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Abstract

Diffuse Intrinsic Pontine Glioma (DIPG) is an aggressive pediatric brain tumor with a median 

survival of one year after diagnosis. It has been reported recently that about 80% of DIPG cases 

and 70% of midline glioblastomas contain a mutation at one allele of the H3F3A gene (encoding 

histone H3 variant H3.3), replacing the lysine 27 with methionine (K27M). In order to facilitate 

diagnosis of DIPG patients, a quick and reliable method to identify the H3F3A K27M mutation is 

needed. Here, we describe a real-time PCR-based procedure involving a mutant-specific primer, a 

blocker oligonucleotide, and a reverse primer that can differentiate samples with H3F3A K27M 

mutation from those that do not. We first tested four different mutant-specific primers for their 

ability to selectively amplify H3F3A K27M-mutant allele and found that one primer amplified the 

mutant allele more efficiently than the rest. We then determined the optimal concentration of 

blocker oligo that significantly improved amplification of the H3F3A K27M-mutant allele. Using 

this optimized real-time PCR assay, we analyzed eleven samples, two of which containing H3F3A 

K27M mutation, and found that these two samples were differentially amplified from the nine 

others. In addition, we were able to discern the H3F3A K27M mutation in a newly obtained 

pediatric brainstem glioblastoma sample whose H3.3 status was not known previously, and in 

three other DIPG samples as well as paraffin embedded samples. These results demonstrate that 

we have developed a new reliable procedure for detecting the H3F3A K27M mutation in pediatric 

glioblastoma patient samples.
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Introduction

Pediatric high grade gliomas, including Diffuse Intrinsic Pontine Glioma (DIPG) and 

glioblastoma multiforme (GBM), accounting for about 15% of all pediatric brain tumors, are 

the most aggressive brain tumors in children and is the leading cause of cancer-related death 

of children [1, 2]. Methods of diagnosis include MRI and biopsy, however, the deep and 

delicate locations of these tumors and the lack of targeted therapy often preclude them from 
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a tissue diagnosis and the majority of DIPGs are diagnosed based on typical MRI imaging 

characteristics. DIPG has the worst prognosis of any malignancy in the central nervous 

system with a median time of survival of approximately 12-16 months after diagnosis [3, 4].

Mutations at the HIST1H3B and H3F3A genes have recently been detected in 15% and 60% 

of DIPG cases, respectively [5, 6]. HIST1H3B and H3F3A encode canonical histone H3.1 

and H3 variant H3.3, respectively. Histone H3.1 is assembled into nucleosomes in a 

replication-dependent reaction. Histone H3 variant H3.3, differing from H3.1 by five amino 

acids, is assembled into nucleosomes via a replication-independent mechanism [7-9]. In all 

DIPG cases bearing a mutation at histone H3, lysine 27 of either histone H3.1 or H3.3 is 

mutated to methionine [5, 6]. Interestingly, it appears that mutations at HIST1H3B define a 

subgroup of younger aging DIPG samples. In addition, the H3F3A K27M mutation was also 

detected in other pediatric midline tumors including the thalamus (40%) [10-13]. Therefore, 

the H3F3A K27M mutation frequently occurs in high-grade pediatric brain tumors.

Histone H3 lysine 27 can be methylated by PRC2 complex and H3K27 di- and 

trimethylation (H3K27me2/me3) is associated with gene silencing [14-16]. H3K27 can also 

be acetylated (H3K27ac), and H3K27ac is associated with gene expression. Human genome 

has 14 genes encoding H3.1 and 2 genes encoding H3.3. Lysine 27 is conserved in all 

histone proteins expressed from these genes. We and others have shown previously that 

H3K27me3 was low in DIPG cells compared to reference cells such as neural stem cells or 

adult glioma cells. In cell lines expressing either the H3.1K27M or H3.3K27M mutant 

transgene, H3K27me3 levels of endogenous H3 including H3.3 and H3.1 are dramatically 

reduced. These results indicate that H3K27M mutant protein dominantly inhibit the levels of 

H3K27me3 in cells [17-21]. Because the H3F3A K27M mutation is found in over 60% of all 

DIPG cases, it is important to find a reliable method to detect this mutant allele in order to 

diagnose this class of brain tumor and guide future targeted therapy. Here, we report a 

method for the detection of the H3F3A K27M mutant allele specifically.

