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1. Introduction

Epigenetic regulation, including DNA methylation and demethylation 
[1], histone modification, incorporation of histone variants [2, 3], and 
non-coding RNAs [4], plays a key role in modulating chromatin state 
and gene expression without altering DNA sequence. Aberrations of 
epigenetic regulators and chromatin modifications have proven links 
with human disease: e.g., cancer. Polycomb group proteins (PcGs) are 
crucial epigenetic regulators that form chromatin-modifying complexes, 
whose composition may be cell-context-dependent. In mammals, two 
major PcG complexes, Polycomb repressive complex 1 (PRC1) and 2 
(PRC2), have been identified [5, 6]. Core components of PRC1 complex 
contain ring finger protein RING1A/B, B lymphoma Mo-MLV insertion 
region 1 (BMI1), chromobox homolog (CBX), PHC, and SCML 
subunits [5-7]. The PRC1 establishes repressive chromatin structure via 
E3 ubiquitin ligase RING1A/B that monoubiquitylates Lys 119 of 
histone H2A (H2AK119ub1) [8, 9]. Core subunits of PRC2, conserved 
from Drosophila to mammals, include suppressor of Zeste 12 (SUZ12), 
embryonic ectoderm development (EED), retinoblastoma suppressor 
associated protein 46/48 (RbAp46/48), and histone methyltransferase 
(HMTase) EZH2, which catalyzes trimethylation of histone H3 at Lys 27 
(H3K27me3) to generate another epigenetic silencing mark [10-14] (Fig. 
1A). However, study also reveals RING1B can maintain chromatin 
compaction and repress gene expression independent of its histone 
ubiquitination activity [15]. PcG proteins suppress transcription by 
forming chromatin loops with DNA methylation, which may impede 
DNA access to transcription factors [16]. Exact functions and molecular 
mechanisms underlying high-order chromatin configuration remain 
unexplored. Other than PcG proteins, Trithorax group (TrxG) proteins 
are known as critical to epigenetic regulation of senescence, cell cycle, 
DNA damage and stem cell biology. TrxG plays a role opposite to PcG: 
transcriptional activator of gene expression, modifying chromatin 
structure via trimethylation of histone H3 at Lys 4 (H3K4me3) [17]. It 
has been reported that many genes involved in development and 
differentiation concomitantly carry both repressive H3K27me3 and 
active H3K4me3 marks, known as bivalent chromatin domains. These 

bivalent loci are poised in a state ready for transcriptional activation or 
repression. Activated genes lose H3K27me3 and are enriched for 
H3K4me3; whereas repressed genes retain H3K27me3 or gain silencing 
marks like DNA methylation, but lose H3K4me3 [5]. 
  EZH2, catalytic subunit of PRC2, is predominantly considered to 
trimethylates Lys 27 of histone H3, leading to silencing of target genes 
involved in cell cycle regulation, senescence, cell fate determination, 
cell differentiation and cancer [6]. Yet besides its PRC2-dependent 
transcriptional repression function, recent evidence indicates that EZH2 
also mediates gene activation through methylating nonhistone proteins 
or forming transcriptional complexes with other factors to activate 
downstream target genes in a PRC2-independent fashion [18-22] (Fig. 
2). Mounting evidence shows that overexpression/amplification or 
mutations of EZH2 have been detected in a variety of cancers, and are 
associated with tumor development and progression [23]. EZH2 also 
plays vital roles in stem cell maintenance and lineage differentiation 
[24-26]. Thus, EZH2/EZH2-mediated signaling deregulation contributes 
to numerous human pathologies, making this signaling an attractive 
therapeutic prospect and molecular marker to serve as targeted 
therapy/personalized treatment of human maladies, including cancers. 

2. Domain structure and function of EZH2

2.1. Domain organization of EZH2 

Human EZH2 was mapped to chromosome 7q35, which contains 20 
exons and encodes 746 amino acids (Fig. 1B) [27]. EZH2 harbors 
functional domains: WD-40 binding domain (WDB), domains I-II, two 
SWI3, ADA2, N-CoR and TFIIIB (SANT) domains, cysteine-rich CXC 
domain and evolutionarily conserved carboxy-terminal Su(var)3-9, 
enhancer of zeste, trithorax (SET) domain. The SET domain of EZH2 is 
the catalytic domain required for HMTase activity [11, 14, 28, 29]. 
Moreover, complex of EZH2 with other PRC2 components, noncatalytic 
subunits EED and SUZ12, is necessary to gain robust HMTase activity 
[28, 30-34]. WDB is EED-interacting domain. Domain II is binding 
region for SUZ12, and SANT domains are for interaction with histone. 
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Figure 1. Core subunits of PRC2 and domain structure of 
EZH2. (A) Core subunits of mammalian PRC2 include 
suppressor of Zeste 12 (SUZ12), embryonic ectoderm 
development (EED), retinoblastoma suppressor-associated 
protein 46/48 (RbAp46/48), and histone methyltransferase 
(HMTase) EZH2, which catalyzes the trimethylation of histone 
H3 at Lys 27 (H3K27me3) to generate epigenetic silencing 
mark [10-14]. (B) Schematic diagram of EZH2 functional 
domains, WD-40 binding domain (WDB), domains I-II, two 
SWI3, ADA2, N-CoR and TFIIIB (SANT) domains, cysteine-rich 
CXC and evolutionarily conserved carboxy-terminal 
Su(var)3-9, enhancer of zeste, trithorax (SET) domain. EZH2’s 
SET catalytic domain is needed for HMTase activity [11, 14, 28, 
29]. WDB is EED-interacting domain. Domain II is binding 
region for SUZ12, SANT domains for interaction with histone 

2.2. Polycomb-dependent transcriptional repression function of 
EZH2 

As a catalytic subunit of PRC2, EZH2 is primarily considered as an 
epigenetic silencer for transcriptional repressing of gene expression, 
including a variety of tumor suppressor genes. With PRC2 recruited to 
target genes, EZH2 containing SET domain catalyzes trimethylation of 
histone H3 at Lys 27 (H3K27me3). Subsequently, the PRC1 subunit, 
CBX, recognizes and binds to H3K27me3 mark, then catalytic subunit 
of PRC1, RING1, monoubiquitylates Lys 119 of histone H2A 
(H2AK119ub1) to impede RNA polymerase II-dependent transcriptional 
elongation and repress gene transcription [5] (Fig. 2A). Although 
coordinated recruitment of PRC1/2 is widely quoted in the literature, 
genome-wide mapping of histone modifications and localization of 
PRC1 and 2 subunits by chromatin immunoprecipitation-sequencing 
found that some genes that lack H2AK119ub1 are also targeted by PRC2 
[35]. Besides, some reports indicate PRC1 recruitment and 
PRC1-mediated H2AK119ub1 occurring independently of 
PRC2/H3K27me3 [36-38]. Moreover, Tavares et al. recently unraveled 
that RYBP-PRC1 complex, consisting of RING1 YY1 binding protein 
(RYBP) and PRC1 catalytic subunits, mediates H2AK119ub1 at normal 
level both in PRC2-null mESCs and wild type mESCs, portending 
PRC2/H3K27me3 as not needed for recruitment of RYBP-PRC1 
complex and RYBP-PRC1-mediated H2AK119ub1 on PcG target loci 
[39]. These studies revealed that PRC1 and PRC2 may also regulate 
gene expression independent of each other. 
    Aside from well-recognized epigenetic gene silencing function, 
recent study demonstrated EZH2 interacts with and directly methylates 
non-histone target, cardiac transcription factor GATA4 at Lys 299. 
PRC2-mediated GATA4 methylation impaired its interaction with and 
acetylation by p300 to attenuate GATA4 transcriptional activity and gene 
expression [40] (Fig. 2B). Moreover, EZH2 binds and methylates ROR 
at Lys 38 which is recognized and ubiquitinated by 
DCAF1/DDB1/CUL4 ubiquitin ligase complex, giving rise to 
RORdegradation and transcriptional repression of RORtarget genes 
[41] (Fig. 2B). These studies explore novel mechanism of 
PRC2-mediated gene suppression: EZH2 directly methylating 
transcriptional factor and inhibiting transcriptional activity. 

    Diverse epigenetic modification regulators can cooperatively 
fine-tune gene expression. Indeed, EZH2 physically interacts with and 
recruits DNA methyltransferases DNMT1, DNMT3A and DNMT3B to 
methylate CpG and establish a more deeply repressive chromatin state 
[42]. Yet knocking down EZH2 increases transcription of genes with 
minimal DNA methylation but not genes with heavily DNA 
hypermethylation [43, 44]. Several studies reveal EZH2 target genes 
pre-marked by PRC2-mediated H3K27me3 in normal cells as strongly 
correlated with genes becoming aberrantly hypermethylated in cancer 
cells, suggesting genes pre-marked H3K27me3 by PRC2 in normal 
development later become densely DNA-hypermethylated in the 
presence of oncogenic cues like abnormally elevated EZH2 expression 
[45-47]. Moreover, PRC2 interacts with histone deacetylase (HDAC), 
which may modify the histone mark by deacetylating H3K27 and 
relieving lysine side chain for methylation by PRC2, resulting in 

transcriptional silencing [48, 49]. These three groups of epigenetic 
silencing regulators EZH2, DNMTs and HDACs may contribute to 
modulating aberrant gene expression in cancer cells, and their functional 
connections have been observed in cancers of colon, breast, lung, liver, 
ovarian and prostate, as well as acute promyelocytic leukemia [46, 47, 
50]. 

2.3. Polycomb-independent transcriptional activation function of 
EZH2 

Apart form its transcriptional repression function, emerging studies 
uncover the noncanonical role of EZH2 showing that EZH2 also 
functions as an activator by methylating nonhistone proteins or forming 
transcriptional complexes with other factors to activate downstream 
target genes in a PRC2-independent manner [18-22] (Fig. 2C). Lee et al. 
demonstrated that in estrogen receptor (ER)-negative basal-like breast 
cancer cells, EZH2 physically interacts with nuclear factor-kappaB 
(NF-κB) components RelA/RelB as a ternary complex to activate a 
subset of NF-κB target genes independently of its HMTase activity [21] 
(Fig. 2C, top). In ER-positive luminal-like breast cancer cells, EZH2 
also acts as an activator independently of its SET domain through 
association with ER and WNT signaling components TCF/-catenin to 
activate ER target genes such as c-myc and cyclin D1 [20] (Fig. 2C, 
middle left). Similarly, Jung et al. revealed that EZH2 forms complex 
with DNA repair protein PCNA-associated factor (PAF) and 
TCF/-catenin to promote WNT target gene transactivation 
independently of EZH2's HMTase activity, contributing to intestinal 
tumorigenesis [18] (Fig. 2C, middle right). 
    In contrast to methyltransferase activity of EZH2 dispensable for 
EZH2-mediated gene activation mentioned above, Xu et al. 
demonstrated methyltransferase activity of EZH2 is required for both 
EZH2-mediated transcriptional activation and androgen-independent 
growth of castration-resistant prostate cancer cells [22]. AKT-mediated 
EZH2 phosphorylation at Ser21 promotes EZH2 binding with androgen 
receptor (AR) and methylating AR or AR-associated proteins, resulting 
in transcriptional activation of a subset of its target genes [22] (Fig. 2C, 
bottom left). Recently, Kim et al. showed EZH2 phosphorylation at 
Ser21 by AKT is also required for EZH2 association with STAT3 and the 
enhanced STAT3 activity, that occur preferentially in glioma stem-like 
cells relative to non-stem tumor cells. Phosphorylated EZH2 interacts 
with and methylates STAT3 at Lys 180, which augments STAT3 activity 
by enhancing tyrosine phosphorylation of STAT3, resulting in 
transcriptional activation (Fig. 2C, bottom right) [19]. Such results 
contrast with EZH2-mediated methylation of GATA4 or ROR, which 
decrease their transcriptional activity [40, 41]. 
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Figure 2. EZH2-mediated gene repression and activation 
mechanisms. (A) PRC2-dependent epigenetic silencing. With 
PRC2 (EZH2, EED, SUZ12, and RbAp46/48) recruited to target 
genes, EZH2 catalyzes trimethylation of histone H3 at Lys 27 
(H3K27me3). PRC1 then recognizes and binds to H3K27me3 
mark so as to monoubiquitylate Lys 119 of histone H2A 
(H2AK119ub1), resulting in epigenetic silencing. (B) 
EZH2-mediated gene repression via methylation of 
non-histone proteins. (Left) EZH2 interacts with and directly 
methylates cardiac transcription factor GATA4 at Lys 299. 
PRC2-mediated GATA4 methylation impairs interaction with 
and acetylation by p300, resulting in attenuated GATA4 
transcriptional activity and gene repression [40]. (Right) EZH2 
binds and methylates ROR at Lys 38 which is recognized 
and ubiquitinated by DCAF1/DDB1/CUL4 ligase complex, 
spawning ROR degradation and transcriptional repression 
of ROR target genes [41]. (C) PRC2-independent gene 
activation. (Top) EZH2 interacts with nuclear factor-kappaB 
(NF-κB) components RelA/RelB as ternary complex to 
activate gene expression [21]. (Middle left) EZH2 associates 
with ER and WNT signaling components TCF/-catenin to 
activate ER target genes [20]. (Middle right) EZH2 forms 
complex with DNA repair protein PCNA-associated factor 
(PAF) and TCF/-catenin to promote WNT target gene 
transactivation [18]. (Bottom left) AKT-mediated EZH2 
phosphorylation at Ser21 promotes EZH2 binding with 
androgen receptor (AR) and methylating AR or AR-associated 
proteins, leading to transcriptional activation [22]. (Bottom 
right) EZH2 phosphorylation at Ser21 by AKT. 
Phosphorylated EZH2 interacts with and methylates STAT3 at 
Lys 180, augmenting STAT3 activity to yield transcriptional 
activation [19]. 

 
3. Roles of EZH2 in cancer progression 
 
Overexpression/amplification or mutation of EZH2 have been found in a 
wide range of cancer types, including breast, prostate, lung, liver, colon, 
ovarian, bladder, glioblastoma and lymphoma. Elevated expression of 
EZH2 correlates with tumor malignancy, poor prognosis and poor 
patient survival [6]. Overexpression and amplification of EZH2 is barely 
detected in early stage of prostate cancers, but is more general in late 
stages. Increased copies of EZH2, with corresponding enhanced protein 
expression, are found in more than 50% of the hormone-refractory 
prostate cancers [51]. Similarly, tissue microarray analysis of breast 
caner tissue samples showed EZH2 highly expressed in invasive breast 
cancer and metastatic breast cancer compared with normal or atypical 
hyperplasia, plus associated with breast cancer aggressiveness and poor 
clinical outcome [52]. Ecotopic expression of EZH2 in breast epithelial 
cells promotes oncogenic transformation by measuring 
anchorage-independent growth and cell invasion [52]. In EZH2 
transgenic mouse model, ovexpression of EZH2 in mammary epithelial 
cells using the mouse mammary tumor virus long terminal repeat causes 
epithelial hyperplasia, highlighting the potential role of EZH2 in tumor 
progression [53]. 
    Various heterozygous mutations of EZH2 at tyrosine 641 (Y641) in 
the SET domain have been found in 22% of germinal center B-cell and 
diffuse large B-cell lymphoma (DLBCLs) and 7% of follicular 
lymphoma [54]. This Y641 somatic mutation causes a gain-of-function 
mutation, but Y641 mutant EZH2 exhibits catalytic activity toward 
substrates differently from wild-type (WT) EZH2. Y641 mutant EZH2 
preferentially catalyzes tri-methylation of H3K27, but exhibits limited 
ability to catalyze the first mono- and di-methylation of H3K27. By 
contrast, WT EZH2 exerts highest catalytic activity for the first mono- 
and di-methylation of H3K27, but relatively weak catalytic activity for 
the tri-methylation of H3K27 [55]. Intriguingly, Y641 mutant EZH2 
detected in B-cell lymphoma is always heterozygous. Thus, 
heterozygous Y641 mutant EZH2 can work along with WT EZH2 to 
raise H3K27me3 levels, which may be functionally like EZH2 
overexpression [56]. Another heterozygous mutation of EZH2 at alanine 
677 to glycine (A677G) is also identified in lymphoma cell lines and 
primary lymphoma samples with frequency less than 2-3% [55]. Similar 
to activating mutation of Y641 mutant EZH2, expression of A677G 
mutant EZH2 induces a global hypertrimethylation of H3K27. However, 
different from WT EZH2 and Y641 mutant, A677G mutant EZH2 
efficiently methylates all three substrates (unmodified, mono- and 
dimethylated H3K27), indicating A677G mutant EZH2 deregulates 
H3K27 methylation without needing working with WT EZH2 as is the 
case for Y641 mutant EZH2 [55].  
     Mutations of EZH2 are detected in 10-13% of 
myelodyplasia-myeloproliferative neoplasm, 13% of myelofibrosis and 
6% of various myelodysplastic syndrome subtypes, not occurring at 
single residue but throughout the gene. Most such mutations are 
nonsense and stop codon mutation, resulting in loss of HMTase activity, 
apparently unlike Y641 and A677 mutants [57], raising the possibility 
for EZH2 acting as a tumor suppressor. These studies indicate both 
activating and inactivating mutations of EZH2 can be associated with 
certain malignancy, their differential roles in regulating specific cohort 
of target genes that contribute to tumorigenesis may be context 
dependent and need to be explored further. 
 
