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Dear Editor

Research on neurodegenerative diseases is a hot topic

worldwide [1], and MRI, genetics and epigenetics, and

animal models have been commonly used. Considering

species differences, research on human brain samples is

irreplaceable [2]. Many countries and regions have built

brain banks to collect and store brain tissue from donors.

Samples provided by a brain bank can be used to study

synaptic structure, protein, DNA, RNA [3, 4], and lipids to

illuminate the pathological mechanisms underlying neu-

rodegenerative diseases. When brain tissue is used for gene

expression research, the quantitative real-time polymerase

chain reaction (RT-qPCR) is an accurate method, which

simultaneously amplifies and quantifies the expression of

target genes by measuring the intensity of fluorescence in

each PCR cycle; it has the advantages of high efficiency,

sensitivity, accuracy, and specificity, along with low cost

[5]. However, the value of the PCR cycle threshold

requires accurate normalization with internal reference

genes whose expression must be stable and independent of

the target genes [6]. The quality of brain samples can be

influenced by the time interval between death and tissue

acquisition [4] and the agonal state of the donor [7]. The

transcription of genes may be influenced by anamnesis of

the donor, post-mortem interval (PMI), and the storage

time (ST) of brain samples. Thus, choosing a suitable ref-

erence gene with a stable transcript in different brain

samples to standardize the target gene transcription levels

is crucial for relevant studies when using postmortem

human brain samples.

Many internal reference genes have been used in

transcription studies [8], but which are most suitable for

human brain tissue studies needs to be explored. To

identify suitable reference genes for the accurate measure-

ment of target gene expression, transcripts of seven

commonly used reference genes (18s, ACTB, CYC1,

GAPDH, HPRT1, UBC, and TBP) were assessed in frontal

pole tissue from 163 human brain samples, and subsequent

data analysis was performed using the GeNorm (GMC,

Ghent, Belgium) and NormFinder (MDL, Aarhus, Den-

mark) algorithms.

All brains were from the Chinese Academy of Medical

Sciences (CAMS) and Peking Union Medical College

(PUMC) Human Brain Bank, which collects brains from

donors through a willed whole-body donation program. All

donors had given informed consent for using the donated

tissues for medical research. The present study was

approved by the Institutional Review Board of the Institute

of Basic Medical Sciences, CAMS (Approval Number:

009-2014, 031-2017). All the brain samples were harvested

according to the standardized operational protocol for

human brain banking in China published in 2017 by the

China Human Brain Bank Consortium [9]. The 163 brain

samples were divided into four groups based on the
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anamnesis of donors, age of donors, PMI and ST (defined

as the interval from brain sample storage in a -80�C
refrigerator to RNA extraction). Information about the

donors including age, gender, PMI, ST and the 260 nm/280

nm optical density (OD) ratio of RNA samples is

summarized in Table S1.

The transcripts of seven reference genes were measured

by RT-PCR in the 163 human brain samples (basic

information on candidate reference genes and primer

sequences in Table S2). In an RT-qPCR cycle, a positive

reaction was detected by accumulation of a fluorescent

signal, and the Cq value (cycle threshold) was defined as

the number of cycles required for this signal to reach a

defined threshold. Cq levels are inversely proportional to

the logarithm of the amount of target nucleic acid in the

sample, that is, a higher Cq indicates a lower transcript

level of the gene. The results showed that the 18s transcript

had the highest concentration (lowest Cq value) while the

UBC transcript had the lowest (highest Cq value) among

these reference genes. The Cq values of four candidate

genes, UBC, HPRT1, TBP, and CYC1, surpassed 20 cycles

in all samples, and the cycles of ACTB and GAPDH were

about 20 among samples. Apart from 18s, ACTB and

GAPDH had the highest content compared with other

genes in brain tissue (Fig. 1A). Based on the anamnesis of

donors, the samples were divided into 6 groups with:

diseases of the nervous system (DNS), cancer, heart-lung

disease (HLD), multiple organ failure (MOF), diabetes and

hypertension (D&H), and unknown/other (Other). The

transcript of each reference gene was compared among the

different groups (Fig. 1B). The D&H group had higher

mean Cq values of 5 candidate genes (ACTB, GAPDH,

TBP, HPRT1, and UBC) than the other groups, indicating

lower transcript levels of these genes. The transcript of

CYC1 was lower in the HLD and Other groups. With

increasing donor age, the Cq value of reference genes rose,

especially in HPRT1, ACTB, and GAPDH (Fig. 1C). The

Cq values for reference genes showed an ascending

tendency with increasing PMI (Fig. 1D) and an adverse

weak decline with increasing ST (Fig. 1E).

