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Abstract

In recent years, it has become widely recognized that histone modification plays a pivotal role in 

controlling gene expression, and is involved in a wide spectrum of disease regulation. Histone 

acetylation is a major modification that affects gene transcription and is controlled by histone 

acetyltransferases (HATs) and histone deacetylases (HDAC). HATs acetylate lysines of histone 

proteins, resulting in relaxation of chromatin structure, and they also facilitate gene activation. 

Conversely, HDACs remove acetyl groups from hyperacetylated histones and suppress general 

gene transcription. In addition to histones, numerous non-histone proteins can be acetylated and 

deacetylated, and they are also involved in a wide range of disease regulation. To date, there are 

18 HDACs in mammals classified into four classes based on homology to yeast HDACs. 

Accumulating evidence has revealed that HDACs play crucial roles in a variety of biological 

processes including inflammation, cell proliferation, apoptosis, and carcinogenesis. In this review, 

we summarize the current state of knowledge of HDACs in carcinogenesis and describe the 

involvement of HDACs in cancer-associated molecular processes. It is hoped than our 

understanding of the role of HDACs in cancer will lead to the design of more potent and specific 

drugs targeting selective HDAC proteins for the treatment of the disease.
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I. INTRODUCTION

In the eukaryotic cell, genomic DNA is wrapped around highly conserved histone proteins 

H2A, H2B, H3 and H4 into nucleosomes, which form the fundamental units of chromatin. 

Chromatin organization plays a key role in the control of gene expression. Epigenetic 

modifications can regulate heritable or reversible gene expression without altering the DNA 

sequence, and can also modify chromatin architecture and its accessibility.1,2 DNA 

methylation and post-translational acetylation of histones constitute two major mechanisms 
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that are responsible for epigenetic regulation of gene expression.3,4 Acetylation opens the 

condensed chromatin structure by reducing the affinity of DNA for histones and releasing 

the histone tails from the linker DNA, thereby allowing transcription factors, co-factors, and 

RNA polymerase II-complexes to access the DNA. Acetylation levels are the result of the 

balance of the activities of histone acetyltransferase (HAT) and histone deacetylase 

(HDAC). HATs acetylate lysines within lysine-rich amino-terminal tails of histone proteins, 

resulting in charge neutralization and a more relaxed, open, and transcriptionally active 

chromatin structure. In contrast, HDACs are enzymes that remove acetyl groups from 1-N-

acetyl lysine amino acids on histones, counteracting the effects of HATs by returning the 

histone to its basal state, with the concomitant suppressing gene expression in most cases.

HDACs can also regulate gene repression via non-histone substrates. For example, the 

tumor suppressor p53 can be directly deacetylated by HDAC1 and SIRT1.5 The p65 subunit 

of NF-κB can be deacetylated by HDAC3, which promotes its association with IκBa and 

leads to NF-κB nuclear exportation.6 Moreover, two members of the Class III HDACs: 

SIRT1 and SIRT3 deacetylate the transcription factors p73 and Ku70, respectively.7,8 

Deacetylation of nonhistone proteins allows HDACs to exert direct effects on multiple 

physiologic processes, including differentiation, apoptosis, autophagy, inflammation, and 

metabolism.

Generally, cancer is considered to originate from a wide variety of genetic and genomic 

alterations, such as rearrangements, mutations, deletions, and amplifications, leading to 

aberrant expression of tumor suppressor genes and oncogenes. As we now know, cancer is 

not only restricted to the genetic changes, but may also involve epigenetic modifications. 

Accumulating evidence indicates that cancer is associated with abnormal cell functions that 

include autophagy, apoptosis, cell motility, and DNA repair. These cell functions are 

regulated at least in part by HDACs.

In this review, we summarized the current state of knowledge of HDACs in carcinogenesis 

and described the involvement of HDACs in cancer-associated molecular mechanisms. 

