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Abstract
Primary laryngeal epithelial cells are essential to exploring the mechanisms of laryngeal and voice disorders; however, they are
difficult to study and apply because of their limited life span. The purpose of this study was to develop a stable and reliable in
vitro model for the comprehensive study of the pathogenesis of laryngeal and voice diseases. The pLVTHM-Bmi1 plasmid was
constructed and used to immortalize primary laryngeal epithelial cells by lentiviral infection. The expressions of Bmi1, human
telomerase reverse transcriptase (hTERT), p53, and pRB pathway proteins were detected by western blotting. Functional
characteristics of the immortalized cell lines were verified by cell senescence b-galactosidase staining, 5-ethynyl-20-deox-
yuridine cell proliferation test, and flow cytometry. We successfully introduced Bmi into human subglottic (hSG) cells and
human ventricle (hV) cells. Both the human immortalized subglottic Bmi1 (hSG-Bmi1) cell line and the human immortalized
ventricle Bmi1 (hV-Bmi1) cell line maintained normal epithelial morphology and divided successfully after more than 20 culture
passages. As Bmi1 was overexpressed in these cells, the expression of human telomerase reverse transcriptase (hTERT) and
phosphorylated Rb increased while p16 and p21 decreased. Following Bmi1-mediated immortalization, cell senescence
decreased significantly, and cell proliferation was accelerated. Tumor formation was not observed for hSG, hV, or hSG-Bmi1,
and hV-Bmi1 cells in nude mice. hSG-Bmi1 cells dominated by stratified squamous epithelium and hV-Bmi1 cells dominated by
columnar cells were established. The new cell lines lay a foundation for the study of the pathogenic mechanisms of laryngeal
and voice diseases.
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Introduction

Laryngeal and voice diseases are progressively becoming

more common and can have severe impacts on the quality

of life of patients1,2. Although laryngeal and voice disorders

are associated with a variety of pathogenic factors, such as

alcohol, smoking, human papillomavirus (HPV), and laryn-

gopharyngeal reflux (LPR)3–5, the exact mechanism govern-

ing pathogenesis is not fully understood. Moreover, the

incidence of different pathogenic factors is not the same for

the entire laryngeal cavity. HPV mainly infects the vocal

cords, ventricular folds, and epiglottic larynx, but an infec-

tion in the subglottic region is rare6. In contrast, the subglot-

tic mucosa was the most susceptible to LPR injury and the

posterior commissure the least7. Therefore, to explore the

different pathogenic factors in laryngeal and voice disorders

comprehensively, an analysis of the different laryngeal

regions is necessary.

In our previous study, we identified and cultured laryn-

geal epithelial cells from different areas of the laryngeal

cavity successfully, namely, the postcricoid region, the lar-

yngeal surface of the epiglottis, the subglottis, and the
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ventricular zone8. Primary cells can maintain the basic prop-

erties of in vivo cells, thus allowing for the study of mole-

cular biological mechanisms to improve treatment.

However, primary cells undergo a limited number of cell

divisions in culture before they enter a nondividing state

known as “senescence,” thus adding some limitations for

cell research9. We also found that primary laryngeal epithe-

lial cells from the fourth generation became largely senes-

cent, cell volume increased, morphological changes

occurred, cell proliferation was attenuated, and cellular

death increased. This means that it would be difficult to

obtain enough cells for basic research on laryngeal and

voice diseases.

On the other hand, senescent cells display different

expression patterns of important genes such as those encod-

ing p15, p16, p18, p19, p21, p27, and p5710,11. This leads to

contradictory results between experiments conducted with

different batches of cells, even without stimulation. There-

fore, to further study the mechanism of laryngeal and voice

disorders, we aimed to construct a laryngeal immortalized

epithelial cell line and establish an improved cell model.

The first two immortalized laryngeal epithelial cell lines

were established by the exogenous introduction of a

lentivirus-encoding HPV E6/E712 or simian virus 40

(SV40)13. The cells immortalized by these methods have

proven to be reliable due to their stable genetic back-

ground14,15. However, the direct action of exogenous onco-

genic viruses and their indirect effect on creating aneuploid

cells influence cellular behavior, such as limiting the cell’s

ability to differentiate, among other abnormalities. Fulcher16

found that air–liquid interface (ALI) cultures of HPV E6/

E7 immortalized bronchial epithelial cells were relatively

poor at forming tight hydrostatic and electrical resistance

barriers. When grown in an ALI, bronchial cells immorta-

lized by SV40 formed a multilayered hyperplastic and

abnormal epithelium that resembled carcinoma in situ.

