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Abstract. – OBJECTIVE: Selecting stably ex-
pressed reference genes is crucial for evaluat-
ing real-time quantitative polymerase chain re-
action (RT-qPCR) data via the relative quantifi-
cation method. In the present-day study, our aim 
was to select optimal reference genes (RGs) for 
the investigation of target gene (TG) expression 
profiling in cancerous human laryngeal and hy-
popharyngeal tissues. 

PATIENTS AND METHODS: 12 cancerous la-
ryngeal tissues and 10 cancerous hypopharyn-
geal tissues were investigated. The expression 
characteristics of 11 reference genes (18S rRNA, 
GAPDH, B2M, ACTB, TBP, ALAS1, RPL29, HMBS, 
HPRT1, GUSB, and PUM1), which were commonly 
used in RT-qPCR for the analysis of gene expres-
sion, were investigated using the geNorm, Norm-
Finder, and BestKeeper algorithm programs.

RESULTS: HMBS, ALAS1, and B2M were sug-
gested as optimal RGs for studying human la-
ryngeal and hypopharyngeal cancerous tissues 
together, laryngeal cancerous tissue by itself, 
and hypopharyngeal cancerous tissue by it-
self, respectively. If 2 or more reference genes 
are needed to achieve better standardization, 
3 reference genes can optimally be used in 
combination to improve the accuracy of relative 
quantitation normalization. The recommended 
combinations for studying human laryngeal and 
hypopharyngeal cancerous tissues together, la-
ryngeal cancerous tissue by itself, and hypopha-
ryngeal cancerous tissue by itself were HMBS + 
HPRT1 + GUSB, ALAS1 + GUSB + HMBS, and 
B2M + HPRT1 + TBP, respectively. 

CONCLUSIONS: The recommended reference 
genes could be used to improve the accuracy of 
gene expression studies on the molecular mech-
anisms of cancerous human laryngeal and hypo-
pharyngeal tissues. The selected combination 
of reference genes can effectively improve the 
accuracy of the relative quantitative diagnosis 
of gene expression levels, such as messenger 
RNA, circular RNA, and long-noncoding RNA.
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Introduction

Relative quantification analysis is a common, 
accurate, and easy-to-operate method that is wide-
ly used in many gene expression investigations of 
molecular biology. A stably expressed internal 
control gene is used as a standard to measure and 
compare the relative expression levels of TGs in 
the same biological sample. Therefore, evaluat-
ing and identifying appropriate reference genes 
in relative quantification analysis are very im-
portant. Only reference genes that are expressed 
stably under various experimental conditions can 
be considered ideal1-3. However, increasing stud-
ies have demonstrated that the expression levels 
of most RGs commonly used such as β-actin 
(ACTB), ribosomal RNA (18S rRNA), and glycer-
aldehyde-3-phosphate dehydrogenase (GAPDH), 
are variable across cell types or distinct tissues4-7, 
even between treatments of the same tissue8-10. 
Thus, identifying and choosing optimal reference 
genes before performing the study among various 
kinds of cell types and tissues at the gene expres-
sion level through relative quantification analysis 
are very important11.

Laryngeal cancer, also referred to as LC, is a 
common squamous cell carcinoma capable of de-
veloping in any part of the larynx, and the cure 
rate of laryngeal cancer is affected by the location 
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of the tumor. Therefore, for tumor staging, the 
larynx is divided into three anatomical regions: 
the glottis (true vocal cords, anterior and poste-
rior commissures); the supraglottis (epiglottis, 
arytenoids, aryepiglottic folds, and false cords); 
and the subglottis12. The hypopharynx can also be 
divided into three anatomic zones: the pyriform 
fossa, the back of the cricoid cartilage region, and 
the posterior wall of the hypopharynx region. Hy-
popharyngeal cancer occurs most often in the pir-
iform fossa, followed by the posterior wall of the 
hypopharynx region, and minimally, in the back 
of the cricoid cartilage region. Most (approxi-
mately 95%) primary malignant tumors in the 
hypopharynx are squamous cell carcinomas, and 
the combination of comprehensive therapy, sur-
gery, and radiation therapy is widely accepted as 
the most effective treatment. Location and TNM 
staging are the most important factors affecting 
the prognosis and treatment of hypopharyngeal 
cancer13. With great advances in cancer research 
using functional genomics and proteomics, in-
dividualized medicine has been made possible. 
However, the personalized treatment of disease, 
especially cancer, depends on identifying and val-
idating drivers of the disease. Real-time quanti-
tative polymerase chain reaction (RT-qPCR) is a 
technique that’s frequently utilized to investigate 
the gene expression differences14-16; therefore, es-
tablishing normalization standards for quantita-
tive gene expression studies of human laryngeal 
cancer (HLC) is important 17. To our best knowl-

edge at present, no study has been systematical-
ly performed on selecting the suitable reference 
genes for profiling human laryngeal cancer and 
hypopharyngeal cancer target genes between pa-
renchymal and paracancerous tissues.

Some genes including 18S rRNA, GAPDH, 
ACTB, beta-2-microglobulin (B2M), TATA-box 
binding protein (TBP), 5’-aminolevulinate syn-
thase 1 (ALAS1), ribosomal protein L29 (RPL29), 
hydroxymethylbilane synthase (HMBS), hypox-
anthine phosphoribosyltransferase 1 (HPRT1), 
glucuronidase beta (GUSB), and pumilio RNA 
binding family member 1 (PUM1) have been 
identified as optimal RGs in other cancers17-19. We 
validated these 11 candidate genes in order to pro-
vide useful information on selecting suitable ref-
erence genes in the future gene expression studies 
of HLC and hypopharyngeal cancer by RT-qPCR.

Patients and Methods 

Cancerous Laryngeal and 
Hypopharyngeal Tissue Samples

12 cancerous laryngeal tissues and 10 cancer-
ous hypopharyngeal tissues, of both parenchymal 
and paracancerous origin, were collected from 
Department of Otorhinolaryngology, Head and 
Neck Surgery at the First Clinical Hospital of Ji-
lin University (Changchun, Jilin, China). Patient 
clinicopathological characteristics and general in-
formation are summarized in Table I.