Materials and Methods

Sources of Nucleic Acids

Message RNA from neural stem cells and DIPG cells containing the H3F3A K27M 

mutation (SF7761) was isolated and converted to cDNA using published procedures [17]. 

During the initial test of various conditions, we used full-length wild type H3F3A cDNA and 

cDNA with the H3.3K27M mutation as the template. To isolate these cDNA templates, two 

PCR primers were used to amplify the cDNA libraries. Full-length H3F3A cDNA, one 

containing two wild type alleles (wild type template) and the other with one wild type and 

one mutant allele (mutant template) were purified using a QIAGEN PCR purification kit 

(QIAGEN) and used as templates for real-time PCR reactions. All the oligos except the 

blocker oligo (Life-technology) was synthesized by IDT. During the final test of our method, 

cDNA libraries from nine different tumor cell lines that did not have H3.3K27M mutation 

were collected and marked numerically. These cDNA libraries, along with cDNA isolated 

from two DIPG lines (SF7761 and SF8626), were then given to RZ for blind analysis. 

Finally, Dr. Baker kindly provided us three additional cDNA libraries (DIPG1, DIPG2 and 

DIPG4) for testing.

Zhang et al. Page 2

J Neurooncol. Author manuscript; available in PMC 2017 January 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Real-Time PCR (qPCR) conditions

Standard 20 μl real-time PCR (qPCR) reactions were prepared, each containing 1 μl of 

cDNA template with concentration ranging from 0.1 to 10 ng/μl of DNA, 1 μl of mutant-

specific primer (6.25 ng/μl), 1 μl of reverse primer (6.25 ng/μl), 10 μl of SYBR Green 

Supermix (BIO-RAD), and 7 μl H2O. To test the effect of blocker oligo, 1 μl of different 

concentrations of the blocker oligo ranging from 6.25 to 25 pmol/μl was added into each 

reaction; the amount of H2O was reduced to maintain the reaction volume of 20 μl. The real-

time PCR amplification and detection were performed in a BIO-RAD Real-Time PCR 

machine under standard thermocycling conditions: 30 sec at 95°C, 42 cycles of (10 sec at 

95°C, 30 sec at 55°C, 30 sec at 72°C), and 7 min at 72°C. All qPCR reactions were run in 

duplicate or triplicate when necessary.

Primary Tissue Culture

Primary pediatric human glioma cells were obtained from surgical biopsy of a brainstem 

tumor from a 12-year-old patient in accordance with an institutionally approved protocol 

(IRB: 12-003458). Informed consent was obtained from the patient's legal guardian prior to 

surgery. Minced tissue was placed in a centrifuge at 1200 rpm for 10 min and then passed 

through a 75-micron mesh into a T-75 flask. Primary stem cell culture was made by adding 

50 mL of media hormone mix [composed of 500 ml DMEM/F12 (Gibco Life Technologies 

#14200-075), 5 ml 45 % glucose (Sigma #G8769), 6 ml 7.5% NaHCO3 (Gibco Life 

Technologies # 25080094), 5 ml 200 mM Glutamine (Gibco Life Technologies # 25030081), 

2 ml 1 M HEPES (Gibco Life Technologies #15630080), 5 ml Pen Strep (Gibco Life 

Technologies #15140122) and 5 ml of N2 Supplement (Gibco Life Technologies 

#17502048) and the following growth factors were added at final concentrations of 20ng/ml: 

Human β-FGF stock (PeproTech # AF-100-18B), and Human EGF (PeproTech 

#AF-100-15). Neurosphere growth was confirmed within a couple of days and passaged in a 

serial fashion every one to two weeks. Tumor cells from the third passage were used for this 

study.

RNA extraction from FFPE tissues

Mouse xenograft tissues using SF8628 DIPG cells were first grossed and processed 

overnight in the Sakura Tissue Tek VIP 6 Tissue Processor. After processing, tissues were 

embedded in paraffin wax and labeled as 422 and 522 in Dr. Daniels's laboratory. To extract 

total RNA from FFPE tissue, 10 μm sections were cut from the paraffin-embedded 422 and 

522 blocks using the microtome. Two sections from each sample were placed in 1.5 ml 

tubes. As a control, T/C 28a2 cell block was also processed. Then 1 ml xylene was added to 

each tube, mixed well, centrifuged 2 minutes at 16,100 × g. After removal of xylene, 1 ml 

