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Abstract

Glioma constitutes one of the most common groups of brain tumors, and its prognosis is 

influenced by different genetic and epigenetic modulations. In this study, we demonstrated low or 

no expression of hedgehog interacting protein (HHIP) in most of the cell lines and primary glioma 

tumor samples. We further proceeded to promoter methylation study of this gene in the same cell 

lines and primary tumor samples and found 87 % (7/8) HHIP methylation in glioblastoma cell 

lines and 75 % (33/44) in primary tumor samples. These methylation pattern correlates with low or 

unexpressed HHIP in both cell lines and primary tumor samples. Our results suggest the 

possibility of epigenetic regulation of this gene in glioma, similarly to medulloblastoma, gastric, 
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hepatic, and pancreatic cancers. Also, HHIP might be a diagnostic or prognostic marker in glioma 

and help to the detection of these tumors in early stages of disease.
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Introduction

Glioma is the most common worldwide reported brain tumor. In spite of intensive research 

on tumor biology, the application of these researchers’ yields to improve the survival of 

glioma patients is still a challenge for oncologists. The major influencing forces for this 

unsuccessful cure of glioma are due to the involvement of both known and unknown genes 

in the genesis of glioma. Even if we could understand some of the molecular mechanisms of 

gene regulation in glioma development, still, the influence of the environment on these 

tumors would remain a milestone for cancer biologists. Therefore, it would be better to 

apply holistic approaches of biomedical research which could cover all possible factors 

influencing this kind of malignant transformation.

It has been reported that many signaling pathways are involved in brain development and 

among these pathways, sonic hedgehog has a significant contribution for neurogenesis [1]. 

Sonic hedgehog signaling has both mitogenic and morphogenic characters [2, 3]. This 

signaling pathway starts from the binding of the N-terminal cholesterol modified Shh protein 

to the twelve transmembrane PTCH1 receptor. Before the binding of Shh ligand to PTCH1, 

this PTCH1 inhibits another seven transmembrane receptor, Smoothened (SMO), of this 

pathway. After binding of Shh ligand to PTCH1, SMO is relieved, which further enters in 

the cytoplasm and activate a main transcriptional factor zinc finger protein, GLI1, with the 

help of serine/threonine proteins [4, 5]. The mechanism of PTCH1 and SMO interaction is 

not too clear; however, there is speculation that some conformational changes occur to 

relieve SMO from PTCH1 inhibition. This activates GLI1, which now moves from the 

cytoplasm to the nucleus for the regulation of Shh signaling target genes including PTCH1, 

cyclin D, plakoglobin, and many more [6].

Importantly, PTCH1 is one of the downstream target genes of Shh signaling but also acts as 

a negative regulator of this signaling pathway activation. Similarly, another receptor named 

hedgehog interacting protein (HHIP) binds to all three hedgehog proteins namely SHH, 

IHH, DHH and inhibits their downstream signaling activation. The binding affinity of HHIP 

to Shh is not less than to PTCH1; therefore, both HHIP and PTCH1 act as competitors for 

binding to Shh ligands [7]. HHIP is also one of the downstream target genes of Shh 

signaling and acts as a tumor suppressor gene [8]. It is well known that Shh signaling 

participates in early development, but Shh is also involved in cancer initiation and/or 

progression. Since HHIP is a negative regulator of Shh signaling activation, the possibility of 

genetic and epigenetic alteration of this gene in malignant transformation has been 

increased. Indeed, the absence or low expression of HHIP in Shh activated cell lines and 

samples of pancreatic [9], hepatic [10] and gastric cancer [11], and medulloblastoma [12], 
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has been documented. Low expression of HHIP further restored in pancreatic, 

gastrointestinal, and hepatic cancer cell lines after treatments with the demethylating agent 

5-aza-2′-deoxycytidine. These results confirm the promoter methylation of HHIP in these 

cancers. Nevertheless, other reports showed histone deacetylation and chromatin remodeling 

contributing to silencing of HHIP expression in gastrointestinal and pancreatic cancer [11, 

13]. These studies indicate the epigenetic regulation of HHIP in various cancers.