 
4.  Targeting EZH2 or EZH2-mediated signaling for potential 
cancer therapy 
 
Given its role in tumor progression and stem cell maintenance, EZH2 or 
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EZH2-mediated signaling may be attractive targets for potential cancer 
therapeutics. Several studies show the small molecule 
3-deazaneplanocin A (DZNep), a S-adenosylhomocysteine hydrolase 
inhibitor, which inhibits methylation reaction and induces EZH2 
degradation, suppresses various types of cancer growth and reduce 
tumor formation: e.g., glioblastoma cancer stem cells, ovarian cancer 
stem cell-like populations, prostate cancer/cancer stem cells [23]. Still, 
DZNep is not a specific EZH2 inhibitor; it also influences other 
processes that involve methylation reaction. Recently, several highly 
potent and selective inhibitors of EZH2, such as GSK126, GSK343, 
EPZ005687, EPZ-6438 and El1, have been discovered [58]. Among 
them, GSK126 and EPZ-6438 are the most potent and selective 
S-adenosyl-methionine (SAM)-competitive, small-molecule inhibitors 
of EZH2 methyltransferase activity. GSK126 could effectively suppress 
proliferation of EZH2 mutant DLBCL cell lines and inhibit tumor 
growth in xenograft mouse model of EZH2 mutant DLBCL in vivo, 
indicating pharmacological inhibition of EZH2 activity may show 
promise in treating DLBCL harboring activating mutations of EZH2 
[59]. EPZ-6438 causes apoptosis and differentiation in SMARCB1 
mutant malignant rhabdoid tumor (MRT) Cells, and completely inhibits 
growth of MRT xenografts in mice without tumor regrowth after dosing 
cessation [60]. This study reveals that inhibition of EZH2 activity may 
be a compelling therapeutics for a spectrum of cancers with genetic 
alterations conferring a proliferative dependency on EZH2 enzymatic 
activity despite EZH2 itself is not genetically changed in the cancers. 
EPZ-6438 also eliminates the growth of several EZH2 mutant 
xenografts including WSU-DLCL2 (Y641F), Pfeiffer (A677G), 
KARPAS-422 (Y641N) etc., and has been approved for human clinical 
trials in patients with advanced solid tumors or with B-cell lymphoma 
[58]. Moreover, down regulation of EZH2 expression by siRNAs or 
shRNAs has also been shown to inhibit cancer cell and tumor growth 
[23]. Besides direct blocking EZH2 activity/expression, EZH2-mediated 
tumorigenic signaling is another attractive therapeutic target. For 
example, study shows EZH2 up-regulating RAF1-ERK--catenin 
pathway, leading to promoting survival and proliferation of breast tumor 
initiating cells [23]. Inhibitors of RAF1-ERK signaling, such as 
sorafenib and AZD6244, are plausible therapeutic agents to eradicate 
breast tumor initiating cells. 

5. Perspectives

EZH2, deregulated in a wide range of cancers, exerts its functions in 
distinct action modes (Fig. 2). Functioning in both PRC2-dependent 
(canonical) and -independent (noncanonical) manners to repress or 
activate target gene expression, it thus may contribute to tumorigenesis 
via both positive and negative regulation of gene activity in cell-context 
dependent manner. Currently, no EZH2 inhibitors are approved for 
treatment of human cancers; much effort has been made to develop 
EZH2 HMTase inhibitors. Since methyltransferase activity of EZH2 is 
not required for certain EZH2-mediated gene activation (Fig. 2C), 
alternative strategy aside from inhibiting EZH2 enzymatic activity 
warrants attention. In this regard, approaches based on disrupting 
interaction between EZH2 and other factors like ER/TCF/-catenin and 
RelA/RelB might be potential therapeutic targets. 
  In addition to overexpression of EZH2 in cancers, activating 
mutations and inactivating mutations of EZH2 correlate with certain 
types of cancer, pointing to the complicated role of EZH2 mutants in 
cancer meriting further exploration: e.g., whether gain of EZH2 function 
mutant modulates a set of genes similar to or different from those 
regulated by inactivating mutation of EZH2. Given EZH2’s 
multi-faceted role in cancer, insight into sophisticated regulatory 
mechanisms of EZH2/EZH2-mediated signaling will pave the way for 

developing context- or allele-specific (mutant EZH2-specific) strategy 
for targeting EZH2/EZH2-mediated signaling that could serve as future 
targeted therapy/personalized medicine for human cancer. 
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1. Current therapeutic regimen in prostate cancer

Prostate cancer (PCa) is the lead malignancy among males in Western 

countries, accounting for 28% (238,590) of newly diagnosed cancers in 

United States in 2013 [1]. It has been the second common cause of 

cancer deaths in men (behind lung cancer) for two decades [1, 2]. 

Treatment for clinically localized PCa aims at cure, typically by surgery 

or radiation. Emerging technologies have also been used for selected 

patients in low-risk PCa: e.g., high-intensity focused ultrasound (HIFU), 

cryotherapy, radiofrequency ablation and photodynamic therapy. For 

advanced PCa cases, androgen deprivation therapy (ADT) is standard 

treatment. The majority of advanced PCa patients respond to initial ADT 

temporarily but inevitably progress from androgen-dependent stage to 

CRPC. Effective treatment at this stage is largely limited to 

chemotherapy. Indeed, prior to 2010, only docetaxel chemotherapy 

shows survival benefit in CRPC. With the most effective standard 

chemotherapeutic regimens, mean increase in survival time is two 

months, highlighting the need for more effective treatments [3, 4] 

Figure 1 plots common clinical course of PCa from localized stage to 

CRPC. Interpretation of castration resistance pathway could lead to 

identification of new pathway-targeted therapeutics. Incidence and 

mortality rates vary widely across geographic regions and ethnic groups 

[5]. Of note, Asians have substantially lower prevalence than African 

Americans and Caucasians, indicating linkage between genetic 

background and susceptibility [6]. Exact molecular mechanisms of 

prostate carcinogenesis are not fully elucidated, but it is evident that 

genetic factors at both germline and somatic levels play key roles in 

carcinogenesis. It has been increasingly recognized that cancer cells are 

heterogeneous within the same lesion at both genetic and epigenetic 

levels, which could translate into functional heterogeneity: e.g., 

self-renewal properties, tumor-initiating ability [7]. Significant tumor 

heterogeneity appears within primary and metastatic tumor lesions as 

well as individual cases, challenging standard approach to cancer 

management and highlighting the need for personalized cancer therapy. 
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2 New strategies in CRPC therapy 

In the case of advanced PCa, ADT is standard treatment, which initially 

reduced tumor burden and prostate-specific antigen (PSA) level to low 

or undetectable level. Most PCa ultimately recurs despite of ADT, 

presenting with progressively rising of PSA level, termed CRPC. 

Docetaxel was regarded as the only reasonable option before 2010. 

Additionally, there is no therapeutic agent for patients who experience 

progression after first-line docetaxel. Recent years have seen a number 

of novel anticancer drugs for CRPC clinics. The past three years can be 

considered exceptional due to positive outcomes in Phase III trials. Key 

antitumor agents showing positive results include taxane cabazitaxel [8, 

9], vaccine sipuleucel-T [10], cytochrome p450 17 (CYP17) inhibitor 

abiraterone [11, 12], androgen-receptor antagonist enzalutamide 

(formerly known as MDV-3100) [13-15], and radioisotope alpharadin 

(radium 223) [16]. Other promising agents including denosumab [17], 

orteronel [18], ipilimumab [19] and cabozantinib [20, 21] are currently 

under study. These novel agents are appropriately applied to the CRPC 

treatment pathway to maximize therapeutic efficacy. 

    Cabazitaxel, a second-generation taxane, demonstrably improves 

overall survival when added to prednisone versus mitoxantrone plus 

prednisone in TROPIC (treatment of hormone-refractory metastatic PCa 

previously treated with docetaxel-containing regimen) trial: median 

overall survival is 15.1 months versus 12.7 months in CRPC patients 

with progression after docetaxel treatment [8]. Progression-free survival 

also improves in the cabazitaxel-prednisone treatment arm. 

    Sipuleucel-T, an active cellular immunotherapy, is a type of 

therapeutic cancer vaccine consisting of autologous peripheral-blood 

mononuclear cells (PBMCs), including antigen-presenting cells (APCs) 

activated ex vivo with a recombinant fusion protein (PA2024) [10]. 

PA2024 consists of a prostate-specific acid phosphatase (PAP) fused 

with granulocyte-macrophage colony-stimulating factor (GM-CSF), an 

immune-cell activator. This regimen can reduce death risk by 22%, 

representing a 4.1-month improvement in median survival [10]. In 

conclusion, sipuleucel-T prolonged overall survival among 

asymptomatic metastatic CRPC (mCRPC) patients. Adverse events are 

more frequently reported in the sipuleucel-T group, including chills, 

fever, and headache with mainly Grade 1 or 2 in severity. 

    Abiraterone acetate blocks androgen biosynthesis by inhibiting 

17α-hydroxylase/C17,20-lyase (CYP17). The COU-AA-301 and 

COU-AA-302 trials established the role of abiraterone in mCRPC 

patients with or without previous docetaxel chemotherapy. In 

COU-AA-301 trial, overall survival as primary endpoint was longer with 

abiraterone acetate-prednisone than with placebo-prednisone (14.8 vs. 

10.9 months; P<0.001) [11]. In COU-AA-302 trial, radiographic 

progression-free survival was also longer with abiraterone-prednisone 

group than with prednisone alone (16.5 vs. 8.3 months; P<0.001) [12]. 

Hence abiraterone acetate significantly prolongs overall survival of 

mCRPC patients, with or without previous docetaxel chemotherapy. 

    Enzalutamide, a novel androgen receptor signaling inhibitor, 

competitively inhibits binding of androgens to the androgen receptor 

(AR), inhibits AR nuclear translocation, and inhibits association of the 

AR with DNA [22]. The AFFIRM trail (A multinational phase 3, 

randomized double-blind, placebo-controlled efficacy and safety study 

of oral MDV3100 in progressive CRPC previously treated with 

docetaxel-based chemotherapy) confirms that enzalutamide could 

benefit men with post-docetaxel CRPC [15]. Enzalutamide is 

well-tolerated and prolongs overall survival with median survival of 

18.4 months, slows disease progression, and improves quality of life in 

men with post-docetaxel CRPC. It reduces risk of death by 37% relative 

to placebo [14, 15]. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Common clinical course of PCa progression from localized stage to CRPC. PSA level is used as a surrogate for 
cancer burden; the figure shows PSA rising at the time of initial diagnosis, returning to normal via first-line treatment 
(radiation or surgery), then rising again as cancer recurs. Again it is reduced by hormonal therapy. When CRPC occurs, PSA 
again rises and minimally impacted by chemotherapy.  After chemotherapy fails, PSA rises until the patient dies. Permission 
from Dr. Ganesh Raj (Department of Urology, University of Texas Southwestern Medical Center). 
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Table 1. Novel strategies for CRPC therapy 

Category Mechanism/ Drug Reference 

Inhibits microtubule depolymerization  Taxane 

   Docetaxel 
   Cabazitaxel 

[3,4] 
[8,9]  

Autologous immunotherapy  
   Sipuleucel-T [10,65,66,67] 
Immune checkpoint inhibitor  

Immunotherapy 

   Ipilimumab 
   Tremelimumab 

[69] 
[70] 

Androgen receptor antagonist  
   Enzalutamide [14,15] 
CYP17 inhibitor  
   Abiraterone acetate [11,12,41] 
   Orteronel [46,47] 
   Galeterone [46,47] 
   VT-464 [47] 
HSP90 chaperone inhibitors   
   Geldanamycin [44] 
Histone deactylase inhibitors  

AR signaling inhibitor 

   Vorinostat (SAHA) [44] 
Against MET and VEGFR2  Tyrosine kinase inhibitor 
   Cabozantinib [20,21] 
PI3K Inhibitors [36] 
   XL147  
   BEZ235  
   GDC-0941  
AKT inhibitors [36] 
   GSK690693  
   MK2206  

PI3K pathway inhibitor 

mTOR inhibitors [36] 
Alpha-pharmaceuticals Irradiation causes double-strand DNA break  
    Alpharadin [16] 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

    Radium-223 (alpharadin), calcium-mimetic radiopharmaceutical, 

has high bone affinity. Alsympca (ALpharadin in SYMptomatic Prostate 

Cancer) Phase III trial shows improved overall survival: median 

duration 14 months [16]. Time to first skeletal-related event (SRE) also 

improves, with median duration of 13.6 months. 

Cabozantinib (XL184), an orally bioavailable tyrosine kinase 

inhibitor, shows potent activity against MET and VEGF Receptor 2 

(VEGFR2). It suppresses MET and VEGFR2 signaling, rapidly inducing 

apoptosis of endothelial and tumor cells, resulting in tumor regression. It 

can also block progression of osteolytic and osteoblastic lesions [20, 21] 

 
 
3. Personalized therapy 

It is well documented that response to standard therapy differs among 

patients diagnosed with the same cancer. Obviously, a one-size-fits-all 

concept is not expected to achieve identical outcome; individualized 

approach is needed. Progress in understanding intricate molecular 

mechanisms for transformation of normal cells into cancer, plus aberrant 

control of complementary pathways, leads us into a more complex world 

for diagnosis and treatment. Oncology has entered an era with treatment 

individualized or customized, therapy based on molecular and genetic 

traits of a tumor and its microenvironment, tailored to improve outcomes 

and decrease both toxicity and health-care costs. Personalized cancer 

therapy targets aberrations that drive tumor progression, administering 

the right therapy for the right person at the right time. Success requires 

identification of novel validated markers for prognosis, treatment 

response, resistance and toxicity. Chief task in practice is modifying 

therapy for diverse tumor nature with inadequate, limited prognostic 

tools [23, 24]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Figure 2. Modified version of the algorithm of American Urological Association guideline that represents personalized therapy 
prototype for CRPC (adapted from [25]). S: suggesting treatment for therapeutic agents; M: considering treatment for 
therapeutic agents; Black rectangle: suggesting treatment for categorized therapeutic agents; Red rectangle: not 
recommending treatment. 



 10

    The American Urological Association (AUA) announced clinical 

guidelines for CRPC in May, 2013 [25]. With several Food and Drug 

Administration (FDA)-approved therapeutic agents for mCRPC 

debuting over the past three years, urologists and other clinicians face 

challenges with multiple treatment options. Potential sequencing of 

these agents further makes clinical decision-making more complex than 

ever. To assist in clinical decision-making, AUA developed six index 

patients to represent the most commonly encountered in clinical practice, 

which based on the presence or absence of metastatic disease, the degree 

of symptoms, the patients’ performance status, and the prior 

docetaxel-based chemotherapy. Such guidelines constitute a prototype of 

personalized therapy for CRPC (Figure 2). 

 

4. Genomic strategy for targeting therapy in CRPC 

Large-scale cancer genomic characterization projects offer critical new 

insights into molecular classification of cancers and have potential to 

identify new therapeutic targets [26]. PCa exhibits heterogeneous 

epidemiological and clinical aspects, likely a reflection of underlying 

genomic diversity. From a molecular viewpoint, cancer can result from a 

combination of single nucleotide variants (SNVs), small insertions and 

deletions (indels), chromosomal rearrangements, aberrant DNA 

methylation and copy number alterations (CNAs), which engenders 

different expressions of oncogenes or tumor suppressors. In the long run, 

gathering the entire genomic and transcriptomic landscape of PCa, as 

well as defining frequency of alteration in several common signal 

transduction pathways, can further correlate genomic alterations to 

clinical outcome. 

