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Epithelial malignant transformation and tumorous development were believed

to be closely associated with the loss of its microenvironment integrity and

homeostasis. The tumor-suppressive molecules Maspin and p53 were

demonstrated to play a crucial role in body epithelial and immune

homeostasis. Downregulation of Maspin and mutation of p53 were

frequently associated with malignant transformation and poor prognosis in

various human cancers. In this review, we focused on summarizing the

progress of the molecular network of Maspin in studying epithelial tumorous

development and its response to clinic treatment and try to clarify the

underlying antitumor mechanism. Notably, Maspin expression was reported

to be transcriptionally activated by p53, and the transcriptional activity of p53

was demonstrated to be enhanced by its acetylation through inhibition of

HDAC1. As an endogenous inhibitor of HDAC1, Maspin possibly potentiates the

transcriptional activity of p53 by acetylating the p53 protein. Hereby, it could

form a “self-propelling” antitumor mechanism. Thus, we summarized that,

upon stimulation of cellular stress and by integrating with p53, the aroused

Maspin played the epigenetic surveillant role to prevent the epithelial

digressional process and retune the epithelial homeostasis, which is involved

in activating host immune surveillance, regulating the inflammatory factors,

and fine-tuning its associated cell signaling pathways. Consequentially, in a

normal physiological condition, activation of the above “self-propelling”

antitumor mechanism of Maspin and p53 could reduce cellular stress (e.g.,

chronic infection/inflammation, oxidative stress, transformation) effectively

and achieve cancer prevention. Meanwhile, designing a strategy of
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mimicking Maspin’s epigenetic regulation activity with integrating p53 tumor-

suppressive activity could enhance the chemotherapy efficacy theoretically in a

pathological condition of cancer.
KEYWORDS

tumor suppressive Maspin, p53, epigenetic regulation, epithelial homeostasis,
immune surveillance
Characteristics of Maspin

Maspin (mammary serine protease inhibitor) was originally

identified by utilizing subtractive hybridization analysis in breast

epithelial materials and was reported to specifically express in

epithelial tissues (1, 2). Later on, it was found that Maspin played

a crucial biological role in early embryonic development since

knockout of Maspin in mice is embryonically lethal (2). A

structural homology study revealed that Maspin belonged to

the serine protease inhibitor (serpin) superfamily with an

existing typical reactive center loop (RCL) motif in its protein

conformational structure, and this RCL is an active region and

serves as a decoy for a targeted molecule to execute its biological

functions (3). The 3D spatial structure of the Maspin protein

contains three b-sheets, nine a-helices and the hydrophobic

RCL lies closer to the serpin core of the molecule. It was believed

that the presence of the RCL is the main molecular structural

feature for the antitumor properties of native Maspin (4, 5). The

existence of a G-helix structure is an internal salt bridge of the

RCL. A study showed that aberrant changes in the G-helix

structure impaired performance of Maspin in inhibiting cell

migration and affecting cell adhesion (6).

As a tumor-suppressive molecule, Maspin has been shown to

prevent chronic inflammation; inhibit tumor cell invasion,

migration, and angiogenesis; arrest pathologic cell-cycle

progress; induce malignant cell undergoing re-differentiation;

and sensitize tumor cells to drug treatment (7–11). Numerous

studies have shown the relevance of an abnormal expression of

Maspin in epithelial cells with malignant transformation as well

as cancer development and progress, e.g., the loss of Maspin

expression conferred the gain of ability in boosting tumor

progression in many types of cancer.

In addition, the antitumor effect of Maspin is also closely

related to its subcellular localization. Maspin is mainly present in

the cytoplasm but also in the cell membrane, secretory vesicles,

mitochondria, and nucleus in malignant tissue cells (12).

Accumulated evidences showed that the nuclear localization of

Maspin favored tumor prognosis. Meanwhile, a study revealed

that the nuclear localization of Maspin could be regulated by

calcium-dependent cell–cell contact, EGFR, JAK-STAT3 and

PI3K-Akt pathways (13). Thus, Maspin may appear variant
02
antitumor activities in different types or progress stages

of tumor.

