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Neuroblastoma is an extracranial tumor that typically occurs 
in the pediatric population. According the American Cancer 
Society, neuroblastoma occurs in 700 births per year in the 
US. The prognosis is multifactorial and the 5-year survival rate 
has improved from 86-95% for children younger than 1 year 
and from 34-68% for children between the ages of 1-14 years 
[1]. Neuroblastoma displays the highest rate of spontaneous 
regression compared to other tumors; this differentiation is 
attractive for potential therapeutic intervention [2,3]. 

The MYCN oncogene exhibits amplification in approximately 25% 
neuroblastoma patients and correlates with poor prognosis [4-6].

Retinoid therapy reduces MYCN expression and induces 
differentiation in high-risk neuroblastoma patients; however, 
retinoid therapies yield unwanted toxicities, namely in pediatric 
patients [7,8]. The role of HDAC isoforms in tumorigenesis and 
cellular differentiation is well documented [9].

The HDAC family of proteins comprise of 11 known isoforms 
organized into four classes. These specialized proteins exhibit 
numerous functions, specifically, the deacetylation of lysine tails 
on histones and non-histone proteins, among many functions 
outside of epigenetic regulation [10]. 

The multifunctionality and known role of HDACs in cancer 
became the driving force for the discovery and development of 
HDAC inhibitors as an anti-cancer therapy [11]. 

Initial, among current, HDAC inhibitors target numerous HDAC 
isoforms across their various classes with varying affinity 
[12]. These broad spectrums or pan-HDAC inhibitors induced 
epigenetic and non-epigenetic changes bringing forth multiple 
anti-cancer effects [13]. Like all drugs, pan-HDAC inhibitors 
possess a variety of unwanted side effects [14] and inhibiting 
multiple HDAC isoforms at once results in a smaller therapeutic 
window. The emergence and development of isoform-specific 
HDAC inhibitors may improve therapeutic efficacy with fewer side 
effects. Isoform-specific compounds targeting HDAC6 and HDAC8 
have been developed and studied in various tumor types [15-17], 
including the neural crest-derived malignant peripheral nerves 
sheath tumors (MPNST) [18] and neuroblastoma [19-21]. Of 
note, HDAC8 plays a crucial epigenetic role in skull development 
of neural crest cells in mice [22].

HDAC8 expression has been shown to correlate with poor 
outcome in neuroblastoma patients. Biological or pharmacological 
inhibition of HDAC8 induces neuroblastoma cell differentiation 
and attenuates cell growth [19,20]. HDAC8 inhibition-induced 
neuroblastoma cell differentiation may be due to HDAC8 
regulation on MYCN oncogene expression [21].

Recently, Waldeck et al. [8] demonstrated the efficacy of prolonged 
exposure of pan-HDAC inhibition-induced differentiation in 
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neuroblastoma. The group used TH-MYCN mice [23], modelling 
human neuroblastoma, and treated with pan-HDAC inhibitor 
panobinostat for 9 weeks, resulting in the murine neuroblastoma 
to regress to a benign, ganglioneuroma-like tumor.

A unique observation is that panobinostat has an affinity 
to multiple HDAC isoforms [24] with the ability to induce 
neuroblastoma differentiation, while only inhibiting HDAC8 
also induces differentiation; albeit, in different neuroblastoma 
models. Testing the effect of prolonged HDAC8 inhibition vs. pan-
HDAC inhibition in TH-MYCN mice should be the next step toward 
potential clinical trials. Unfortunately, the novel emergence of 
HDAC8 inhibitors has yet to make strides towards human trials. 
During this intervening time, Braekeveldt et al. [25] have developed 
an orthotopic neuroblastoma patient-derived xenograft (PDX) 
model. Their model contains the functionality to study high-risk, 
MYCN amplified, metastatic neuroblastoma. While spontaneous 
regression is yet to be studied in neuroblastoma PDX models, 
the dual utility of transgenic and PDX neuroblastoma models can 

serve as preclinical forecasts for future clinical trials with HDAC8 
inhibitors. 

While HDAC8 inhibition may appear ideal for the treatment 
of neural crest-derived tumors, other tumors in this group 
may not fare so well. Studies have shown that pan-HDAC 
inhibition upregulates Notch1 expression, in turn, attenuating 
pheochromocytoma cell growth [26,27]. Recently, HDAC8 
inhibition was demonstrated to suppress Notch1 signalling [28], 
thus targeting HDAC8 for the treatment of pheochromocytoma 
may not be ideal. In another study, glioma cells were shown to be 
tolerant to pharmacological HDAC8 inhibition [15]. 

These important discoveries warrant further investigation 
applying pan-HDAC inhibition and isoform-specific inhibition 
for the treatment of neural crest-derived tumors. The current 
acumen marks a key terminus a quo in the role and therapeutic 
implication of HDACs in neural crest-derived tumors.



3© Under License of Creative Commons Attribution 3.0 License

ARCHIVOS DE MEDICINA
ISSN 1698-9465

2016
Vol. 1 No. 3: 29

Journal of Headache & Pain Management
ISSN  2472-1913

References
1 Smith MA, Altekruse SF, Adamson PC, Reaman GH, Seibel NL (2014) 

Declining childhood and adolescent cancer mortality. Cancer 120: 
2497-506. 

2 Nickerson HJ, Matthay KK, Seeger RC, Brodeur GM, Shimada H, et al. 
(2000) Favorable biology and outcome of stage IV-S neuroblastoma 
with supportive care or minimal therapy: a Children's Cancer Group 
study. J Clin Oncol 18: 477-486.