Table I. Clinicopathological characteristics of patients with laryngeal cancer and hypopharyngeal cancer.

Clinicopathological characteristic	                                          Value
	
	 Laryngeal cancer	 Hypopharyngeal cancer

Age (mean ± standard deviation; years)	 61.10 ± 7.61	 57.36 ± 7.06
Gender		
    Male	 9	 9
    Female	 3	 1
Histopathological type		
    Squamous cell carcinomas	 12	 10
    Adenocarcinoma	 0	 0
TNM stage*		
    Stage 0	 0	 0
    Stage I	 0	 0
    Stage II	 3	 0
    Stage III	 6	 3
    Stage IVa	 3	 6
    Stage IVb	 0	 1
    Stage IVc	 0	 0

According to the Union for International Cancer Control.
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Ethics Committee Approval
The Ethics Committee of the First Clinical 

Hospital of Jilin University fully understood and 
approved the present study, while written consent 
was obtained from each patient. 

RNA Extraction and 
Complementary DNA (cDNA) 
Synthesis

TRIzol reagent (Invitrogen Life Technolo-
gies, Waltham, MA, USA) was used to extract 
total RNA from 10-100 mg of the tissue samples. 
A NanoDrop 2000 spectrophotometer (Ther-
mo Fisher Scientific, Waltham, MA, USA) was 
used to measure the concentration and purity of 
the isolated RNA. DNase I was used to elimi-
nate residual genomic DNA, and 1 μg of total 
RNA was used for reverse transcription by the 
M-MuLV First-Strand cDNA Synthesis kit (San-
gon Company, Shanghai, China). All operations 
were carried out according to the manufacturer’s 
instructions.

RT-qPCR (Reverse-Transcrip
Quantitative PCR

The primer sequences of 11 candidate refer-
ence genes (18S rRNA, GAPDH, B2M, ACTB, 
TBP, ALAS1, RPL29, HMBS, HPRT1, GUSB, and 
PUM1) and a target gene (TLR2), all based on the 
previous studies17,20,21, are listed in Table II. The 
RT-qPCR was performed on a Roche LightCycler 
480 instrument (Roche, Basel, Switzerland) using 
2× SG Fast qPCR Master Mix (Sangon, Shang-
hai, China). All experiments were repeated twice, 
and the Cp-values were pre-converted into rela-
tive quantities (Q) using the equation Q = 2-ΔCp for 
subsequent statistical analysis22. This study was 
done with reference to MIQE recommendation23. 

Statistical Analysis
We divided the samples into 3 groups: total 

(both laryngeal and hypopharyngeal cancerous 
tissue), laryngeal cancer and hypopharyngeal 
cancer. Three algorithm programs, geNorm24, 
NormFinder25, and BestKeeper26, were utilized to 
assess the stability of the reference genes.

Table II. Summary of reference genes used in the present study.

Symbol	 Official full	 Accession	 Primer sequence	 Product
	   name	   No.		    size (bp)

18S rRNA	 18S ribosomal RNA	 NM_10098.1	 F: CGGCTACCACATCCAAGGAA	 186
			   R: GCTGGAATTACCGCGGCT	
GAPDH	 Glyceraldehyde-	 NM_002046.5	 F: GACAGTCAGCCGCATCTTCT	 127
	   3-phosphate 		  R: TTAAAAGCAGCCCTGGTGAC
	   dehydrogenase
B2M	 Beta-2-microglobulin	 NM_004048.2	 F: AGCGTACTCCAAAGATTCAGGTT	 306
			   R: ATGATGCTGCTTACATGTCTCGAT	
ACTB	 Actin, beta	 NM_001101.3	 F: AGAAAATCTGGCACCACACC	 173
			   R: TAGCACAGCCTGGATAGCAA	
ALAS1	 5’-aminolevulinate 	 NM_000688.5	 F: GGCAGCACAGATGAATCAGA	 150	
	   synthase 1		  R: CCTCCATCGGTTTTCACACT	
GUSB	 Glucuronidase, beta	 NM_000181.3	 F: AGCCAGTTCCTCATCAATGG	 160
			   R: GGTAGTGGCTGGTACGGAAA	
HPRT1	 Hypoxanthine 	 NM_000194.2	 F: GACCAGTCAACAGGGGACAT	 132
	   phosphoribosyl		  R: CCTGACCAAGGAAAGCAAAG
	   transferase 1	
HMBS	 Hydroxymethylbilane 	 NM_000190.3	 F: AGTGTGGTGGGAACCAGC	 144
	   synthase		  R: CAGGATGATGGCACTGAACTC	
PUM1	 Pumilio RNA-	 NM_001020658.1	 F: CAGGCTGCCTACCAACTCAT	 217
	   binding family 		  R: GTTCCCGAACCATCTCATTC
	   member 1	
RPL29	 Ribosomal protein L29	 NM_000992.2	 F: GGCGTTGTTGACCCTATTTC	 120
			   R: GTGTGTGGTGTGGTTCTTGG	
TBP	 TATA box binding 	 NM_003194.4	 F: TGCACAGGAGCCAAGAGTGAA	 132
	   protein		  R: CACATCACAGCTCCCCACCA	
TLR2	 Toll like receptor 2	 NC_000004.12	 F: GGTTCAAGCCCCTTTCTTCT	 117
			   R: TTCCCACTCTCAGGATTTGC

F: forward; R: reverse.
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Validation of Reference Genes
TLR2 acted as the target gene (TG) invalidating 

the control genes for the normalization of relative 
quantities in parenchymal and paracancerous tis-
sues. We evaluated the expression patterns of TLR2 
using each of the 11 reference genes as internal 
controls. In earlier studies, the transcription level of 
TLR2 was significantly higher in cancerous paren-
chymal tissue than in paracancerous tissue (ACTB 
served as the reference gene) 27. The relative quantity 
of each sample was normalized to that of each of the 
11 control genes using the 2-ΔΔCt method22.