4.1 Copy number and transcriptome profiles define core pathway 

alterations 

Copy number alterations (CNAs) can result in amplification of 

oncogenes or deletion of tumor suppressor genes; these changes 

contribute significantly to cancer etiology. Consistent and common 

findings from global analyses of CNAs within PCa include 

TMPRSS2-ERG fusion (around 50%) [27, 28], 8p loss (30-50%) and 8q 

gain (20-40%) [29, 30]. Focal amplifications of AR (Xq12) and MYC 

(8q24), and homozygous focal deletions of PTEN (10q23) and NKX3.1 

(8p21) are frequently identified in PCa [31, 32]. Recent CNA study of 

218 primary and metastatic tumors added a key role for somatic copy 

number increases of NCOA2 gene, which encodes an AR coactivator 

[30]. In detail, besides above descriptions, peaks of deletion targeting 

RB1 on 13q14.2, TP53 on 17p31.1, interstitial 21q22.2-3 deletion 

spanning ERG and TMPRSS2 [30], deletions on 12p13.31-p12.3, which 

spans ETV6 and DUSP16 as well as CDKN1B [29] were reported. Most 

common amplified loci include MYC on 8q24.21 and NCOA2 on 8q13.3. 

Focal amplification of AR (Xq12) is likewise common but restricted to 

metastatic tumors. Among mutated genes, the most common is androgen 

receptor (AR); other oncogenes like IDH1, IDH2, PIK3CA, KRAS, and 

BRAF do not commonly mutate in PCa [30]. There is no great 

correlation between histology (Gleason score) and CNAs; the latter 

could serve as an independent clinical marker from Gleason score [33]. 

Integrating CNAs, transcriptome, and mutation data can further conduct 

core pathway analysis for PCa. Three recognized cancer pathways, PI3K, 

RAS/RAF, and RB, are ordinarily altered in primary PCa (range: 

34-43%) and metastases (74-100%). Of particular interest is PI3K 

pathway, altered in nearly half the primaries and all metastases examined 

[30]. Loss of PTEN function is well documented in PCa: estimated 

frequency around 40% [34]. PTEN negatively regulates PI3K/Akt 

pathway; loss of PTEN activity may lead to permanent PI3K/Akt 

activation. Frequency of PI3K pathway alteration rises substantially 

when PTEN alteration is considered with INPP4B and PHLPP 

phosphatase alterations recently implicated in PI3K regulation, the 

PIK3CA gene itself, and regulatory subunits PIK3R1 and PIK3R3 [26]. 

Exploring novel PI3K pathway inhibitors may reap therapeutic benefit 

[35, 36]. 

4.2. Genetic alterations highly associated with TMPRSS2-ERG 

A recent rearrangement involving the androgen-regulated TMPRSS2 and 

members of the ETS transcription factor family (ERG, ETV1, ETV4) has 

been identified in a majority of prostate cancers [27, 37]. Further 

functional studies of TMPRSS2-ERG have shown modest evidence of 

oncogenic activity with cooperating transforming events [27, 28]: 

TMPRSS2-ERG fusion as the single most established PCa molecular 

lesion [27], meaning expression of N-terminally truncated ERG protein 

under control of TMPRSS2 androgen-responsive promoter [38]. 

Significant regions of copy-number loss link with TMPRSS2-ERG 

fusion: spanning tumor suppressors PTEN and TP53, plus another 

spanning 3p14 multigenic region. The 3p14 deletion, whose association 

with TMPRSS2-ERG loomed predominant, appeared only in PCa [30, 

39]. Homogeneous distribution of TMPRSS2-ERG fusion in 19% of 

high-grade prostatic intraepithelial neoplasia (PIN) lesions and in 50% 

of localized PCa suggests this fusion as either occurring after onset or 

associated with early events predisposing to clinical progression [38]. 

Recent genomic studies show how ERG binds to AR-regulated genes 

and alters AR signaling in PCa cells via epigenetic silencing, invariable 

with a role in inhibiting prostate epithelial differentiation and turning on 

EZH2 expression, which initiates stem cell-like de-differentiation and 

carcinogenesis [40]. Population-based studies hint ETS fusion-positive 

cancer as aggressive in nature and support early detection-based efforts. 

Commercially available urine test for TMPRSS2-ERG is technically 

feasible nowadays; in PSA-screened cohorts it shows sensitivity of 

30-50% and specificity >90%. Examination for TMPRSS2-ERG may 

detect 15-20% of men harboring PCa but with normal DRE (digital 

rectal examination) and PSA levels, including a substantial proportion of 

those who harbor high-grade Gleason disease [41]. Most 5’ end ETS 

fusion partners are androgen responsive; targeting androgen signals may 

act at least in part by inhibition of ETS fusion. Recent studies indicated a 

highly specific CYP17 inhibitor, abiraterone acetate, ablating androgen 

and estrogen syntheses that drive TMPRSS2-ERG fusions, inducing 

regression in >50% of CRPC cases [42]. Hormone-dependent 

overexpression of ERG persisted in CRPC, and TMPRSS2-ERG tumors 

manifested a subgroup of PCa remaining exquisitely sensitive to CYP17 

blockade [43]. Also, ETS gene-fusion status may serve as a prospective 

character of androgen dependence in CRPC state [44]. As deregulated 

transcription factors, ETS fusions may drive PCa via induction of 

downstream target genes, maybe offering a target as therapeutic strategy. 

4.3 Androgen receptor (AR) signaling pathway 

AR signaling is essential for growth and differentiation of a normal 

prostate and is responsible for treatment failure in CRPC or metastatic 

PCa. The contribution of AR to prostate tumorigenesis and disease 

progression is incontrovertible. The exclusive requirement of PCa cells 

for AR activity is illuminated at clinic, wherein therapeutic suppression 

of AR signaling, typically achieved through ligand depletion and direct 
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AR antagonists, results in PSA decline and objective tumor regressions. 

Conventional therapy currently focuses on androgen-dependent 

activation of AR via its C-terminal ligand-binding domain (LBD). 

Mechanisms of therapeutic failure include AR amplification and/or 

overexpression, gain-of-function AR mutations, intracrine androgen 

production; overexpression of AR coactivators, expression of 

constitutively active splice variants of AR, and ligand-independent AR 

activation through growth factors, cytokines, or aberrant AR 

phosphorylation [45]. Among AR pathway genes, the most prominent 

finding is a peak of copy-number gain on 8q13.3 that spans the nuclear 

receptor coactivator gene NCOA2 [30]. High frequency of NCOA2 gain 

in primary tumors plus a known role as AR coactivator [46] lends insight 

into how these two genes collaborate in early PCa progression by 

enhancing AR transcriptional output. NCOA2 functions as a driver 

oncogene in primary tumors by increasing AR signaling; in contrast, AR 

amplification is largely restricted to mCRPC and likely a mechanism of 

drug resistance rather than a natural step in tumor progression. 

Recently developed androgen-ablative and AR antagonist strategies 

that achieve complete androgen ablation and sufficient suppression of 

AR signaling in the prostate improve efficacy of AR targeting and 

subsequent therapeutic outcome. A new means to deplete androgens is a 

selective CYP17 inhibitor, which inhibits both testicular-derived 

androgen production and tumor-derived androgen synthesis, meaning a 

great advance toward durable androgen depletion and suppression of AR 

activity. Despite strong rationale for aiming at CYP17, this target 

remains largely unexploited, with relatively few candidate agents 

progressing to clinical trials and only ketoconazole, an unspecific 

CYP17 inhibitor, in widespread clinical use [47]. Promising clinical 

results from abiraterone acetate in CRPC cases have recently been 

reported [11]; its efficacy has spawned clinical development of other 

androgen biosynthesis inhibitors. Orteronel (TAK-700), oral 

non-steroidal imidazole CYP17 inhibitor, is reportedly more selective 

for 17,20 lyase activity than abiraterone acetate, but according to recent 

data from Phase III clinical trial of ortoronel plus prednisone in 

treatment of progressive mCRPC, ortoronel plus prednisone would not 

demonstrate a pre-specified level of clinical efficacy. While ortoronel 

never met the primary endpoint of improved OS (HR=0.894, p=0.226), 

it did show advantage as secondary endpoint of radiographic 

progression-free survival (HR=0.755, p<0.001) and posed no major 

safety concern. Galeterone (VN/124-1, TOK-001), an oral agent, 

functions both as CYP17A1 inhibitor and anti-androgen, causing AR 

protein degradation. Preclinical data averred that galeterone may 

represent the next generation of therapy for cases of CRPC and disease 

that has progressed despite treatment with enzalutamide. Phase III trails 

for galeterone are expected in the near future. VT-464, non-steroidal 

small molecular 17,20 lyase inhibitor, is also in early-phase testing for 

men with CRPC [48]. 

Direct AR antagonists are often combined with orchiectomy or 

GnRH agonists/antagonists, to inhibit AR signaling further. Docking of 

AR antagonists into the AR C-terminal LBD results in both passive AR 

inhibition, via competition for agonists, and active mechanism of AR 

inhibition: e.g., prevention of coactivator binding and inducement of 

corepressor recruitment. AR can be alternatively spliced so that the 

C-terminal domain is deleted, rendering AR constitutively active [49]. 

Splice variants are refractory to traditional androgen deprivation and AR 

antagonists, highlight that the new class of AR-inhibitory agents must be 

developed for successful management of tumors expressing truncated 

AR, wherein even total androgen ablation has no effect on receptor 

activity. Options for suppressing function of C-terminal-deficient ARs 

already exist. HSP90 inhibitors (geldanamycin) and agents modulating 

HSP90-histone deacetylase interactions (genistein) both show capacity 

for reducing overall AR levels as well as suppressing action of both 

full-length and truncated AR [45]. Several studies implicate AR 

N-terminal domain (NTD) as key mediator of ligand-independent AR 

activity in PCa cell. Alternative means to inhibit AR function by using a 

decoy molecule representing AR NTD demonstrably suppress tumor 

growth and hormonal progression [50]. Intratumor injection of lentivirus 

expressing AR NTD decoy fragment inhibited growth of established 

LNCaP xenografts [51]. Development of shorter decoy peptides to AR 

NTD means great challenges: e.g., how to retain both specificity for AR 

and antitumor activity, maintain peptide lability and requirement of 

nonlinear regions of AR NTD needed for protein-protein interactions. 

Lastly, it has been recently shown that AR may require histone 

deacetylases (HDACs) for transcriptional activation; HDAC inhibitors 

cooperate with AR-directed therapeutics to enhance cellular response. 

Novel understanding of AR function during disease progression has 

scored breakthroughs in novel AR antagonists and ligand-depletion 

strategies. Stratification of CRPC patients according to disparate AR 

reactivation may reap the greatest benefit: e.g., for recurrence associated 

with AR mutations or splice variants inducing resistance to AR 

antagonists, it is unlikely that the latter would help. This advance is 

expected to provide new insight into CRPC mechanisms, serving as a 

base for personalized medicine. 

4.4. Epigenetic alterations 

Epigenetics is defined as heritable changes in gene expression caused by 

mechanisms other than altered DNA sequence. Unlike many other 

genetic changes, epigenetic processes are reversible and do not change 

DNA sequence or quantity, though they enhance genomic instability that 

might lead to oncogenic activation and inactivation of tumor suppressors 

[52]. Among types of epigenetic change, the most crucial are DNA 

methylation and histone modification, both prominent in cancer 

progression. DNA methylation causes gene-silencing either by inhibiting 

access of target binding sites to transcriptional activators and/or by 

promoting binding of methyl-binding domain proteins, which interact 

with HDACs that promote chromatin condensation into transcriptionally 

repressive conformations. DNA methylation is thought to alter 

chromosome structure and define regions for transcriptional regulation. 

Covalent modification of multiple DNA sites by methylation is heritable 

and reversible, involved in regulating a gamut of biological processes 

[53]. Several classes of drugs, including inhibitors of DNA 

methyltransferases and HDACs, are known to modify epigenetic 

information in a fashion not specific to genes. AR may require HDACs 

for transcriptional activation; HDAC inhibitors may cooperate with 

AR-directed therapeutics to elicit enhanced cellular response. HDAC 

inhibitors show promise as therapeutic targets with potential to reverse 

aberrant epigenetic states associated with PCa. 

5. Personalizing treatments with circulating tumor cells

(CTCs)

CTCs appear in the bloodstream, having detached from their tumor of 

origin. A major cause of cancer-associated mortality is tumor metastasis, 

which depends on successful dissemination to the whole body, mainly 
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through blood. Therefore, CTCs shed into vasculature and possibly on 

the way to potential metastatic sites arouse obvious interest. Studies in 

past years have shown CTCs as markers predicting cancer progression 

and survival in metastatic [54-57] or even early-stage cancer patients 

[58]. Assessment CTC using CellSearch has been cleared by the FDA as 

a prognostic indicator for patients with metastatic breast, prostate, and 

colorectal cancers [54, 59]. Increasing CTC numbers correlate with 

aggressive disease, increased metastasis, and decreased time to relapse 

in CRPC [55, 60, 61]. CTCs could serve as a real-time monitor for 

progression and marker for survival and thus have potential to guide 

therapeutic management, indicate therapy effectiveness or necessity, 

even while metastases are still undetectable, and offer insights into 

mechanisms of drug resistance. Thus, CTCs not only could be used as a 

surrogate endpoint marker in clinical trials [62], but also could become a 

treatment target [63]. Discrepancy in gene expression between primary 

tumors and CTCs, as well as heterogeneity within the CTC population, 

can be observed frequently. To such a degree, it is possible to identify 

their tissue of origin via expression profiling to detect organ-specific 

metastatic signatures. This could help to localize small metastatic lesions 

and afford valuable insight into further diagnostic and therapeutic 

strategies [64]. 

    Although CTC counts are of prognostic relevance, CTC 

enumeration is not yet validated as a surrogate of clinical benefit. 

Technical challenge in this field consists of finding tenuous tumor cells 

(a few CTCs mixed with approximately 10 million leukocytes and 5 

billion erythrocytes in 1 ml of blood) and distinguishing them from 

epithelial non-tumor cells and leukocytes. It should be feasible with 

advanced technology that allows automated and high-throughput 

separation, visualization and quantification of cancer cells from blood 

[59]. Ability to evaluate longitudinally gene amplifications, mutations, 

deletions or translocations playing crucial roles in CRPC pathogenesis 

with CTCs lends unique insight into underlying and evolving biology of 

tumor, without need for invasive biopsies [65]. This will also allow 

analysis of molecular changes that occur secondary to treatment 

pressures and intra-patient tumor heterogeneity that may otherwise have 

been missed with tumor biopsies. It also allows patient sub-classification 

according to molecular profiles of risk, prognosis and likely response 

[66]. Molecular characterization of CTCs may lend insight into 

underlying mechanisms of resistance to cancer therapy and develop 

biomarkers to support rational molecular stratification of patients with 

CRPC to novel antitumor agents. Ultimately, deep sequencing of DNA 

from CTCs will permit detection of tumor heterogeneity of CRPC, in 

order to dissect clonal evolution and aid understanding of clones’ 

association with drug resistance. Future research on CTC enumeration 

may pinpoint a robust biomarker with strong statistical association to 

clinical benefit from treatment, which may be employed as a surrogate 

for true outcome in patients with CRPC. Moreover, CTCs may expedite 

anticancer drug design, minimizing delay in development and regulatory 

approval of effective agents for CRPC, reducing the number of patients 

undergoing ineffective regimen. 

6. Personalized immunotherapy for PCa

The concept of immune modulation, which aims at generating a 

meaningful antitumor immune response, has been extensively evaluated 

in melanoma and renal cell carcinoma. This principle has been extended 

to PCa, known as slow-growing and more indolent, which can allow 

sufficient time for generating effective antitumor immune response. 

Moreover, recent studies indicated that PCa is more immunogenic than 

considered earlier, with evidence of PCa-specific autoantibodies in 

blood samples of patients. Sipuleucel-T is the first immunotherapy 

approved by the US FDA in April 2010 [10]. It is indicated for treatment 

of asymptomatic or minimally symptomatic mCRPC based on IMPACT 

(Immunotherapy for Prostate AdenoCarcinoma Treatment) trial, making 

it the first of its kind vaccine therapy approved for advanced solid 

tumors. Sipuleucel-T is active cellular cancer vaccine, stimulating 

immune response to PCa. First, leukopheresis is followed by enrichment 

of PBMCs, which are incubated with targeted immunogen PA2024, a 

PAP recombinant fusion protein, and GM-CSF before intravenous 

administration. Once infused, autologous PBMCs are thought to mature 

into functional APCs, and activate PAP-specific CD4+ and CD8+ T cells. 