Moreover, we also discussed the clinical trials of specific drugs that target individual HDAC 

proteins for the treatment of cancer. We hope that this will provide novel clues to develop a 

potent and specific drug to treat different types of human malignancies.

II. HISTONE DEACETYLASES

HDACs are typically present within larger, co-repressor multiprotein complexes, where they 

mediate the removal of an acetyl group from lysines on histone tails. To date, 18 HDACs 

have been identified in mammals.9 These HDACs can be subdivided into four classes based 

upon their homology with their yeast counterparts.10 Class I includes HDAC1, -2, -3, and -8, 

which show homology with Rpd3 in yeast, and they are usually detected in the nucleus. 

Class I HDACS are ubiquitously expressed in various mammalian cell lines and tissues.11 

Class II comprises HDAC4, -5, -6, -7, -9 and -10, which have a high degree of homology 

with the Hda1 protein and can be subdivided into two subclasses: classes IIa (HDAC4, -5, 

-7, and -9) and IIb (HDAC6 and -10). Class II exhibits tissue specific expression and can 

shuttle between the nucleus and cytoplasm in a phosphorylation-regulated manner, which 
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suggests that Class II HDACs may be involved in the acetylation of non-histone proteins. 

Class III consists of Sirt1, -2, -3, -4, -5, -6 and -7, which are homologous to the yeast 

transcriptional repressor silent information regulator-2 (Sir2) and sirtuin (SIRT1-7). The 

structure and function of Class III HDACs are distinct from all the other HDACs.12 

HDAC11 is the sole member of the class IV HDACs. Classes I, II, and IV HDACs share 

common features such as their dependence on zinc2+ for their enzymatic activity and 

inhibition by broad spectrum HDAC inhibitors, such as trichostatin A (TSA), 

suberoylanilide hydroxamic acid (SAHA) and LB589, whereas class III enzymes are NAD+-

dependent deacetylases, which are insensitive to TSA.13 HDACs have an increased 

expression in many kind of cancers, including ovarian, breast, bladder, and other 

cancers14–16 and are believed to promote carcinogenesis through the acetylation and 

interaction with key transcriptional regulators. Thus, HDAC enzymes are identified as 

attractive targets for cancer therapy. Table 1 provides an overview of HDACs with 

particular reference to their role in prognosis.

III. HISTONE DEACETYLASE INHIBITORS

HDAC inhibitors (HDACi) are natural or synthetic chemical compounds that have broad 

functions in the cell. Various HDACi were designed to target the catalytic sites of HDACs. 

Thus, HDACi can change the balance between HATs and HDACs, leading to the 

accumulation of acetylated histones/non-histone proteins, which induces transcriptional and 

related molecular effects. According to their structure and specificity, HDACi can be 

grouped into several classes, including hydroxamates, cyclic peptides, aliphatic acids, and 

benzamides. TSA was found to inhibit HDACs in 1990, and this was the first natural 

hydroxamate discovered with the function of HDAC inhibition.17 Vorinostat is structurally 

related to TSA, and it is the first of the new HDACi to be approved by the Food and Drug 

Administration for the treatment of cutaneous T-cell lymphoma patients.18 Depsipeptide 

was approved in 2009. In addition, FK228, PXD101, PCI-24781, ITF2357, MGCD0103, 

MS-275, valproic acid (VPA), and LBH589 have also demonstrated therapeutic potential in 

monotherapy or in combination with other anti-tumor drugs in malignancies.19 HDACi 

represent exciting clinical drugs with broad therapeutic spectrum and are, therefore, 

currently being investigated for use in the treatment of cancer. As we know, classes I, II, and 

IV HDACs share zinc-dependent homologies. Therefore, many inhibitors are non-specific 

and can be used to inhibit multiple isoforms of HDACs. For example, TSA can inhibit both 

class I and II HDACs. The majority of currently available HDAC inhibitors are pan-HDAC 

inhibitors, which inhibit the activity of a broad spectrum of HDACs. However, specific 

inhibitors that target individual HDACs have also been explored. An example is that 

HDAC6 activity was selectively inhibited by tubacin.20

IV. HDACs AND INFLAMMATION

Accumulating evidence has revealed that chronic inflammation is predisposed to many kinds 

of cancer. Even in these cancers that do not develop in inflamed tissues, inflammatory 

mediators are usually present, and it is now known to be an essential part of the malignant 

microenvironment. Inflammation was considered to be the seventh hallmark of cancer. 

