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Abstract
Background: Extracellular matrix (ECM) remodeling is the most important pathomechanism of pelvic organ prolapse (POP).
Fibroblasts are the key to ECM regulation. The passaging capacity of human vaginal wall fibroblasts (hVWFs) is limited in vitro.
Here, we aimed to immortalize hVWFs through the introduction of human telomerase reverse transcriptase (hTERT).
Methods: Primary cells were derived from the vaginal wall tissue of patients with POP. Cellular senescence was detected via
senescence-associated b-galactosidase staining. We employed a lentiviral transfection vector to stably express hTERT in hVWFs at
passage 3, generating immortalized hVWFs (i-hVWFs). We then assessed cellular proliferation via the CCK-8 and EdU assays as
well as cellular migration via wound healing assays. G-banded chromosome karyotypic analysis was performed to evaluate
chromosomal karyotype stability. Finally, cellular tumorigenesis capacity was assessed in nude mice. A two-tailed Student’s t test
was used to compare differences between the two groups.
Results: Our results showed that senescence of primary hVWFs significantly increased from passage seven. From passage 11,
hVWFs showed a significantly higher senescence percentage than i-hVWFs. During the continuous passage, i-hVWFs presented
stability in proliferation, migration capacity, expression of ECM regulation-related genes, and chromosome karyotype. In vivo
tumorigenesis was absent in i-hVWFs.
Conclusions: The senescence of hVWFs significantly increased from the seventh passage, and we successfully used hTERT to
immortalize hVWFs derived from patients with POP. Studies on POP that require a long-lived hVWF line will benefit from our
technique.
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Introduction However, extracellular matrix (ECM) remodeling is the
Pelvic organ prolapse (POP) is caused by dysfunction in the
supporting tissue of the pelvicfloor. The incidence of POP is
as high as 3.40% to 10.76% in women.[1] Currently,
surgeries are the main effective treatments for POP, and the
lifetime risk of undergoing POP surgery is 11.8% to
12.6%.[2,3] Typically, surgeries involve inserting a trans-
vaginal mesh (TVM) to support the sagging organs, but
complications associated with TVM (eg, mesh exposure,
erosion, and infections) are major obstacles to its applica-
tion. In 2019, the FDA banned the clinical use of TVM.[4]

Thus, researchers are now turning to tissue engineering for
the development of effective POP surgery materials.[5-7]

Previous studies have seeded fibroblasts on the surface of
implanted meshes to improve biocompatibility.[8] Howev-
er, primary fibroblasts undergo a finite number of cell
divisions after in vitro culture, and their senescence
significantly limits their use in tissue engineering.
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most important pathomechanism of POP. Fibroblasts are
critical for regulating the ECM. Thus, researchers have
long been concerned with the in vitro cellular function of
fibroblasts derived from patients with POP.[9-11] However,
because of the existing cellular senescence, only primary
human vaginal wall fibroblasts (hVWFs) at passages 3 to 6
have been used in most published studies,[12,13] leading to
an insufficient number of cells from the same patient to
complete a full experiment. Furthermore, cells from
different patients are highly heterogeneous, and hence
study reproducibility is poor. The availability of hVWFs is
also limited because of the scarcity of surgical specimens of
vaginal wall tissue and the presence of bacteria in the
vaginal environment. The immortalization of hVWFs can
help overcome these problems, providing new insights
into POP treatment and the associated mechanisms.
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An important mechanism of immortalization is overcom-
ing telomere shortening, which is the main cause of cell
senescence. The telomere length is maintained through the
activity of telomerase, which comprises human telomerase
reverse transcriptase (hTERT) and an ribonucleic acid
(RNA) template. Although this RNA template is highly
conserved, the hTERT level is negative or below the
threshold level of enzyme activity in most human somatic
cells.[14] Thus, several studies have attempted immortali-
zation by introducing hTERT into normal somatic cells,
including epithelial cells of renal proximal tubules, bone
mesenchymal stromal cells, and hepatocytes.[15-17] How-
ever, no similar attempt has been made with hVWFs. This
study aimed to validate the hTERT method with hVWFs
derived from patients with POP. We then examined
cellular proliferation, migration, key protein expression,
chromosome karyotypic stability, and the in vivo
tumorigenesis capacity of hTERT-treated hVWFs.
Methods