100% ethanol was added to each tube, mixed and centrifuged 2 minutes at 16,100 × g. After 

removal of ethanol, pellet was air-dried for approximately 5 minutes. Total RNA was 

extracted using the High Pure® FFPE RNA Micro Kit (Roche Diagnostics, Mannheim, 

Germany) according to manufacture protocols. cDNA was synthesized using total RNA and 

SuperScript® III First-Strand Synthesis System (Invitrogen, Carlsbad, CA). Oligo dT was 

used as the primer. cDNA libraries labeled as 422, 522 and T/C were given to RZ blindly for 

analysis of H3F3A K27M mutation shown in Figure 5d.
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Results

A description of PCR design

To develop a simple and reliable method for the detection of H3F3A K27M mutation allele 

in pediatric GBM patients, we decided to use a real-time PCR strategy that is similar to that 

described by Moran et al [22]. The success of this method relies on the use of mutant PCR 

primers; therefore, we designed four mutant-specific primers, a blocker oligo, and two 

reverse primers (Figure 1 and Supplemental Table 1). The 3’-end of each of the four mutant-

specific primers was anchored to the variant-base of the H3F3A mutant allele. Each primer 

varied in length by a couple of nucleotides such that their melting temperatures (TM) ranges 

from 50 to 60 °C with 2-4°C incremental change. A blocker oligo was designed based on 

two principles. First, the variant-base corresponding to the wild type H3F3A allele was at 

the center of the sequence. Second, the TM of the blocker oligo, with its 3’ end of the 

sequence phosphorylated to prevent elongation, was about 4 to 10 °C higher than TM of 

mutant-specific primer. Two reverse primers complementary to the wild type sequence were 

also designed, amplifying 75bp and 200 bp cDNA of H3F3A gene, respectively. All PCR 

primers were optimized in silico using the open-source software “primer3” to eliminate 

primers forming hairpin and primer dimers. The unique features of each primer are 

described in Supplemental Table 1 and sequence of each primer is described in 

Supplemental Table 2.

Effect of mutant-specific primers on selective amplification of the mutant allele

First, we tested how each of the two reverse primers and four mutant-specific primers 

amplified 10 ng of wild type and H3.3K27M mutant template. We used threshold cycles 

(CT) to measure amplification efficiency. Because each mutant-specific primer was directed 

towards the mutant allele, it generated a mismatch with wild type template. This drives up 

the threshold cycles for amplification of wild type template (CT). Therefore, a large CT value 

indicates a less efficient amplification. The difference in CT (ΔCT) between wild type and 

mutant templates was used to judge the ability of a primer and/or condition to amplification 

efficiency of the mutant allele. The larger the ΔCT was, the more selective for amplification 

of mutant allele over wild type one. As shown in Figure 2a, the threshold cycles (CT) for the 

mutant template were quite similar among the four mutant-specific primers combined with 

either reverse primer 1 or reverse primer 2. Moreover, ΔCT values for reverse primer 1 were 

generally larger than the corresponding ΔCT using reverse primer 2. These results indicate 

that reverse primer 1 gives rise to the larger amplification differences between wild type and 

mutant alleles than reverse primer 2. Therefore, we decided to use reverse primer 1 for all of 

the subsequent experiments.

Next, we tested how reduced template concentrations affected amplification specificity. The 

overall trends observed for lower template concentrations (1 and 0.1 ng) were similar. First, 

the CT for mutant template remained relatively constant among the four different mutant-

specific primers, whereas CT for the wild type template decreased as TM of the mutant-

specific primer increased. Second, mutant template was amplified significantly more 

efficiently than wild type. The mutant-specific primer with TM of 53.9°C attained the 

maximum ΔCT, which was 6.1 and 5.27 for 1 and 0.1 ng cDNA, respectively. These results 
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suggest that mutant-specific primer 1 (TM=53.9°C) gives rise to the highest selectivity for 

amplification of mutant allele over wild type. Therefore, mutant-specific primer 1 was 

selected for the rest of experiments.