Results 

Candidate Reference Gene 
Expression Levels

The expression profiles of the candidate RGs 
were reflected by their Cp-values, with higher 
Cp-value indicating lower levels of expression. 
The Cp-values of all the samples ranged between 
8.23 (18S rRNA, minimal Cp-value among all 3 
groups) and 37.48 (HPRT1, maximum Cp-value 
among all 3 groups) (Figure 1). All Cp-values are 
shown in Table III.

Expression Stability of the Candidat 
Reference Genes GeNor

HMBS and GUSB had the lowest M-values in 
the total and laryngeal groups as revealed by the 
geNorm algorithm, indicating the fact that they 
are the most stably expressed candidate genes in 
studies of cancerous human laryngeal and hypo-
pharyngeal tissues together and laryngeal cancer-
ous tissue by itself; TBP and HPRT1 had the low-
est M-values in the hypopharyngeal cancer group, 
indicating the fact that they are the most stably 
expressed candidate genes in human hypopha-
ryngeal cancerous tissues (Figure 2A). A combi-
nation of 10 reference genes was optimal for the 
total and laryngeal groups, with V10/11 values of 
0.142 for both; a combination of 9 RGs was opti-
mal for the hypopharyngeal group, with a V9/10 
value of 0.150 (Figure 2B).

NormFinder
As shown in Figure 3, NormFinder showed 

that the combination of HMBS and HPRT1 had 
the lowest stability value (0.138), indicating that 
the HMBS + HPRT1 combination was optimal for 
the total group. When used as a single reference 
gene, HMBS was considered as the most stable 

candidate gene in total, followed by HPRT1. In the 
laryngeal group, ALAS1 was considered the most 
stable candidate gene, followed by GAPDH. In the 
hypopharyngeal group, B2M was considered the 
most stable candidate gene, followed by HPRT1.

BestKeeper
The BestKeeper program can evaluate only 

10 candidate genes at a time. Even though the 
most unstable candidate reference genes ranked 
by geNorm and NormFinder in the laryngeal and 
hypopharyngeal cancer groups were the same, 
they were ranked differently in the total group. 

Figure 1. Cp-values of the candidate reference genes in the 
total group (n=22) (A), the laryngeal cancer group (n=12) 
(B), and the hypopharyngeal cancer group (n=10) (C). The 
dots represent the average Cp-values of each candidate 
reference gene, while the bars represent the minimum and 
maximum Cp-values.

A

B

C
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To avoid standard confusion, we considered only 
the geNorm result and removed the most unstable 
candidate genes from each group before analysis. 
BestKeeper showed the most stable candidate 
reference gene in both the overall and laryngeal 
groups to be HPRT1, followed by 18S rRNA and 
ALAS1, while in the hypopharyngeal group, the 
most stable internal reference gene was ACTB, 
followed by B2M and HPRT1 (Figure 4).

Final Candidate Reference 
Gene Rankings

The M-values obtained from geNorm, the sta-
bility values obtained from NormFinder, the R-val-
ues obtained from BestKeeper, and the candidate 

reference gene rankings obtained from all 3 pro-
grams are listed in Table IV. Because the candidate 
gene rankings varied slightly, the geometric means 
of the rankings from the 3 programs were calculat-
ed to provide an overall ranking regarding the best 
candidate reference genes11. Smaller geometric 
means are correlated with more stable candidate 
gene expression28. The final rankings of the candi-
date RGs are also provided in Table IV. According 
to this ranking, HMBS was considered the optimal 
reference gene for studying human laryngeal and 
hypopharyngeal cancerous tissues together, fol-
lowed by HPRT1; ALAS1 was considered the op-
timal reference gene for studying human laryngeal 
cancerous tissue by itself, followed by GUSB; and 

Figure 2. GeNorm analysis of expression stability. A, The x-axis indicates the gene rankings according to their expression 
stability, and the y-axis shows the M-values (total group n=22, laryngeal cancer group n=12, hypopharyngeal cancer group n=10). 
B, The x-axis indicates the number of genes that should be used in combination to achieve satisfactory accuracy in relative 
quantification analysis, and the y-axis shows the pairwise variation values (n=22).

A

B

Table III. Ct values of candidate control genes in various groups (x̅ ± s).

Group	 Total group	 Laryngeal cancer group	 Hypopharyngeal
	 (n=44)	 (n=24)	 Cancer group (n=20)

18S rRNA	 11.83 ± 2.13	 11.64 ± 1.93	 12.07 ± 2.37
GAPDH	 27.13 ± 1.22	 27.27 ± 1.29	 26.98 ± 1.31
B2M	 27.21 ± 1.70	 26.90 ± 1.69	 27.59 ± 1.68
ACTB	 28.95 ± 2.50	 28.38 ± 2.45	 29.63 ± 2.43
TBP	 29.13 ± 1.69	 28.59 ± 1.59	 29.77 ± 1.61
ALAS1	 29.62 ± 1.54	 29.84 ± 1.52	 29.35 ± 1.56
RPL29	 30.16 ± 1.72	 30.25 ± 1.92	 30.05 ± 1.48
HMBS	 30.45 ± 1.27	 30.35 ± 1.35	 30.58 ± 1.18
HPRT1	 32.95 ± 1.99	 32.85 ± 2.28	 33.07 ± 1.63
GUSB	 32.99 ± 1.38	 32.95 ± 1.44	 33.04 ± 1.34



W.-Z. Yin, Q.-W. Yang, K. Niu, M. Ren, D. He, W.-Z. Song

4204

B2M was considered the optimal reference gene 
for studying human hypopharyngeal cancerous 
tissue by itself, followed by HPRT1.