Douillard-Guilloux17 found that immortalized myoblasts

transfected with SV40 lost their ability to differentiate into

myotubes. Thus, viral oncogene-independent approaches

for cell immortalization have been sought, including the

expression of Bmi1.

The Bmi1-encoding gene is an important part of the

multi-comb gene family (a key epigenetic regulator) and

involved in the proliferation, differentiation, and senescence

of cells18. A variety of immortalized human epithelial

cells19–21 and non-epithelial cells22,23 have been constructed

using the Bmi1 gene. Furthermore, primary cells immorta-

lized by Bmi1 can avoid molecular changes induced by HPV

E6/E7 and SV40 viral oncogenes24 and maintain its differ-

entiation ability25. Therefore, the purpose of our study was to

introduce Bmi1 into subglottic cells dominated by stratified

squamous epithelium and ventricular zone epithelial cells

dominated by columnar cells to develop an immortalized

laryngeal epithelial cell line that will provide a more accu-

rate cell model for mechanistic studies of laryngeal and

voice disorders.

Materials and Methods

Cell Culture

This study was approved by the Southern Medical Uni-

versity Nanfang Hospital Institutional Review Board

(No. NFEC-201607-K2-01). Specimens of subglottic and

ventricular fold tissue were obtained during laryngeal

surgery. Primary laryngeal epithelial cells were cultured

and passaged, as previously described4. In brief, minced

tissue was dissociated with dispase II (Sigma-Aldrich, St

Louis, MO, USA) and successively treated with trypsin

(Life Technologies, Carlsbad, CA, USA). Cells were

cultured in serum-free keratinocyte media KGMTM-2

(LONZA, Basel, Switzerland). A 293FT cell line (Cell

Bank of Chinese Academy of Science in Shanghai,

China) was cultured in Dulbecco’s modified Eagle

medium/high glucose medium (Gibco, Grand Island,

NY, USA) supplemented with 10% fetal bovine serum

(Gibco).

Construction of Plasmids and Stable Transductions

To obtain a laryngeal immortalized epithelial cell line

overexpressing Bmi1, pre-Bmi1 was subcloned into the

pLVTHM lentiviral vector; the plasmid was named

plVTHM/Bmi1 and contained both the green fluorescent

protein (GFP) and puromycin resistance markers. 293FT

cells (1.5 � 106 cells/well) were cultured in 10-cm cul-

ture plates, and when they reached approximately 50%
confluency, they were cotransfected with a mixture of

16 mg plVTHM/Bmi1, 12 mg psPAX2, and 6 mg pMD2.G

in 17 ml Lipofectamine 3000™ (Invitrogen, Carlsbad, CA,

USA) along with 1,000 ml of Opti-MEM (Gibco). The

medium was changed after 8 h. After 72 h, viral super-

natants were collected and used to infect primary subglot-

tic and ventricular fold epithelial cells directly. Viral

solution and KBM-2 medium (1:1) were added to petri

dishes containing cells for 5 h, followed by virus-free

KBM-2 medium for 5 h; this process was repeated three

times. The transduced cells were selected by detecting

GFP-expressing cells by flow cytometry (BD Bioscience,

San Diego, CA, USA) and observed under a fluorescent

microscope.

Extraction of Total RNA and Quantitative Reverse
Transcription-Polymerase Chain Reaction (PCR)

Total RNA was extracted from cells using RNAiso Plus

(Takara, Shiga, Japan) and reverse transcribed into comple-

mentary DNA (cDNA) using an All-in-One first-strand

cDNA synthesis kit (GeneCopoeia Inc., Rockville, MD,

USA). The expression of Bmi1 and control b-actin was

determined by PCR amplification using the SYBR green

method (GeneCopoeia Inc.) (primers of Bmi1 and b-actin

are listed in Table 1).
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Western Blot Analysis

Total protein was extracted from cells and measured using a

bicinchoninic acid protein assay kit (Life Technologies).