Effect of blocker oligo concentration on amplification selectivity

The differences in amplifying wild type and mutant alleles became smaller when the 

template concentration were reduced (Figure 2), indicating that the selectivity in 

amplification of mutant allele over wild type declines when template concentration is low. It 

is important to improve the selectivity in order to detect the mutant allele in clinical 

situations where tumor samples maybe limited. In principle, the mutant-specific primer 

should not anneal to the wild-type template because the primer:template mismatch at the 

variant-base causes immense instability in binding the two reagents together. However, 

because the remaining portion of the primer is complementary to the wild-type, there will be 

instances where the primer:template mismatch is overcome and the mutant-specific primer 

erroneously anneals and amplifies the wild-type template, consequently giving rise to non-

specific amplification. To minimize this non-specific amplification of the wild-type and 

improve the selectivity of the PCR assay, the blocker oligonucleotide was designed with the 

variant-base positioned in the center of the blocker sequence, and its 3’-end was 

phosphorylated to prevent polymerase extension. In this way, the blocker will anneal to the 

wild-type template and obstruct the mutant-specific primer from binding to wild type allele, 

thereby selectively increasing the amplification of the mutant allele over the wild type.

The effect of blocker concentration, ranging from 6.25 to 37.5 pm/μL (1 to 6-fold of PCR 

primer concentration), was tested. As shown in Figure 3a-b, with a template concentration of 

0.1 ng, the mutant H3.3 template was amplified significantly more efficiently than wild type. 

Moreover, CT for wild type H3.3 cDNA increased with the increase of the concentration of 

blocker oligo, whereas CT for mutant allele barely changed, consistent with the idea that the 

blocker oligo inhibits amplification of wild type allele and thereby increases amplification 

specificity. The ΔCT between the wild type and mutant templates was largest (12.13) when 

the blocker oligo concentration was 37.5 pm/μL, indicating that the mutant allele was 

amplified 4882 (212.13) fold more efficiently than wild type (Student T-Test P<0.0001). 

Comparing to the same conditions without the blocker oligo, the blocker oligo increases 

amplification specificity of mutant allele over wild type by about 53-fold.

Next, we tested whether the PCR primer with increasing concentration of blocker was 

effective at a lower concentration of template. As shown in Figure 3c, a similar trend was 

observed using 0.01 ng of template: while the CT for mutant template did not change 

dramatically with the increase in concentration of the blocker oligo, the Ct for wild type 

template was increased significantly. The largest ΔCT (11.44) between the wild type and 

mutant template was observed at blocker concentration of 37.5 pm/μL, which represents 

2778 (211.44) fold more efficient amplification of the mutant allele over wild type (Student 

T-Test P<0.0001).

In all these tests, we noticed that when the blocker oligo concentration surpassed five- to six-

fold of PCR primer concentration (31.25 and 37.5 pm/ml respectively), the ΔCT did not 

change dramatically, suggesting that a further increase in the blocker concentration will not 
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have major effects on increasing amplification selectivity when cDNA of H3F3A gene was 

used as template. When cDNA libraries were used as a template, we found that eight- to 

nine-fold of PCR primer concentrations could still increase amplification specificity 

(Supplemental Figure 1). Therefore, we used blocker concentrations at either 6- or 8-fold of 

PCR primers for the rest of experiments.

Selectively amplify the H3.3K7M mutant allele using cDNA Libraries

In the previous experiments, purified H3F3A cDNA was used to determine the optimal 

combination of a mutant-specific primer and the concentration of blocker oligonucleotide. 

To reduce the cost of the detection, it is desirable to detect the H3F3A mutation using cDNA 

libraries instead of pure H3F3A cDNA. Therefore, we tested whether the qPCR conditions 

could be used to detect the H3.3K27M mutation in whole human cDNA libraries. As shown 

in Figure 4A, there were significant differences in amplification of cDNA libraries prepared 

from cells with and without H3F3A K27M mutation, with a ΔCT value of 3.565 and 1.265 

when 1 and 0.1 ng of cDNA libraries were used, respectively (Student T-Test P<0.0001, 

P=0.01 respectively). However, when 0.01 ng cDNA libraries were used, the difference in 

amplification of wild type and mutant libraries became insignificant. These results suggest 

that the PCR conditions could be used to identify H3F3A mutation in 0.1 ng or more cDNA 

libraries from tumor samples.