Cancer-related inflammation mediators include cytokines such as tumor necrosis factor 
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(TNF), interleukin (IL)-1, IL-6, and chemokines such as CCL2, CXCL8, CXCL5.21 

Recently, it was reported that HDACs participated in the regulation of cancer-related 

inflammation. Cytokine secretion by cancer cells contributes to cancer-induced symptoms 

and angiogenesis.

HDACs can act as both positive and negative regulators of inflammatory factors. T cell-

specific loss of HDAC1 led to an increased inflammatory response in an in vivo allergic 

airway inflammation model. The study also shows that mice with HDAC1-deficient T cells 

displayed an increase in parenchymal lung inflammation in the Th2-type asthma model. 

These data provide genetic evidence that HDAC1 controls the magnitude of an 

inflammatory response by modulating cytokine expression in effector T cells.22 HDAC-1 

can suppress CCL2 and CXCL10 in a model of chronic liver inflammation and fibrosis, and 

it is thought that the p50:p50:HDAC-1 complex is a master negative regulator of 

inflammation.23 Accordingly, HDAC2 interacts with the transcriptional activator metastatic 

tumor antigen (MTA)1 to decrease the expression of inflammatory cytokine genes in 

macrophages.24 By contrast, SIRT6 enhances cytokine IL8 and TNF secretions and cell 

motility in pancreatic cancer cells by activating Ca2+ signaling. The results suggest that 

SIRT6 is a target to modifying cancer cell pro-inflammatory phenotype and migratory 

propensity.25 HDAC3-deficient macrophages were unable to activate almost half of the 

inflammatory gene expression program when stimulated with LPS.26 Reducing expression 

of histone deacetylase genes (HDAC 2, 3 and 9) altered the global modification of histones 

and decreased expression of pro-inflammatory genes (RIPK2 and COX2).27 In addition, in 

the mice model of colitis, which is induced by azoxymethane and dextran sulphate sodium, 

treatment with the HDAC inhibitor SAHA or ITF2357 suppressed inflammation and 

inhibited tumorigenesis profoundly.28

V. HDAC AND HEMATOLOGICAL MALIGNANCIES

Several lines of evidence show that HDACs play a crucial role in hematological 

malignancies. The first HDACi, Vorinostat, to be approved by the Food and Drug 

Administration, was used to treat cutaneous T-cell lymphoma patients.18 In recent years, 

more roles and molecular mechanisms of HDACs in hematological malignancies were 

discovered. In hematological malignancies, the aberrant expression and activity of HDACs 

often occur. It was shown that Class I HDACs 1, 2 and 3 are highly expressed in classical 

Hodgkin’s lymphoma (HL), and a decreased HDAC1 expression is accompanied by a worse 

outcome in HL.29 Acute lymphoblastic leukemia (ALL) is the most common childhood 

malignancy. Furthermore, Gruhn and colleagues identified the relevance of HDACs for 

childhood ALL. In this experiment, HDAC1-11 expression was determined in 93 primary 

ALL and eight healthy donor samples. They found that HDAC1, HDAC2 and HDAC8 were 

significantly higher expressed in ALL samples. A high HDAC4 expression was associated 

with a high initial leukocyte count, T cell ALL, and prednisone poor-response. These data 

show that HDAC4 can act as a drug target in childhood ALL, especially in prednisone poor-

responders.30 Accordingly, HDAC1, HDAC2, and HDAC6 are over-expressed in diffuse 

large B-cell lymphoma and peripheral T-cell lymphoma. Within these HDACs, HDAC6 

may be an important prognostic marker associated with a favorable outcome in diffuse large 