Protein samples were separated using 10% sodium dodecyl

sulfate-polyacrylamide gel electrophoresis and then were

transferred to polyvinylidene difluoride membranes (Milli-

pore Corp, Billerica, MA, USA). Membranes were incubated

overnight at 4�C with a primary antibody targeting Bmi1,

p16, p21, p53, Rb, c-Myc, and Claudin-1(1:1,000; Cell Sig-

naling Technology, Danvers, MA, USA) and anti-pan cyto-

keratin (1:1,000; Abcam, Cambridge, MA, USA). An

antibody targeting glyceraldehyde 3-phosphate dehydrogen-

ase and tubulin (1:10,000; Kangcheng Inc, Shanghai, China)

was used as an internal control.

Cellular Senescence Staining

Detection of senescence was carried out using a senescence-

associated b-galactosidase staining kit (Beyotime Biotech-

nology, Haimen, China). Cells were cultured with the

mixture overnight at 37�C in a 24-well plate and analyzed

using digital microscopy (Olympus, Tokyo, Japan).

5-Ethynyl-20-Deoxyuridine (EdU) Proliferation Assay

Cell proliferation was detected using an EdU kit (RiboBio,

Guangzhou, China) according to the manufacturer’s instruc-

tions. Images were analyzed using digital microscopy

(Olympus), and cells were counted using Image J software.

Cell-cycle Experiment

Cell-cycle distribution was analyzed using a cell-cycle

detection kit (Keygentec, Nanjing, China) and flow cytome-

try (BD Biosciences, Franklin Lakes, NJ, USA). The data

were analyzed using the ModFit LT v3.0 software (Verity

Software House, Topsham, ME, USA).

Tumorigenesis in Nude Mice

Ten female BALB/C nude mice (4- to 5-week-old) were

purchased from the Centre of Laboratory Animals of the

Southern Medical University. Animal protocols were

approved by the Institutional Animal Care and Use Commit-

tee of Southern Medical University. The 10 nude mice were

randomly divided into 2 groups (subglottic and ventricular

fold). Cells (1 � 106) were injected into the left armpit

[human subglottic (hSG) or human subglottic (hSG) and

human ventricles (hV) cells], left groin (hSG-Bmi1 or hV-

Bmi1 cells), and right groin (Hep-2 laryngeal cancer cells) of

each mouse. Tumor size was measured every other day.

Twenty-eight days later, tumor formation in the nude mice

was photographed by magnetic resonance (MR) and a cam-

era. The experimental animals were sacrificed, and the tumor

tissue was dissected.

Statistical Analysis

The SPSS software (version 19.0; IBM, Armonk, NY, USA)

was used for statistical analysis. Two-tailed Student’s t-test

was used for comparison of two independent groups.

Results

The subglottic tissue was taken from a 63-year-old male

patient who underwent total laryngectomy on August 24,

2018. The ventricular zone tissue was taken from a 52-

year-old male patient who underwent total laryngectomy

on March 18, 2018. The tissue that was obtained had no

canceration as determined by pathological examination. hSG

and hV cells were oval-shaped and grew like “paving stone,”

representing characteristic epithelial cell morphology. The

cells were passaged successfully (Fig. 1A). After lentiviral

transduction of Bmi1 into hSG and hV cells for 72 h, green

fluorescence was observed under the inverted fluorescence

microscope. GFP-positive cell lines were obtained by flow

cytometry. The fluorescence ratios of hSG and hV cells

before sorting were 10.5% and 11.4%, respectively; the pur-

ity after sorting was more than 99% (Fig. 1B). Specifically,

levels of Bmi1 mRNA in the hSG-Bmi1 and hV-Bmi1 cells

increased 28.95-fold and 21-fold, respectively (P¼ 0.16 and

P ¼ 0.15, Fig. 1C). A western blot analysis confirmed that

Bmi1 proteins were expressed in the hSG-Bmi1 and hV-

Bmi1 cells, whereas lower levels were detected in hSG and

hV cells. The expression of cytokeratin and tight junction

proteins Claudin-1 in the hSG-Bmi1 and hV-Bmi1 cells did

not change significantly compared with hSG and hV cells

(Fig. 1D).

hSG-Bmi1 and hV-Bmi1 cells were expanded and cul-

tured successfully beyond 20 passages. Senescence-

associated b-galactosidase staining (SA-b-gal staining)

showed that the number of senescent subglottic (hSG-P4)

and ventricular zone (hV-P4) epithelial cells after passage

4 were significantly higher than that of hSG-P2 and hV-P2

cells, especially for the hV cells (Fig. 2A). The Edu assay

showed that the proliferation rate of hSG cells decreased

from 26% in generation P2 to 3% in generation P4 (P ¼
0.073). hV cells also decreased significantly, from 29% in

generation P2 to 4% in generation P4 (P < 0.033). After

introduction of Bmi1, the proliferation rate of hSG-Bmi1-

P5 increased to 32%, which was significantly higher than

hSG-P4 (P < 0.001). There was no significant difference

Table 1. Targets of Bmi1 and b-Catenin Predicted by Bioinfor-
matic Prediction.