Ethical approval

The study was conducted according to the guidelines of the
Declaration of Helsinki, and approved by the Ethics
Committee of our institution (No. JS-2240, 25/02/2020).
Explicit written informed consents were signed by
participants.
Isolation and culture of primary hVWF

Vaginal wall tissues were collected from patients who
underwent surgery for anterior vaginal wall prolapses at
our institution. Patients with stage III or IV anterior
vaginal wall prolapses according to the Pelvic Organ
Prolapse Quantification were included.

A piece of about 1 cm2 tissue from the prolapse site of the
anterior vaginal wall was collected during surgery. The
tissue was placed in 4°C Dulbecco’s modified Eagle’s
medium (DMEM; Gibco, Carlsbad, CA, USA) and
immediately transported to the laboratory. Tissues were
washed with phosphate-buffered saline (PBS, ServiceBio,
Wuhan,China), cut intopieces smaller than2mm, and then
incubated with 10 mg/mL collagenase I (Sigma, St. Louis,
MO, USA) at 37°C for 2 h. The DMEM with 10% fetal
bovine serum (FBS; Gibco) was added to terminate the
digestion. The digestion liquid was filtered using a filter
screen with a 75mm pore size. The liquid was then
centrifuged at 1000� g for 5min.Cells at the bottomof the
centrifuge tube were then suspended in DMEM with 10%
FBS and cultured at 37°C with 5%CO2. In the subsequent
culture process, cells were passed in a ratio of 1:3.
Immunofluorescent staining

Cells were cultured in a dish (Beyotime; Shanghai, China)
that had a glass bottom designed for confocal laser
photography. Cells were fixed in 4% paraformaldehyde
(Beyotime) for 20 min and washed three times with PBS.
Immunostaining permeabilization buffer (Beyotime) was
added for cell permeabilization and the antigen was
blocked by immunostaining blocking buffer (Beyotime)
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according to the manufacturer’s instructions. The primary
antibodies of FSP-1 (1:200, ZSGB-Bio, Beijing, China),
Vimentin (1:200, ZSGB-Bio), ACTA2 (1:200, ZSGB-Bio),
CK5/6 (1:200, ZSGB-Bio), and hTERT (1:200, Solarbio;
Beijing, China) were added and incubated at 4°C
overnight (>12 h) and washed three times with PBS.
Secondary antibodies (1:500, Beyotime) were incubated
for 2 h at room temperature and washed three times with
PBS. Then, 5 mg/mL 4,6-Diamidino-2-phenylindole
(DAPI) was incubated for 5 min and washed three times
with PBS. Fluorescence observing and imaging were
performed using a confocal laser scanning microscope
(Ti2-E/A1R+; Nikon, Tokyo, Japan).
Senescence-associated b-galactosidase (SA-b-gal) staining

Cell senescence was detected with SA-b-gal staining. Cells
were seeded into six-well plates and cultured until they
reached 50% confluence.We used an SA-b-gal staining kit
supplied by Beyotime. SA-b-gal staining was performed
according to the manufacturer’s instructions. Briefly, cells
were fixed with the fixative in the kit at room temperature
and incubated with the staining solution at 37°C overnight
(>12 h). Cells were observed and photographed using an
optical microscope (Ti2-U; Nikon, Tokyo, Japan).
Lentivirus construction and transfection