B-cell lymphoma but a more aggressive course in peripheral T-cell lymphoma.31 
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Interestingly, HDAC1 performed dual roles in the regulation of acute promyelocytic 

leukemia: oncosuppressive in the early stages, and oncogenic in established tumor cells.32 

Knock-down of HDAC1 dramatically accelerates leukemogenesis in transgenic preleukemic 

mice through counteracting the activity of PML-RAR, an oncoprotein, which blocks cellular 

differentiation and increases genomic instability. In contrast, knock-down of HDAC1 in 

transplanted PML-RAR–expressing leukemia cells prolonged the survival time of the 

recipient mice, supporting the view that HDAC1 has oncogenic activity in established tumor 

cells32 (Figure. 1).

BARD1 (BRCA1-associated RING domain 1) is involved in the pathogenesis of different 

cancers, including breast, uterine, ovarian, colon, and lung. Specific BARD1 isoforms might 

act as tumor diagnostic and prognostic markers. In human acute myeloid leukemias (AML), 

Vorinostat reduces BARD1 mRNA levels through increasing miR-19a and miR-19b 

expression levels that directly target BARD1.33 These results reveal the novel molecular 

mechanism of Vorinostat in the treatment of AML. VPA, a class I HDAC inhibitor, 

suppresses tumor cell growth and induces autophagy in Burkitt leukemia/lymphoma though 

two distinct pathways (Figure 2A): VPA promotes temsirolimus to induce autophagy 

through inhibiting HDAC1. The specific targeting of HDAC1 using small interfering RNA 

(siRNA) attenuated VPA-mediated regulation of CDKN1A, CDKN1B and LC3-I/II, 

regression of tumor cell growth, and induction of autophagy. Meanwhile, VPA counteracted 

temsirolimus-induced AKT activation via HDAC3 inhibition. HDAC3 siRNA abrogated the 

ability of VPA to modulate AKT phosphorylation, to suppress tumor cell growth, and to 

induce autophagy.34 The tumor suppressor E-cadherin gene is frequently silenced in chronic 

lymphocytic leukemia cells and results in wnt-pathway activation, which promotes cancer 

development. The E-cadherin gene is epigenetically modified and hypoacetylated in 

lymphocytic leukemia leukemic cells. The treatment of lymphocytic leukemia cells from 

patients with HDACi MS-275 activates transcription from this silent gene with expression of 

more correctly spliced E-cadherin transcripts as compared to the aberrant exon11 skipped 

transcripts that in turn inhibits the wnt signaling pathway.35 These data reveal the novel 

molecular mechanism of HDACs in hematological malignancies and provide an insight of 

clinical application in treating the disease.

VI. HDACs AND PROSTATE CANCER

HDAC expressions in 192 prostate carcinomas (Pca) were detected by 

immunohistochemistry. The results show that HDACs 1, 2, and 3 are highly expressed in the 

majority of cases. HDACs were accompanied by enhanced tumor cell proliferation. This 

study pointed out that HDAC2 is an important prognostic marker of prostate cancer.36 Wang 

and his colleagues analyzed the expression levels of HDACs in benign and malignant human 

prostate tissue and various PCa cell lines. The results indicated that HDAC1-5 increased in 

these specimens. Moreover, the HDAC inhibitor SAHA suppressed, in particular, prostate 

cancer cell growth and invasion.37 miR-449a is frequently downregulated in prostate cancer 

tissue, relative to patient matched control tissues. An introduction of miR-449a into PC-3 

prostate cancer cells resulted in cell cycle arrest, apoptosis, and a senescent-like phenotype 

concomitantly with the suppressing of the expression of HDAC1. The data confirmed that 

miR-449a inhibition of prostate cancer is involved in the mechanism of the direct target 
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HDAC1.38 In addition, HDAC11 was strongly expressed in many cancer cell lines, 

including the PC-3 prostate cancer cell line. The specific targeting of HDAC11 using siRNA 

is sufficient to cause cell death and to inhibit metabolic activity in PC-3.39

The above findings suggest that HDAC specific targeting could serve as a potential 

therapeutic agent in prostate cancer. The effects of HDAC inhibitors VPA and TSA on 