Gene Forward primer (50-30) Reverse primer (50-30’)

Bmi1 TGGACTGACAAATGC
TGGAGA

GAAGATTGGTGGTT
ACCGCTG

b-catenin GACCAGCTCTCTCTT
CAGAACAGA

GTTCTCCCTGGGCA
CCAA TA

Tan et al 3



Fig. 1. (A) Morphology of primary subglottic and ventricular fold epithelial cells (magnification, �100, bar 100 mm, magnification, �200, bar
50 mm). (B) GFP indicates green fluorescent protein in subglottic and ventricular fold epithelial cells, and flow cytometry sorting after
lentivirus infection (magnification, �100, bar 100 mm). (C) The expression levels of Bmi1 in hSG-Bmi1 and hV-Bmi1 cells using quantitative
real-time polymerase chain reaction. (D) Expression of Bmi1, cytokeratin, and Claudin-1 in hSG-Bmi1 and hV-Bmi1 cells analyzed using
western blotting.
GFP: green fluorescent protein; hSG: human subglottic; hSG-Bmi1: human immortalized subglottic Bmi1; hV: human ventricle; hV-Bmi1:
human immortalized ventricle Bmi1.
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Fig. 2. (A) Effects of Bmi1 overexpression on senescence of subglottic and ventricular fold epithelial cells measured using SA-b-gal staining
(magnification, �200, bar 50 mm). (B) Effects of Bmi1 overexpression on proliferation of subglottic and ventricular fold epithelial cells
measured using 5-ethynyl-20-deoxyuridine assays (magnification, �200, bar 50 mm). (C) Representative histograms of cell-cycle assays
showing the percentage of subglottic and ventricular fold epithelial cells in S phase of Bmi1 overexpression.
EdU: 5-Ethynyl-2’-Deoxyuridine; hSG: human subglottic; hSG-Bmi1: human immortalized subglottic Bmi1; hV: human ventricle; hV-Bmi1:
human immortalized ventricle Bmi1.
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between hSG-Bmi1-P5 and hSG-Bmi1-P9. The proliferation

rate of hV-Bmi1-P5 was 39%, which was significantly

higher than that of hV-P4 (P < 0.001). The proliferation rate

of hV-Bmi1-P9 was 31% (Fig. 2B). Cell-cycle assays

showed that the percentage of cells in the S-phase of hSG-

P4 and hV-P4 cells (26.44% and 23.37%, respectively) was

lower than that of hSG-P2 and hV-P2 cells (28.57% and

26.06%, respectively) (P ¼ 0.21 and P ¼ 0.119). After

transfection with Bmi1, the proportion of S phase cells in

hSG-Bmi1-P5 and hV-Bmi1-P5 cells (35.12% and 31.86%,

respectively) was significantly higher than that of hSG-P4

and hV-P4 cells (P ¼ 0.001 and P ¼ 0.021, Fig. 2C).

The expression of human telomerase reverse transcriptase

(hTERT) in hSG, hV, hSG-Bmi1-P5, hV-Bmi1-P5, hSG-

Bmi1-P9, and hV-Bmi1-P9 cells was detected by western

blotting. The expression of hTERT in hSG-Bmi1 and hV-

Bmi1 cells was significantly increased (Fig. 3A). The

expression of Bmi1 in hSG-Bmi1 and hV-Bmi1 cells was

significantly increased and maintained, while expression of

p53 did not change significantly; moreover, the expression

of p16 and p21 was downregulated. The expression of gen-

eration P2 phosphorylated Rb was downregulated in hSG-P4

and hV-P4 cells, and the expression of phosphorylated Rb

were increased and maintained stable after Bmi1 transfec-

tion (Fig. 3B).