In this study, we have checked the messenger RNA (mRNA) expression of HHIP gene in 8 

glioma cell lines and 27 primary tumors samples. Our transcript expression results further 

led us to analyze the promoter of HHIP gene in all 8 cell lines and 44 primary tumor 

samples. However, our promoter methylation analysis pattern was different from 

conventional methylation-specific PCR (MSP). For promoter methylation analysis, we 

applied melting curve analysis-Meth (MCA-Meth) assay of one pair of primers. This 

technique gave us not only accurate percentage of methylation in the promoter region but 

also a very easy to check assay for methylation in large cohorts of patients in a short time.

Materials and methods

Cell lines

We used 8 glioma cell lines, namely U87MG, A172, LN405, SW1783, T98G, SW1088, 

CCF-STTG-1, and Gos-3. Cell lines U87MG, A172, and T98G were purchased from the 

European Collection of Cell Cultures (Salisbury, Wiltshire, UK). Cell lines SK-PN-DW, 

CCF-STTG1, SW1088, and SW1783 were purchased from the American Type Culture 

Collection (Manassas, VA, USA). Cell lines LN405 and Gos-3 were obtained from the 

Deutsche Sammlung Von Mikroorganismen und Zellkulturen (Braunschweig, Germany). 

Cell lines were cultured in RPMI L-Glutamax medium (GIBCO-BRL, Gaithersburg, MD, 

USA), supplemented with 10 % fetal bovine serum (FBS), 10 % non-essential amino acids 

(NEAs), 1 % penicillin, and 0.1 % amphotericin B. Cell lines were maintained in a 37 °C 

incubator with the supply of 5 % CO2. Sub-culturing of cells was performed after 80 % 

confluence with the help of trypsin/EDTA 1X.

Primary tumor samples

We used 27 glioma primary tumor samples for expression analysis and 44 samples for 

promoter methylation study. All samples were collected from the Hospital of Navarra, 

Pamplona, Spain. The use of these samples was approved by the Ethical Committee of the 

University of Navarra, under protocols 38/2002 and 83/2011.

qRT-PCR

RNA was extracted from 8 glioma cell lines by using the Quick Prep Total RNA extraction 

Kit (Amersham Bioscience, UK). We purchased normal brain tissue RNA (Stratagene, 

Cedar Creek, TX) for normal control expression. A total of 1 μg of RNA was converted into 

complementary DNA (cDNA) by Superscript II Rnase H Reverse Transcriptase kit 

(Invitrogen, Life Technologies, Carlsbad, CA). These converted cDNAs were taken for 

expression study of HHIP and GLI1 [14] with the help of a Bio-Rad iQ 5 qRT-PCR 

machine. All samples were run in triplicate, and their expression results were normalized 
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with housekeeping gene GAPDH. The primer sequences for HHIP gene were forward 

5′ATGGTGGGTT GTGCTTTCC3′, reverse 5′AGTTGTGTTTGTGCTTTCTG CT3′, and 

for GLI1 gene, as in a previous study [14]. The reaction conditions for qRT-PCR were 

denaturation at 95 °C for 5 min, then 35 cycles of denaturation (95 °C for 1 min), annealing 

(59.5 °C for 40 s), and extension (72 °C for 50 s); and final extension at 72 °C for 10 min; 

then further melting curve analysis at 72 °C for 1 min, and finally 95 °C for 10 min.

Promoter analysis of HHIP

We selected HHIP promoter sequences from a previous published report [15]. We further 

explored the possible CpG islands in this 1501-bp promoter with the help of Methprimer 

[16]. We identified two putative CpGs rich regions of 373 and 224 bp; they were considered 

first and second CpG islands, respectively [12]. The evaluation of the promoter’s CpG 

islands was based on standard criteria, island size>200 bp, GC%>50, Obs/Exp>0.6 [12].