Several recent studies also highlighted that Maspin was

associated with variant epigenetic regulatory networks via the

interplaying between DNA methylation and histone

posttranslational modifications (7, 14, 15). It was notable that

aberrant histone deacetylase (HDAC) expression and activity

were found in diverse human cancers, which was correlated with

abnormal epigenetic modification of certain important genes

along with the progress/prognosis of disease (16, 17). For

instance, a high expression of class I HDACs including

HDAC1 was reported in prostate cancer tissue, and HDAC1 is

the most abundant class I HDAC in mammalian cells. Maspin

was evidenced to be an endogenous HDAC1 inhibitor in

prostate epithelial cells to epigenetically regulate certain gene

expressions, which contribute to or favor its tumor-suppressing

activities (10, 18).

It was also found that the expression of Maspin was associated

with better differentiation phenotypes of human cancer tissues, and

an increase in Maspin expression in cancer cells could restore the

epithelial re-differentiation characteristics, which could be endorsed

through this Maspin-mediated epigenetic regulationmachinery (19,

20). Clinical studies also found that Maspin expression was

significantly correlated with the overall survival (OS) and

progression-free survival (PFS) rates in muscle invasive bladder

cancer (MIBC) patients who received cisplatin-based neoadjuvant

chemotherapy (NACT) (21). Indeed, patients with reduced or

absent Maspin expression showed a lower rate of both their OS

and PFS rates than those with Maspin expression. Meanwhile,

increasing Maspin expression sensitized tumor cells to the

treatment with cisplatin along with the reduction of PI3K/AKT/

mTOR signaling activity in bladder cancer (21). Maspin in oral

squamous cell carcinoma (SCC) was also reported to be associated

with a better prognosis (22). In addition, Maspin was found to

possibly function as a relevant inhibitor to prevent the local

invasiveness and further systemic progression of prostate

cancer (23).

As an epithelial biomarker, Maspin was considered to play a

critical role in fine-tuning epithelial homeostasis (11). Since

recent evidence uncovered the existence of a complicated

interactive molecular network of Maspin (e.g., p53, GSTpi,
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AR) (9, 24, 25), further sorting and clarifying this network is

desirable for continually gaining insights on its cellular and

biological functions toward epithelial differentiation and

homeostasis. In our opinion, Maspin seems more like a

“guardian of the epithelium” through its epigenetic surveillant

role in retuning epithelial homeostasis.
Maspin-mediated
antitumor activity

It was studied that the lack of Maspin in lung adenocarcinoma

(LUAD) was associated with the poor phenotypes of tumor

including lymph node metastasis, late TNM stage, bad

prognosis, and recurrence (26). Patients with higher Maspin

levels were observed to have significantly better prognosis. In

addition, Katakura et al. reported that the 5-year overall survival

rates were 67.7% for patients with a higher Maspin expression and

41.4% for those with a lower Maspin level (27). Furthermore,

nuclear localization of Maspin appeared to suppress the LUAD

cell invasion, whereas cytoplasmic Maspin promoted it (28).

Similar phenomena were also reported in other

cancers (Figure 1). Nuclear expression of Maspin in 132

invasive epithelial ovarian carcinoma patients confirmed by

immunocytochemical assay was correlated with a good prognostic

factor and a better long-term survival (29). However, cytoplasmic

localization of Maspin promoted breast cancer cell invasion and
Frontiers in Oncology 03
metastasis via activating the SRGN/TGFb signaling axis (30).

Uchinaka et al. also found that the expression of Maspin in the

cytoplasm alone implied an unfavorable prognosis in patients with

pancreatic ductal adenocarcinoma (PDAC) (31). Given the most

common cancers, such as prostate cancer and breast cancer, the

antitumor effect of Maspin is beyond doubt. Maspin was also

reported to inhibit gastric cancer (GC) cell invasion and

migration by blocking the cellular ITGB1/FAK signaling pathway

and in turn reducing epithelial–mesenchymal transition (EMT) and

angiogenesis (32, 33). A study found that GC tissues with a low

expression of Maspin were usually associated with a low expression

of E-cadherin and a high expression of vimentin (34). However, it

was also observed that a high expression of Maspin might promote

the progression of GC (35). For example, a high Maspin expression

was found in a subtype of adenocarcinoma (AC) rather than in

non-small cell lung cancer (SCLC) and is related with a higher

TNM stage in AC (36).