These activated T cells then home in on tumor lesions, mediating an 

antitumor response [67-69]. The IMPACT trial, a Phase III, randomized, 

double-blind, placebo-controlled study, enrolled 512 patients with 

asymptomatic or minimally symptomatic mCRPC without visceral 

metastases. Patients were assigned in a 2:1 ratio to receive sipuleucel-T 

or placebo administered intravenously every two weeks for total three 

infusions. The primary and secondary endpoints in this study were 

median overall survival and time to objective disease progression. The 

sipuleucel-T group had a relative reduction of 22% in risk of death as 

compared with the placebo group, representing a 4.1-month 

improvement in median survival (25.8 vs. 21.7 months); 36-month 

survival probability was 31.7% in the sipuleucel-T versus 23.0% in the 

placebo group. But secondary endpoint, time to objective disease 

progression, was not met, similar in both groups. Immune responses to 

the immunizing antigen were observed in patients receiving sipuleucel-T. 

Adverse events such as chills, fever and headache were more frequently 

reported in the sipuleucel-T than in the placebo group [10]. Recent 

studies in tumor immunology have also focused on the concept of 

immune checkpoints, a series of molecules that function to limit an 

ongoing immune response [68, 70]. The ability of cancer cells to evade 

anti-tumor T-cell activity in microenvironment has recently been 

accepted as a hallmark of cancer progression. Blocking of one or more 

such immune checkpoints with monoclonal antibodies (mAbs) has been 

shown to rescue otherwise exhausted antitumor T cells. Blocking 

checkpoints to recover existing antitumor immune responses might 

presumably be more effective than inducing a de novo antitumor 

response through vaccination. Both pilimumab (MDX-010) and 

tremelimumab (CP-675206) are clinical applications of checkpoint 

inhibitors, antibodies specific for cytotoxic T lymphocyte antigen 4 

(CTLA-4). Ipilimumab is an antagonistic mAbs that recognizes CTLA-4, 

an immunomodulatory molecule expressed by activated T cells, and to 

CD80 on APCs. It was proven active both in PSA response and clinical 

improvement, with or without radiotherapy in mCRPC patients [71]. 

Because anti-CTLA-4 mAbs target the immune system instead of the 

tumor, they hold potential advantages over traditional antitumor mAbs, 

chemotherapy, and immunotherapy (vaccines and cytokines). Other 

antibodies with neutralizing function, such as CD137, CD40, and PD-1 

(programmed cell death 1), are currently in various stages of preclinical 

and clinical evaluation. 

Most treatment regimens for advanced cancer highlight a 

combination of chemotherapy drugs, or concurrent radio-chemotherapy, 

raising a possibility that immunotherapy may need combination with 

conventional therapy to achieve maximal effect. Fortunately, 
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conventional cancer treatments have immunological benefits [72], 

making combinatorial trials attractive. In sum, there is strong rationale 

for combined immunotherapies and/or combining immunotherapy with 

conventional therapy, but such combination increases complexity for 

clinical trial design; issues of dosing and sequence become a great 

challenge. 

7. Conclusions and perspectives

In the past decade, cancer therapy has slowly but steadily transformed 

from a one-size-fits-all to a more personalized approach, each patient 

treated according to specific genetic defects of his/her own tumor. 

Appearance of genomic technologies has now provided the means to 

develop data that address complexity of biologic states. Practice of 

cancer therapy continually faces the challenge of matching the right 

therapeutic regimen with the right patient at the right time, balancing 

relative benefit with risk to attain optimal outcome. Cases with CRPC 

may represent myriad heterogeneity in terms of performance, 

comorbidity, and underlying molecular mechanisms. Prior to 2010, the 

sole agent for CRPC was docetaxel; positive results now available from 

clinical trials of cabazitaxel, sipuleucel-T, abiraterone, and enzalutamide 

mean we now have a plethora of agents to choose from. New AUA 

guidelines for CRPC treatment in 2013 represent a prototype of 

personalized therapy. Despite these recent advances, efforts in molecular 

therapeutics should continue and bring further changes in the PCa 

treatment paradigm. Moreover, many emerging personalized therapies 

are under scrutiny: e.g., immunotherapy and CTC-targeted therapy. 

Though personalized therapy for CRPC is still in its infancy, ideal 

therapy tailored for individual CRPC patients continues to advance. 
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1. Introduction

Breast cancer is one of the most common worldwide malignancies in 
women today; its morbidity and mortality have not decreased with 
development of anticancer drugs [1]. Breast cancer in Asia displays 
lower incidence than in Western populations, but is still the leading 
cancer among Asian women and an issue of extraordinary public health 
concern. Asian breast cancer is characterized by early tumor onset, 
showing a relatively younger median age at diagnosis. In Taiwan, breast 
cancer ranks second among cancers, noted for high incidence, high 
mortality, and early onset [2, 3]. Most women are exposed to 
well-known environmental risk factors for cancer, but only a portion of 
exposed individuals develop breast cancer, suggesting a wide variation 
in individual susceptibility. 

Cyclin D1 (CCND1) plays a critical role in controlling G1/S 
phase transition of the cell cycle [4], which accomplishes this 
gate-keeping role by forming a complex with its partners CDK 4 or 
CDK6 [4,5]. Some reports demonstrate it as involved in some types of 
tumor growth in a CDK-independent pattern [6,7]. Dysregulation of 
CCND1 is commonly observed in human cancer, with overexpression of 
it frequently cited as a potential biomarker [8-10]. However, underlying 
mechanisms of CCND1 overexpression and its connection to breast 
cancer progression are poorly understood. Terry Fox Cancer Research 
Lab in China Medical University previously found that CCND1 
genotypes positively associated with other types of cancer in Taiwan 
[11-15]. We currently take interest not only in revealing the contribution 
of genotypes to breast cancer, but to its toughest subtype in clinical 

treatment: triple negative breast cancer. 
This study’s genotyping work ascertained correlation between 

CCND1 A870G (rs9344) polymorphism and breast cancer risk in 
Taiwanese women. Additional analyses evaluated the contribution of this 
SNP to breast cancer patients with specific clinicopathological features, 
such as those of triple negative breast cancer. 

2. Materials and methods

2.1. Study population 

A total of 1232 patients diagnosed with breast cancer were recruited at 
the outpatient clinics of general surgery at China Medical University 
Hospital in Taichung, Taiwan. Clinical characteristics of patients 
(including histological details) were all defined by expert surgeons. 
Slides were reviewed and scored by two independent pathologists. For 
ER, PR, and p53 immunoassaying, nuclear stain in 10% of neoplastic 
cells served as positive cutoff, Ki67-labelling index of >30% considered 
positive. HER-2/neu results were derived according to the package insert 
and guidelines of the American Society of Clinical Oncology and 
College of American Pathologists [16]. All patients voluntarily 
participated, completing self-administered questionnaires and supplying 
peripheral blood samples. An equal number of age-matched non-breast 
cancer healthy volunteers as controls were selected after initial random 
sampling from the hospital’s Health Examination Cohort. Exclusion 
criteria of the control group included previous malignancy, metastasized 
cancer from other or unknown origin, and any familial or genetic disease. 

Contribution of personalized Cyclin D1 genotype 
to triple negative breast cancer risk 
Liang-Chih Liua,#, Chen-Hsien Sua,d,#, Hwei-Chung Wanga,#, Wen-Shin Changa,d, Chia-Wen Tsaia,b, Ming-Chei Maab,  
Chang-Hai Tsaia, Fuu-Jen Tsaic and Da-Tian Baua,b,d,* 

aTerry Fox Cancer Research Laboratory, China Medical University Hospital, Taichung, Taiwan 
bGraduate Institute of Basic Medical Science, China Medical University, Taichung, Taiwan 
cDepartment of Medical Research, China Medical University Hospital, Taichung, Taiwan 
dGraduate Institute of Clinical Medical Science, China Medical University, Taichung, Taiwan 

# These authors contributed equally to this work 

Received 8th of December 2013 Accepted 20th of December 2013 
© Author(s) 2014. This article is published with open access by China Medical University

Keywords:  
Cyclin D1; 
Genotype; 
Triple negative breast 
cancer 

ABSTRACT 
Aim: Cell cycle regulator cyclin D1 (CCND1) is a pivotal regulator for G1/S phase transition, playing a critical 
part in initiation of carcinogenesis. Triple negative breast cancer comprises a very heterogeneous group of cancer 
cells, but little is known about what is wrong in the genome of these patients. This study investigated contribution 
of CCND1 genotype to individual triple negative breast cancer susceptibility. 
Materials: In all, 2464 native Taiwan subjects consist of 1232 breast cancer cases and 1232 controls were enrolled 
in a hospital-based, case-control study. CCND1 A870G (rs9344) genotyping was analyzed by polymerase chain 
reaction-restriction fragment length polymorphism (PCR-RFLP). Risk-stratified analyses correlated genotype and 
age-related characteristics of breast cancer subgroups. 
Results: No significant difference was found between patient and control groups in distribution of genotypic and 
allelic frequencies in CCND1 genotype, yet CCND1 A870G (rs9344) GG genotype was far less prevalent in breast 
cancer patients younger than 55 years (OR=0.62, 95%CI=0.43–0.89, P=0.0362), with first menarche earlier than 
12.2 years (OR=0.61, 95% CI=0.42–0.87, P=0.0241), with menopause earlier than 49.0 years (OR=0.57, 
95%CI=0.39–0.82, P=0.0093), or showing triple-negative breast cancer (OR=0.28, 95%CI=0.13–0.62, P=0.0006). 
Such valuable findings suggest CCND1 A870G (rs9344) as a predictive marker for triple negative breast cancer in 
Taiwanese women; the authors sincerely hope these help us fight the toughest subtype in clinical management.

Original article 

* Correspondence author. Terry Fox Cancer Research Lab, China Medical University Hospital, 2 Yuh-Der Road, Taichung, 404 Taiwan. 
E-mail address: artbau2@gmail.com( D.-T.Bau).

DOI 10.7603/s40681-014-0003-4BioMedicine March 2014, Vol. 4, No. 1, Pages 16-19



17

Both groups completed a short questionnaire that included habits. Our 
study was approved by the Institutional Review Board of China Medical 
University Hospital (DMR96-IRB-240), written-informed consent 
obtained from all participants. 

2.2. Genotyping conditions 

Genomic DNA was prepared from peripheral blood leukocytes using a 
QIAamp Blood Mini Kit (Blossom, Taipei, Taiwan) and genotyping 
processes performed as in our prior studies [11-15]. Briefly, primers 
used for CCND1 A870G were: forward 5’-GTG AAG TTC ATT TCC 
AAT CCG C-3’, and reverse 5’-GGG ACA TCA CCC TCA CTT AC-3’. 
Polymerase chain reaction (PCR) cycling conditions were: one cycle at 
94oC for 5 min; 35 cycles of 94oC for 30 s, 55oC for 30 s, and 72oC for 
30 s, and a final extension at 72oC for 10 min. 

2.3. RFLP conditions 

After PCR procedure for CCND1 A870G genotyping, resultant 167 bp 
PCR product was mixed with 2 U Nci I and incubated for 3 h at 37 C. 　

The G form PCR products could be further digested, while A form could 
not. Two fragments 145 bp and 22 bp were present if the product was 
digestible G form. Then 10 l of product was loaded into a 3% agarose 　

gel containing ethidium bromide for electrophoresis, genotype analysis 
performed by two researchers independently and blindly. Ten percent of 
the samples were randomly selected for direct sequencing, results 
entirely concordant. 

2.4. Statistical analyses 

To ensure controls representative of general population while precluding 
genotypic error, genotype frequency deviation of CCND1 single 
nucleotide polymorphisms in controls from those expected under 
Hardy-Weinberg equilibrium was assessed using the goodness-of-fit test. 
Pearson’s Chi-square or Fisher’s exact test (when expected number in 
any cell was less than five) compared distribution of CCND1 genotypes 
between groups, statistical P-value less than 0.05 recognized as 
significant. 

3. Results

A total of 1232 patients diagnosed with breast cancer and an equal 
number of matched controls were enrolled, as compared and 
summarized in Table 1. Ages of patients and controls were well matched, 
as were age at menarche, age when bearing first child (P>0.05) (Table 1). 
As for individual behavior, tobacco smoking and alcoholism both 
emerged as risk factors for breast cancer in this population (P<0.05) 
(Table 1). 

Table 2 plots frequencies of genotypes and alleles of CCND1 
A870G in breast cancer and control groups. First, results of genotyping 
analysis revealed distribution of CCND1 A870G genotype do not 
significantly differ between patients and controls (P=0.1949) (Table 2). 
Odds ratios of AG and GG were 0.95 and 0.80 (95% CI= 0.79-1.15 and 
0.62-1.03) compared to AA wild-type genotype. Second, we performed 
dominant and recessive comparison to find odds ratios of GG versus 
AA+AG and AG+GG versus AA were 0.82 and 0.92 
(95%CI=0.66-1.03 and 0.77-1.10, P=0.0931 and 0.3793), respectively. 
Last, there was no significant difference between breast cancer and 
controls in distribution of allelic frequency (OR=0.92, 
95%CI=0.82-1.03, P=0.1442): i.e., G allele (AG and GG) meant a 
slightly but not statistically protective effect against breast cancer 
compared to AA wild genotype (Table 2). 

We took interest in association of clinicopathologic traits with 
CCND1 A870G genotypes. Given diverse mechanisms of carcinogenesis 
in distinct subtypes of breast cancer, we analyzed linkage among 
CCND1 A870G genotypes with age-related and clinicopathologic 
characteristics of breast cancer patients (Tables 3-4). Data showed GG 
genotype at CCND1 A870G less prevalent in breast cancer patients 
younger than 55 years (OR=0.62, 95%CI=0.43–0.89, P=0.0362), with 
first menarche earlier than 12.2 years (OR=0.61, 95% CI=0.42–0.87, 
P=0.0241), with menopause earlier than 49.0 years (OR=0.57, 
95%CI=0.39–0.82, P=0.0093), or with triple-negative breast cancer 
(OR=0.28, 95%CI=0.13–0.62, P=0.0006) (Tables 3-4). Different 
genotype distribution among breast cancer patients stratified by other 
factors, including first full pregnant (Table 3) and Ki67 status (Table 4), 
was not statistically significant. 

Table 1. Distribution of demographic and life-style of breast 
cancer patients and matched controls 

Statistic results based on a Chi-square or b unpaired Student’s t-test. 