Validation of Reference Genes
In the total group, TLR2 transcript levels were 

significantly higher in cancerous parenchymal tis-
sue than in paracancerous one when normalizing 
the expression patterns of TLR2 using GAPDH, 
ACTB, TBP, B2M, HMBS, ALAS1, GUSB, and 
PUM1 as reference genes. In both the larynge-
al and hypopharyngeal cancer groups, the TLR2 
transcript levels were significantly higher in can-
cerous parenchymal tissue than in paracancerous 
one when using GAPDH, ACTB, B2M, HMBS, 
ALAS1, GUSB, and PUM1 as reference genes 
(Figure 5). Curiously, normalization in each group 
based on 18S rRNA yielded the opposite results. 

Discussion

In this study, the stability and applicability of 
reference genes were systematically evaluated to 
identify optimal reference genes for performing 
more accurate relative quantification analysis of 
target gene expression in human laryngeal and 
hypopharyngeal cancers. HMBS, ALAS1, and 
B2M were suggested to be the optimal RGs for 
studying human laryngeal and hypopharyngeal 
cancerous tissues together, laryngeal cancerous 
tissue by itself, and hypopharyngeal cancerous 
tissue by itself, respectively. If 2 or more reference 
genes were needed to achieve better standardiza-

Figure 3. NormFinder analysis of expression stability. The 
x-axis indicates the gene rankings according to their expres-
sion stability, and the y-axis shows the stability values (total 
group n=22, laryngeal cancer group n=12, hypopharyngeal 
cancer group n=10).

A

B

C

Figure 4. BestKeeper analysis of expression stability. The 
x-axis indicates the gene rankings according to their expres-
sion stability, and the y-axis shows the R values (total group 
n=22, laryngeal cancer group n=12, hypopharyngeal cancer 
group n=10).

A

B

C
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tion effects, the HMBS + HPRT1 + GUSB combi-
nation was considered optimal for the total group, 
the ALAS1 + GUSB + HMBS combination was 
considered optimal for laryngeal cancerous tis-
sue, and the B2M + HPRT1 + TBP combination 
was considered optimal for the hypopharyngeal 
cancerous tissue.

In the present study, both parenchymal and 
paracancerous human laryngeal and hypopha-
ryngeal cancerous tissues were investigated. Due 
to limitations in indications for surgery, biopsy 
specimens were not selected by grades or stages. 
According to previous researches18,29, the expres-
sion levels of the selected RGs are not directly 

Table IV. Overall comparison of candidate reference genes’ stability.

Rank	       Program							     
  (weight)	 geNorm	 NormFinder	 BestKeeper	 Final ranking

	 Gene	 M-value	 Gene	 Stability	 Gene	 R-value	 Gene	 Geo
				    value				    Mean

Total group
        1	 HMBS	 1.062	 HMBS	 0.182 	 HPRT1	 0.872 	 HMBS	 1.913 
        2	 GUSB	 1.062	 HPRT1	 0.199 	 18S rRNA	 0.849 	 HPRT1	 2.410 
        3	 GAPDH	 1.217	 GUSB	 0.264 	 ALAS1	 0.826 	 GUSB	 3.107 
        4	 ALAS1	 1.274	 B2M	 0.285 	 B2M	 0.808 	 B2M	 4.309 
        5	 B2M	 1.318	 18S rRNA	 0.308 	 RPL29	 0.759 	 GAPDH	 4.762 
        6	 RPL29	 1.388	 GAPDH	 0.316 	 GAPDH	 0.737 	 ALAS1	 4.762 
        7	 HPRT1	 1.427	 RPL29	 0.323 	 HMBS	 0.729 	 18S rRNA	 4.791 
        8	 PUM1	 1.476	 PUM1	 0.348 	 TBP	 0.657 	 RPL29	 5.944 
        9	 TBP	 1.526	 ALAS1	 0.365 	 GUSB	 0.649 	 PUM1	 8.320 
      10	 ACTB	 1.594	 TBP	 0.421 	 PUM1	 0.649 	 TBP	 8.963 
      11	 18S rRNA	 1.649	 ACTB	 0.446 	 ACTB	      –	 ACTB	 10.488 

Laryngeal cancer group							     
        1	 HMBS	 1.003	 ALAS1	 0.507	 HPRT1	 0.900 	 ALAS1	 2.080 
        2	 GUSB	 1.003	 GAPDH	 0.612	 18S rRNA	 0.894 	 GUSB	 2.289 
        3	 ALAS1	 1.007	 GUSB	 0.649	 ALAS1	 0.871 	 HMBS	 3.302 
        4	 GAPDH	 1.183	 HMBS	 0.694	 GUSB	 0.798 	 GAPDH	 3.826 
        5	 B2M	 1.246	 B2M	 0.736	 RPL29	 0.794 	 HPRT1	 3.979 
        6	 PUM1	 1.331	 18S rRNA	 0.778	 B2M	 0.780 	 18S rRNA	 4.380 
        7	 18S rRNA	 1.393	 HPRT1	 0.824	 GAPDH	 0.771 	 B2M	 5.313 
        8	 RPL29	 1.444	 PUM1	 0.895	 PUM1	 0.723 	 RPL29	 7.114 
        9	 HPRT1	 1.499	 RPL29	 0.927	 HMBS	 0.709 	 PUM1	 7.268 
      10	 TBP	 1.562	 TBP	 1.006	 TBP	 0.550 	 TBP	 10.000 
      11	 ACTB	 1.617	 ACTB	 1.053	 ACTB	 –	 ACTB	 11.000 