The occurrence and development of tumors could be a

consequence of the imbalance of cells in proliferation and

differentiation, which could also be genetically connected to the

activation of some oncogenes or the inactivation of tumor-

suppressor genes. As a tumor-suppressive molecule of Maspin, its

suppression, deletion and mutation were closely related

to malignant transformation and tumorigenesis. Studies

demonstrated that the molecule of Snail could directly inhibit

Maspin promoter activity and resulted in a decrease in Maspin

expression and an increase in cell migration and invasion.
FIGURE 1

Maspin-associated signaling alteration in cellular events.
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Chromatin remodeling complex CBP/p300 could decrease the

binding of Ets-1 and c-Jun to the Maspin promoter, subsequently

lead to the deficiency of Maspin, which were accompanied by the

appearance of malignant phenotypes (14, 37–39).

It was reported that both high deacetylation in histone lysine

residue and hypermethylation of CpG islands of the Maspin

promoter region silenced Maspin expression (7, 40). Our

previous study also showed a role of Maspin in regulation of

HDAC-targeted genes including Bax, cytokeratin 18 (CK18),

and p21(WAF1/CIP1) (41). The DNA methyltransferase

inhibitor 5-aza-2′-deoxycytidine (5-aza-CdR) and/or the

HDAC inhibitor Trichostatin A (TSA) strongly upregulated

the expression of Maspin in breast cancer and prostate cancer

cells (42, 43). An in vitro study revealed that procyanidin B2, a

non-toxic compound in nature, could be a potent inhibitor of

DNA methyltransferases, coming up with reactivation of E-

cadherin, Maspin, and BRCA1 gene at the transcription level

(44). Specifically designed artificial transcription factors (ATFs)

can reactivate Maspin expression in cancer cells and in turn

benefit in cancer prognosis. This strategy could be a potential

treatment application for a wide range of Maspin-defected

diseases (45).

In prostate cancer, abnormal activation of androgen receptor

(AR) signaling is the essential characteristic for cancerous cells to

maintain survival and to proliferate continually. It was reported

that AR was recognized and bound to AR elements of a Maspin

promoter in tumor cells which negatively regulated Maspin

expression (46, 47), but this phenomenon was not confirmed

by reexpressing AR in a PC3 cancer cell line. In turn, our recent

study found that Maspin negatively regulated the transcription

and expression of AR and synergistically enhanced the

antitumor effect of enzalutamide (9). Therefore, clarifying the

underlying mechanism of the interactive network of Maspin is

particularly important for the prevention and targeting

treatment of prostate cancer. Further investigation is also

needed to uncover the clinical significance of Maspin in

negative regulation of AR pathways.
Maspin in guiding
epithelial development

An appropriate dynamic movement between differentiation

and proliferation is important to guide normal epithelial

development, which should be precisely regulated by certain

factors and/or mechanisms to guard and maintain this

physiological epithelial homeostasis. Breaking this homeostasis

led to either senescence or cancerous growth. EMT is a necessary

event of epithelial malignant transformation toward cancerous

growth. It was well known that EMT could be characterized by
Frontiers in Oncology 04
loss of the epithelial hallmarks with increase of mesenchymal

phenotypes, malignant transformation and tumorigenesis.

Maspin expression was found to be positively correlated with

E-cadherin expression but negatively correlated with the

expression of vimentin in GC tissues. A study showed an

important correlation between Maspin and EMT (34). Several

EMT-related transcription factors are regulated by HDACs to

maintain protein stability (48). By inhibiting HDAC activity, the

tumor-suppressor Maspin and its mediated epigenetic changes

facilitated to reprogram tumor cells toward a better-

differentiated phenotype by targeting the p-Stat3/c-Myc

signaling pathway and reducing inflammatory IL-6 and IL-8

(49). Also, Maspin regulated a set of HDAC1-targeted genes,

which could be involved in the process of epithelial

differentiation and cellular stress-induced mesenchymal-to-

epithelial transition (MET) (19, 25). Thus, Maspin appeared to

be partially responsible for preventing or even reversing the

EMT processes.