Table 2. Intergroup distribution of CCND1 A870G (rs9344) 
genetic and allelic frequencies 

a OR: odds ratio, CI: confidence interval; b Based on Chi-square test 

Controls (n = 
1232) 

Patients (n = 1232) P-value
Characteristic 

n % Mean (SD) n % Mean (SD)

Age (years) 
  < 40 359 29.1%  362 29.4% 0.89a 
  40-55 558 45.3%  547 44.4% 
  > 55 315 25.6%  323 26.2% 
Age at menarche (years) 12.4 (0.7) 12.1 (0.6) 0.79b 
Age at birth of first child 
(years) 

29.4 (1.2) 
  29.8 (1.4) 0.63b 

Age at menopause (years) 48.8 (1.8) 49.3 (2.0) 0.59b 
Site

Unilateral  1198 97.2% 
Bilateral  34 2.8% 

Family History 
First degree (Mother, sister
and daughter) 

55 4.5% 

  Second degree  6 0.5% 
  No history  1171 95% 
Habit

Cigarette smokers  86  7.0%   170 13.8% <0.0001a

Alcohol drinkers  91  7.4%   162 13.1% <0.0001a

A870G (rs9344) Controls % Patients % OR (95% CI)a P-valueb

Genetic frequency 
AA 303 24.6% 323 26.2% 1.00 (Reference) 0.1949

AG 725
58.8

%
736 59.7% 0.95 (0.79-1.15)

GG 204 16.6% 173 14.1% 0.80 (0.62-1.03)
Carrier comparison 
  AA+AG 1028 83.4% 1059 85.9% 1.00 (Reference) 0.0931
  GG 204 16.6% 173 14.1% 0.82 (0.66-1.03)
  AA 303 24.6%   323 26.2% 1.00 (Reference) 0.3793
  AG+GG 929 75.4% 909 73.8% 0.92 (0.77-1.10)
Allele frequency
  Allele A 1331 54.0% 1382 56.1% 1.00 (Reference) 0.1442 
  Allele G 1133 46.0% 1082 43.9% 0.92 (0.82-1.03)
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Table 3. Association of CCND1 A870G genotypes with 
age-related related demographic characteristics 

  CCND1 A870G 
Characteristics Controls 

N (%) 
Cases 
n (%) 

P-valuea Crudeb  
OR (95% CI)c 

Onset age 

   < 55.0 years 

AA 

AG 

GG 

AG+GG 

≧55.0 years 

AA 

AG 

GG 

AG+GG 

Age at menarche 

   < 12.2 years 

AA 

AG 

GG 

AG+GG 

≧12.2 years 

AA 

AG 

GG 

AG+GG 

Age at first birth of child 

< 29.6 years 

AA 

AG 

GG 

AG+GG 

≧29.6 years 

AA 

AG 

GG 

AG+GG 

Age at menopause 

< 49.0 years 

AA 

AG 

GG 

AG+GG 

≧49.0 years 

AA 

AG 

GG 

AG+GG 

146 (23.06) 

377 (59.56) 

110 (17.38) 

487 (76.94) 

157 (26.21) 

348 (58.10) 

94 (15.69) 

442 (73.79) 

146 (23.70) 

360 (58.44) 

110 (17.86) 

470 (76.30) 

157 (25.49) 

365 (59.25) 

 94 (15.26) 

459 (74.51) 

148 (24.03) 

365 (59.25) 

103 (16.72) 

468 (75.97) 

155 (25.16) 

360 (58.44) 

101 (16.40) 

461 (74.84) 

144 (23.38) 

364 (59.09) 

108 (17.53) 

472 (76.62) 

159 (25.81) 

361 (58.60) 

 96 (15.59) 

457 (74.19) 

169 (27.57) 

365 (59.54) 

79 (12.89) 

444 (72.43) 

154 (24.88) 

371 (59.94) 

94 (15.18) 

465 (75.12) 

171 (27.85) 

365 (59.45) 

78 (12.70) 

443 (72.15) 

152 (24.60) 

371 (60.03) 

 95 (15.37) 

466 (75.40) 

161 (26.26) 

363 (59.22) 

89 (14.52) 

452 (73.74) 

162 (26.17) 

373 (60.26) 

84 (13.57) 

457 (73.83) 

177 (28.64) 

366 (59.22) 

75 (12.14) 

441 (71.36) 

146 (23.78) 

370 (60.26) 

 98 (15.96) 

468 (76.22) 

0.0362* 

0.8040 

0.0241* 

0.9362 

0.4570 

0.3791 

0.0093* 

0.7110 

1.00 (Ref.d) 

0.84 (0.64-1.09) 

0.62 (0.43-0.89)* 

0.79 (0.61-1.02) 

1.00 (Ref.d) 

1.09 (0.83-1.42) 

1.02 (0.71-1.46) 

1.07 (0.83-1.39) 

1.00 (Ref.d) 

0.87 (0.66-1.13) 

0.61 (0.42-0.87)* 

0.80 (0.62-1.04) 

1.00 (Ref.d) 

1.05 (0.80-1.37) 

1.04 (0.73-1.50) 

1.05 (0.81-1.36) 

1.00 (Ref.d) 

0.91 (0.70-1.19) 

0.79 (0.55-1.14) 

0.89 (0.69-1.15) 

1.00 (Ref.d) 

0.99 (0.76-1.29) 

0.80 (0.55-1.14) 

0.95 (0.73-1.22) 

1.00 (Ref.d) 

0.82 (0.63-1.06) 

0.57 (0.39-0.82)* 

0.76 (0.59-0.98)* 

1.00 (Ref.d) 

1.12 (0.85-1.46) 

1.11 (0.78-1.59) 

1.12 (0.86-1.45) 
a Based on Chi-square. 
b Difference in the trend in statistical significance before any adjustment 

for individual habits such as smoking (pack-years). 
c OR, odds ratio; CI, confidence interval. 
d Ref., reference. 
* Statistical significant 

Table 4. Association of CCND1 A870G genotypes with breast 
cancer risk stratified by clinicopathologic characteristics 
compared with non-cancer healthy controls 

Character Genotype, number (%)a OR (95%CI)b P-valuec 

AA AG GG 

Control 303 (24.6) 725 (58.8) 204 (16.6) 1.00 (Ref.d)

Triple-negative status 

  No 159 (28.8) 316 (57.1) 78 (14.1) 0.73 (0.53-1.01) 0.1228 

  Yes 
42 (40.4) 54 (51.9) 8 (7.7) 0.28 (0.13-0.62)* 0.0006* 

Ki67 status 

  Negative 76 (27.4) 156 (56.3) 45 (16.2) 0.88 (0.58-1.32) 0.6099 

  Positive 90 (26.6) 193 (57.1) 55 (16.2) 0.91 (0.62-1.33) 0.7447 
a Triple-negative and Ki67 status data were available for 657 and 615 

patients, respectively, all data given as number of patients (%) unless 
otherwise noted. 

b OR, odds ratio; CI, confidence interval. 

c Based on Chi-square. 
d Ref., reference. 

* Statistical significant 

4. Discussion

For years, Terry Fox Cancer Research Lab in China Medical University 
has keeping on the anticancer task via the translational circle from 
genomic biomarker revealing, anticancer drug discovery, cell and animal 
model establishment for drug efficacy and genotype-phenotype 
correlation investigation, and clinical personalized application. In this 
hospital-based case-control study, our team has genotyped a famous SNP 
CCND1 A870G studying its association with Taiwanese breast cancer 
risk in central Taiwan. With a collection of samples from a quite large 
population, we have found that the GG genotype in CCND1 A870G 
plays a protective role for triple-negative breast cancer, and in early 
onset (< 55 years), early menarche (<12.2 years) and premenopausal 
(<49 years) Taiwanese women. 

As a first step, we performed routine genotype work, but results 
showed CCND1 A870G genotype not linked with breast cancer 
susceptibility. Since we have almost collected the largest breast cancer 
population in Taiwan (1232 cases and age-matched controls), strategy of 
investigating more subjects is less urgent. Estrogen exposure is widely 
viewed as closely related to breast cancer risk, with age undeniably the 
strongest demographic risk factor for most malignancies (75% occur in 
patients older than 55 years) [17]. With adequate sample size, we 
confidently rated the contribution of this SNP to breast cancer patients 
with specific clinicopathological features by stratification analysis. The 
estrogen- and age-related factors included onset age, age at menarche, 
age at first birth of child, and age at menopause (Table 3). Likewise, we 
wished to evaluate contribution of this SNP to triple negative breast 
cancer. This study identified 104 breast cancer patients with triple 
negative breast cancer. So-named because of its negative expression of 
ER, PR, and HER-2/neu [18], it is characterized by aggressiveness and 
higher rates of recurrence and metastasis. Interestingly, existing targeted 
therapies effective against other subtypes of breast cancer were 
ineffective in dealing with triple negative. It typically occurs in young 
patients, whose disease is associated with variations of BRCA1 and 
other genes: e.g., hOGG1, EGFR2 [16, 19, 20]. Cyclin D1 (coded by 
CCND1) plays first gatekeeper in the cell cycle, whereas copy number 
alterations of CCND1 were reported as differentially more frequent in 
triple negative breast cancer samples than those in other breast cancers 
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[21]. Still, no report investigates association of SNPs on CCND1 with 
triple negative breast cancer risk. Our results proved genotype of 
CCND1 A870G not correlated with breast cancer risk as in other 
malignancies [11-15]; more promising, stratified analysis showed GG 
genotype of CCND1 A870G playing a protective role for triple-negative 
breast cancer (Table 4), as with early onset (<55 years), early menarche 
(<12.2 years) and/or premenopausal (<49 years) Taiwanese women 
(Table 3). It is also found that Ki67 status, reported as a potential 
indicator to triple negative breast cancer [22], were not associated with 
CCND1 A870G genotype (Table 4). 

Recent years have seen rapidly accumulated information on 
cancer genotyping as a great boost for translational medicine and 
personalized therapy. We still have a long way to go to make history in 
this field. The first successful step seemed fulfilled by cooperation 
between local clinicians and basic scientists. Since heredity plays a key 
role in cancer susceptibility, we must pay more attention to genetic 
conservation and independence of Taiwan from Western countries, 
respecting profound ethnic differences while pursuing globalization. 
Translational studies in Taiwan, participation of experts in nutrition and 
care-taking, together with cooperation of patients and relatives, warrant 
bolstering and encouragement. Our study highlights GG genotype of 
CCND1 A870G playing a protective role in triple-negative breast cancer, 
as well as in early onset, early menarche and premenopausal Taiwanese 
women. We sincerely hope each successive piece of our work expedites 
personalized therapy and medication, plus the war against cancer, 
especially in our beloved Taiwan. 
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1. Introduction

Various circulatory abnormalities have been cited as involved in etiology 
of glaucomatous optic neuropathy.1,2 Prominent in the disease is vascular 
regulatory factor itself.3 Among vascular factors, recent studies suggest 
possibility of endothelium-dependent vaso-regulatory system playing a 
key pathogenetic role.4 Ability of cells to sense and respond to changes 
in oxygen tension is critical for many developmental, physiological, and 
pathological processes; hypoxia may play a direct role in pathogenesis 
of optic nerve head cupping, and visual field defects.4,5 It is evident that 
hypoxia ranks among the crucial factors in pathogenesis of optic nerve 
damage and visual field defects in glaucoma. Yancey CM et al. proposed 
greater intraocular pressure (IOP) leading to decreased choroidal blood 
flow and outer retinal hypoxia, measured as lesser choroidal pO2; this           

hypoxia is responsible for electroretinogram C-wave5. 
Nitric oxide (NO) is another vital endothelium-dependent 

vasoactive mediator acting as a potent vasodilator. Kotiloski H et al. 
observed that NO concentrations in aqueous humour were slightly 
higher in glaucoma patients than in controls.4 Galassi F et al. also 
suggested disorders of NO regulatory processes as be involved in 
modulating blood supply to the optic nerve and in aqueous humour 
outflow.1 Becquet et al. suggested NO acting at the level of ciliary 
muscle as well as on aqueous outflow pathway (trabecular meshwork, 
Schlemms’ canal, and collecting channels), thus influencing ocular 
hydrodynamics.6 It is also known that topical or intracameral application 
of NO donors alter aqueous humour outflow.7 Neufeld AH et al. proved 
induction of nitric-oxide synthesis (NOS-2) in an optic nerve head 
moderately raising IOP level. Excessive NO production by NOS-2 is 
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Background: Hypoxia and nitric oxide (NO) play important roles in the onset and progression of glaucoma. 
Vascular endothelial growth factor (VEGF) is one of the main factors responsive to hypoxia and NO. In this study, 
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Methods: 60 POAG patients and 78 healthy volunteers were enrolled in this study. The most frequently observed 
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polymorphism was observed using polymerase chain reaction-based restriction analysis.  
Results: Significant differences were observed in the distribution of the polymorphism between control subjects and 
POAG patients (p = 0.003). C/C homozygotes are absent in the control group; therefore, this genotype represents a 
suitable genetic maker for POAG.  
Conclusions: Hypoxia and NO may be involved in the pathway whereby the VEGF-460 polymorphism regulates 
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cytodestructive to many tissues and neurotoxic to the central nervous 
system.8 The exact nature of physiopathological interaction between NO 
vaso-regulation and how it influences aqueous humour outflow remain 
unclear, but there exists well-established relationship between NO and 
glaucoma. 

Hypoxia modulates expression of a number of genes.4,5,9-14 
Among these, vascular endothelial growth factor (VEGF) gene is viewed 
as a critical mediator of endothelial sprouting at hypoxic sites.9-14 It has 
been proven that NO up-regulates expression of VEGF,12-14 which can be 
regulated by a variety of stimuli: hypoxia, cobaltous ion, nitric oxide 
(NO), growth factors, and cytokines.15 Hypoxia is regarded as the most 
potent VEGF regulator, and NO has recently drawn much attention as a 
regulator.16,17 Hypoxia and NO play important roles in pathogenesis of 
glaucoma. We correlated VEGF BstUI C/T gene polymorphism with 
primary open angle glaucoma (POAG). 
 
 
2. Materials and Methods 
 
We enrolled POAG patients from the Department of Ophthalmology at 
China Medical University Hospital from May to July 2003. All patients 
received serial ophthalmic examination: IOP, visual acuity, gonioscopy, 
autoperimetry, optic disc examination, and retinal examination. The 
control group volunteers were selected from patients receiving routine 
physical examination and were examined by the same ophthalmologist. 
Volunteers were all free of any systemic disease, patients with ocular 
disease other than POAG eliminated. POAG patients met at least one of 
the following criteria. Visual field: 1). At least two abnormal visual field 
tests by Humphrey automated perimetry, as defined by computer-based 
objective criteria. 2). Presence of one or more absolute defects in central 
visual field 30°, with ophthalmologic interpretation as glaucomatous 
visual field loss. Optic disca: 1). Either horizontal or vertical cup-to-disc 
ratio 0.6 or more. 2). Narrowest remaining neuroretinal rim of 20% or 
fewer disc diameters.Ophthalmologic: Patients with other possible 
causes of disc or field changes other than POAG were excluded.    
    We tabulated VEGF-460 polymorphism in all subjects, comparing 
its prevalence between control and POAG groups. Odds ratio calculated 
diverse allele frequencies. This study was conducted out with approval 
from the Human Study Committee of China Medical College Hospital. 
Informed consent was obtained from all participants. Genomic DNA was 
prepared from peripheral blood by Extractor WB kit (Wako, Japan).  
Polymerase chain reactions (PCRs) for genes were carried out in a total 
volume of 50μl, containing genomic DNA; 2-6 pmole of each primer; 
1X Taq polymerase buffer (1.5 mM MgCl2); and 0.25 units of AmpliTaq 
DNA polymerase (Perkin Elmer, Foster City, CA). Primers for genes are 
forward 5’-TGTGCGTGTGGGGTTGAGCG-3’and reverse 5’-TACGT 
GCGGACAGGGCCTGA-3’ according to Watson et al.2 PCR 
amplification used programmable thermal cycler GeneAmp PCR System 
2400 (Perkin Elmer). The 175 bp PCR product was mixed with 2 units 
of BstU I (Takara, Japan) and the reaction buffer as per manufacturer’s 
instructions. Restriction site was located -460 bp upstream of exon I, (C 
to T); transcription site “C” was cuttable. Two fragments measuring 155 
bp and 20 bp were present if product was digestable. Uncuttable band 
was 175 bp on gel. Reaction was incubated for 2 hours at 37℃, 10 l of 
the products loaded onto a 3% agarose gel containing ethidium bromide 
for electrophoresis. Polymorphism was categorized as “TT” (cuttable) 
and “CC” (uncuttable) homozygote or “TC” heterozygote (Figure 1). 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. PCR products of VEGF-460 gene C/T polymorphism 
present on 3% agarose gel. Lane 1 “CC” homozygote: the two BstUI 
cuttable bands were 155 bp and 20 bp. Lane 2 “TT” homozygote: 
“T” was BstUI uncuttable site, and the fragment was measured 175 
bp. Lane 3 “TC” heterozygote. 
 
For statistical analysis of the allelic frequency distribution in this 
polymorphism, both groups were compared using the chi-square test.  
The software used for the calculation was the SPSS system.  When 
the assumption of the chi-square test was violated (i.e. when 1 cell had 
an expected count of <1, or > 20% of the cells had an expected count of 
<5), the Fisher’s exact test was performed.  A p-value of <0.05 was 
considered statistically significant. 
 
 
3. Results 

 
The POAG group consisted of 60 patients, the control group 78 healthy 
volunteers. The latter ranged in age from 22 to 70 (mean: 53) years and 
had no ophthalmic disease, all Chinese and unrelated, including 40 
women and 38 men. POAG patients ranged in age from 20 to 70 (mean: 
48) years, were unrelated, including 30 women and 30 men. All patients 
were followed up two to eight (average of five) years. Ten received 
trabeculectomy, two of these at two different sites; fifty used topical 
drugs to control intraocular pressure. Each patient used an average of 1.3 
types of anti-glaucomatous drugs. Ten patients required no drugs to 
control IOP following trabeculectomy. Table 1 plots VEGF genotype 
frequencies between groups: significant difference appears in C/C 
polymorphism distribution between normal controls and POAG patients 
(p = 0.003). Distribution in the POAG group was “T/T” homozygote, 
43.3%; “C/T” heterozygote, 43.3%; and “C/C” homozygote, 13.4%. 
Distribution of CC homozygote was sharply higher in the POAG group. 
 