DNA extraction and bisulphite modification

DNA was extracted from the 8 cell lines and the 44 primary tumor samples by the Wizard 

Genomic DNA Purification Kit (Promega, Madrid, Spain), according to manufacturer’s 

protocol. We used a total of 1-μg DNA for bisulphite modification with CpGenome™ DNA 

Modification Kit (Chemicon International, Darmstadt, Germany). Normal blood DNA and in 

vitro methylated DNA-Genome Universal Methylated DNA (Chemicon International, 

Darmstadt, Germany) were considered as negative and positive controls of promoter 

methylation analysis, respectively.

Methylation assay (MCA-Meth)

Melting curve analysis-Meth (MCA-Meth) was set up in our laboratory [17]. In MCA-Meth 

method, designed primers are free from CpG sequences and amplify the target region 

unbiased. This technique is suitable and efficient for the high-throughput analysis of 

heterogeneous pools of methylation in cell lines and primary tumor samples. The method 

differentiates methylated and unmethylated DNA at the gene promoter, on the basis of 

melting curve and melting temperature. For MCA-Meth, 5 ng of bisulphite DNA is mixed 

with 2.5 pmol of forward and reverse primers in 2× IQ SYBR Green supermix (Bio-Rad, 

Hercules, CA, USA) up to 25 μl of total reaction volume. The PCR reaction conditions were 

94 °C for 10 min, then 30 cycles of denaturation (94 °C for 30 s), annealing (64 °C for 40 s), 

and extension (72 °C for 30 s); and final extension at 72 °C for 10 min. Melting curve 

analysis was performed between 70 to 90 °C, and temperature was increased by 0.5 °C every 

30 s. DNA amplification and melting curve analysis were done in an iQ5 Multicolor Real 

Time PCR Detection System (Bio-Rad, Hercules, CA, USA).

Statistical analysis

All the expression study was performed in triplicate, including SD calculations.
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Results

Expression of HHIP in glioma cell lines and tumor samples

We checked the mRNA expression of the HHIP gene in 8 glioma cell lines. Interestingly, 

most of the cell lines either showed low expression (SW1783, SW1088, and Gos-3) or no 

expression (U87MG, A172, LN405, T98G, and CCF-STTG-1) in comparison to normal 

brain tissue (Fig. 1a). Similarly, we checked the expression of HHIP in 27 primary tumor 

samples and found that most samples showed either low or no expression compared to 

normal brain tissue (Fig. 1b) (Tables 1 and 2).

Promoter methylation analysis of HHIP in glioma cell lines

Low expression of HHIP mRNA among cell lines and tumor samples led us further into 

exploring the possibility of promoter methylation in these cell lines and tumor samples. We 

performed promoter methylation analysis with MCA-Meth assay. In this method, we 

successfully analyzed the methylation pattern of HHIP promoter in 8 glioma cell lines and 

44 primary tumor samples. Three glioma cell lines (A172, CCF-STTG-1, and Gos-3) 

showed complete methylation (90–95 % methylation) (Fig. 2b, g, and h), while four cell 

lines (U87MG, LN405, T98G, and SW1088) showed partial/hemi methylation (50–65 %) 

(Fig. 2a, c, e, and f) (Table 1). However, we were unable to determine the methylation status 

of one cell line SW1783 (Fig. 2d). Interestingly, all of these glioma cell lines showed low 

fold expression of HHIP transcript compared to normal brain tissue. Our amplified product 

of this methylation study contains a total of 14 CpGs, and on the basis of number of CpGs 

methylated in the cell lines or tumor samples, we consider them either complete methylation 

or hemi/partial methylation (Fig. 2).

Promoter methylation analysis of HHIP in glioma primary tumor samples

Similarly, we applied the MCA-Meth method for HHIP promoter methylation analysis in 44 

primary tumor samples. Among 44 primary tumor samples, 75 % (33/44) samples showed 

methylation, including complete methylation (14/ 44) and hemi/partial methylation (19/44), 

and 14 % (6/44) samples showed no methylation in the HHIP promoter (Fig. 3, Table 2). We 

were unable to determine methylation in the remaining 11 % (5/44) tumor samples (Fig. 3, 

Table 2).