When cells undergo EMT, cell signaling pathways and cell

cytoskeleton dynamically change (50). Indeed, quantification of

cell morphology from an image analysis of the actin cytoskeleton

revealed that Maspin could reduce cell migration and alter

cytoskeletal morphology and the G-helix was proved to be the

pivotal bioactive part of the molecule Maspin (51). This was

consistent with the reported results that the G-helix peptide can

mimic the effect of full-length Maspin and reduce the cell

migration through targeting the actin cytoskeleton (6).

Evidentially, dysfunction of Maspin through deletion of

exon 4 of the gene impaired epithelial differentiation and

resulted in organ- and cell-type-specific atrophy, adenoma,

hyperplasia and carcinoma in Maspin-KO mice (52).

Thus, it could be speculated that, as an endogenous HDAC1

inhibitor, Maspin may function as an epigenetic “guardian” to

alter integrally the cytoskeleton via regulating the chromatin

accessibility of transcription factors, and inhibit the

EMT progression.

In addition, the notable biologic and antitumor activity of

Maspin is to sensitize the malignant cell to drug-induced

apoptosis, which has been approved broadly in the field (53–

55). Moreover, this Maspin-sensitized cell death induction is

currently emerging as a hot topic in the development of its

clinical application. Furthermore, it was reported that

reexpression of Maspin in DU145 cells decreased cellular

autophagy but increased cell senescence (56). Thus, from

reviewing the aspect of dynamic movement of epithelial

development, Maspin appeared to be obviously involved in the

maintenance of epithelial homeostasis and to prevent

digressional processes.
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Maspin in regulating host
immune homeostasis

In view of a systemic immune disease of cancer, the

mechanisms of linking abnormal immunity with tumorigenesis

and tumor development are highly relevant. The tumor ecosystem

is composed of tumor, stromal, and infiltrated immune cells. For

instance, tumor-associated macrophages showed that a tissue-

specific and the subtype of macrophages in tumor tissues and

microenvironment are associated with variant clinical outcomes

in response to treatment. Thus, cancer immunotherapy has

become the mainstay contemporarily in clinical oncology (57,

58). The development of cancer is often accompanied by a gradual

decrease of both host immune surveillance and immune response.

In addition, immunosuppressive environments may be formatted

by accumulating immunosuppressive elements and cytokines, e.g.,

interleukin 10 (IL-10) and transforming growth factor beta (TGF-

b) (59). The dysfunction of effective CD8+ T cells was caused by

the immunosuppressive TME, including tumor-associated

macrophages M2, IL-10, TGF-b, and inhibitory checkpoint

signaling pathways (60), leading to the failure of CD8+ T cells

recognizing and eradicating transformed malignant cells in an

antigen-specific manner (61).

Maspin may play an important role in tumor-evoked host-

immune response (62). It was reported that Maspin may

function as an immune system modulator in the tumor

microenvironment (20, 63, 64). Evidence showed that HLA-

Cw6(+) psoriasis displayed greater Maspin expression along

with higher levels of CD8+ T-cell proliferation. Mice with

Maspin-expressing prostate cancer xenograft had an increased

expression of Maspin-specific immunoglobulin G (IgG), and

Maspin-expressing tumors could induce neutrophil infiltration

with increased systemic and intratumoral neutrophil

maturation, implying that Maspin elicits neutrophils and B

cells for the host immunity to benefit tumor clearance. Thus,

Maspin is believed to be able to stimulate both cellular and

humoral host antitumor immune responses (20).

Neutrophils have been shown to be the first responders to be

taken up at the tumor site, and their activation is often associated

with extracellular fibrosis. Girish et al. found that cellular

concentrations of aspirin-restored NO led to increased Maspin

synthesis in neutrophils (65). It is worthy to mention that

neutrophils without an estrogen receptor (ER) will not

produce any Maspin when treated with estrogen (66).