To determine whether Bmi1 could affect tumor growth in

vivo, we implanted hSG, hV, hSG-Bmi1, hV-Bmi1, and

Hep-2 cells (positive control) subcutaneously in nude mice

(n ¼ 5 per group). After 5 days, tumor formation was

observed in the Hep-2 injection area; the tumor increased

in size significantly after 10 days. No cellular masses were

found in hSG, hV, hSG-Bmi1, and hV-Bmi1 cells at the

injection site. After 28 days, a few tumors in the right ingu-

inal region of nude mice were ruptured. MR imaging showed

that only the right groin (Hep-2 cells) had mass formation,

and no mass was found in the left armpit (hSG or hV cells) or

left groin (hSG-Bmi1 or hV-Bmi1 cells). The mice were

sacrificed and dissected further to confirm this. The only

tumor that formed was located in the right inguinal region;

no other formations were found. The tumor was further

stripped and photographed (Fig. 3C).

Discussion

For the first time, two strains of immortalized laryngeal

epithelial cells, hSG-Bmi1 and hV-Bmi1, have been success-

fully constructed by Bmi1 transduction. These cells over-

came the lifetime limitation of stably passaging primary

cells. While the number of senescent cells was reduced sig-

nificantly, cell proliferation was increased. As such, they

provide a stable, reliable, and efficient cell research model

for studying the pathogenic mechanism of laryngeal and

voice disorders in vitro. The classical method of cell immor-

talization comes from the “telomere-telomerase” theory.

Telomeres are protective structures located at the end of

chromosomes. They reduce the chances of producing

potential carcinogenic mutations in DNA due to cell division

by limiting the number of cell divisions26. Telomeres gradu-

ally shorten with each round of cell division27. When telo-

meres are shortened to a certain length, they activate DNA

damage response pathways and trigger replication senes-

cence28. To bypass this, most cancers activate telomerase

and extend telomeres by a reverse transcriptional synthesis

of DNA to avoid death and gain unlimited proliferation29.

Telomerase is a ribonucleoprotein complex containing an

RNA component and an essential protein catalytic subunit

with a reverse transcriptase motif. Human Telomerase

Reverse Transcriptase (hTERT) is the only limiting factor

of telomerase activity in most normal cells. The upregula-

tion of hTERT expression is the most common means by

which cells can replicate indefinitely30,31. We found that

the expression of hTERT in hSG-Bmi1 and hV-Bmi1 cells

was significantly enhanced. Bmi1 may, therefore, induce

immortalization of laryngeal epithelial cells by activating

telomerase.

Cultures of primary laryngeal epithelial cells are often

contaminated by the proliferation of fibroblasts, which leads

to culture failure. Although primary laryngeal epithelial cells

were purified using KBM-2 medium, there may still be resi-

dual laryngeal fibroblasts. When culture conditions are con-

ducive to the growth of fibroblasts, they proliferate in large

numbers (supplemental Fig. S1). Fibroblasts can fundamen-

tally be eliminated by transduction of Bmi1. It has been

shown that the activation of telomerase by Bmi1 is cell

type-specific. Bmi1 can only activate telomerase in

epithelial-derived cells and does not induce telomerase

activity in fibroblasts20. In our experiment, hSG-Bmi1 and

hV-Bmi1 did not reproduce the growth of laryngeal

fibroblasts.

The composition of laryngeal epithelial mucosa is com-

plex and changeable. The vocal cords and the postcricoid

area are dominated by stratified squamous epithelium. The

subglottic and laryngeal surface of the epiglottic areas tran-

sitions from pseudostratified ciliated columnar epithelium to

the scaly epithelium; nonetheless, the main cell type is

columnar cell32. The incidence of different laryngeal and

voice disorders varies in different anatomical areas of the

laryngeal cavity due to histological composition and

embryonic origin7,33,34. HPV infects basal cells of the stra-

tified squamous epithelium through micro epithelial trauma

but rarely does the infection enter through the columnar

epithelium35. In addition, Bulmer7 proposed that the squa-

mous epithelial membrane can bind to mucus to form mucin

and exfoliated cuticles to protect the laryngeal mucosa;