Discussion

Glioma is a major tumor of the brain, and in general, prognosis is bad because there is not 

any defined identity of prominent and specific biomarkers of this tumor in its early stage of 

development. Later therapies remain ineffective due to the multiple causative factors that are 

involved in the progression of this malignant tumor. Neurooncologists are trying to minimize 

the side effects of glioma therapies and to enhance survival of cancer patients.

Shh is a major signaling pathway that shows both epigenetic and genetic alteration lading to 

malignant transformation of various normal tissues into different types of cancers [18–23]. 

Mutation of the SMO and PTCH1 receptors promote basal cell carcinoma and 

medulloblastoma formation, while other studies also suggest that the activation of this 
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pathway has been defined by the GLI1 marker, being its high expression and indication of 

the possibility of Shh activation [14, 24–27].

The role of HHIP has been defined as antagonist of Shh signaling and shows similar affinity 

as PTCH1 for binding to three homologous of hedgehog proteins SHH, IHH, and DHH. 

Low expression of HHIP has been reported in cancers like pancreatic [9], gastrointestinal 

[11], hepatic [10, 28], or medulloblastoma [12]. Epigenetic modification of tumor 

suppressor genes in cancer progression is well known. HHIP is considered to be a tumor 

suppressor gene. To our knowledge, there is not any report so far on HHIP expression and 

promoter methylation in glioma. We attempted to explore the expression of this gene and its 

possible promoter hyper-methylation in glioma cell lines and primary tumor samples. Our 

results support the fact that low or no expression of HHIP associates to promoter 

methylation in glioma cell lines. So far, we found two CpGs rich regions in the span of 1500 

bases of promoter after analysis of HHIP promoter regions with Meth primers [16]; the first 

CpG island is 373 bp in length and the second one extends along 224 bp (CpG islands were 

selected under standard criteria). Our primers for methylation analysis in the first CpG island 

produced an amplified region of 227 bp with 14 CpGs. Maybe some other factors might 

influence the expression of the second CpG island. This promoter is known to have 11 

consensus sequences for the binding of bHLA transcription factor, which is downregulated 

by Shh signaling in vascular remodeling [15].

As far as we know from the literature, not only promoter methylation leads to silencing of 

HHIP gene expression in pancreatic cancer. On the contrary, several other epigenetic factors 

need to be explored [9]. In another study, it has been reported that not only epigenetic 

alterations causes silencing of HHIP gene but also many other factors like loss of 

heterozygosity, somatic cell mutation, and also regulation of microRNA in human 

hepatocellular carcinoma [10]. Interestingly, besides HHIP promoter, H3-K4 and H3-K9 

methylation also contribute to silencing of HHIP in gastrointestinal cancer [11].

Among tumor samples, only 33/44 (75 %) samples showed complete or hemi/partial 

methylation and 6/44 (14 %) samples did not show methylation based on their melting curve 

analysis. But most tumor samples did not show expression of HHIP. This discrepancy 

suggests two possibilities: either there is methylation in the second promoter region, or other 

factors may be involved in HHIP expression including signaling pathways like sonic 

hedgehog, notch or both, suppressing the expression of this gene [8, 15].

Taken together, our results of HHIP expression and methylation analysis in glioma cell lines 

and primary tumors indicate the possibility of HHIP epigenetics, but also an activated Shh 

signaling pathway that downregulates HHIP in glioma. This possibility is also supported by 

previous studies which show the contribution of Shh signaling in glioma and the 

development of other tumors [24–26, 29].
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Fig. 1. 
Comparative HHIP mRNA expression in glioma cell lines and tumor samples. a HHIP 

expression in glioma cell lines. b HHIP expression in primary tumor samples
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Fig. 2. 
HHIP promoter with 14 CpGs and methylation pattern distribution by MCA-Meth in glioma 

cell lines. a U87MG shows hemi/partial methylation (60–65 %). b A172 shows complete 

methylation (90–95 %). c LN405 shows hemi/partial methylation (60–65 %). d SW1783 

shows no methylation. e T98G shows hemi/partial methylation (60–65 %). f SW1088 shows 