We overexpressed the hTERT gene in hVWF using
lentiviral vectors. The lentiviral vectors carrying green
fluorescent protein, puromycin resistance, and target gene
were purchased from GENECHEM (Shanghai, China).
Empty lentiviruses without target genes served as the
negative control. Before transfection, cells were seeded
into six-well plates and cultured until 30% confluence.
Then, cells were cultured in the DMEM with lentiviral
vectors for 12 h and the culture mediumwas then changed
to normal DMEM with 10% FBS. When cells reached
90% confluence, puromycin (GENECHEM) was added
with a 2 mg/mL concentration to screen cell lines with
stable overexpression of hTERT.
Western blotting (WB)

Cells were washed with 4°C PBS and lysed in lysis buffer
(Beyotime) with protease and phosphatase inhibitors
(Beyotime). Lysates were centrifuged at 12,500� g and
4°C for 15 min. Supernatants were collected and proteins
were denatured with the NuPAGE

®

LDS Sample Buffer
(4�) (Invitrogen; Carlsbad, CA, USA). Proteins were
separated on 10% sodium dodecyl sulfate (SDS)-poly-
acrylamide gels and transferred onto polyvinylidene
difluoride (PVDF, Invitrogen) membranes using an iBlot

®

Gel Transfer Device (Invitrogen). Membranes were
blocked in 5% skimmed milk and then incubated with
specific antibodies including hTERT (1:1000; Solarbio),
COL1A1 (1:1000; ABclonal; Wuhan China), COL3A1
(1:1000; ABclonal), ELN (1:1000; ABclonal), MMP2
(1:1000; Abcam; Cambridge, UK), MMP3 (1:1000;
Abcam), MMP9 (1:1000; Abcam), TIMP1 (1:1000;
ABclonal), TIMP2 (1:1000; ABclonal), and GAPDH
(1:1000; Abcam). Then, membranes were incubated with
horseradish peroxidase (HRP)-conjugated secondary anti-
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bodies (Solarbio) at room temperature for 2 h. Rapid Step
ECLReagent (Millipore, Schwalbach, Germany) was used
to visualize the immunoblot.
Real-time quantitative PCR (RT-qPCR)

The culture medium was removed and cells were washed
using 4°C PBS. Total RNA was isolated using FastPure
Cell/Tissue Total RNA Isolation Kit V2 (Vazyme Biotech,
Nanjing, China) according to the manufacturer’s instruc-
tions, and cDNA was synthesized using HiScript III RT
SuperMix for quantitative polymerase chain reaction
(qPCR) (Vazyme). A Taq Pro Universal SYBR qPCR
Master Mix (Vazyme) was used to perform RT-qPCRs in
the CFX Connect (Bio-Rad; Hercules, CA, USA). GAPDH
was used as the internal control and the relative gene
expression was calculated using the 2-DDCT method. The
PCR primers were purchased for the Tsingke Biotechnol-
ogy (Beijing, China) and listed in Supplementary Table 1,
http://links.lww.com/CM9/B264.
Cell counting kit 8 (CCK-8) assays

Cells were seeded into 96-well plates at a density of
4� 103 per well. CCK-8 solution (Dojindo, Kumamoto,
Japan) was added and incubated for 45 min. Absorbance
at 450 nm was measured using the Thermo Fisher
Varioskan Flash (Thermo Fisher, CA, USA) microplate
reader.
EdU assays

Cells were seeded into 6-well plates at a density of 6� 105

per well and cultured to 50% confluence. An EdU Cell
Proliferation Kit (Beyotime) was used. Cells were
incubated with 10 mmol/L EdU at 37°C for 2 h and the
positive cells were detected according to the manufac-
turer’s instructions.
Wound healing assays

A device Culture-Inserts (Ibidi GmbH,Munich, Germany)
was used to perform wound healing assays according to
the manufacturer’s instructions. Briefly, the Culture-
Inserts were placed in the 6-well plates, and 70 mL cell
suspension containing 3� 104 cells was added to each
well of the Culture-Inserts. After cell attachment, the
Culture-Inserts were removed and approximately 500 mm
cell-free gap was formed. Then, cells were cultured with
the serum-free medium for 36 h. Cells were observed and
photographed using an optical microscope (Nikon).
G-banded chromosome karyotypic analysis