Hypopharyngeal cancer group					   
        1	 TBP	 0.810	 B2M	 0.496	 ACTB	 0.964 	 B2M	 1.817 
        2	 HPRT1	 0.810	 HPRT1	 0.535	 B2M	 0.918 	 HPRT1	 1.817 
        3	 B2M	 1.032	 HMBS	 0.542	 HPRT1	 0.889 	 TBP	 2.520 
        4	 GAPDH	 1.115	 TBP	 0.551	 TBP	 0.865 	 ACTB	 4.000 
        5	 HMBS	 1.148	 GAPDH	 0.597	 HMBS	 0.813 	 HMBS	 4.217 
        6	 RPL29	 1.176	 ALAS1	 0.632	 ALAS1	 0.804 	 GAPDH	 5.429 
        7	 ALAS1	 1.214	 RPL29	 0.689	 RPL29	 0.775 	 ALAS1	 6.316 
        8	 ACTB	 1.292	 ACTB	 0.936	 GAPDH	 0.766 	 RPL29	 6.649 
        9	 PUM1	 1.375	 GUSB	 1.010	 PUM1	 0.679 	 PUM1	 9.322 
      10	 GUSB	 1.448	 PUM1	 1.011	 GUSB	 0.466 	 GUSB	 9.655 
      11	 18S rRNA	 1.581	 18S rRNA	 1.334	 18S rRNA	 –	 18S rRNA	 11.000
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associated with the grade or stage of malignant 
tumors. The specimens were confirmed by the 
Hospital’s Pathology Department as malignant, 
and the samples used here were the most common 
pathological types of squamous cell carcinoma.

Eleven candidate genes in the present study 
(18S rRNA, GAPDH, B2M, ACTB, TBP, ALAS1, 
RPL29, HMBS, HPRT1, GUSB, and PUM1) 
were commonly used for relative quantification 
analysis of human tissues or cell lines, and the 
primer sequences were derived from the previ-
ous studies5-7,11,14. The expression levels of the 
11 genes determined by RT-qPCR are present-
ed as Cp-values. In this study, the Cp-values of 
all the samples ranged between 8.23 (18S rRNA) 
and 37.48 (HPRT1). These values were within 
an acceptable range, and these genes could thus 
be used as candidate reference genes, as shown 
in the previous studies11,30,31. To more accurately 
assess reference gene expression patterns, three 
specialized programs (geNorm, NormFinder, 
and BestKeeper) were employed for data anal-
ysis. The 3 programs provided slightly different 
candidate gene expression stability rankings, 
possibly because of their different calculation 
algorithms32,33. For instance, in the total group, 
geNorm ranked the top four genes in the order 
of HMBS, GUSB, GAPDH, and ALAS1, while 
NormFinder ranked them as HMBS, HPRT1, 
GUSB, and B2M. Furthermore, BestKeeper in-
cluded an alternative gene and ranked the top 
four genes as HPRT1, 18S rRNA, ALAS1, and 
B2M. In the total group, HMBS was ranked as 
first by both geNorm and NormFinder but as 
seventh by BestKeeper. However, regardless of 
which program was applied, the last two genes 

were almost the same in each group. In recent 
studies, RPL family genes showed high stabil-
ity in both human breast cancer cell lines and 
formalin-fixed, paraffin-embedded (FFPE) biop-
sies, but GAPDH performed poorly34. GAPDH 
was also found to be unsuitable for the study of 
bladder cancer cells, in which B2M was con-
sidered the most reliable reference gene35. In 
the study of endometrial carcinoma, PUM1 and 
PPIA showed high stability, but RPL family 
genes performed poorly36. Taken together, these 
findings reinforce the notion that the expression 
of reference genes is context dependent and var-
ies largely across different cell types or between 
treatments in the same cell type. Thus, validat-
ing and evaluating the expression stabilities of 
reference genes and selecting the most stable 
reference gene is key to experimental accuracy 
before subsequent quantitative studies are per-
formed in different samples or experimental 
conditions11. Since the expression stabilities of 
candidate genes were ranked slightly different-
ly, the geometric means of the ranking numbers 
from the 3 programs were calculated to provide 
a ranking of the overall best candidate reference 
genes. Smaller geometric means were correlated 
with more stable candidate gene expression11,28. 
The final candidate reference gene rankings sug-
gested HMBS, ALAS1, and B2M as the optimal 
RGs for studies of human laryngeal and hypo-
pharyngeal cancerous tissues together, laryngeal 
cancerous tissue by itself, and hypopharyngeal 
cancerous tissue by itself, respectively. In ad-
dition, Minimum Information for Publication 
of Quantitative Real-Time PCR Experiments 
(MIQE) guidelines states that normalization can 

Figure 5. Relative quantities of the TLR2 target gene in parenchymal and paracancerous human laryngeal and hypopharyngeal 
cancerous tissues using different normalization approaches (n=22).
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be further improved by using multiple reference 
genes22. When multiple reference genes were uti-
lized to improve the accuracy of relative quanti-
fication analysis, 9-10 reference genes in com-
bination were suggested to be optimal for each 
group when considering the V value results that 
were provided by the geNorm program. How-
ever, according to the standardized principle of 
relative quantification analysis, this result only 
provides guidance for deciding how many refer-
ence genes should be used in combination to fur-
ther improve normalization24 instead of provid-
ing a stringent standard consideration. Previous 
studies recommend that using 3 internal control 
genes in combination is accurate enough to per-
form a relative quantitative investigation11,37. 
Comprehensively considering the results of all 
3 programs, the recommended combinations are 
listed as follow: for the total group combination, 
it was HMBS + HPRT1 + GUSB; for the refer-
ence gene combination regarding the laryngeal 
cancerous tissue group, it was ALAS1 + GUSB + 
HMBS; and for the reference gene combination 
regarding the hypopharyngeal cancerous tissue 
group, it was B2M + HPRT1 + TBP. To evaluate 
the functional significance of the reference gene 
results, we analyzed the relative expression of 
the TLR2 gene, whose pattern has already been 
described for parenchymal and paracancerous 
human laryngeal and hypopharyngeal cancerous 
tissues38. TLR2 is dramatically more up-regulat-
ed in cancerous laryngeal and hypopharyngeal 
parenchymal tissues than in paracancerous ones. 
In fact, when expression was normalized using 
the most stable RGs suggested by the final rank-
ing as the endogenous control, expression of the 
TLR2 transcript was found to be significantly 
increased in cancer parenchymal tissue com-
pared with paracancerous one (Figure 5), which 
was consistent with the pattern of TLR2 expres-
sion in laryngeal and hypopharyngeal cancer-
ous tissues. Curiously, when the expression was 
normalized using 18S rRNA in each group, the 
opposite results were obtained, which was con-
sistent with our experimental results in that 18S 
rRNA ranked lower on the stability list.