ERG-positive prostate cancer cells were tested. It indicated that VPA and TSA could induce 

apoptosis, up-regulate p21/Waf1/CIP1, repress TMPRSS2-ERG expression, and affect the 

acetylation status of p53 in ERG-positive prostate cancer cells.40 Recently, several novel 

HDACis have been shown to treat prostate cancer. The anticancer effect of MHY219, a 

novel HDACi, was evaluated in the prostate cancer cell lines DU145, LNCaP, and PC3. The 

results indicate that MHY219 increased histone H3 hyperacetylation and reduced the 

expression of HDAC1-3 in prostate cancer cells. MHY219 significantly induced G2/M 

phase arrest in DU145 and PC3 cells and arrested the cell cycle at G0/G1 phase in LNCaP 

cells. Furthermore, MHY219 effectively increased apoptosis in DU145 and LNCaP cells41 

(Figure 2B). A248, a novel synthetic HDAC inhibitor, decreased the expression of survivin 

and Mcl-1 through suppressing specificity protein 1 (Sp1) expression. Thus, this leads to 

inhibiting the growth of DU145 and PC3 cells while inducing apoptosis.42

VII. HDACs AND OVARIAN CANCER

The expression levels of Class I HDACs (HDAC1-3), but not Class II HDACs, are 

significantly higher in ovarian cancers in comparison to normal ovarian tissues. The HDAC 

inhibitor romidepsin (FK228) can selectively inhibit the class I HDACs. The knocking down 

of the gene expression of HDACs 1, 2, and 3 by siRNA suppresses ovarian cancer cell 

growth.43,44 A high-level expression of HDAC1-3 is associated with a poor prognosis in 

ovarian endometrioid carcinomas, which suggests that these targets should be explored as 

predictive factors in ovarian and endometrial carcinomas, prospectively.45 Ovarian cancer 

cells frequently acquire resistance to platinum chemotherapy, representing a major challenge 

for improving patient survival. HDAC4 is increased in platinum resistant ovarian tumors.46 

A clinical selection of HDAC4 over-expressing tumor cells, upon exposure to 

chemotherapy, promoted STAT1 deacetylation and cancer cell survival. These findings 

suggest HDAC4 as a novel, therapeutically tractable target to countering platinum resistance 

in ovarian cancer.46 The roles of class I HDAC inhibitors thailandepsin A and thailandepsin 

B on five ovarian cancer cell lines were investigated. Thailandepsins decreased cell viability 

of four of the five ovarian cancer cell lines at nanonomolar concentrations. Thailandepsin B 

had both greater inhibitory effects on cell viability and ability on promoting cell apoptosis 

than thailandepsin A.47 Notably, thailandepsin B had greater cytotoxic effects than 

thailandepsin A in vitro. VPA performs anti-proliferative and pro-apoptotic activities, and 

the anticancer effects of VPA in ovarian cancer cells were at least partly mediated through 

HDAC inhibition and selective reduction of expression of HDAC7 and HDAC2 at both the 

transcriptional and translational levels.48
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VIII. HDACs AND BLADDER CANCER

The studies of HDACs in bladder cancer are emerging in recent years. The expression levels 

of HDAC1-3 are significantly increased in bladder cancer.16 High-grade noninvasive 

papillary bladder tumors are associated with high expression levels of HDAC1 and 

HDAC2.16 In addition, the HDAC4 expression level is significantly higher in urinary 

bladder transitional cell carcinomas in comparison to normal bladder tissue. In both HTB4 

and HTB9 bladder cancer, HDAC inhibitor VPN potently increased transcription of the XPC 

gene; deficiency or attenuation of this gene has been strongly associated with a high 

incidence of cancers.49 Treatment of 5637, T24, J82, and RT4 urothelial lines with the 

HDAC inhibitor elinostat caused a significant linear dose-dependent growth inhibition. 

