
was significantly increased, up to 240-fold when assembled
into nanoparticles, improving the local action of the drug
and enhancing the anti-tumor effect (104). Cathepsin B/pH
dual-sensitive block copolymer with a molecular weight of
92 kDa was synthesized to conjugate with doxorubicin (DOX).
The copolymer DOX was further loaded with NFX self-assem-
bled co-prodrug-loaded micelles (CLM). CLM showed drug
release patterns in response to pH/enzyme dual stimulation and
enzyme biodegradation. CLM was shown to reduce the viability
of 4T1 murine breast cancer cells and inhibit the migration and
in vitro culture of invasive mouse breast cancer cells. After
intravenous administration of CLM, its nanoscale size and
stimulatory reactivity facilitated drug delivery at tumor sites in
mice. Both of them had a strong anti-tumor effect and a strong
anti-metastasis effect in lung metastasis derived from 4T1. At
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the same time, tissue immunofluorescence and immunohisto-
chemical analysis revealed high levels of apoptosis, inhibition
of MMP expression and reduction of these all contributed to
the inhibition of lung metastasis. The infiltration of MMP
pathways and MDSC:s associated with the induction of massive
metastasis were inhibited in lung metastasis after CLM treat-
ment. In addition, CLM showed excellent biocompatibility with
major organs and reduced cardiotoxicity of dox. NFZ also has
a vascular protective effect, restoring the oxidation-antioxidant
balance, protecting the expression of endothelial nitric oxide
synthase in the endothelia and weakening the expression of
IL-1B (7,105).

6. Safety and no organ toxicity

NFZ has been successfully tested for safety and efficacy in
solid tumors in Phase I clinical trials (106), where, after oral
administration, the drug can be absorbed and metabolized in
the liver, and very low concentrations can be detected in blood
and urine. The drug shows almost unique enteral sterility and
no systemic antibacterial activity (4). NFZ is well tolerated,
but occasionally, side effects occur, manifested by digestive
process disturbances and eventual allergic reactions, such as
rashes, hives and vascular inflammation (and, in rare cases,
severe immune anaphylaxis and anaphylactic shock) (107).
There is no carcinogenicity in transgenic mouse models of
NFZ mutagenicity (108). Mice treated with NFZ lost signifi-
cantly less weight than those treated with the carrier, meaning
that NFZ reduced weight loss in mice and that NFZ did not
show significant toxicity. In the NFZ treatment group, alanine
and aspartate aminotransferase values fluctuated within the
normal range (109), and NFZ could exert its antitumor effects
without significant toxicity. Toxicity evaluation was performed
on A375 and B16-F10 model mice to confirm the safety of
NFZ after drug therapy, including serological analysis, blood
analysis and H&E staining. Serological and hematological
analysis did not show any pathological changes and there was
no significant change in body weight compared to the control
group. In addition, no pathological changes were observed in
the heart, liver, spleen and kidney after NFZ treatment (110).
NFZ has been shown to inhibit STAT3 phosphorylation by
inhibiting JAK?2 and Tyk2 family kinases, leading to a decline
in myeloma cell viability. However, there was no cytotoxic
effect on normal peripheral blood mononuclear cells (8,12,111),
which indicates safety to a certain extent in clinical practice.

7. Conclusion

Currently, a novel lipoprotein unstable S-2 phosphate, NFZ,
has been synthesized, which, when assembled into nanopar-
ticles, significantly increases the local concentration of the
drug (240-fold), enhancing the local effect of the drug and
enhancing the antitumor effect (108). NFZ is a multi-target
anti-tumor drug (Table I), which inhibits cell proliferation,
promotes apoptosis and programmed necrosis of tumor
cells through the IL-6, STAT3, ALDHI, ERG and UPS-21
pathways, acts on the tumor microenvironment and enhances
the anti-tumor effects of T lymphocytes and B lymphocytes
(Fig. 3). As a combination drug, NFZ can enhance the effect
of radiation therapy, targeted therapy and immunotherapy, and
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has shown obvious safety in in vivo and in vitro experiments,
thus making it a potential anti-tumor drug (Fig. 2).
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