Conclusions

Because mRNA expression varies largely in 
tissues between individuals, validating the ex-
pression stabilities of reference genes and select-
ing the most stable reference gene before further 

quantitative studies are performed in tissue sam-
ples are very important. The present study’s aim 
is to analyze and evaluate the expression stability 
of reference genes in cancerous human laryngeal 
and hypopharyngeal tissues. To simultaneously 
investigate human laryngeal and hypopharyn-
geal cancerous tissues, the HMBS gene or the 
HMBS + HPRT1 + GUSB genes in combina-
tion were considered the most suitable reference 
genes. For the study on laryngeal cancerous tis-
sues, the ALAS1 gene or the ALAS1 + GUSB 
+ HMBS genes in combination were considered 
the most suitable reference genes. For the study 
on hypopharyngeal cancerous tissues, the B2M 
gene or the B2M + HPRT1 + TBP genes in com-
bination were considered the most suitable ref-
erence genes. This information is significant for 
other researchers that need to evaluate mRNA 
expression in these tissues and experimental 
conditions. Selecting the most stable reference 
gene before performing additional quantitative 
studies in diverse samples or experimental con-
ditions is recommended. Our recommended RGs 
might increase the accuracy of quantitating tar-
get gene expression during investigations of the 
molecular mechanisms of human laryngeal and 
hypopharyngeal cancers. The selected combina-
tion of reference genes can effectively improve 
the accuracy of the relative quantitative diagno-
sis of gene expression levels, such as messenger 
RNA, circular RNA, and long-noncoding RNA.

Acknowledgments
This work was supported by Grants from the Natural 
Science Foundation of China (81372900), the Science and 
Technology Development Plan of Jilin Province of China 
(20110708, 20120713, 20140101055JC and 20180520111JH), 
the Health Scientific Research Foundation of Jilin Province 
of China (2015Q024), the Second Hospital of Jilin Universi-
ty (KYPY2018-02), Development and Reform Commission 
of Jilin Provincial (2019C049-8), and Bethune Project of 
Jilin University (2018B04).

Authors’ statement
The manuscript has been read and approved by all the 
authors, that the requirements for authorship as stated ear-
lier in this document have been met, and that each author 
believes that the manuscript represents honest work.

Conflict of Interests
The authors declare that they have no conflicts of interest.



W.-Z. Yin, Q.-W. Yang, K. Niu, M. Ren, D. He, W.-Z. Song

4208

References

    1)	 Radonic A, Thulke S, Mackay IM, Landt O, Siegert W, 
Nitsche A. Guideline to reference gene selection for 
quantitative real-time PCR. Biochem Biophys Res 
Commun 2004; 313: 856-862.

    2)	Derveaux S, Vandesompele J, Hellemans J. How to 
do successful gene expression analysis using re-
al-time PCR. Methods 2010; 50: 227-230.

    3)	Yang Q, Li X, Ali HA, Yu S, Zhang Y, Wu M, Gao 
S, Zhao G, Du Z, Zhang G. Evaluation of suitable 
control genes for quantitative polymerase chain 
reaction analysis of maternal plasma cell-free DNA. 
Mol Med Rep 2015; 12: 7728-7734.

    4)	Ali H, Du Z, Li X, Yang Q, Zhang YC, Wu M, Li Y, 
Zhang G. Identification of suitable reference genes 
for gene expression studies using quantitative poly-
merase chain reaction in lung cancer in vitro. Mol 
Med Rep 2015; 11: 3767-3773.

    5)	Ma H, Yang Q, Li D, Liu J. Validation of suitable 
reference genes for quantitative polymerase chain 
reaction analysis in rabbit bone marrow mesenchy-
mal stem cell differentiation. Mol Med Rep 2015; 12: 
2961-2968.

    6)	Yang Q, Ali HA, Yu S, Zhang L, Li X, Du Z, Zhang 
G. Evaluation and validation of the suitable control 
genes for quantitative PCR studies in plasma DNA 
for noninvasive prenatal diagnosis. Int J Mol Med 
2014; 34: 1681-1687.

    7)	Yu S, Yang Q, Yang JH, Du Z, Zhang G. Identification 
of suitable reference genes for investigating gene 
expression in human gallbladder carcinoma using 
reverse transcription quantitative polymerase chain 
reaction. Mol Med Rep 2015; 11: 2967-2974.

    8)	Li X, Yang Q, Bai J, Xuan Y, Wang Y. Identification 
of appropriate reference genes for human mesen-
chymal stem cell analysis by quantitative real-time 
PCR. Biotechnol Lett 2015; 37: 67-73.

    9)	Song W, Zhang WH, Zhang H, Li Y, Zhang Y, Yin W, 
Yang Q. Validation of housekeeping genes for the 
normalization of RT-qPCR expression studies in 
oral squamous cell carcinoma cell line treated by 5 
kinds of chemotherapy drugs. Cell Mol Biol (Noisy-
le-grand) 2016; 62: 29-34.

  10)	Song W, Wang D, Ren M, Li Y, Huang Z, Wei C, Yin 
W, Yang Q, Yang W. Growth inhibition effect and 
validation of stable expressed reference genes for 
near-infrared photothermal therapy mediated by 
gold nanoflower particles on human tongue carci-
noma Tca-8113 cells. J Biomed Nanotechnol 2017; 
13: 1158-1167.

  11)	 Song W, Li Y, Ren M, Wang D, Li Y, Zhang T, Yin 
W, Yang Q. Validation of reference genes for the 
normalization of qRT-PCR expression studies in 
head and neck squamous cell carcinoma cell lines 
treated by different chemotherapy drugs. Int J Clin 
Exp Med 2018; 11: 2430-2437.