Table 1. Distribution of VEGF gene –460 BstUI polymorphism 
between healthy control subjects and POAG patients exam by 
Fisher’s exact test 

 TT TC CC Total p-valve

Control 
38 

(48.7%)
40 

(51.3%)
0 

(0%) 
78 

(100.0%)
0.003 

POAG 
26 

(43.3%)
26 

(43.3%)
8 

(13.4%) 
60 

(100.0%)
 

Furthermore, odds ratio of C/C genotype was significant when analyzed, 
using regression method according to age (Table 2). This indicates age 
as an insignificant source of variation. We also calculated “power” of the 
test of the null hypothesis by SPSSR and found a power of 89% to yield 
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a statistically significant result with this sample size. 
 
Table 2.  Age-adjusted tests for genotypes of VEGF-460 gene 
polymorphism 

+CI denotes confidence interval. *p<0.05 
 

 

4. Discussion 

Hypoxia and NO play pivotal roles in POAG pathogenesis. Regardless, 
VEGF appears as a key factor in POAG development. Ankeno N et al. 
demonstrated hypoxia transcriptionally activating VEGF expression by 
elevating level of basic helix-loop-helix (bHLH)-PAS transcription 
factor.13 We suspect hypoxia inducing optic axon apoptosis, possibly 
influenced by altering VEGF transcription. Kimura H et al. proposed 
NO and hypoxic pathways of VEGF induction sharing common traits 
and NO mediating transcription by a mechanism distinct from hypoxia.14 
Regardless of pathways, the fact that hypoxia and NO activate VEGF 
transcription suggests expression of VEGF as closely related to POAG. 
Yet VEGF-induced angiogenesis might not be the primary factor in this 
relationship. VEGF is a cytokine, and our laboratory has demonstrated 
POAG’s positive association with many cytokines: e.g., tumor necrosis 
factor alpha18 and interleukin-1.19 Pharmacological neuroprotection via 
inhibition of NO and hypoxia may prove useful in treating glaucoma.5,6 
We suspected that VEGF polymorphisms render optic nerve axons less 
capable of tolerating hypoxic and NO damage and predispose POAG 
patients to optic neuropathy. Excluding effects of hypoxia and NO, 
POAG is characterized by optic nerve death, known as mediated by 
apoptosis.19,20 VEGF may also alter apoptotic conditions in optic axons 
through autocrine and paracrine mechanisms, yielding further evidence 
of a connection between POAG and VEGF, but we do not claim VEGF 
as direct cause. We suggest an association between them. Precise effect 
of VEGF on POAG is unknown and may warrant resolution via future 
use of “proteomic” analysis to identify factors as critical to pathological 
mechanisms. Our study noted starkly different distribution of VEGF-460 
polymorphism between control and POAG groups. Ratio of C/C 
homozygote is 0% in controls, indicating C/C homozygote as useful for 
predicting POAG. Association of single nucleotide polymorphism (SNPs) 
with disease does not indicate genes as directly causes. It should be 
understood that there is just correlation, while environment effects and 
post translation may allow full understanding of pathology. We probe 
candidate genes in order to determine their role in POAG. Likewise, 
only a fraction of SNPs of these genes were examined; we selected 
POAG patients who meet the criteria for this study. We can say that 
VEGF -460 gene polymorphisms are linked with Chinese POAG and 
can identify Chinese POAG patients. Still, we cannot say that 
polymorphisms worsen prognosis or alter drug response. Our laboratory 
has linked certain SNPs with POAG.17,21 SNPs hold vital implications for 
human genetics. Understanding associated polymorphism is expected to 
lend insight into course and treatment of disease. Our ongoing studies 
correlate SNPs with glaucoma, using SNPs to map Chinese POAG. 
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1. Introduction

Acetaminophen is an antipyretic and analgesic drug, and metabolized by 
cytochrome P450 system, which leads to the formation of. n-acetyl-p- 
benzoquinoneimine (NAPQI) [1,2]  A large dose of this drug causes 
depletion of cellular glutathione (GSH) in liver because NAPQI reacts 
rapidly with GSH, which consequently enhances oxidation stress in 
conjunction with mitochondrial dysfunction, and leads to massive 
hepatocyte necrosis, liver failure or death [3,4].  On the other hand, it is 
known that cytochrome P450 2E1 (CYP2E1) regulates the metabolic 
activation of this drug both in human and rodents [5].  The increased 
CYP2E1 activity not only promotes NAPQI formation but also causes 
excessive reactive electrophiles and free radicals such as reactive 
oxygen species (ROS) to augment oxidative stress [6,7].  Thus, the 
agent(s) with GSH reserving ability and/or inhibitory effect upon 
CYP2E1 activity may provide preventive and/or alleviative effects for 
liver against the progression of acetaminophen-induced hepatocellular 
oxidative injury.    

It is reported that interleukin-6 (IL-6) and tumor necrosis factor 
(TNF)-alpha are involved in acetaminophen-induced hepatotoxicity 
[8,9].  The increased release of these inflammatory cytokines, partially 
from the stimulation of oxidative stress [10], could consequently cause 
cytokine imbalance, immune dysfunction and even liver cell apoptosis. 
MCP-1 is generated at the site of infection or injury, and acts as a 
chemokine for monocyte recruitment and lymphocytes activation [11]. 
The increased hepatic mRNA expression of this chemokine has been 
observed in acetaminophen-treated mice, which facilitates the  

inflammatory response of liver innate immune system [12].  Thus, any 
agent(s) with suppressive effects on these inflammatory cytokines and/or 
chemokines may be able to improve acetaminophen-induced liver 
injury. 

Houttuynia cordata is traditionally used as a medicinal plant in 
Asia countries including China, Taiwan, Japan and Thai [13].  It is 
reported that Houttuynia cordata provided anti-oxidative protection in 
mice against frying-oil and CCl4-induced injury [14,15].  Our previous 
study found that Houttuynia cordata aqueous extract (HCAE) was rich 
in phenolic acids and flavonoids; and HCAE intake at 1 and 2% 
suppressed high fat diet induced oxidative and inflammatory stress in 
heart and liver via reducing malondialdehyde level, retaining GSH 
content and glutathione peroxidase activity, declining TNF-alpha, 
IL-1beta and IL-6 production [16].  Those previous studies suggest that 
HCAE may provide nutritional benefit for liver.  However, it remains 
unknown that HCAE could protect liver against acetaminophen-induced 
oxidative and inflammatory damage. 

The purpose of this animal study was to examine the protective 
effects of Houttuynia cordata aqueous extract on liver of acetaminophen 
treated mice.  The influence of this extract upon CYP2E1 activity, 
associated antioxidant enzymes activities, and cytokines were also 
evaluated. 

2. Materials and Methods

2.1  Materials   

Fresh Houttuynia cordata leaves, harvested in summer, 2012, were 
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ABSTRACT 
Background: Protective effects of Houttuynia cordata aqueous extract (HCAE) against 
acetaminophen-induced hepatotoxicity in Balb/cA mice were examined.   
Methods: HCAE, at 1 or 2 g/L, was added into the drinking water for 4 weeks.  Acute liver injury 
was induced by acetaminophen treatment intraperitoneally (350 mg/kg body weight).   
Results: Acetaminophen treatment significantly depleted hepatic glutathione (GSH) content, 
increased hepatic malonyldialdehyde (MDA), reactive oxygen species (ROS) and oxidized 
glutathione (GSSG) levels, and decreased hepatic activity of glutathione peroxidase (GPX), catalase 
and superoxide dismutase (SOD) (p<0.05).  The pre-intake of HCAE alleviated 
acetaminophen-induced oxidative stress by retaining GSH content, decreasing MDA, ROS and 
GSSG production, and maintaining activity of GPX, catalase and SOD in liver (p<0.05).  The 
pre-intake of HCAE also significantly lowered acetaminophen-induced increase in cytochrome P450 
2E1 activity (p<0.05).  Acetaminophen treatment increased hepatic release of interleukin (IL)-6, 
IL-10, tumor necrosis factor (TNF)-alpha and monocyte chemoattractant protein-1 (p<0.05).  
HCAE intake significantly diminished acetaminophen-induced elevation of these cytokines 
(p<0.05).   
Conclusion: These results support that HCAE could provide hepato-protection 
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obtained from Nantou County, Taiwan.  Houttuynia cordata aqueous 
extract (HCAE) was prepared by mixing 100 g chopped leaves and 250 
mL sterile distilled water, homogenizing in a Waring blender and 
cooking for 20 min at 100℃.  After filtrating through a Whatman No. 1 
filter paper, the filtrate was further freeze-dried to a fine powder.  Our 
previous study indicated that HCAE had total phenolic acids at 
2175210 mg/100 g dry HCAE.  In our present study, the content of 
total phenolic Corresponding author, Department of Nutrition, China 
Medical University, 91, Hsueh-shih Rd., Taichung City, Taiwan  

2.2.  Animals and diets 

Four- to five-week-old male Balb/cA mice were obtained from National 
Laboratory Animal Center (National Science Council, Taipei City, 
Taiwan).  Mice were housed on a 12-h light-12-h dark schedule, and 
fed with water and mouse standard diet (PMI Nutrition International 
LLC, Brentwood, MO, USA).  Use of the mice was reviewed and 
approved by the China Medical University animal care committee.  

2.3.  Experimental design   

HCAE at 1 or 2 g/L was directly added into the drinking water.  Two 
control groups of mice consumed distilled water, and all mice consumed 
normal diet.  After 4 weeks supplement, HCAE treated mice and one 
control group were treated by APAP intraperitoneally (ip 350 mg/kg 
body weight), and all mice were sacrificed after 24 h.  Liver from each 
mouse was collected and weighted.  Blood was also collected, and 
plasma or serum was separated from erythrocyte immediately.  Liver 
tissue, 100 mg, was homogenized on ice in 1 mL phosphate buffer (pH 
7.2), and the filtrate was collected.  Protein concentration of tissue 
homogenate was determined by a commercial assay kit (Pierce 
Biotechnology Inc., Rockford, IL, USA) with bovine serum albumin as 
standard.  In all experiments, sample was diluted to a final 
concentration of 1 g protein /L. 

2.4.  Alanine aminotransferase (ALT), aspart ate aminotransferase 
(AST) and c-reactive protein (CRP) analyses 

Serum activities of ALT and AST were determined by using commercial 
assay kits (Randox Laboratories Ltd., Crumlin, UK).  CRP level (mg/L) 
was determined by a commercial ELISA kit (Anogen, ON, Canada). 

2.5. GSH and oxidized glutathione (GSSG) levels, superoxide 
dismutase (SOD), catalase and glutathione peroxidase (GPX) activities 
assay 

GSH and GSSG concentrations (nmol/mg protein) in liver were 
determined by commercial colorimetric GSH and GSSG assay kits 
(OxisResearch, Portland, OR, USA).  Catalase, SOD and GPX 
activities (U/mg protein) in liver were determined by catalase, SOD and 
GPX assay kits (Calbiochem, Inc., San Diego, CA, USA) 

2.6. Determination of lipid oxidation and ROS 

Lipid oxidation in liver was determined by measuring the level of 
malondialdehyde (MDA, mol/L) via an HPLC method [6].  The 
method described in Gupta et al. [17] was used to measure hepatic ROS 
level.  Briefly, 10 mg liver was homogenized in 1 mL of ice cold 
40 mM Tris–HCl buffer (pH 7.4), and further diluted to 0.25% with the 
same buffer.  Then, samples were divided into two equal fractions.  In 
one fraction, 40 μL 1.25 mM 2’,7’-dichlorofluorescin diacetate in 
methanol was added for ROS estimation.  Another fraction, in which 
40 μL methanol was added, served as a control for auto fluorescence. 

After incubating for 15 min at 37 °C, fluorescence was determined at 
488 nm excitation and 525 nm emission using a fluorescence plate 
reader.  

2.7.  Cytokines measurements 

Hepatic levels of IL-6, IL-10, TNF-alpha and MCP-1 were measured by 
using cytoscreen immunoassay kits (BioSource International, Camarillo, 
CA, USA).  Samples were run in duplicates according to 
manufacturer’s instructions 
.   
2.8.  Measurement of CYP2E1 activity  

The activity of CYP2E1 in liver microsome was estimated by 
colorimetrically measuring the formation of 4-nitrocatechol, a product 
from p-nitrophenol hydroxylation catalyzed specifically by CYP2E1. 
The protein concentration of CYP2E1 was measured by ELISA, and a 
rabbit anti-CYP2E1 antibody (Calbiochem, Inc., San Diego, CA, USA) 
was used as the detect system.  The formed 4-nitrocatechol was 
expressed as nmol/mg protein. 

2.9.  Statistical analyses 

The effect of each treatment was analyzed from 10 mice (n=10) in each 
group.  Data were subjected to analysis of variance (ANOVA). 
Differences with p<0.05 were considered to be significant. 

3. Results

As shown in Table 1, the intake of HCAE did not affect daily water 
intake, feed intake, final body weight and liver weight (P>0.05).  
Plasma levels of ALT, AST and CRP are presented in Figure 1.  The 
pre-treatments of HCAE alleviated acetaminophen-induced elevation of 
ALT and AST (p<0.05).  HCAE intake only at 2 g/L significantly 
declined acetaminophen-induced increase in CRP (p<0.05). 

Table 1－Water intake (WI, mL/mouse/d), feed intake (FI, 
g/mouse/d), body weight (BW, g) and liver weight (LV, g) of 
mice consumed distilled water or HCAE at 1 or 2 g/L for 4 
week.  Data are mean ± SD (n=10). 

water HCAE, 1 HCAE, 2 

WI 2.7±0.2 2.9±0.3 2.6±0.3

FI 2.1±0.3 2.2±0.2 2.4±0.4

BW 25.3±1.2 24.8±1.0 25.0±0.8

LW 1.29±0.11 1.35±0.14 1.24±0.12
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Fig. 1－Plasma ALT, AST and CRP levels in mice pre-treated 
by 0, 1 or 2 g/L HCAE, and followed with acetaminophen 
(APAP) treatment.  Control group was mice without HCAE 
intake and without APAP treatment.  Data are mean ± SD 
(n=10).  a-dMeans among bars without a common letter differ, 
p<0.05. 

Acetaminophen treatment significantly decreased hepatic GSH, and 
increased GSSG, MDA and ROS levels (Table 2, p<0.05); but the 
pre-intake of HCAE alleviated acetaminophen-induced GSH depletion, 
and reduced GSSG, MDA and ROS formation (p<0.05).  As shown in 
Figure 2, acetaminophen treatment significantly reduced hepatic GPX, 
catalase and SOD activities (p<0.05).  However, the pre-intake of 
HCAE significantly retained GPX and SOD activities (p<0.05).  HCAE 
intake only at 2 g/L significantly maintained hepatic catalase activity 
(p<0.05).  Acetaminophen treatment raised CYP2E1 activity (Figure 3), 
and HCAE pre-intake significantly suppressed subsequent 
acetaminophen-induced elevation of CYP2E1 activity (p<0.05).  As 
shown in Table 3, acetaminophen treatment also significantly increased 
hepatic levels of TNF-alpha, IL-6, IL-10 and MCP-1 (p<0.05).  The 
pre-intake of HCAE decreased acetaminophen-induced release of IL-6, 
IL-10 and MCP-1 (p<0.05).  HCAE pre-intake only at 2 g/L 
significantly lowered hepatic TNF-alpha level (p<0.05).  

Table 2－Hepatic content of GSH (nmol/mg protein), GSSG 
(nmol/mg protein), MDA (mol/L) and ROS (nmol/mg protein) 
from mice pre-treated by 0, 1 or 2 g/L HCAE, and followed 
with acetaminophen (APAP) treatment.  Control group was 
mice without HCAE intake and without APAP treatment. 
Data are mean ± SD (n=10). 

control APAP HCAE,1+APAP HCAE,2+APAP

GSH 22.7±1.0d 12.1±0.5a 15.9±0.6b 18.0±0.8c 

GSSG 0.26±0.05a 1.22±0.08d 0.96±0.10c 0.65±0.06b 

MDA 0.51±0.07a 1.58±0.10d 1.21±0.09c 0.88±0.05b 

ROS 0.34±0.03a 1.64±0.12d 1.25±0.06c 0.79±0.08b 

a-dMeans in a column without a common letter differ, p<0.05. 