We adopted a classical method for chromosome karyo-
type analysis. Briefly, cultured cells were treated with
colchicine (Beyotime) for 2 h before harvesting. Next, cells
were incubated with a hypotonic potassium chloride
solution (Beyotime) at 37°C for 15 min. A fixative mixture
of methanol and glacial acetic acid (Beijing Chemical
Works, Beijing, China) was then used to fix the cells. The
cell suspension was then dripped onto slides and baked at
80°C for 2 h. Finally, cells were digested with trypsin
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(Gibco), and Giemsa (Beyotime) staining was performed.
Image acquisition and data analysis were performed by
KaYouTaiPu (Hang Zhou, China).
In vivo tumorigenesis assays

All animal research procedures were approved by the
Institution of Animal Care and Committee at our
institution. Six-week-old female BALB/c nude mice were
purchased from the Vital River (Beijing, China). For
subcutaneous tumor transplantation, 1� 106 cells in 100
mL were injected subcutaneously into the armpit of nude
mice (n = 5 per group). Immortalized hVWF (I-hVWF)
was injected to evaluate the tumorigenesis and HeLa cells
were injected as a control group to ensure technical
correctness. Six weeks after injection, mice were killed and
tumors were measured and photographed.
Statistical analysis

Statistical analyses were performed using GraphPad Prism
8 (GraphPad Software, Inc., CA, USA). Data were
presented as the mean with the standard deviation (SD).
A two-tailed Student’s t test was used to compare
differences between the two groups. Statistical significance
was defined as P< 0.05.
Results

Isolation and senescence evaluation of primary fibroblasts

We isolated primary fibroblasts from vaginal wall tissues
of women with POP and cultured them for three passages.
Subsequently, fibroblasts were identified through immu-
nofluorescent staining. Isolated cells were positive for FSP-
1 and vimentin but negative for CK5/6 and ATCA2,
indicating that they were neither epithelial nor muscle cells
[Figure 1]. Therefore, we concluded that our cultured cells
were hVWFs.

We found that hVWFs could be serially cultured in vitro
for 16–18 passages. However, as the passage count
increased, more cells grew in volume and exhibited
proliferation arrest. Therefore, we performed SA-b-gal
staining to evaluate the hVWFs senescence percentage at
different passages. Overall, the percentage of SA-b-gal-
positive cells gradually increased with an increase in the
number of passages [Figure 2A]. We observed no
difference in the percentage of positive cells (P = 0.261)
between passages 3 and 5, but starting from passage 7, the
percentage of positive cells significantly increased com-
pared to the passage 3 levels (P = 0.011). At passage 18,
nearly 100% hVWFs were SA-b-gal-positive [Figure 2B]
and cell growth stopped.

Overexpressing hTERT protein in hVWFs

We used a lentiviral transfection vector to stably over-
express hTERT protein in hVWFs. Transfection was
performed at passage three. According to RT-qPCR,
hTERT mRNA expression was negative in hVWFs but
positive in i-hVWFs, being 0.012 compared with GAPDH
[Figure 3A]. WB then showed that the expression of
hTERT protein in i-hVWFs was 18.36-fold than in
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Figure 1: Identification of hVWFs by immunofluorescent staining. (A) FSP-1; (B) Vimentin; (C) Smooth Muscle alpha-actin (ACTA2); (D) Keratin 5/6 (CK5/6). Scale bar= 100 mm. FSP-1:
Fibroblast-specific protein-1; hVWFs: Human vaginal wall fibroblasts.
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hVWFs [Figure 3B]. Immunofluorescence staining con-
firmed that the hTERT protein was localized in the cell
nucleus [Figure 3C], as expected. The control group
without hTERT antibodies showed negative results,
indicating a lack of non-specific binding with secondary
antibodies.
581
Cell senescence evaluation of i-hVWFs
After culturing i-hVWFs in vitro, we compared their
senescence with hVWF senescence at different passages.
The percentage of SA-b-gal-positive i-hVWFs gradually
increased, but pairwise comparisons between two contig-
uous passages did not differ. After passage 11, the
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Figure 2: SA-b-gal staining of hVWFs and i-hVWFs at different passages. (A) Statistical analysis of SA-b-gal staining positive percentage of hVWFs and i-hVWFs in different passages; (B)
Representative pictures for SA-b-gal staining of hVWFs at P3, P9, P11, and P18; (C) Representative pictures for SA-b-gal staining of i-hVWFs at P5, P9, P11, and P30.