Meanwhile, when treated with estrogen, ER-positive breast

cancer could reactivate the expression of Maspin and have a

better prognosis compared with ER-invisible breast

cancer patients.

It was reported that infiltration of regulatory T cells (Tregs)

in tumor tissue may promote tumor progression through

suppressing antitumor-immune responses (67). ErbB2 can

play a substantial role in metastatic breast cancer, and its
Frontiers in Oncology 05
function is associated with CD4+CD25+ Tregs and is

accompanied by production of the receptor activator for

nuclear factor-kB ligand (RANKL). These tumor-infiltrating

Tregs can be reduced by ectopic reexpression of Maspin,

which is suppressed by activation of the RANKL-RANK

signaling pathway (68).

It was also reported that treatment of macrophages with

recombinant Maspin significantly increased the production of

IL-1, TNF, IFN, IL-6, IL-12, IL-10 and the M1 marker molecule

iNOS, but inhibited the expression of TGF and M2 marker

molecule Arg-1 and slightly reduced phagocytic activity. Thus, it

is possible to propose that Maspin might affect the tumor

microenvironment by modulating macrophages in their

secretion of inflammatory cytokines and in turn to facilitate

macrophage M1 polarization, which suggested a potential value

of Maspin in antitumor immunity therapy (63).

Based on the above results, Maspin may play a crucial

surveillant role in directing the host immune system to

eliminate the malignant transformed cancerous cells and

function as another “guardian” in retuning host immune

homeostasis (Figure 2).
Integration of Maspin and p53
by HDAC1 in fine-tuning
epithelial homeostasis

Maspin has a uniform expression in basal cells of normal

and benign prostate tissues, whereas its expression remains

relatively lower in malignant epithelial cells. Later on, Maspin

was documented as an endogenous inhibitor of HDAC1 and

resulted in HDAC1-targeted gene expression and activation

through its epigenetic modification capability (41). As an

endogenous HDAC1 inhibitor, Maspin’s antitumor effect is, at

least partly, associated with its ability to inhibit HDAC activity.

The lysine residue status of chromatin histone can be

enzymatically acetylated or deacetylated, which plays an

important role in switching between open and close histone-

backbone structures of the chromosome. High levels of HDAC1

expression and activity were reported in cancer (17). Thus, as an

HDAC inhibitor, Maspin enables retuning and reestablishing

cellular acetylation homeostasis theoretically which affect certain

gene expressions, e.g., reactivating the expression of tumor

suppressors (18).

Meanwhile, the expression of Maspin was also under the

regulation of epigenetic modification, e.g., histone acetylation/

deacetylation and DNA methylation. Administration of TSA

and MS-275 could significantly augment Maspin expression in

prostate cancer. Thus, it could be speculated that there exists a

“self-propelling” antitumor mechanism when utilizing HDAC

inhibitor treatment or deigning a Maspin-based strategy in

cancer therapy. It was also reported that both Maspin and
frontiersin.org
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HDAC inhibitor targeted a certain panel of gene expression,

including upregulating p21 but downregulating cyclin D1,

MMP9 and vimentin in vitro and in vivo (10). For instance,

thymoquinone (TQ), which is a bioactive phytoconstituent,

could act as an HDAC inhibitor to upregulate p21 and Maspin

expression, trigger pro-apoptotic gene Bax, and inhibit anti-

apoptotic gene Bcl-2 in breast cancer (69).

Loss of p53, as “guardian of the genome,” by TP53 gene

mutations was found in around half of all cancers and is the

gateway to genetic chaos. Maspin was evidenced to be the

downstream factor of p53 in its inhibition or prevention of

cancer development and progression. A gel shift assay revealed

that p53 activated Maspin expression by binding directly to the

p53 consensus-binding site presented in the Maspin promoter

(70, 71). Further study showed that mutations in exon 7 of the

p53 gene are responsible for downregulating Maspin, but wild-

type p53 showed a partial restoration of nuclear Maspin

expression (72). Silencing class I HDACs could facilitate the

binding of p53 to the Maspin promoter (7, 70). Another study

also reported that repression of HDAC1 and HDAC8 activated

Maspin transcription along with significant enrichment of p53 at

the Maspin promoter and increased histone H3/H4 acetylation.