therefore, the postcricoid region is less vulnerable to LPR

than the subglottic mucosa. To elucidate the pathogenesis of

different laryngeal inflammatory and malignant diseases in

the laryngeal epithelium, it is necessary to study the subre-

gions of the laryngeal cavity. Therefore, unlike previous

studies, which immortalized cells from a single part of the

larynx, we selected subglottic epithelial cells dominated by

columnar cells and ventricular zone epithelial cells

6 Cell Transplantation



Fig. 3. (A) Expression of hTERT in hSG-Bmi1 and hV-Bmi1 cells using western blotting. (B) The expression level of the Bmi1 pathway
protein in western blotting. (C) The effect of overexpression of Bmi1 on tumorigenesis of subglottic and ventricular fold epithelial cells (a.
hSG cells; b. hSG-Bmi1 cells; c. Hep-2 cell lines; d. hV cells; e. hV-Bmi1 cells; f. Hep-2 cell lines).
hSG: human subglottic; hSG-Bmi1: human immortalized subglottic Bmi1; hTERT: human telomerase reverse transcriptase; hV: human
ventricle; hV-Bmi1: human immortalized ventricle Bmi1.

Tan et al 7



dominated by squamous cells to establish immortalized lar-

yngeal epithelial cell lines for follow-up studies of laryngeal

and voice disorders.

Furthermore, we explored the senescence and prolif-

eration of hSG-Bmi1 and hV-Bmi1 cells. After transduc-

tion of Bmi1, the senescence of laryngeal epithelial cells

decreased significantly, and the proliferation of laryngeal

epithelial cells was accelerated while the proportion of S-

phase cells increased. We believe that the introduction of

Bmi1 may promote DNA synthesis, cell-cycle differentia-

tion from the G1 to the S phase, and cell proliferation by

reducing the formation of senescent cells and enhancing

cell activity. The cell cycle depends on four-cycle check-

points, G1/S transition, S-phase checkpoint, G2/M transi-

tion, and mitotic spindle checkpoint, in which the

transition from the G1 to the S phase is controlled by the

p16-Rb pathway36,37. Furthermore, the effect of stress-

induced senescence induced by the p16/Rb pathway was

detected by western blotting. The expression of p16

increased, and phosphorylated Rb decreased as the num-

ber of passages increased, suggesting that the p16/Rb

senescence pathway was activated. The activation of the

p16/Rb pathway may be due to the loss of dependent

tissue structure, cell fragility of primary laryngeal epithe-

lial cells, and the abnormal levels of nutrients, growth

factors, and oxygen in vitro, which led to cell stress and

the induction of senescence and cellular death38. After

transfection of Bmi1, hSG-Bmi1 and hV-Bmi1 cells may

upregulate telomerase activity, block the expression of

p16, enhance Rb, significantly reduce the formation of

senescent cells, promote the differentiation of laryngeal

epithelial cells from the G1 to the S phase, and accelerate

the growth and proliferation of laryngeal epithelial cells.

Moreover, we found that after transfection of Bmi1, lar-

yngeal epithelial cells retained their epithelial and tight

junction characteristics.

Because Bmi1 is an oncogene, we were concerned about

whether it can induce malignant transformation of laryngeal

epithelial cells after Bmi1 transduction. Therefore, we

observed the potential for tumor formation of hSG-Bmi1 and

hV-Bmi1 cells and the primary laryngeal epithelial cells in

nude mice. We found that there was no tumor formation in

any area apart from where Hep-2 cells were implanted, sug-

gesting that primary laryngeal epithelial cells and laryngeal

epithelial immortalized cells had no tumorigenic ability.

Indeed, this was consistent with what was observed in pre-

vious literature. Zhang et al.22 transduced human placenta-

derived mesenchymal cells with Bmi1 not forming any foci

in vitro, and cell division stopped after they reached conflu-

ence. This may be because that the overexpression of Bmi1

does not eliminate DNA damage checkpoints20. Although

the Bmi1 gene is an oncogene, which is highly expressed

in many malignant tumors and acts in coordination with

other carcinogenic factors to promote the malignancy, pri-

mary laryngeal epithelial cells transfected with Bmi1 alone

do not have the characteristics of tumor formation in vivo

and could be clearly distinguished from laryngeal cancer

cells.

Conclusion

In summary, primary laryngeal epithelial cells grow slowly

and cannot be passaged continuously; so we established and

verified two types of immortalized laryngeal epithelial cells

by activating telomerase activity in primary laryngeal

epithelial cells via transduction of Bmi1. Due to differences

in pathogenic resistance between laryngeal subregions, using

hSG-Bmi1 and hV-Bmi1 cells to explore the mechanism of

laryngeal and voice diseases is more comprehensive, and has

broad applications.
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