3 Brodeur GM, Bagatell R (2014) Mechanisms of neuroblastoma 
regression. Nat Rev Clin Oncol 11: 704-713.

4 Brodeur GM, Seeger RC, Schwab M, Varmus HE, Bishop JM (1984) 
Amplification of N-myc in untreated human neuroblastomas 
correlates with advanced disease stage. Science 224: 1121-1124.

5 Seeger RC, Brodeur GM, Sather H, Dalton A, Siegel SE, et al. (1985) 
Association of multiple copies of the N-myc oncogene with rapid 
progression of neuroblastomas. N Engl J Med 313: 1111-1116.

6 Huang M, Weiss WA (2013) Neuroblastoma and MYCN. Cold Spring 
Harb Perspect Med 3: a014415.

7 Reynolds CP, Matthay KK, Villablanca JG, Maurer BJ (2003) Retinoid 
therapy of high-risk neuroblastoma. Cancer Lett 197: 185-192. 

8 Waldeck K, Cullinance C, Ardley K, Shortt J, Martin B, et al. (2016) 
Long term, continuous exposure to panobinostat induces terminal 
differentiation and long term survival in the TH-MYCN neuroblastoma 
mouse model. Int J Cancer 139: 194-204.

9 Haberland M, Montgomery RL, Olson EN (2009) The many roles of 
histone deacetylases in development and physiology: implications 
for disease and therapy. Nat Rev Genet 10: 32-42.

10 Livyatan I, Meshorer E (2013) The HDAC interaction network. Mol 
Syst Biol 9: 671. 

11 Glozak MA, Seto E (2007) Histone deacetylases and cancer. Oncogene 
26: 5420-5432.

12 Miller TA, Witter DJ, Belvedere S (2003) Histone deacetylase 
inhibitors. J Med Chem 46: 5097-5116.

13 Xu WS, Parmigiani RB, Marks PA (2007) Histone deacetylase inhibitors: 
molecular mechanisms of action. Oncogene 26: 5541-5552.

14 Wagner JM, Hackanson B, Lubbert M, Jung M (2010) Histone 
deacetylase (HDAC) inhibitors in recent clinical trials for cancer 
therapy. Clin Epigenetics 1: 117-136.

15 Balasubramanian S, Ramos J, Luo W, Sirisawad M, Verner E, et al. (2008) 

A novel histone deacetylase 8 (HDAC8)-specific inhibitors PCI-34051 
induces apoptosis in T-cell lymphomas. Leukemia 22: 1026-1034.

16 Balasubramanian S, Verner E, Buggy JJ (2009) Isoform-specific 
histone deacetylase inhibitors: the next step? Cancer Lett 280: 211-221.

17 Batchu SN, Brijmohan AS, Advani A (2016) The therapeutic hope for 
HDAC6 inhibitors in malignancy and chronic disease. Clin Sci 130: 
987-1003.

18 Lopez G, Bill KL, Bid HK, Braggio D, Constantino D, et al. (2015) HDAC8, 
A Potential Therapeutic Target for the Treatment of Malignant 
Peripheral Nerve Sheath Tumors (MPNST). Plos ONE 10: e0133302. 

19 Oehme I, Deubzer HE, Lodrini M, Milde T, Witt O (2009) Targeting of 
HDAC8 and investigational inhibitors in neuroblastoma. Expert Opin 
Investig Drugs 18: 1605-1617. 

20 Oehme I, Deubzer HE, Wegener D, Pickert D, Linke JP, et al. (2009) 
Histone deacetylase 8 in neuroblastoma tumorigenesis. Clin Cancer 
Res 15: 91-99.

21 Rettig I, Koeneke E, Trippel F, Meuller WC, Burhenne J, et al. (2015) 
Selective inhibition of HDAC8 decreases neuroblastoma growth in 
vitro and in vivo and enhances retinoic acid-mediated differentiation. 
Cell Death Dis 6: e1657.

22 Haberland M, Mokalled MH, Montgomery RL, Olson EN (2009) 
Epigenetic control of skull morphogenesis by histone deacetylase 8. 
Genes Dev 23: 1625-1630.

23 Weiss WA, Aldape K, Mohapatra G, Feuerstein BG, Bishop JM (1997) 
Targeted expression of MYCN causes neuroblastoma in transgenic 
mice. EMBO J 16: 2985-2995.

24 Anne M, Sammartino D, Barginear MF, Budman D (2013) Profile 
of panobinostat and its potential for treatment in solid tumors: an 
update. Onco Targets Ther 6: 1613-1624.

25 Braekeveldt N, Wigerup C, Gisselsson D, Mohlin S, Merselius M, et al. 
(2015) Neuroblastoma patient-derived orthotopic xenografts retain 
metastatic patterns and geno- and phenotypes of patient tumours. 
Int J Cancer 136: E252-E261.

26 Adler JT, Hottinger DG, Kunnimalaiyaan M, Chen H (2008) Histone 
deacetylase inhibitors upregulate Notch-1 and inhibit growth in 
pheochromocytoma cells. Surgery 144: 956-961.

27 Cayo MA, Cayo AK, Jarjour SM, Chen H (2009) Sodium butyrate 
activates Notch1 signaling, reduces tumor markers, and induces cell 
cycle arrest and apoptosis in pheochromocytoma. Am J Transl Res 
1: 178-183.

28 Chao MW, Chu PC, Chuang HC, Shen FH, Chou CC, et al. (2016) Non-
epigenetic function of HDAC8 in regulating breast cancer stem cells 
by maintaining Notch1 protein stability. Oncotarget 7: 1796-1807. 