In addition to p53, Maspin is also known as a downstream target

gene of PTEN which enhanced Maspin expression through

negative regulation of Akt activity by blocking Akt

phosphorylation at both T308 and S473 sites (10).

It was evidenced that an abnormal epigenetic regulation was

involved in the occurrence and development of cancer (73).

Interestingly, HDAC1-mediated deacetylation of p53 attenuated

its transcriptional activity and function (74). Thus, as an

endogenous inhibitor of HDAC1, Maspin could promote the

acetylation of p53 and increase its tumor-suppressive activity

theoretically, which was experimentally determined in our

laboratory (data available upon request). In addition, both
Frontiers in Oncology 06
Maspin and p53 were reported to bind to the AR gene

promoter, repress AR transcription and expression in prostate

cancer cells (9, 24). Taken together, we could propose that, under

cellular stress stimulation (e.g., chronic infection/inflammation,

oxidative stress, transformation), Maspin expression/activity is

augmented which increases acetylation and transcriptional

activity of tumor-suppressive p53 by targeting HDAC1.

Interactively and sequentially, p53 feedbacks to bind to the

Maspin promoter and further increases Maspin transcription

and expression. Thus, the tumor-suppressive activities (e.g.,

immune surveillance, anti-tumorous biology) of both Maspin

and p53 were integrated by an HDAC1-mediated interaction

and formed a “self-propelling” antitumor mechanism to prevent

the digressional process until discharging the cellular stress and

consequentially fine-tuning the epithelial homeostasis

(Figure 3). Thus, by integrating the tumor-suppressive activity

of both p53 and Maspin, this cellular stress-aroused Maspin

working model was well applicable to explain Maspin’s

surveillant role for epithelial homeostasis with its antitumor

activity. For instance, in prostate cancer, both Maspin and p53

inhibited the overactivation of AR, which could certainly benefit

patient recovery and contribute to the AR-targeted therapy (9,

24). It is noteworthy that epigenetically targeting HDAC1 is a

central step in this model, and therefore, HDAC1 is also an

applicable target for prostate cancer chemotherapy.

Certainly, it is understandable that the above-proposed “self-

propelling” antitumor mechanism functions in a normal

physiological epithelial environment to fine-tune and maintain

the homeostasis. We also summarized the studies of Maspin-

associated molecule/pathways in relation to the status of p53

expression (Table 1) and tried to point out that, in a pathological

situation of cancer, not only Maspin/p53 interaction but also

other molecules were involved/required to compensate for/

participate in maintaining the body’s homeostasis.
FIGURE 2

Maspin in regulating host immune surveillance. Maspin-expressing tumors induced neutrophil infiltration and macrophage M1 polarization,
inhibiting tumor-infiltrating Tregs by activating the RANKL-RANK signaling pathway. Maspin contributes to remodeling the tumor
microenvironment by regulating the macrophage secretion of inflammatory cytokines.
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Conclusion and outlook

Numerous data provided the antitumor activity of Maspin

with its surveillant role in retuning epithelial homeostasis,

including inhibiting EMT and dedifferentiation, inducing

transformed cell re-differentiation, sensitizing the malignant

cell to apoptosis induction, and preventing tumorigenesis and

restraining tumor progression. This biological anti-tumorous

activity involved a very wide range of complex molecular

associations and in turn strengthens the host immune

surveillance and epithelial homeostasis. Thus, in addition to

being a prognostic biomarker of cancer therapy, Maspin has

been becoming an attractive subject in the development of an

end product of natural antitumor molecule.

As a biomarker of epithelial cells with endogenous HDAC1

inhibitory activity, Maspin could be an ideal substitutional natural

molecule for developing an antitumor drug while lowering the side

effect induced by synthetic compounds of HDAC inhibitors. In

addition, in the light of epigenetic silenced expression of Maspin in

tumor, reactivation of Maspin expression by utilizing epigenetic
Frontiers in Oncology 07
strategy/drugs could produce synergic treatment efficacy and reduce

the dosage of chemotherapy. Moreover, it has been reported that

the subcellular organelle exosome can be a carrier to transport

Maspin protein (98). Thus, it is reasonable to believe that Maspin-

engineered exosomes may have a positive impact on prostate

cancer treatment.