Fig.2－Hepatic GPX, catalase and SOD activities in mice 
pre-treated by 0, 1 or 2 g/L HCAE, and followed with 
acetaminophen (APAP) treatment.  Control group was mice 
without HCAE intake and without APAP treatment.  Data are 
mean ± SD (n=10).  a-dMeans among bars without a common 
letter differ, p<0.05. 

Fig.3 － Liver microsomal CYP2E1 activity, determined as 
4-nitrocatechol (nmol/mg protein), from mice pre-treated by 0, 
1 or 2 g/L HCAE, and followed with acetaminophen (APAP) 
treatment.  Control group was mice without HCAE intake and 
without APAP treatment.  Data are mean ± SD (n=10). 
a-dMeans among bars without a common letter differ, p<0.05. 

Table 3－Hepatic level (pg/mg protein) of TNF-alpha, IL-6, 
IL-10 and MCP-1 from mice pre-treated by 0, 1 or 2 g/L HCAE, 
and followed with acetaminophen (APAP) treatment.  Control 
group was mice without HCAE intake and without APAP 
treatment.  Data are mean ± SD (n=10).   

control APAP HCAE,1+APAP HCAE,2+APAP

TNF-alpha 17±4a 523±21c 495±14c 407±17b 

IL-6 16±2a 419±18d 366±10c 290±12b 

IL-10 15±5a 303±15d 232±13 157±9b 

MCP-1 14±3a 568±25d 475±18c 369±11b 

a-dMeans in a column without a common letter differ, p<0.05. 
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4. Discussion

Our previous study found that HCAE was rich in phenolic acids and 
flavonoids, and the intake of HCAE at 1 or 2% lowered hepatic and 
circulating lipid accumulation, as well as attenuated oxidative and 
inflammatory stress in liver from mice consumed high fat diet [16]. 
Our present study further found that the pre-intake of HCAE markedly 
protected liver against subsequent acetaminophen-induced oxidative and 
inflammatory injury via decreasing ALT and AST levels, increasing 
GSH retention, suppressing CYP2E1 activity, lowering IL-6 and MCP-1 
release.  These results support that HCAE is a potent hepatoprotective 
agent.   

It is well known that acetaminophen at high dose causes GSH 
depletion, ROS accumulation and inflammatory cytokines release in 
liver [18,19].  The results from our present study agreed those previous 
studies.  Furthermore, we found that the pre-intake of HCAE 
effectively alleviated acetaminophen-induced GSH depletion and GSSG 
increase in liver.  It seems that hepatoprotective effects from HCAE 
could be partially ascribed to HCAE maintain hepatic GSH content. 
We also found that the pre-intake of HCAE retained the activity of three 
antioxidant enzymes in liver of acetaminophen-treated mice. 
Obviously, HCAE could provide hepatic anti-oxidative protection via 
enzymatic actions.  CYP2E1 is the major isozyme responsible for the 
formation of NAPQI from acetaminophen [20,21].  A high dose of 
acetaminophen elevates CYP2E1 activity and facilitates this catalytic 
reaction, which in turn promotes ROS overproduction.  In our present 
study, HCAE pre-intake markedly declined subsequent 
acetaminophen-induced CYP2E1 activity elevation, lowered ROS 
formation, and reduced acetaminophen-induced oxidative stress.  These 
results implied that the protective action from HCAE was partially due 
to its suppressive effect on CYP2E1 activity.   

IL-6 and TNF-alpha, proinflammatory cytokines, were central 
mediators for the regulation of several biomarkers such as CRP, 
especially at acute phase response [22].  In our present study, 
acetaminophen treatment increased the release of these proinflammatory 
cytokines and CRP; however, the pre-intake of HCAE decreased hepatic 
formation of these inflammatory cytokines and circulating CRP. 
Apparently, the anti-inflammatory protection from this extract was 
partially due to its inhibitory effects on the production of these cytokines. 
Dambach et al. [8] indicated that the increased IL-6 and TNF-alpha from 
acetaminophen treatment could induce neutrophil accumulation and 
activation at liver; stimulate macrophage and hepatocyte production of 
nitric oxide, which further enhance acetaminophen-induced hepatoxicity. 
MCP-1 is a chemotactic factor for activating monocytes and 
macrophages, and could recruit monocytes to the sites of injury [23,24]. 
In our present study, the increased hepatic MCP-1 and TNF-alpha levels 
indicated that the livers of these mice were injured, and implied that 
neutrophil and macrophage were activated to promote inflammatory 
reactions.  However, the pre-intake of HCAE substantially decreased 
hepatic TNF-alpha and MCP-1 generation in acetaminophen-treated 
mice, which suggested that this extract might protect liver against 
inflammation via diminishing the activation of neutrophil, monocytes 
and macrophages, reducing the recruitment of monocytes.  It is well 
known that oxidation and inflammation are closely interrelated in 
biological systems [25].  Since the pre-intake of HCAE already coped 
with acetaminophen-induced oxidative stress, it is reasonable to observe 
the lower levels of inflammatory cytokines in HCAE treated mice.   

Our previous study reported that 8 phenolic acids and 7 
flavonoids such as gallic acid, ellagic acid, ferulic acid, kaempferol, 
myricetin and quercetin could be detected in HCAE [16].  It is reported 
that these compounds possess anti-oxidative and/or anti-inflammatory 
activities [26,27].  Thus, the hepatic protection from this extract against 

acetaminophen as we observed could be due to the presence of these 
phenolic acids and flavonoids. 

In conclusion, Houttuynia cordata aqueous extract may be 
considered as hepatoprotective agent because the pre-intake of this 
extract protected liver against subsequent acetaminophen-induced 
oxidative and inflammatory injury via retaining hepatic GSH content, 
maintaining GPX and SOD activities, suppressing CYP2E1 activity and 
decreasing production of IL-6 and MCP-1.    
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1. Introduction

Schizophrenia, a psychiatric disorder causing deterioration of cognitive 
and daily function, is associated with obesity and metabolic syndrome, 
rendering patients vulnerable to morbidity and mortality[1].1 Biological 
factors, lifestyle, and antipsychotics all contribute to obesity of 
patients[2], [3], which influences their sleep quality[4]. Prevalence of 
poor sleepers among schizophrenics is around 45%, related to adverse 
events of medication and accompanying depression and psychological 
distress[5], [6]. Metabolic abnormality and sleep disturbance seem 
correlated. Consequently, these patients reportedly have poor life quality; 
correlation between clinical symptoms and sleep quality remains unclear. 
We hypothesize patients with severe clinical symptoms as more likely to 
have metabolic abnormality and sleep disturbance. 

2. Methods

Study was approved by China Medical University Hospital Institutional 
Review Board (IRB). All participants gave written informed consent. 

2.1. Participants 

We recruited 17 schizophrenic patients from the Rehabilitation Center of 
the China Medical University Hospital Psychiatric Department. All met 
criteria of schizophrenia, paranoid type, according to DSM-IV-TR[7]. 
We rated the subjects by Positive and Negative Syndrome Scale (PANSS)
[8], with respective items scored from 1(absent) to 7(extreme severity). 
We rated their depressive symptoms by Hamilton Depression Rating 
Scale[9], and quality of life by Quality of Life Scale (QLS) [10].  
Extrapyramidal symptoms were rated by Abnormal Involuntary 
Movement (AIMS) [11], Simpson-Angus (SAS) [12], and Barnes 
Rating Scale (BARS) [13]. Daily antipsychotic doses were recorderd as 
chlorpromazine equivalents [14],14 and daily benzodiazepine doses as    

diazepam equivalents [15]. 
Inclusion criteria included (1) schizophrenic patients stable under 

current antipsychotics and benzodiazepine for at least three months; (2) 
engaged in regular rehabilitation program for at least three months; (3) 
aged between 20 and 50; (4) Han Taiwanese who speak Chinese fluently 
and understand this study well 

Exclusion criteria included histories of (1) cerebrovascular, 
cardiovascular, and metabolic disorders (stroke, hypertension, diabetes 
mellitus); (2) neurologic disorders like epilepsy and traumatic brain 
injury; (3) physical disability (eg, fractures); (4) current DSM-IV-TR 
diagnosis of substance dependence (such as nicotine); (5) a DSM-IV-TR 
diagnosis of mental retardation, and (6) acute suicide or aggressive 
behaviors and (7) regular exercise. 

2.2. Cognitive performance testing 

Schizophrenic patients show impaired cognitive function [16], [17]. Our 
study included trail making, semantic association of verbal fluency, 
maze, verbal and non-verbal working memory, instant word list, delay 
word list, instant and, delayed visual reproduction, and digit symbol 
coding, as conducted by well-trained psychologists. 

2.3. Cardiometabolic parameters and physical fitness 

Patients’ weight and height, body mass index (BMI), neck circumference 
(NC), waist circumference, hip circumference, and waist-hip ratio 
(WHR) were recorded. Body fat was assessed by Omron body fat scale. 
Physical fitness was gauged according to a profile distributed by Bureau 
of Health Promotion, Department of Health, Taiwan. First, we checked 
sit-up frequency in one minute. Second, they underwent three-minute 
35-centimeter-ladder climbing. We checked post-exercise heart rate 
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(PEHR) at the end of the first minute (PEHR1), the second minute 
(PEHR2), and the third minute (PEHR3) while they stopped exercise.  
PEHR2 and PEHR3 were checked via similar method with total 
climbing time recorded.   

Heart rate, systolic and diastolic blood pressure were measured 
before blood examination. Blood samples were taken at 8:00 a.m. after a 
12-hour overnight fast, with subjects’ blood withdrawn from an 
antecubital vein to measure plasma levels of glucose, insulin, total 
cholesterol, triglyceride, HDL-cholesterol, LDL-cholesterol, and cortisol. 
Insulin was quantified by chemiluminescent immunoassay sandwich 
method, and serum glucose by glucose-oxidase-based assay. We rated 
insulin resistance by homeostasis model assessment of insulin resistance 
(HOMA-IR), assessed by the formula of fasting insulin (μU/ml) × 
fasting glucose (mg/dl)/405 [18]. 

The presence of metabolic syndrome was recorded as defined by 
National Cholesterol Education Program (NCEP) guidelines: waist 
circumference≧102 cm (male) and≧88 cm (female), triglyceride (TG)
≧150 mg/dl, HDL-cholesterol <40 mg/dL (male) and < 50 mg/dL 
(female), blood pressure≧130/85 mmHg, and fasting glucose≧110 
mg/dl[19]. Metabolic syndrome index was summated by the above 
criteria. 

 
2.4 Sleep measurement 

Sleep rating scales were self-recorded by all subjects preceding 
polysomnography examination: Pittsburgh Sleep Quality Index (PSQI) 
[20], Insomnia Severity Index (ISI) [21], Epworth Sleepness Scale (ESS) 
[22], and Pre-Sleep Arousal Scale (PSAS) [23]. Polysomnography (PSG) 
followed standardized techniques: digital electroencephalography (EEG), 
electromyography, and electrooculography signals acquired with Alice 4 
system. PSG electrode montage was utilized, composed of EEG sites F3 
and C3 (referenced to A2) and F4 and C4 (referenced to A1). PSG data 
were scored manually on a small monitor, using 30-second epochs for 
staging and arousal detection, as well as 2- or 5-minute respiratory data. 
We drew parameters from sleep polysomnography, including time in bed 
(TIB), total sleep time (TST), sleep latency, awakening time, sleep 
efficiency (TST/TIB). 

Sleep architecture was assessed for each 30-second epoch coded as 
Wake, Stage 1, Stage 2, Stage 3+4 (slow wave sleep, SWS), and Rapid 
Eye-Movement (REM) sleep according to criteria made by 
Rechtschaffen and Kales [24]. Arousals were identified according to 
criteria of the American Sleep Disorders Association (ASDA) 1992 [25]. 
We identified apnea and hypopnea as flat air flow lower than 20% and 
70% of the baseline, respectively, whose amplitude was measured 
during the nearest preceding period of regular breathing with stable 
oxygen saturation. We identified Apnea-hypopnea index as total apnea 
and hypopnea divided by total sleep time. 

 
 

3. Data analysis 
 
We divided participants into two groups according to severity of clinical 
manifestation Cut-off value was median number of the PANSS total 
scores. Student’-T test compared all variables between the two groups. 

4. Results 

Age and gender between groups were similar, as was duration of 
education and age at illness onset. Duration of illness of the H-PANSS 
group was longer. Clinical Global Impression (CGI) [11] tallied higher 
and Quality of Life Scale (QLS) lower in the H-PANSS group, 
depressive symptoms rated by Hamilton Depression Scale similar 
between groups (Table 1). Current medications calculated by 

chlorpromazine and Diazepam equivalents were also similar. There were 
no differences between the two groups in severity of EPS rated by 
Abnormal Involuntary Movement Scale, Barnes Akathsia Rating Scale, 
and Simpson-Angus Scale (Table 1). 

Table 1. Demographic and clinical characteristics 

Demographic characteristics L-PANSS (n=8) H-PANSS (n=9) P value 

Age (years)  35 ± 9.3 37 ± 9.6 0.801 

Male/Female(male percentage) 2/6 (25%) 4/5 (44%) 0.434 

Duration of education (years)  13.0 ± 3.3 11.6 ± 3.6 0.405 

Age at illness onset (years) (years)  25.1 ± 7.5 22.3 ± 7.4 0.453 

Duration of illness (months)  101.5 ± 71.8 186.7 ± 63.8 0.021 * 

Clinical psychiatric condition rating scales 

Clinical Global Impression (CGI) 2.9 ± 0.4 3.7 ± 0.5 0.002 **

Quality of life scale (QLS)  63.3 ± 11.4 35.4 ± 14.0 <0.001 **

Hamilton Depression Rating scale  8.1 ± 5.2 12.7 ± 8.4 0.207 

Medication amount 

Chlorpromazine equivalents 212.5 ± 64.1 237.2 ± 91.0 0.532 

Diazepam equivalents 12.5 ± 16.9 5.0 ± 6.1 0.232 

Extra-pyramidal symptoms rating scales 

Abnormal Involuntary Movement scale 4.1 ± 6.3 5.11 ± 4.5 0.712 

Barnes Akathisia Rating scale  0.6 ± 1.2 2.1 ± 2.6 0.162 

Simpson-Angus scale  5.8 ± 4.7 7.3 ± 3.5 0.440 

All data were expressed as mean value ± standard deviation, except 
gender. 
Low-PANSS (L-PANSS) group included schizophrenics with Positive 
and Negative Syndrome Scale (PANSS) total score below 65 (median of 
PANSS total scores of all 17 subjects); High-PANSS (H-PANSS) group 
included those with PANSS total scores 65 or higher.  

*:P<0.05 and **:P<0.01, significance between groups. 

 

Cognitive performances between groups were similar. (Table 2) 

 
Table 2. Cognition tests measured in two groups of patients 

Parameters L-PANSS (n=8) H-PANSS (n=9) P value

Trail making test 1.6 ± 0.9 2.0 ± 1.0 0.435 

Digit symbol coding 4.9 ± 2.0 4.6 ± 3.1 0.807 

Semantic association of verbal fluency 0.6 ± 0.5 0.4 ± 0.5 0.488 

Maze 3.8 ± 1.6 4.2 ± 4.6 0.787 

Verbal working memory 7.6 ± 3.9 8.7 ± 3.9 0.590 

Non-verbal working memory 4.5 ± 3.1 5.6 ± 3.1 0.491 

Instant word list 5.6 ± 2.8 5.1 ± 3.0 0.719 

Delay word list 6.5 ± 2.6 6.6 ± 2.2 0.963 

Instant visual reproduction 4.9 ± 2.2 4.8 ± 2.3 0.931 

Delay visual reproduction 6.4 ± 2.6 5.1 ± 2.2 0.291 

Data were expressed as mean value ± standard deviation. 
Low-PANSS (L-PANSS) group included schizophrenics with 
Positive and Negative Syndrome Scale (PANSS) total score below 65 
(median of PANSS total scores of all 17 subjects); High-PANSS 
(H-PANSS) group comprised those with PANSS total scores 65 or 
higher. No significance appeared between groups 

 
Body weight and neck circumference (NC) in the H-PANSS group 

were higher than those in the L-PANSS group. Body height, BMI, waist 
circumference, hip circumference, WHR and body fat between groups 
were similar, as was physical fitness measured by sit-up and climbing 
(Table 3). Both systolic and diastolic blood pressures in the H-PANSS 
group were higher. Metabolic index, heart rate, fasting sugar, insulin, 
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Homa-IR, cortisol, cholesterol, triglyceride, high-density lipoprotein, 
and low-density lipoprotein between groups were similar (Table 3). 
 