Identify samples with the H3.3K27M mutation

In clinical situations, templates from patient samples will have unknown characteristics. To 

simulate this real world situation, we performed two separate experiments. First, cDNA 

libraries from eleven different samples were gathered, two of which were DIPG samples 

known to have the H3F3A K27M mutation. The contents of each sample were kept 

unknown to RZ, who performed the analysis on all eleven samples blindly using the optimal 

qPCR conditions (Figure 4b). The amplification efficiency of each sample was compared to 

the known wild type cDNA library. As shown in Figure 4b, patient samples 10 and 11 were 

amplified much more efficiently than either wild type or the nine other patient samples (all 

Student T-Tests P<0.0001), which is consistent with those samples containing the H3F3A 
K27M mutation after verification. This result confirms that our experimental procedures 

described here can be used to identify patient samples with the H3F3A K27M mutation.

To further validate our experimental procedure in the clinical setting, we tested a newly 

diagnosed brainstem GBM whose H3F3A mutational status was not known. We used 1 ng 

cDNA library for this experiment. As shown in Figure 5a, the housekeeping gene (GAPDH) 

was amplified similarly between tumor with wild type H3.3 and the brainstem GBM tumor, 

suggesting that similar amount of cDNA were used for amplification. In contrast, H3F3A 
was amplified much more efficiently in the newly diagnosed tumor sample compared to the 

sample with wild type H3F3A gene, supporting the idea that the newly diagnosed GBM 

having the H3F3A K27M mutation. Sanger Sequencing of H3F3A cDNA of this sample 

confirmed that this tumor had the H3F3A K27M mutation, with mutant base occurring at 

one allele of the H3F3A gene (Figure 5b). Together, these results indicate that the qPCR 

assay can identify pediatric high-grade gliomas with H3.3K27M mutation from those 

without this mutation.
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Identifying H3F3A K27M in additional and paraffin samples

We also blindly analyzed three additional patient samples provided by Dr. Baker. As shown 

in Figure 5c, samples DIPG 1 and 4, but not DIPG2, were amplified much more efficiently 

than the control sample with wild type H3.3, indicating that these two samples harbor the 

H3F3A K27M mutation and DIPG2 appears not have the mutation.

To further test whether DIPG2 harbors H3F3A K27M mutation, we performed several 

experiments. First, we tested DIPG2 using a higher concentration of blocker oligos (8-fold 

of PCR primers) and found DIPG2 was amplified to a similar degree as samples containing 

wild type H3F3A despite the fact that under this condition the amplification selectivity 

increases significantly (Supplemental Figure 1). Second, we isolated H3F3A cDNA by 

amplifying DIPG2 cDNA libraries using two PCR primers and used H3.3 cDNA as the 

template to determine whether DIPG2 had H3F3A K27M mutation. As shown in 

Supplemental Figure 2a, DIPG2 was amplified more efficiently than control samples with 

wild type H3F3A (Student T-Test P<0.0001), indicating that DIPG2 contained the H3F3A 
K27M mutation. Third, we performed Sanger sequencing of H3.3 cDNA isolated from the 

DIPG2 sample and observed that the H3F3A mutant allele was barely detectable 

(Supplemental Figure 2b), providing an explanation for our inability to detect the H3F3A 
K27M mutation in this samples using cDNA library as templates. These results indicate the 

sensitivity and selectivity of our method to detect H3F3A K27M mutation will be enhanced 

dramatically when H3.3 cDNA is used as templates.

In clinical situations, most patient samples are preserved after paraffin fixation. To determine 

whether our method can detect H3F3A K27M mutation in paraffin embedded samples. We 

analyzed cDNA libraries from 3 different mouse xenograft samples and the amplification 

efficiency of each sample was compared to the known cDNA library with wild type H3.3. 

Samples marked with 422 and 522 were amplified much more efficiently than the sample 

labeled as T/C (Figure 5d), indicating that two samples marked with 422 and 522 harbored 

the H3F3A K27M mutation and T/C does not. This result demonstrates that the 

experimental procedures described here can be used to identify H3F3A K27M mutation in 

paraffin-embedded xenograft samples. While xenograft tissues were used in this test, it is 

quite likely that our method can detect H3F3A K27M mutation in paraffin embedded 

primary human tissues.