  12)	Lozano R, Naghavi M, Foreman K, Lim S, Shibuya K, 
Aboyans V, Abraham J, Adair T, Aggarwal R, Ahn SY, Al-
varado M, Anderson HR, Anderson LM, Andrews KG, 
Atkinson C, Baddour LM, Barker-Collo S, Bartels DH, 
Bell ML, Benjamin EJ, Bennett D, Bhalla K, Bikbov B, 
Bin Abdulhak A, Birbeck G, Blyth F, Bolliger I, Boufous 
S, Bucello C, Burch M, Burney P, Carapetis J, Chen H, 
Chou D, Chugh SS, Coffeng LE, Colan SD, Colquhoun 

S, Colson KE, Condon J, Connor MD, Cooper LT, Cor-
riere M, Cortinovis M, de Vaccaro KC, Couser W, Cowie 
BC, Criqui MH, Cross M, Dabhadkar KC, Dahodwala 
N, De Leo D, Degenhardt L, Delossantos A, Denenberg 
J, Des Jarlais DC, Dharmaratne SD, Dorsey ER, Driscoll 
T, Duber H, Ebel B, Erwin PJ, Espindola P, Ezzati M, 
Feigin V, Flaxman AD, Forouzanfar MH, Fowkes FG, 
Franklin R, Fransen M, Freeman MK, Gabriel SE, Ga-
kidou E, Gaspari F, Gillum RF, Gonzalez-Medina D, 
Halasa YA, Haring D, Harrison JE, Havmoeller R, Hay 
RJ, Hoen B, Hotez PJ, Hoy D, Jacobsen KH, James 
SL, Jasrasaria R, Jayaraman S, Johns N, Karthikeyan 
G, Kassebaum N, Keren A, Khoo JP, Knowlton LM, 
Kobusingye O, Koranteng A, Krishnamurthi R, Lipnick 
M, Lipshultz SE, Ohno SL, Mabweijano J, MacIntyre 
MF, Mallinger L, March L, Marks GB, Marks R, Mat-
sumori A, Matzopoulos R, Mayosi BM, McAnulty JH, 
McDermott MM, McGrath J, Mensah GA, Merriman 
TR, Michaud C, Miller M, Miller TR, Mock C, Mocumbi 
AO, Mokdad AA, Moran A, Mulholland K, Nair MN, 
Naldi L, Narayan KM, Nasseri K, Norman P, O’Donnell 
M, Omer SB, Ortblad K, Osborne R, Ozgediz D, Pahari 
B, Pandian JD, Rivero AP, Padilla RP, Perez-Ruiz F, 
Perico N, Phillips D, Pierce K, Pope CA 3rd, Porrini E, 
Pourmalek F, Raju M, Ranganathan D, Rehm JT, Rein 
DB, Remuzzi G, Rivara FP, Roberts T, De León FR, Ros-
enfeld LC, Rushton L, Sacco RL, Salomon JA, Sampson 
U, Sanman E, Schwebel DC, Segui-Gomez M, Shepard 
DS, Singh D, Singleton J, Sliwa K, Smith E, Steer A, 
Taylor JA, Thomas B, Tleyjeh IM, Towbin JA, Truelsen 
T, Undurraga EA, Venketasubramanian N, Vijayakumar 
L, Vos T, Wagner GR, Wang M, Wang W, Watt K, 
Weinstock MA, Weintraub R, Wilkinson JD, Woolf AD, 
Wulf S, Yeh PH, Yip P, Zabetian A, Zheng ZJ, Lopez 
AD, Murray CJ, AlMazroa MA, Memish ZA. Global 
and regional mortality from 235 causes of death 
for 20 age groups in 1990 and 2010: a systematic 
analysis for the Global Burden of Disease Study 
2010. Lancet 2012; 380: 2095-2128.

  13)	Milisavljevic D, Stankovic M, Zivic M, Popovic M, Rado-
vanovic Z. Factors affecting results of treatment of 
hypopharyngeal carcinoma. Hippokratia 2009; 13: 
154-60.

  14)	 Tan J, Jing YY, Han L, Zheng HW, Shen JX, Zhang LH, 
Yu LS. MicroRNA-203 inhibits invasion and induces 
apoptosis of laryngeal cancer cells via targeting 
LASP1. Eur Rev Med Pharmacol Sci 2018; 22: 
6350-6357.

  15)	Feng WT, Yao R, Xu LJ, Zhong XM, Liu H, Sun Y, Zhou 
LL. Effect of miR-363 on the proliferation, invasion, 
and apoptosis of laryngeal cancer by targeting 
Mcl-1. Eur Rev Med Pharmacol Sci 2018; 22: 4564-
4572.

  16)	Xie ZZ, Xiao ZC, Song YX, Li W, Tan GL. Long 
non-coding RNA Dleu2 affects proliferation, migra-
tion and invasion ability of laryngeal carcinoma cells 
through triggering miR-16-1 pathway. Eur Rev Med 
Pharmacol Sci 2018; 22: 1963-1970.

  17)	Wang X, He J, Wang W, Ren M, Gao S, Zhao G, Wang 
J, Yang Q. Validation of internal reference genes for 
relative quantitation studies of gene expression in 
human laryngeal cancer. PeerJ 2016; 4: e2763.

  18)	 Ohl F, Jung M, Xu C, Stephan C, Rabien A, Burkhardt M, 
Nitsche A, Kristiansen G, Loening SA, Radonić A, Jung 
K. Gene expression studies in prostate cancer tissue: 



Reference genes expression stability in human laryngeal/hypopharyngeal cancer

4209

which reference gene should be selected for normal-
ization? J Mol Med (Berl) 2005; 83: 1014-1024.

  19)	Huan P, Maosheng T, Zhiqian H, Long C, Xiaojun Y. 
TLR4 expression in normal gallbladder, chronic 
cholecystitis and gallbladder carcinoma. Hepato-
gastroenterology 2012; 59: 42-46.