Table 3. Cardiometabolic parameters and physical fitness 

Physical parameters L-PANSS (n=8) H-PANSS (n=9) P value

Body weight (BW) (kg) 65.4 ± 9.6 78.3 ± 9.2 0.013* 

Body height (BH) (cm) 144.9 ± 12.5 161.1 ± 15.3 0.031* 

Body mass index (BMI) (kg/m2) 31.5 ± 5.5 30.5 ± 4.1 0.653 
Neck circumference (NC) (cm) 35.0 ± 2.6 38.6 ± 2.1 0.007**
Waist circumference (cm) 91.5 ± 10.5 95.8 ± 9.2 0.386 
Hip circumference (cm) 104.4 ± 9.1 106.8 ± 6.5 0.537 
Waist-hip ratio (WHR) 0.89 ± 0.07 0.87 ± 0.05 0.652 
Body fat (%) 33.8 ± 5.1 32.1 ± 6.7 0.564 

Physical fitness  
Sit-up (/min) 14.5 ± 12.7 14.2 ± 9.4 0.959 

PEHR 1 (/min) 52.9 ± 10.4 53.1 ± 8.7 0.960 
PEHR 2 (/min) 48.4 ± 9.6 47.9 ± 8.5 0.913 
PEHR 3 (/min) 47.0 ± 8.2 45.8 ± 8.3 0.765 

Stair-climbing 

Climbing time (s) 114.8 ± 57.4 133.3 ± 39.2 0.443 
Cardiometabolic parameters 

Heart rate (/minute)  83.3 ± 16.8 85.9 ± 6.9 0.671 
Systolic blood pressure (mmHg)  107.8 ± 8.2 122.7 ± 6.3 <0.001**
Diastolic blood pressure (mmHg) 65.8 ± 7.1 77.8 ± 10.2 0.014* 
Fasting sugar (mg/dL) 91.1 ± 9.6 100.7 ± 17.7 0.196 
Insulin (uIU/mL) 9.62 ± 4.04 29.30 ± 54.06 0.322 

  Homa-IR 2.21 ± 1.01 8.48 ± 17.04 0.316 
Cortisol (ug/dL) 13.4 ± 2.4 11.4 ± 4.9 0.309 
Total cholesterol (mg/dL) 202.6 ± 35.0 215.1 ± 44.3 0.532 
Triglyceride (mg/dL) 228.5 ± 164.3 144.6 ± 77.5 0.190 
High-density lipoprotein (mg/dL) 43.9 ± 16.0 41.2 ± 7.2 0.661 
Low-density lipoprotein (mg/dL) 115.0 ± 27.9 142.4 ± 37.4 0.111 

Metabolic syndrome index 1.4 ± 1.1 1.8 ± 1.6 0.549 

All data were expressed as mean value ± standard deviation.  
Low-PANSS (L-PANSS) group included schizophrenics with 
Positive and Negative Syndrome Scale (PANSS) total score below 65 
(median of PANSS total scores of all 17 subjects); High-PANSS 
(H-PANSS) group included those with PANSS total score 65 or 
higher. PEHR1, 2, 3: post-exercise heart rate in the first, second and 
third minute, Homa-IR: homeostasis model assessment of insulin 
resistance 
*:P<0.05 and **:P<0.01, significance between groups. 

 
The mean scores of respective sleep questionnaires, including ESS, 

ISI, PAS, and PSQI, were similar between L-PANSS and H-PANSS 
groups (Table 4). Parameters of sleep continuity measured by PSG, 
including awakening time, bed time, sleep efficiency, sleep latency, and 
total sleep time between groups were all similar. Marginal difference 
between the two groups were noted in the ratio of stage 3 and 4 sleep 
( slow wave sleep) and oxygen saturation rates. 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

Table 4. Sleep parameter measurement 

Sleep continuity L-PANSS (n=8) H-PANSS (n=9) P value

Awakening time 7.0 ± 0.9 7.2 ± 0.4 0.673 
Bed time 22.7 ± 1.8 20.9 ± 1.6 0.052 
Sleep efficiency (%) 84.0 ± 12.0 63.0 ± 28.3 0.071 
Sleep latency 30.9 ± 20.2 24.3 ± 19.4 0.505 

Total sleep time 7.5 ± 0.7 8.4 ± 1.1 0.067 
Sleep questionnaires 

Epworth Sleepness Scale 9.0 ± 5.2 8.0 ± 4.0 0.663 

Insomnia Severity Index 9.1 ± 3.7 8.3 ± 3.2 0.646 
Pre-Sleep Arousal Scale 32.9 ± 16.6 26.4 ± 11.5 0.363 
Pittsburgh Sleep Quality Index 13.8 ± 7.1 14.3 ± 7.5 0.872 

Sleep architecture 
NREM S1 (%) 12.5 ± 14.6 29.3 ± 3.5 0.190 
NREM S2 (%) 62.8 ± 19.0 47.0 ± 21.3 0.129 

NREM S3+4 (%) 8.0 ± 9.1 1.1 ± 2.9 0.047*

REM sleep (%) 16.6 ± 5.5 22.7 ± 16.6 0.337 
Sleep obstruction parameters 

Apnea-hypopnea index 6.2 ± 8.8 8.8 ± 9.4 0.560 
Mean SpO2 (%) 96.6 ± 1.5 95.0 ± 1.5 0.046* 
ALM (events/hour) 8.8 ± 8.1 19.4 ± 19.0 0.164 

Leg movement 53.1 ± 109.2 11.6 ± 34.7 0.295 

All data were expressed as mean value ± standard deviation.  
Low-PANSS (L-PANSS) group included schizophrenics with 
Positive and Negative Syndrome Scale (PANSS) total score below 65 
(median of PANSS total scores of all 17 subjects); High-PANSS 
(H-PANSS) group included those with PANSS total scores 65 or 
higher. NREM: non-rapid eye movement, REM: rapid eye 
movement, SpO2: saturation of peripheral oxygen, ALM: arousal 
and limb movement. NREM S3+4 (SWS) in the H-PANSS group was 
lower. Intergroup NREM S1, S2 and REM sleep were similar (Table 
4). Mean SpO2 in the H-PANSS group was lower. Apnea-hypopnea 
index, Arousal and Limb Movement, and leg movement between 
groups were similar (Table 4). 
*:P<0.05 and **:P<0.01, significance between groups. 
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4. Discussion

To our knowledge, this is the first study to suggest that severer clinical 
symptoms are associated with metabolic and sleep disturbance in 
patients with schizophrenia. In more detail, this study demonstrates that 
schizophrenia patients with severe symptomatology may have more 
metabolic abnormalities including heavier body weight, wider neck 
circumference, and elevated systolic/diastolic blood pressure. We found 
no intergroup statistical significance in terms of blood sugar, insulin, 
cortisol, and lipid profiles. This is the first study to suggest that 
schizophrenic patients with more severe symptoms might have 
decreased oxygen saturation. It also demonstrated that patients with 
more severe symptoms had reduced SWS when their sleep efficiency 
and total sleep time were similar to the low PANSS group. Results 
concurred with prior studies: positive symptoms of schizophrenia 
increased REM sleep eye movement density, short REM latency, 
reduced sleep efficiency and prolonged sleep latency [26], [27], [28], 
[29]. Conversely, negative symptoms relate to short REM latency and 
SWS deficit [30], [31]. cognitive symptoms to SWS deficit [28], [29]. 
Sarkar et al. [32] found significant difference in SWS parameters 
(including increased Stage 3 and decreased Stage 4 latency between 
patients and controls. 
    The strength of this study is control over two groups of patients 
similar in basic demographic data, cognitive function performance, and 
physical fitness. Limitations of the study included small sample size and 
cross-section design. In sum, this study suggests clinical symptoms as 
linked with heavier body weight, wider neck circumference, elevated 
blood pressure, and shorter SWS in schizophrenic pateints. Further 
studies must confirm preliminary findings and elucidate the underlying 
mechanism. 
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1. Introduction

Interstitial deletions involving the long arm of chromosome 3 are rare 
and detailed genotype-phenotype correlations have not been well 
established to date. Proximal 3q deletion syndrome was delineated by 
Simovich et al. They concluded that these patients have a distinct 
recognizable facial dysmorphism and are at risk for developmental delay 
plus other structure abnormalities of the brain, genitor-urinary and 
musculoskeletal system. Furthermore, only 11 cases have been reported 
with distal deletions involving 3q25 regions. Among them, variable 
chromosomal breakpoints and deletion sizes located from 3q23 to 
3q26.1 have been reported [1-11]. All patients presented facial 
dysmorphism and developmental delay, but other phenotypic features, 
such as cardiac defect, microcephaly, epicanthus and short stature were 
not always present. 
    We report a patient with interstitial deletion involving the 3q25.33 
region and compare her phenotype with 11 previously reported cases. 
This report will add more specific clinical profiles to this unique disease 
spectrum. 

Methods and Results 

1.1 Clinical description 

The eleven-year-old female patient was referred for evaluation of 
dysmorphic features and developmental delay at age eight. She was the 
first child of healthy and non-consanguineous parents; family history 
was not contributory. The pregnancy itself was not complicated, the 
child born by term vaginal delivery with no adverse perinatal events 

observed. Her birth body weight at birth was 3250 gm (50 percentile), 
her length 52 cm (85-97 percentile). She was noticeably overactive, 
talkative, easily distracted and emotionally labile since age three. Her 
school performance was poor. Facial abnormalities (Fig 1A&B) 
included a coarse face, hairy skin, synophrys, bilateral mild epicanthic 
folds, but no blepharophimosis. Nasal bridge was broad and flat, nasal 
tip bulbous in addition to having anteverted nostrils. Philtrum was 
smooth. Her mouth was observed as having a full lip and her palate 
intact. Ears were set low, with posterior rotation and mild dysplasy noted. 
She had normal palmer creases, no clinodactyly of fingers. She had 
facial hirsutism and hypertrichosis of limbs. All the patient’s 
cardiovascular, abdominal, genito-urinary and neurologic examinations 
were normal. Neurodevelopmental assessment by Wechsler Preschool 
and Primary Scale of Intelligence-Revision (WPPSI-R) was 60 and 
Adaptive Behavior Assessment System (ABAS) revealed mild adaptive 
disability. Attention deficit hyperactivity disorder (ADHD) was also 
diagnosed during assessment. In addition, enzyme analysis for 
mucopolysaccharidosis was performed due to coarse facial features and 
developmental delay. Low alpha-hexosaminidase level was found with 
0.16 nmol/17h/mg (normal range 17.2±6.4 nmol/17h/mg) in the whole 
blood leukocyte. Therefore, mucopolysaccharidosis (MPS) type IIIB 
was also diagnosed. She started rehabilitation, along with behavioral and 
art therapies, for treatment of ADHD. 

1.2 Chromosome study 

Chromosome preparation was performed from peripheral white blood 
cells, and trypsin-banding Giemsa was applied 550 band resolution. 
G-banding analysis revealed that the patient had a karyotype of 46, xx, 
deletion at cytoband 3q25.33 (Fig 2). 
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ABSTRACT 

Interstitial deletions of the long arm of chromosome 3 have, to our knowledge, been reported in only eleven patients; 
detailed genotype- phenotype correlations are not well established. Here we describe a case with interstitial deletion 
involving 3q25.33 region. Dysmorphic features and developmental delay lead to clinical genetic and enzyme 
assessment. Low alpha-hexosaminidase level is also noted, which imply Mucopolysaccharidosis(MPS) IIIB. 

li i l h f i f d l i d di i h ibl l l i hi i h

Short communication 

DOI 10.7603/s40681-014-0007-0BioMedicine March 2014, Vol. 4, No. 1, Pages 34-37



35

Figure 1A&B: 
This 11 year-old girl with (A) coarse face, hirsutism, hypertelorism, synophrys, bilateral mild epicanthic folds, broad 
and flat nasal bridge. (B) low set, posterior rotated and mild dysplastic ear. 

Figure 2: 
Genome-Wide Human SNP Array 6.0 was performed and revealed a deletion at cytoband 3q25.33; physical position 
160.277-160.450 Mb about the size of 173 Kb. Her father had the same cytogenic deletion

A B 
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Discussion 

Table 1 compares phenotype of our case with that of 11 previously 
reported 3q25 deletions [1-11]; female predominance was observed 
(10/12). Despite phenotypic variability, some clinical features, 
especially facial dysmorphism, were notable and comparable to cases 
reported earlier: e.g., synophrys, broad nasal bridge, large or abnormal 
ears. Developmental delay was also noted. Our patient had similar 
clinical facial features: synophrys, epicanthus, broad nasal bridge and 
ear abnormalities. Her parents also agreed to have genetic testing 
performed. Her mother’s genotype was normal. Her father had the same 
deletion point at 3q25.33 but with normal appearance, which may 
suggest variable expressivity in 3q25 deletion syndrome. 

Table 1. Clinical features of this and 11 additional previously 
reported patients with interstitial deletion in 3q25 

Previous 11 cases (%) Present case 

Sex   M/F (2/9)       F 
Parental karyotypes normal  10/10 (100%) r   Paternal 

inheritance 
Developmental delay   11/11 (100%) + 
Micorcephaly   5/10  (50%) - 
Synophrys  6/8  (75%) + 
Epicanthus   7/11  (64%) + 
Ptosis    7/11  (64%) - 
Blepharophimosis    6/11  (55%) - 
Broad nasal bridge  11/11  (100%) + 
Ear abnormalities   10/10  (100%) + 
Cardiac defect    5/8   ( 63%) - 

+, present; -, absent; M, male; F, female 
Associated neuropsychiatric disorder was only mentioned in one 

case report of autistic and obsessive behavioral traits involved with 3q25 
deletion [10, 12]. In our patient, ADHD was noted with adaptive 
disability. Significance of attention deficit traits in the context of this 
chromosome deletion in our patient is uncertain at this time. However, 
specific behavioral phenotypes (like obsessive behavior) are recognized 
features of chromosomal deletion syndromes [13-14]. 

Another issue noted in this case was low alpha-hexosaminidase 
level, indicating that her as a possible victim of mucopolysaccharidosis. 
Mucopolysaccharidosis-IIIB (MPS- IIIB) or Sanfilippo-B syndrome is 
caused by deficiency of lysosomal α-N-acetylglucosaminidase that leads 
to accumulation of heparan-sulphate and degeneration of the central 
nervous system with progressive dementia, hyperactivity, and aggressive 
behavior [15-16]. Clinical dysmorphic features of MPS III are less 
pronounced than those of other MPS types. Individuals with MPS III 
typically have mildly "coarse" facial features, a large head 
(macrocephaly), lower abdomen (inguinal hernia), restless behavior and 
vision problems, which also resemble our present case. However, there 
was no other skeletal abnormalities, chronic diarrhea, recurrent upper 
airway infections, sleep disorder, hearing loss, nor hepatomegaly. 
Despite developmental delay, there was no sign of regression observed 
in our case. However, attenuated clinical phenotype was cited in a 
previous article [15]. In fact, they reported a large proportion (79%) 
MPS type IIIB showing as the attenuated type. Attenuated phenotype is 
characterized by significantly slower regression of intellectual and motor 
abilities. A majority of patients lived well into adulthood [15]. This 
probably emanated from the presence of low-level residual enzyme 
activity that delayed storage of heparan-sulphate and hence onset and 
progression of symptoms. Classical MPS type IIIB is caused by 
mutation in NAGLU at 17q21.1 [17-18]. Missense changes p.R643C, 
p.S612G, p.E634K, and p.L497V were found in patients with attenuated 

phenotype, exclusively. Further genetic testing for such regions is 
ongoing. Our review contains no report of MPS at mutation related to 
3q25 region. It remains unclear as to whether the clinical phenomenon 
of this patient was partly influenced by other etiologies such as MPS. 

Clinical facial dysmorphism appearance in our present case may 
resemble genetic disorders such as Donohue syndrome, 3q deletion 
syndrome or even storage diseases [17, 19-20]; final diagnosis may 
depend on genetic testing. Variable expressivity and phenotype 
heterogeneity does exist in many genetic disorders. At present, we 
cannot exclude possible causal relationship between these diseases. 
Long-term follow-up of details on natural disease course such as 
neurocognitive deterioration, combined with genotype correlation, may 
help to predict clinical course of the disease and establish definitive 
diagnosis. 
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