The extracellular matrix (ECM) is a fundamental and core

component of all tissues. ECM can serve as a scaffold for the

growth of various epithelial cells and thus affect the function of

epithelial cells (99). It was believed that ECM remodeling plays

an important role in the inflammatory and immunological

milieu for tumorigenesis and progress. Maspin RSL could

enhance the adhesion between tumor cells and ECM and

subsequently inhibit cell invasion (100). Moreover, Maspin

was reported to suppress the invasion of metastatic breast

cancer cells by blocking the uPA/uPAR complex (101). Thus,

utilizing the bioengineered core structure of Maspin to stabilize

the overall environment of ECM could possibly strengthen its

role in maintaining epithelial homeostasis and preventing its

digression during its development (102).
TABLE 1 The antitumor activity of Maspin-associated molecules/pathways in common human cancers.

Epithelial cancers Maspin p53 Pathway Prognosis/cell fate References

Prostate cancer + NA* Caspase-3 Sensitize to chemotherapy/apoptosis (53)

+ NA p38MAPK Sensitize to chemotherapy/apoptosis (75)

+ NA Bad, Bax Sensitize to chemotherapy/apoptosis (76, 77)

+ NA AR Sensitize to chemotherapy/apoptosis (9)

+ NA AKT,
focal adhesion kinase

Sensitize to chemotherapy/apoptosis (78)

+ NA AR-Maspin Sensitize to chemotherapy/apoptosis (79)

+ NA PTEN/Maspin Sensitize to chemotherapy/apoptosis (80)

+ + p53-Maspin Negatively regulate invasion/metastasis (70, 81)

+ + p53, HDAC1, HDAC8 Delay proliferation and migration (7)

Breast cancer + NA PARP, caspase-3, caspase-8 Apoptosis (82, 83)

+ + NA Aggressive phenotype
Shorter survival

(84)

+ + Zinc oxide nanoparticle (ZNP)-Maspin/p53/Bax Apoptosis, low viability (8)

+ + Smads/p53-Maspin Inhibition of cell migration (85)

+ + p53-Maspin Negatively regulate invasion/metastasis (70, 86, 87)

+ + Maspin, p53, bcl2 Apoptosis (88)

Gastric cancer + NA Caspase3 Apoptosis (89)

+ NA IKKa-Maspin Mitigate the inflammation, apoptosis (90)

+ NA NA Lymph node metastasis (91)

+ + p53-nuclear Maspin Longer survival (92)

+ + p53-Maspin
DNA methylation

Decrease the metastasis (72, 93)

Non-small cell lung cancer cells + NA ERK1/2 Apoptosis (94)

+ NA ATFs-Maspin Apoptosis, inhibit metastatic dissemination (95)

+ + Nuclear Maspin -p53 Not associated with tumor-specific survival (96)

+ + Maspin, p53 Favorable prognosis (97)
fr
*NA, not available.
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In summary, we proposed a “self-propelling” antitumor

mechanism of Maspin with p53 by inhibition of HDAC1-

mediated integrating to retune the epithelial homeostasis.

This could direct the research and development for the

clinical application of Maspin and p53. In fact, it is a

common pathological phenomenon for loss expression of

Maspin and/or mutation of p53 in human tumors.

Theoretically, the efficiency of individual molecules in

clinical application should be associated with another

molecule status of expression and activity. Thus, it could be

conceivable that transforming Maspin and p53 into clinical

applications is a challenging but meaningful work. Moreover,

it is required for the clinician to design a strategy carefully

prior to its implement and execution.
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FIGURE 3

The schematic of Maspin and p53 working hypothesis. Cellular stress promoted the integration of Maspin and p53, in turn arousing host
epigenetic and immune surveillance to protect the epithelial digressional process until discharging the cellular stress, consequentially retuning
the epithelial homeostasis.
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