  20)	Battula VL, Bareiss PM, Treml S, Conrad S, Albert 
I, Hojak S, Abele H, Schewe B, Just L, Skutella T, 
Bühring HJ. Human placenta and bone marrow 
derived MSC cultured in serum-free, b-FGF-con-
taining medium express cell surface frizzled-9 and 
SSEA-4 and give rise to multilineage differentiation. 
Differentiation 2007; 75: 279-291.

  21)	 Mane VP, Heuer MA, Hillyer P, Navarro MB, Rabin RL. 
Systematic method for determining an ideal house-
keeping gene for real-time PCR analysis. J Biomol 
Tech 2008; 19: 342-347.

  22)	Livak KJ, Schmittgen TD. Analysis of relative gene ex-
pression data using real-time quantitative PCR and 
the 2(-Delta Delta C(T)) method. Methods 2001; 25: 
402-408.

  23)	Bustin SA, Benes V, Garson JA, Hellemans J, Huggett J, 
Kubista M, Mueller R, Nolan T, Pfaffl MW, Shipley GL, 
Vandesompele J, Wittwer CT. The MIQE guidelines: 
minimum information for publication of quantitative 
real-time PCR experiments. Clin Chem 2009; 55: 
611-622.

  24)	Vandesompele J, De Preter K, Pattyn F, Poppe B, Van Roy 
N, De Paepe A, Speleman F. Accurate normalization of 
real-time quantitative RT-PCR data by geometric 
averaging of multiple internal control genes. Ge-
nome Biol 2002; 3: RESEARCH0034.

  25)	Andersen CL, Jensen JL, Orntoft TF. Normalization 
of real-time quantitative reverse transcription-PCR 
data: a model-based variance estimation approach 
to identify genes suited for normalization, applied 
to bladder and colon cancer data sets. Cancer Res 
2004; 64: 5245-5250.

  26)	Pfaffl MW, Tichopad A, Prgomet C, Neuvians TP. De-
termination of stable housekeeping genes, differen-
tially regulated target genes and sample integrity: 
bestkeeper--excel-based tool using pair-wise cor-
relations. Biotechnol Lett 2004; 26: 509-515.

  27)	Wang X, Wang J, Liu L, Liang G, Chen X, Xu X. 
Expression and clinical significance of TLR2 in 
laryngeal carcinoma tissue. Lin Chung Er Bi Yan 
Hou Tou Jing Wai Ke Za Zhi 2013; 27: 629-632.

  28)	Chen D, Pan X, Xiao P, Farwell MA, Zhang B. Evalu-
ation and identification of reliable reference genes 
for pharmacogenomics, toxicogenomics, and small 
RNA expression analysis. J Cell Physiol 2011; 226: 
2469-2477.

  29)	Wan H, Zhao Z, Qian C, Sui Y, Malik AA, Chen J. 
Selection of appropriate reference genes for gene 
expression studies by quantitative real-time poly-
merase chain reaction in cucumber. Anal Biochem 
2010; 399: 257-261.

  30)	Jiang Q, Wang F, Li MY, Ma J, Tan GF, Xiong AS. 
Selection of suitable reference genes for qPCR 
normalization under abiotic stresses in Oenanthe 
javanica (BI.) DC. PLoS One 2014; 9: e92262.

  31)	 Wan H, Yuan W, Ruan M, Ye Q, Wang R, Li Z, Zhou 
G, Yao Z, Zhao J, Liu S, Yang Y. Identification of ref-
erence genes for reverse transcription quantitative 
real-time PCR normalization in pepper (Capsicum 
annuum L.). Biochem Biophys Res Commun 2011; 
416: 24-30.

  32)	Chang E, Shi S, Liu J, Cheng T, Xue L, Yang X, Yang 
W, Lan Q, Jiang Z. Selection of reference genes for 
quantitative gene expression studies in Platycla-
dus orientalis (Cupressaceae) using real-time PCR. 
PLoS One 2012; 7: e33278.

  33)	Bruge F, Venditti E, Tiano L, Littarru GP, Damiani E. 
Reference gene validation for qPCR on normox-
ia- and hypoxia-cultured human dermal fibroblasts 
exposed to UVA: is beta-actin a reliable normalizer 
for photoaging studies? J Biotechnol 2011; 156: 153-
162.

  34)	El Hadi H, Abdellaoui-Maane I, Kottwitz D, El Amrani 
M, Bouchoutrouch N, Qmichou Z, Karkouri M, ElAt-
tar H, Errihani H, Fernandez PL, Bakri Y, Sefrioui H, 
Moumen A. Development and evaluation of a novel 
RT-qPCR based test for the quantification of HER2 
gene expression in breast cancer. Gene 2017; 605: 
114-122.

  35)	Lima L, Gaiteiro C, Peixoto A, Soares J, Neves M, San-
tos LL, Ferreira JA. Reference genes for addressing 
gene expression of bladder cancer cell models un-
der hypoxia: a step towards transcriptomic studies. 
PLoS One 2016; 11: e0166120.

  36)	Ayakannu T, Taylor AH, Willets JM, Brown L, Lambert 
DG, McDonald J, Davies Q, Moss EL. Validation of 
endogenous control reference genes for normaliz-
ing gene expression studies in endometrial carcino-
ma. Mol Hum Reprod 2015; 21: 723-735.

  37)	Wisnieski F, Calcagno DQ, Leal MF, dos Santos LC, 
Gigek Cde O, Chen ES, Pontes TB, Assumpção PP, de 
Assumpção MB, Demachki S, Burbano RR, Smith Mde A. 
Reference genes for quantitative RT-PCR data in 
gastric tissues and cell lines. World J Gastroenterol 
2013; 19: 7121-7128.

  38)	Liu Z, Lei X, Li X, Cai JM, Gao F, Yang YY. Toll-like 
receptors and radiation protection. Eur Rev Med 
Pharmacol Sci 2018; 22: 31-39.

.