Discussion

In order to facilitate the diagnosis of pediatric patients with GBMs that harbor the 

H3.3K27M mutation, we have developed a PCR-based procedure to detect the frequently 

mutated allele of H3F3A in this high-grade pediatric brain tumor. This procedure involves a 

mutant-specific primer, a blocker oligo, and a reverse primer. We made the following 

attempts to identify the PCR conditions. First, using full-length human wild type H3F3A and 

mutant cDNA with the H3F3A K27M allele, we tested four-mutant-specific primers and 

concentration of a blocker oligo for their ability to differentially amplify H3F3A wild type 

and mutant allele. We found that the optimal mutant-specific primer has a TM of 53.9°C, and 

the blocker oligo concentration about 5- to 6-fold of PCR primer concentration. Under these 

conditions, the qPCR reaction gave rise to about 2778-fold amplification of mutant H3F3A 
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cDNA allele over wild type one when 0.01 ng of purified H3F3A cDNA was used. We then 

tested whether the PCR assay could detect the H3F3A K27M mutation in whole human 

cDNA libraries instead of purified H3.3 cDNA. We found that the mutant allele was 

amplified 2.7-fold more efficiently than wild type allele when using 0.1 ng of cDNA 

libraries. In addition, a further increase in the concentration of blocker oligo (8-fold that of 

the PCR primer concentration) would increase amplification selectivity when cDNA 

libraries are used. To further validate the procedure, we simulated the test under clinical 

conditions in multiple ways. First, we blindly analyzed 11 different cDNA libraries using the 

qPCR procedure, and we successfully differentiated two samples harboring the H3F3A 
K27M mutation from nine other samples that do not. Second, we analyzed a newly 

diagnosed brainstem GMB in which the mutation status of H3F3A gene was not known and 

showed that this tumor has the H3F3A K27M mutation, a result that was confirmed using 

Sanger Sequencing. Third, we analyzed three DIPG samples and found two of them with 

H3F3A mutation using cDNA libraries and one had the mutation using H3.3 cDNA as 

templates. These results show a strategy to further validate a sample without H3F3A K27M 

mutation using cDNA library in the future. Finally, we analyzed cDNA libraries from 2 

different paraffin embedded samples, and we successfully determined the two that have the 

H3F3A K27M mutation. Together, these results show that the qPCR procedure using the 

mutant-specific primer and blocker oligo can be used in real situations to identify tumor 

samples with the H3F3A K27M mutation. While we have simulated several situations for 

detecting the H3F3A K27M mutation at clinic settings, this protocol should be tested in a 

large sample size before used as clinical test. Because our assay is highly specific to detect 

H3F3A K27M mutation, we expect that our procedure will stand-up the test when a large 

sample size is applied.

Sanger sequencing is capable of detecting the H3F3A K27M mutation in tumor samples. 

The advantage of Sanger sequencing is that it can detect mutation with precision without 

usage of negative controls. However, Sanger sequencing requires pure genomic DNA 

fragments of H3F3A. In contrast, our qPCR method can use whole cDNA libraries as 

templates. Moreover, it is noted that Sanger sequencing could not definitively detect the 

H3F3A K27M mutant allele of DIPG2 samples because the wild-type allele was the 

predominant one in the sample. In contrast, our qPCR method can detect H3F3A K27M 

mutation when H3F3A cDNA was used as templates.

Two independent groups recently published their data showing that a polyclonal antibody 

that recognizes H3K27M for the detection of the H3K27M mutation in tumor samples using 

immunohistochemistry techniques [23, 24]. Furthermore, they show that the antibody for the 

H3K27M mutation is more sensitive than measuring global reduction of H3K27me3. 

Immunohistochemistry is a technique that is readily available to most tumor pathology 

practices making their application widely available and useful clinically. However, this is a 

burgeoning field, and additional procedures that confirm the diagnosis will be necessary. In 

addition, antibodies against H3K27M cannot differentiate whether H3F3A (encoding H3.3) 

and HIST1H3B (encoding H3.1) are mutated in tumors. Mutations at H3.1 and H3.3, which 

both results in lysine to methionine changes, are associated with different age group and 

may define different sub-group of DIPG tumors, therefore, it is important to differentiate 
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mutations at either HIST1H3B and H3F3A. Our method will complement the IHC staining 

for detecting H3F3A K27M mutations.

The advantage of our procedure is its simplicity. Similar PCR methods utilizing a mutant-

specific primer and blocker oligonucleotide to detect single nucleotide mutations and 

polymorphisms have been described before [22]. However, Morlan et al included a common 

Taqman Probe as part of their assay in order to increase selectivity and sensitivity. In our 

method, the Taqman Probe, which is expensive to synthesize, is unnecessary. Therefore, our 

qPCR design is likely to be cheaper in detecting the target mutation.