∗
Indicates P< 0.05.

Scale bar= 100 mm. hVWFs: Human vaginal wall fibroblasts; i-hVWFs: Immortalized hVWFs; SA-b-gal: Senescence-associated b-galactosidase.
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percentage of positive i-hVWFs eventually stabilized
between 12.8% and 15.4% [Figure 2A,C].

At passages 5, 7, and 9, i-hVWFs and hVWFs did not
differ in the percentage of SA-b-gal-positive cells
(P= 0.488, 0.816, and 0.262, respectively). However, at
passage 11, significantly more hVWFs than i-hVWFs were
found to be SA-b-gal-positive (P= 0.014). In all subse-
quent passages, the percentage of senescence was
significantly higher in hVWFs than in i-hVWFs. In
addition, the control group transfected with a negative
control lentiviral transfection vector exhibited senescence
curves similar to those of hVWFs [Supplementary Figure 1,
http://links.lww.com/CM9/B264].

Proliferation and migration of hVWFs and i-hVWFs

At passage 5, CCK-8 assays showed that hVWF and i-
hVWF proliferation did not significantly differ (Figure 4A;
P= 0.146). EdU assays confirmed the lack of any
significant changes (Figure 4D; P= 0.805). Wound
healing assays (Figure 4G; P= 0.418) also did not reveal
differences between i-hVWFs and hVWFs at passage 5.
Therefore, hTERT overexpression in hVWFs did not
affect cellular proliferation or migration.

Because the percentage of i-hVWF senescence signifi-
cantly decreased from the eleventh passage on, we
compared the proliferation and migration of i-hVWFs
and hVWFs at passage 11. In CCK-8 assays [Figure 4B],
hVWFs had a significantly lower proliferation rate than i-
hVWFs (P= 0.013). These changes were confirmed via
EdU assays (Figure 4E; P< 0.001). Moreover, hVWFs
migrated less than i-hVWFs at passage 11 (Figure 4H;
P< 0.001).

We then compared i-hVWF proliferation and migration
across different passages. Neither CCK-8 (Figure 4A–C,
P= 0.923) nor EdU assays (Figure 4D–F, P= 0.791)
revealed a significant difference in i-hVWF proliferation
between passages 5, 11, 20, and 30.Wound healing assays
also indicated that the i-hVWF migration ability was
stable in these four passages (Figure 4G–I, P= 0.195).
582
Expression of representative proteins in i-hVWFs

Human VWFs play an important role in regulating ECM
components. Thus, we performed RT-qPCR and WB
assays to evaluate the relative expression of ECM
components, including collagen type I alpha 1 chain
(COL1A1), collagen type 3 alpha 1 chain (COL3A1),
elastin (ELN), matrix metalloproteinase 2 (MMP2),
MMP3, MMP9, tissue inhibitors of metalloproteinase 1
(TIMP1), and TIMP2. Their expression in i-hVWFs was
compared between passages 5, 10, 20, and 30. COL1A1,
COL3A1, ELN, MMP2, MMP3, MMP9, TIMP1, and
TIMP2 were stably expressed and showed no significant
differences at mRNA (P= 0.673, 0.288, 0.745, 0.250,
0.389, 0.688, 0.127, and 0.274, respectively) or protein
(P= 0.628, 0.063, 0.146, 0.298, 0.230, 0.668, 0.093, and
0.169, respectively) levels [Figure 5].
Karyotype stability in i-hVWFs