Within these, 5637 cell line, which was derived from a superficial papillary tumor, was the 

most sensitive to treatment. An intraperitoneal injection of belinostat into the superficial 

bladder cancer mice (established by Ha-ras transgenic mice) caused lower bladder weight, 

reduced cell proliferation, and higher expression of p21WAF1.50 In addition, Both MS-275 

and TSA blocked T24 human bladder cancer cell cycling in the G0/G1 phase and induced a 

significant increase in cell apoptosis in a concentration and time-dependent manner. The 

molecular mechanism is associated with increased level of histone acetylation, down-

regulation of p21WAF1/CIP1 expression, and up-regulation of cyclin A expression.51 

Moreover, the influence of the VPA on TCCSUP and RT-112 bladder cancer cell adhesion 

in vitro was investigated. VPA (0.5mM and 1mM) significantly prevented binding of both 

RT-112 and TCCSUP cells to collagen, as compared with the untreated controls.52

IX. HDACs AND HEPATOCELLULAR CARCINOMA

HDAC2 could be an independent predictor of survival in hepatocellula carcinoma (HCC). 

HDACs 1, 2, 3, and 7 expression levels in 170 surgically resected primary HCC adjacent 

uninvolved tissues were detected, and their correlation with clinical data and patient survival 

were evaluated. HDACs 1, 2, and 3 were expressed significantly higher in cancer cells 

compared to normal tissue. The expression levels of HDACs 1, 2 and 3 are highly related 

with the growth of tumor grades. A high level of HDAC2 was also associated with poor 

survival in low-grade and early-stage tumors.53 Over-expression of HDAC3 was associated 

with a poor outcome in liver cancer. HDAC inhibitors could render liver cancer stem cells 

sensitive to a therapy of sorafenib. HDAC3 was selectively expressed in the liver for self-

renewal of cancer stem cells and plays a critical role in regulating liver cancer stem cells.54 

In HCC cells, up-regulation of HDAC1-3 reduces expression of miR-449. MiR-449 can 

promote apoptosis and reduce proliferation of liver cells through targeting c-MET mRNA 

that encodes the receptor tyrosine kinase for the hepatocyte growth factor.55

Suppression of HDAC activity by trichostatin A and sodium butyrate in human 

hepatocarcinoma cells led to the inhibition of metastasis and invasion through up-regulation 

of early growth response gene-1 and claudin-3.56 Through inhibition of HDAC4, sodium 

butyrate performs its anticancer role on HCC cells, SMMC-7721, and HepG2. Treatment 

with sodium butyrate at high concentrations significantly inhibited the growth of various 

HCC cells, such as inducing cell cycle arrest, apoptosis, and inhibition of cell migration/

invasion. HDAC4 and matrix metalloproteinase 7 may be involved in these functions of 
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sodium butyrate.57 Moreover, HDAC inhibition suppresses HCC cell growth by inducing 

autophagy. The human HCC cell lines Hep3B, HepG2, and Huh7 were treated with HDAC 

inhibitors OSU-HDAC42 and SAHA, which induced autophagy through down-regulation of 

Akt/mTOR signaling and induction of ER stress response. The data indicates that SAHA 

might be attractive for the treatment of HCC and pharmacological targeting of autophagy.58