hemi/partial methylation (50–55 %). g CCF-STTG1 shows complete methylation (90–

95 %). h GOS3 shows complete methylation (90–95 %)
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Fig. 3. 
HHIP promoter with 14 CpGs and methylation pattern distribution by MCA-Meth in glioma 

tumor samples. Percentage of methylation varies from no methylation (0 %) to complete 

methylation (90–95 %). a GT3 (GBM) shows complete methylation (90–95 %). b GT5 

(GBM) shows no methylation. c GT8 (GBM) shows hemi/partial methylation (55–60 %). d 
GT7 (AIII) shows no methylation. e GT10 (AIII) shows hemi/partial methylation (55–

60 %). f GT50 (AII) shows hemi/partial methylation (50–55 %). AII low-grade (fibrillary) 

astrocytoma (grade II), AIII anaplastic astrocytoma (grade III), GBM glioblastoma 

multiforme (grade IV)
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Table 1

HHIP expression and promoter methylation pattern in glioma cell lines

Cell lines HHIP expression HHIP promoter methylation % of promoter methylation

U87MG ± U+M 60–65

A172 ± M 90–95

LN405 ± U+M 60–65

SW1783 −/+ U 0

T98G ± U+M 60–65

SW1088 ± U+M 50–55

CCF-STTG ± M 90–95

GOS-3 −/+ M 90–95

“±” no detectable expression, “−/+” low expression

U unmethylation, M methylation, U+M hemi/partial methylation
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Table 2

HHIP expression and promoter methylation pattern in glioma samples

Sample No. Samples ID Expression Methylation by melting curve % of methylation

1 GT-3(GBM) ± M 85–90

2 GT-4(AIII) + U+M 60–65

3 GT-5(GBM) + U 0

4 GT-6(GBM) – M 85–90

5 GT-7(AIII) – M 85–90

6 GT-8(GBM) – U+M 55–60

7 GT-9(GBM) ± U+M 55–60

8 GT-10(AIII) ± U+M 55–60

9 GT-11(GBM) – nd nd

10 GT-12(GBM) – nd nd

11 GT-13(GBM) ± U+M 60–65

12 GT-14(AIII) −/+ M 85–90

13 GT-15(GBM) −/+ U+M 55–60

14 GT-16(AIII) + M 80–90

15 GT-17(GBM) + M 80–90

16 GT-18(GBM) −/+ nd nd

17 GT-19(AIII) – U+M 55–60

18 GT-20(AII) – U+M 55–60

19 GT-21(AIII) – U+M 60–65

20 GT-22(GBM) ± M 85–90

21 GT-23(GBM) – M 85–90

22 GT-24(GBM) ± U+M 55–60

23 GT-25(AI) nd U 0

24 GT-26(GBM) nd M 85–90

25 GT-27(GBM) nd M 85–90

26 GT-28(GBM) nd nd nd

27 GT-29(GBM) nd M 85–90

28 GT-30(GBM) −/+ M 85–90

29 GT-31(GBM) nd M 90–95

30 GT-32(GBM) nd U+M 55–60

31 GT-34(AI) nd U+M 55–60

32 GT-35(AIII) nd U+M 60–65

33 GT-36(GBM) nd U+M 60–65

34 GT-41(GBM) nd U 0

35 GT-43(GBM) −/+ U+M 60–65

36 GT-44(GBM) nd U+M 60–65

37 GT-45(GBM) nd U+M 40–45

38 GT-46(GBM) nd U+M 60–65

39 GT-47(GBM) nd U 0
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Sample No. Samples ID Expression Methylation by melting curve % of methylation

40 GT-48(GBM) nd nd nd

41 GT-49(GBM) nd U+M 50–55

42 GT-50(AII) – U+M 50–55

43 GT-51(GBM) ± nd nd

44 GT-52(GBM) ± nd nd

“–” no expression, “±” no detectable expression, “−/+” low expression, “+”expression, “nd” not determined

U unmethylation, M methylation, U + M hemi/partial methylation
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