Karyotype stability was analyzed using G-band chromo-
some karyotypic analysis. Both results of hVWFs
[Figure 6A] and i-hVWFs [Figure 6B] revealed a normal
female karyotype.
In vivo tumorigenesis of i-hVWFs

The results of tumorigenesis assays using nude mice
showed that i-hVWFs could not form tumors [Figure 6C].
In the HeLa-injected control group, all fivemice developed
tumors (mean diameter= 0.83 cm, range= 0.71–0.98 cm)
at the injection site [Figure 6D].
Discussion

In this study, we described hVWF senescence in vitro and
validated the hTERT immortalizationmethod for hVWFs.

In vitro cellular senescence includes replicative senescence
(RS) and stress-induced premature senescence (SIPS).
Whereas the former is caused by telomere shortening,
multiple factors influence SIPS, such as abnormal
concentrations of nutrients or growth factors in the
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Figure 3: Overexpression and location of hTERT protein in hVWFs. (A) Evaluation of relative hTERT mRNA expression relative to GAPDH in i-hVWFs and hVWFs by RT-qPCR analysis; (B)
Evaluation of hTERT protein expression in i-hVWFs and hVWFs by WB analysis; (C) Evaluation of hTERT protein expression and location of hTERT protein by immunofluorescent staining.
∗
Indicates P< 0.05. Scale bar= 100 mm and scale bar= 10 mm in the enlarged image. GFP: Green fluorescent protein; hTERT: Human telomerase reverse transcriptase; hVWFs: Human
vaginal wall fibroblasts; i-hVWFs: Immortalized hVWFs; RT-qPCR: Real-time quantitative polymerase chain reaction; WB: Western blotting.
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culture medium, differences in O2 levels, and the absence
of ECM components.[18] Here, we found that the in vitro
senescence ratio of hVWFs increased with the increase in
cell passage. Cells at passage five did not differ from cells
at passage three, with both exhibiting a mean senescence
percentage as low as 3.7%. However, starting at passage
seven, cellular senescence significantly increased. There-
fore, we conclude that if senescence is expected to be a
factor in research using primary hVWFs derived from POP
patients, the cells should not go beyond the seventh
passage. In addition, after hTERT overexpression, i-
583
hVWFs showed a significantly lower percentage of cellular
senescence starting from passage 11, coinciding with the
beginning of RS in hVWFs. Eventually, i-hVWFs achieved
a stable cellular senescence percentage between 12.0%
and 14.6%, representing SIPS.

Prior to hTERT, oncogenes were frequent candidates to
induce immortalization in normal cells. Commonly used
oncogenes include human papillomavirus (HPV) 16 E6/
E7 and simian virus 40 large T antigens (SV40 Tag), but
both can induce malignant transformation and cause
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Figure 4: Cell proliferation and migration of i-hVWFs and hVWFs at different passages. CCK-8 assays for cell proliferation of i-hVWFs and hVWFs at passage 5 (A) and 11 (B). CCK-8 assays
for cell proliferation of i-hVWFs at passages 20 and 30 (C). EdU assays for cell proliferation comparison between hVWFs and i-hVWFs at passage 5 (D) and passage 11 (E). (F) EdU assays for
cell proliferation comparison between passages 20 and 30 of i-hVWFs; Wound healing assays for cell migratory abilities of i-hVWFs and hVWFs at passages 5 (G) and 11 (H). Wound healing
assays for cell migratory abilities of i-hVWFs at passages 20 and 30 (I).