X. HDACs AND COLON CANCER

Numerous evidences have shown that HDACs play a crucial role in the regulation of colon 

cancer. Elevated levels of several HDACs have been reported in colon cancer. The HDAC3 

protein is increased in human colon tumors and in duodenal adenomas from 

Apc1638N/+mice. Silencing of HDAC3 expression in colon cancer cell lines resulted in 

growth inhibition, a decrease in cell survival, and increased apoptosis. Concurrently, over-

expression of HDAC3 and other Class I HDACs inhibited basal and butyrate-induced p21 

expressions.59 The other study also shows an increase in HDAC3 expression in colon cancer 

cell lines, such as SW480 and HT-29 cells. Interestingly, HDAC3 had a higher expression in 

SW480 compared to other colon cancer cell lines. P21 was poorly induced in SW480 cells 

relative to the lower HDAC3-expressing HT-29 cells. RNAi-induced reduction of HDAC3 

in SW480 cells increased their constitutive, butyrate-, TSA-, and TNF-a-induced expression 

of p2160 (Fig. 2C). HDAC4 is expressed in a tissue-specific manner, and it represses 

differentiation of a specific cell type.61 Silencing HDAC4 expression by siRNA in HCT116 

cells induced growth inhibition and apoptosis in vitro, reduced xenograft tumor growth, and 

increased p21 transcription. Conversely, over-expression of HDAC4 repressed p21 promoter 

activity (Fig. 2C). The studies imply HDAC4 as a regulator of colon cell proliferation 

through repression of p21.62 The data above show that p21 plays a critical role in mediating 

HDAC regulation in the colon cancer process.

Immunohistochemical staining showed that HDAC1-4 expression was significantly 

increased in colorectal adenocarcinoma specimens as compared to healthy control tissues. 

SAHA significantly induced tumor necrosis and inhibited the growth of colon tumors; 

SAHA inhibited the growth of colon tumors by decreasing HDACs and the expression of 

cyclin D1.63 In the rat colon carcinogenesis model induced by azoxymethane, Dietary Ohio 

State University HDAC42 (OSU-HDAC42), which is a selective HDAC2 inhibitor, 

produced a dose-dependent inhibition of colonic aberrant crypt foci formation. Accordingly, 

OSU-HDAC42 significantly inhibited small-intestinal polyp and colon tumor growths in 

APCmin/+ transgenic mice that spontaneously develop into intestinal tumors.64 However, 

TSA increases the activity and protein expression of matrix metalloproteinase 11, which is 

associated with tumor progression and a poor prognosis through ERK1/2-mitogen-activated 

protein kinase (MAPK) signaling in human epithelial colon adenocarcinoma cell lines BCS-

TC2.65 It seems that TSA induces colon cancer progression.

Notably, nutrition-derived HDACis were discovered in colon cancer cell lines. 

Epigallocatechin 3-gallate, an active compound in green tea, contributes to the degradation 

of HDAC3 in HCT116 human colon cancer cells.66 Moreover, Kaempferol, a natural 

polyphenol belonging to the group of flavonoids, produces a distinct epigenetic activity by 

inhibition of HDACs. In vitro profiling of all conserved human HDACs of class I, II and IV 
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showed that kaempferol inhibited all tested HDACs (HDAC1-11) in HCT116 colon cancer 

cells. Furthermore, kaempferol mediated prominent reductions in cell viability and 

proliferation rate.67 These findings provided a novel insight to treating colon cancer by 

inhibition of HDACs.