In addition to the detection of H3.3K27M mutation found in high-grade glioma samples, we 

expect that this procedure can be adapted to detect H3.3 mutations found in other tumors. 

For instance, G34 of H3.3 was mutated in another subgroup of brain tumor as well as giant 

cell tumor [5, 6, 25]. In addition, H3.3 lysine 36 is mutated in chondroblastoma [25]. We 

anticipate that by redesigning the mutant-specific PCR primers and blocker oligos while 

following similar procedures tested in this study, we will be able to detect other mutations on 

histone H3.3 found in these tumors as well. As more experimental therapies that target the 

writers and erasers of histone post-translational modifications become available there will be 

a great need for identifying the H3K27M mutation in tumors in an every day clinical 

practice.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1. 
An outline of the PCR design for detecting the H3.3K27M mutant allele. The codon for 

lysine 27 of the H3F3A gene is AAG and is mutated to ATG at one allele of the H3F3A 
gene. The 3’-end of each mutant-specific primer ends at mutant variant-base (T). The 

blocker oligo was phosphorylated at its 3’-end to prevent elongation, with the wild type base 

corresponding to the mutant allele placed in the center of the sequence. A reverse primer is 

also indicated.
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Fig. 2. 
Test the ability of four mutant-specific primers and two reverse primers for amplification of 

K27M mutant and wild type H3F3A. (a) Effects of four mutant-specific primers and two 

reverse primers on the amplification of wild type and K27M mutation-containing H3F3A. 

PCR reactions were set up using either Reverse Primer 1 (Rev 1) or Reverse Primer 2 (Rev 

2). For subsequent experiments, Rev 1, which gave rise to the large ΔCT in amplification of 

wild type H3F3A (WT) and H3F3A K27M mutant (MT) allele, was used. (b-c) 

Amplification selectivity using two different amounts of H3F3A cDNA templates 1 ng (b) 

and 0.1 ng (c). Calculated TM of each mutant-specific primer is indicated on the X-axis.
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Fig. 3. 
Effects of blocker oligo concentrations on the amplification efficiency of wild type and 

H3F3A K27M mutant allele. (a-b) Amplification selectivity increases with elevated blocker 

oligo concentrations. Blocker concentration ranging from 1X to 4X of the PCR primer 

concentration (a) and from 3X to 6X of the PCR primer concentration (b) was tested. (c) 

Amplification selectivity at a lower concentration of templates. Concentrations of blocker 

oligo are indicated in the figure.
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Fig. 4. 
Identify the H3.3K27M mutation within cDNA libraries. (a) Amplification selectivity using 

cDNA libraries prepared from samples containing wild type and mutant H3F3A allele. The 

PCR conditions established in Fig. 3 was used to amplify three different amounts of cDNA 

libraries (1 ng, 0.1 ng, and 0.01 ng). (b) Identify samples containing H3F3A K27M mutation 

using the optimized procedure. To simulate actual medical situations, cDNA libraries from 

eleven different patient samples were gathered, two of which contained the H3F3A K27M 

mutation. This information was kept unknown from RZ during testing. The optimal qPCR 

conditions were used to blindly analyze all eleven samples using two different template and 

blocker oligo concentrations. The differences in amplification (fold changes) between a 

sample containing wild type H3F3A and each of the 11 patient samples were calculated.

Zhang et al. Page 15

J Neurooncol. Author manuscript; available in PMC 2017 January 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Fig. 5. 
Detecting the H3F3A K27M mutation in DIPG samples with unknown H3F3A status. (a) 

Detection of H3F3A K27M mutation in a newly diagnosed DIPG case using qPCR. 

Amplification of a tumor sample with wild type H3F3A was used as control. The difference 

in amplification of house-keeping gene GAPDH and H3F3A between the wild type and test 

sample were shown. 1ng of cDNA library was used. (b) Sanger Sequencing of H3F3A 
cDNA isolated from the DIPG cancer was used to validate the presence of H3F3A K27M 

mutation. (c) Analysis of H3F3A K27M mutation in three additional DIPG samples. The 

mutation status of each sample was kept unknown to RZ. The PCR conditions established in 

Supplemental Fig. 2 and 10 ng of cDNA libraries were used. (d) Detecting the H3F3A 
K27M mutation in paraffin-embedded samples. 10 ng of cDNA libraries from three different 

paraffin samples were analyzed by real-time PCR.
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