∗
Indicates P< 0.05. Scale bar= 100 mm. CCK-8: Cell counting kit 8; hVWFs: Human vaginal wall fibroblasts; i-

hVWFs: Immortalized hVWFs.
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tumorigenesis in vivo.[19] In the 1990s, Bodnar et al[20]

introduced immortalization through the expression of
hTERT protein in hTERT-negative somatic human cells.
Compared with oncogenes, hTERT-immortalized cells
usually present with better karyotypic and phenotypic
stability, along with weaker tumorigenesis capaci-
ty.[15,16,19,21] Given these advantages, we adopted the
hTERT immortalization method in this study. The i-
hVWF line has been cultured for over 50 passages in our
laboratory. We also used a short tandem repeat (STR)
analysis to rule out the possibility of contamination by
other cells [Supplementary Table 2, http://links.lww.
com/CM9/B264]. Radiation is another method for
immortalizing cells. However, as with oncogenes, it
584
can cause significant changes in genetic material,
malignant transformation, and tumorigenesis in
vivo.[22]

The most important pathomechanism of POP is ECM
remodeling. The vaginal wall tissues or uterine ligaments
of patients with POP patients express MMP2 and MMP9
at high levels, whereas COL1, COL3, TIMP1, and
TIMP2 are present at low levels.[9,10,23-25] Previously,
our group profiled the single-cell transcriptome of
vaginal wall cells to reveal that POP-derived hVWFs
mainly differed in the expression of ECM regulation-
related mRNA.[26] Other researchers have also found
that the expression levels of ECM components and ECM

http://links.lww.com/CM9/B264
http://links.lww.com/CM9/B264
http://www.cmj.org


Figure 5: Representative gene expression of i-hVWFs at different passages. RT-qPCR for mRNA expression and western blotting for protein expression of COL1A1 (A), COL3A1 (B), ELN
(C), MMP2 (D), MMP3 (E), MMP9 (F), TIMP1 (G), and TIMP2 (H) at passage 5, 10, 20, and 30, respectively. Scale bar= 100 mm. COL1A1: Collagen type I alpha 1 chain; GAPDH:
Glyceraldehyde 3-phosphate dehydrogenase; i-hVWFs: Immortalized hVWFs; MMP2: Matrix metalloproteinase 2; RT-qPCR: Real-time quantitative PCR; TIMP1: Tissue inhibitors of
metalloproteinase 1.
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regulatory enzymes are significantly altered with cellu-
lar senescence.[27,28] Thus, when hVWFs are immortal-
ized, a key phenotype to be assessed is the stable
expression of genes involved in ECM regulation. Here,
585
both RT-qPCR and Western blots confirmed that
hTERT overexpression in hVWFs did not affect
ECM-related gene expression during the continuous
passage.
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Figure 6: Representative pictures for G-band chromosome karyotypic analysis of hVWFs at passage 3 (A) and i-hVWFs (B) at passage 30. In vivo tumorigenesis assays for i-hVWFs (C) and
HeLa cells as the control group (D). hVWFs: Human vaginal wall fibroblasts; i-hVWFs: Immortalized hVWFs.
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Tumor-like activities are a common concern with
immortalized somatic cells. The loss of contact inhibition
is an important feature of many cancer cells,[29] and this
characteristic has been reported in some hTERT-immor-
talized cells.[30,31] In this study, i-hVWFs exhibited normal
monolayer proliferation. Furthermore, CCK-8 assays
indicated obvious contact inhibition from the fourth
day for both primary hVWFs and i-hVWFs. We did not
observe any malignant transformation or tumorigenesis
with i-hVWFs.

In conclusion, we successfully used the hTERT introduc-
tion to immortalize hVWFs derived from patients with
POP. We revealed that the percentage of primary hVWF
senescence significantly increased from passage seven. We
586
also demonstrated that i-hVWFs were similar to primary
cells in terms of proliferation, migration, and the
expression of key genes. I-hVWFs also had a stable
chromosome karyotype and low capacity for vivo
tumorigenesis. We suggest that our i-hVWF line could
serve as an in vitro POP model for future studies that
require long-lived cells.
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