XI. CONCLUSIONS AND PERSPECTIVES

The specific interactions of various HDACs and their effects on many types of cancer were 

clarified. HDACs are often highly expressed in various types of cancer and promote cancer 

progress, so they are attractive anticancer targets. HDACi can interact with the catalytic 

domain of histone deacetylase. Thus, HDACi change the balance between the deacetylating 

activity of HDACs and the acetylating activity of HATs, which lead to increased histone 

acetylation and up-regulated gene expression. Currently, the majority of HDACi that are 

either in clinical trial or approved by the Food and Drug Administration are mostly non-

selective (pan-HDAC inhibitors). For example, vorinostat, LAQ-824, LBH-589, and 

belinostat can inhibit class I and IIa HDACs.68,69 Non-specific targeting HDACi, which 

broadly inhibit many HDACs, have the potential risk of increasing side effects or 

cytotoxicity. Clinical trials show that treatment with oral vorinostat is associated with 

fatigue, diarrhea, anorexia, dehydration, and moderate thrombocytopenia.70 Chronic 

administration of MS-275 brings gastrointestinal side effects and fatigue.71 Deletion of both 

HDAC1 and HDAC2 in developing neurons leads to severe hippocampal abnormalities, 

absence of cerebellar foliation, disorganization of cortical neurons, and lethality by postnatal 

day 7.72 Accordingly, mice lacking HDAC1/2 in Schwann cells exhibit severe 

dysmyelination and cell cycle arrest at the immature stage due to NF-KB deacetylation.73 

Global deletion of HDAC3 in embryo resulted in lethality by E9.5, and mice with cardiac-

specific deletion of HDAC3 just survived about 4 months.74 In addition, HDAC3 deletion in 

the postnatal mouse liver leads to hepatocyte hypertrophy due to imbalances between 

carbohydrate and lipid metabolisms.75 Thus, when broad spectrum HDACi were used to 

treat cancer, some HDACs which have no relation to the cancer but are necessary for normal 

cell function will be blocked, leading to side-effects.

Due to side effects of non-specific target HDACs, it is necessary to discover the exact roles 

of individual HDACs in tissue specific cancer and the associated cellular and molecular 

mechanisms. Hopefully, the design of specific HDACi will improve the efficiency of 

treatment and optimize patient benefits. Although various HDACi were designed to target 

individual HDACs and were used in clinical trials for specific cancers in recent years, 

HDACi are rarely designed to target the crucial signaling of the cancer process that 

associates with specific HDAC. Furthermore, nutrition-derived HDACis that have low 

toxicity and side effects should be more carefully studied.
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ABBREVIATIONS

ALL Acute lymphoblastic leukemia

HAT Histone acetyltransferase

HCC Hepatocellula carcinoma

HDAC Histone deacetylases

SAHA Suberoylanilide hydroxamic acid

VPA Valproic acid
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Figure 1. 
HDAC1 performs dual roles in the regulation of acute promyelocytic leukemia: 

oncosuppressive in the early stages and oncogenic in established tumor cells

Chen et al. Page 15

Crit Rev Oncog. Author manuscript; available in PMC 2016 March 28.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 2. 
The roles of HDACs in the regulation of cancer processing. (A) HDAC1 and HDACs 

regulate hematological malignancies. (B) HDAC1-3 and HDAC11 regulate prostate cancer. 

(C) HDAC3 and HDAC4 regulate colon cancer.
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Table 1

Cancer related HDACs (Partial list)

Cancer type Up-regulated HDACs Effect on prognosis Reference

Hematological malignancies

HL HDAC1-3 Poor 29

ALL HDAC1-2, HDAC4, HDAC8 Poor 30

DLBCL HDAC1-2, HDAC6 Poor 31

APL HDAC1 ? 33

Prostate cancer

HDAC1-3 Poor 36

HDAC1-5 Poor 37

HDAC11 Poor 39

Ovarian cancer
HDAC1-3 Poor 16, 43–45

HDAC4 Poor 46

Bladder cancer HDAC1-3 Poor 16

Hepatocellular carcinoma
HDAC1-3, 7 Poor 53

HDAC3 Poor 54

Colon cancer
HDAC3 Poor 58

HDAC1-4 Poor 62

Abbreviations: HL, Hodgkin’s lymphoma; ALL, Acute lymphoblastic leukemia; DLBCL, diffuse large B-cell lymphoma; APL, acute 
promyelocytic leukemia.
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