The stability of the 7 reference genes was evaluated

using GeNorm and NormFinder softwares. The results

from GeNorm showed that CYC1 and TBP had the lowest

average expression stability value (most stable) among all

candidate reference genes among different clinical histories

(Fig. 2A) and when the cases were grouped according to

Fig. 1 Variation Cq values of reference genes. A Cq values of

reference genes in all brain samples. Box-and-whisker plots showed

the Cq value of each candidate gene in 163 brain tissues. Boxes

indicated median and quartiles first and third and whiskers equivalent

to the minimum and maximum of Cq value. B Distribution of Cq

values of reference genes in different disease states. C–E Cq values of

reference genes according to age of donors, postmortem interval and

storage time. DNS, disease of nervous system; HLD, heart-lung

disease; MOF, multiple organ failure; D&H, diabetes and hyperten-

sion; Other, anamnesis unknown or other diseases.
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age (Fig. 2B). Although the average expression stability

value of UBC was less than that of CYC1 when the PMI

was 24–36 h (Fig. 2C), CYC1 and TBP had the lowest

value in other PMI groups and in all ST groups (Fig. 2D).

There were differences between the results of the

NormFinder and GeNorm algorithms. Results from

NormFinder showed that CYC1 had a minimal stability

value in the cancer, MOF, and Other groups. TBP had a

minimal stability value in the MOF and D&H groups.

GAPDH was the most stable reference gene in the DNS

and HLD groups (Fig. 2E). CYC1 and TBP were stable in-

ternal reference genes with lower stability values when the

donors were\80 years old (Fig. 2F). The stability values

of candidate genes by NormFinder in each group with

different PMIs are shown in Fig. 2G. When PMI was

\24 h, the CYC1 was the most stable gene, but in other

PMI groups the TBP was the most stable. Considering the

influence of ST, we found that CYC1 and TBP were still

stable in samples with ST[12 months, but in the groups

with ST \12 months GAPDH was the most

stable (Fig. 2H).

Some transcriptional studies have verified suitable inter-

nal control genes by RT-qPCR analysis in human brain

samples. CYC1 may be a suitable reference gene in human

postmortem cerebral cortex samples [10]. In human glioma

[11], GAPDH may be recommended as the best candidate

gene in transcriptional studies of astrocytoma among

GAPDH, HPRT1, POLR2A, RPLP0, ACTB, and H3F

[12], while TBP may be the most stable gene in hippocam-

pal tissues from rats [13]. In our study, CYC1 and TBP

were both suitable reference genes for gene transcription

studies in postmortem human brain tissue according to the

results from GeNorm and NormFinder, because the two

genes had a smaller stability value (more stable transcrip-

tional expression) among all candidate reference genes,

among different groupings based on clinical history, PMI,

ST, and donor age. According to NormFinder, GAPDH can

be regarded as the suitable reference gene for brain samples

whose donors are older than 90 years. Other candidate

genes have a large range of fluctuation in different sample

groups and higher stability values, which implies that the

transcript of other genes may have poor stability in our

samples under different conditions.

In summary, our data showed that CYC1 and TBP were

the most stable among the candidate genes investigated, so

they might be suitable internal genes for gene transcription

studies of human brain tissue. 18s and HPRT1 had the

worst stability in all samples, indicating that they may not

be suitable as reference genes. The transcript abundance of

these genes declined with prolongation of PMI, so the brain

samples should be acquired as soon as possible to

guarantee a shorter PMI. Our results provide several

potentially appropriate reference genes for transcriptional

studies in human tissue under different conditions and may

facilitate the development and research of human brain

banks in China and worldwide.

Fig. 2 Analysis of reference gene expression using GeNorm (A–D)

and NormFinder (E–H) algorithms. A, E Comparison of the

expression of reference genes in the brain tissue from different

anamnesis of donors. B, F Comparison of the expression of reference

genes in the brain tissue from different age groups of donors. C,

G Comparison of the expression of reference genes in the brain tissue

with different postmortem interval. D, H Comparison of the

expression of reference genes in the brain tissue with different

storage time.
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Limitations of this Study

When assessing RNA and brain sample quality in post-

mortem human brain tissue, the RNA Integrity Number

(RIN) is often considered to be a critical measurement, but

some studies have also shown that RIN has limited

predictability for postmortem human brain tissue [14] and

is not necessarily a reliable predictor of mRNA quality

[15]. Therefore, we did not use RIN as an indicator of

tissue RNA quality.
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