
Introduction

ALDH-1, called aldehye dehydrogenase-1, which is lo-

cated in cystosolic is a detoxified enzyme for oxidizing ac-

etaldehyde to acetic acid. The authors’ previous study [1, 2]

confirmed that stem cells exist in cervical cancer, but si-

multaneously discovered that colony forming ability and the

expression level of ALDH-1 dramatically increased after

small dose of divided irradiated rays inducing cervical can-

cer cells. Currently, there are rare reports concerning the re-

lationship between ALDH-1 and biological characteristics

of cervical cancer cells. shRNA, also known as short hair-

pin RNA, can play a gene interference role with features of

high efficiency, stability, and durability once it is transfected

by lentiviral vector and successively integrated into the host

genome. The purpose of this study was to construct stable

interfering cell lines with shRNA and to probe further into

functions of ALDH-1 in cervical Hela cells.

Materials and Methods

Cell culture
Hela cervical carcinoma cell lines were maintained in high-glu-

cose DMEM supplemented with 10% fetal bovine serum.

Determined screening concentration of puromycin
The Hela cells were cultured to 70% confluence in 24-well

plates. Gradient concentration of puromycin was added to each
well. Three days later, the concentration where all of cells died
was the screening concentration.

Cell transfection and screen
The shRNA of ALDH-1 with lentivirus vectors was specifi-

cally designed. Hela cells were cultured to 40% confluence in
24-well plates, then 50 uL of virus solution (1×108TU/mL)
were mixed with 0.5 ml high-glucose DMEM containing 10%
FBS and 0.5 uL of polybrane (final concentration of 0.5
mg/mL) was added to Hela cells. Transfection efficiency was
measured by fluorescence microscopy at 72 hours post-trans-
fection. Optimal concentration of puromycin was applied to
screen transduced cells so as to obtain stable cell lines. Real-
time PCR was used to determine ALDH-1 expression levels in
three groups.

Reverse transcription and quantitative RT-PCR(qRT-PCR)
Total RNA was isolated from three kinds of Hela cell lines

using Trizol reagent according to the manufacturer’s instruc-
tions. Two micrograms of total RNA were digested with DNase
I, and were reverse transcribed using Superscript First-Strand
Synthesis System. qRT-PCR reactions were done using a se-
quence detector with five ng of cDNA, 200 nM of each primer
pair and Power SYBR Green PCR Master Mix or TaqMan Uni-
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Summary
Objectives: To explore the relationship between aldehye dehydrogenase-1 (ALDH-1) and biological characteristics of the stable ALDH-

1 knock-down Hela cell lines. Materials and Methods: Transfected Hela cells with lentiviral vector were utilized and puromycin was used
to screen and achieve the stable cell lines. The interference efficiency was calculated by performing qRT-PCR to detect the expression of
ALDH-1 of three groups including the interfering group, the negative control (NC) group, and the normal Hela group. CCK-8 assays were
used to detect the OD value of each group. The coloning formation rate of each group was detected by colony formation assay. cell cycle
distribution and apoptosis of each group were also detected by employing cell cycle and apoptosis experiments. Results: The stable
ALDH-1 knock-down Hela cell lines were successfully obtained after two weeks’ screening; compared with the NC and Hela group, the
ALDH-1 expression level of interfering group was 1.05 ± 0.10 (both p < 0.05), whose silencing efficiency was 80.59%. CCK-8 assays
verified that the mean OD value of interfering group was lower than that of NC and Hela group. Additionally, colony formation assays
showed that the coloning efficiency of interfering group was lower than that of NC and Hela group. Cell cycle experiments proved that
the proportion of G0/G1 phase of interfering group was higher than that of the other two groups, while the proportion of S phase was lower.
Cell apoptosis assays indicated that the apoptosis rate of interfering group was the highest. Conclusions: Constructing stable interfering
Hela cell lines with lentiviral vectors was successful and worthy of promotion. ALDH-1 plays an important role in promoting cell growth
and proliferation, maintaining cell cycle and inhibiting Hela cell apoptosis.
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versal PCR Master Mix. Primer sequences for detection were as
follows: ALDH-1-forward: 5’-GCCATAACAATCTCCTCT-
GCTCTG-3’, reverse:5’-CCGTACTCTCCCAGTTCTCTTC-3’.
β-actin (forward:5’-GCATGGGTCAGAAGGATTCCT-3’, re-
verse: 5’-TCGTCCCAGTTGGTGACGAT-3’) was used as an
endogenous control. 

CCK-8 assays
Cell proliferation was assessed using a cell counting kit-8 assay.

Hela cells were plated at a density of 5,000 cells/well in 96-well
plates. The CCK-8 assay was performed on days 1, 3, 5, and 7
after seeding, by adding 110 uL of CCK-8 working solution (final
concentration of 0.1 mL/mL) and incubating plates in the dark at
37°C for three hours. OD was measured at 450 nm using an easy
reader 340 AT instrument. Each experiment was carried out in
triplicate and repeated three times.

Clone formation assays
1×103 viable cells were subsequently plated on six-well plates

and maintained in culture for two weeks to test colony-forming
ability. Resulting cell colonies were fixed with 0.4% gluter-
aldehyde, stained with haematoxylin, and counted the colonies
(>50 cells). 

Cell apoptosis and cell cycle distribution analysis
The cells (1×106/ml) were harvested,washed twice with PBS

and fixed in ice-cold 70% ethanol overnight at 4°C. The cells
were concentrated by removing ethanol and treated with 0.01%
Dnase-free RNase A for ten minutes at 37°C. Cellular DNA was
stained with 0.05% propidium iodide (PI) for 20 minutes at 4°C
in darkness. The cell apoptosis and cycle distribution were de-
tected with flow cytometry (FCM) on a FACS calibur flow cy-
tometer. The presence of apoptotic cells was detected by
determination of the SubG1 population. Histogram display of
DNA content (x-axis, PI fluorescence) versus counts (y-axis)
was generated. The percentage of cells at G0/G1,S,or G2/M
phase was documented using ModFit software.

Statistical analysis
All assays were set up in triplicates and the results were pre-

sented as mean ± SD. Variance between the experimental groups
were determined by ANOVA or LSD test. p < 0.05 was considered
statistically significant.

Results

Construction of stable Hela cell lines
It was determined that the screening concentration of

puromycin was 0.9 ug/mL. Then the successful transfeted

Hela cells were screened by adopting the concentration of

puromycin with the stable cell lines obtained after two

weeks’ screening (Figure 1).

The expression of ALDH-1 in three Hela cell lines
The authors used qRT-PCR to evaluate the expression of

ALDH-1 mRNA in shRNA and shNC and Hela cell lines,

which showed that the expression of ALDH-1 mRNA in

shRNA group was 1.05 ± 0.10, while shNC and Hela group

were 6.66 ± 0.06 and 5.41 ± 0.47, respectively (Table 1).

When comparing ALDH-1-shRNA group with the negative

control and normal Hela group, both were p < 0.05. However,

when the negative control group was compared with the Hela

group, it was p = 0.474 and there was no significance. The si-

Table 1. — qRT-PCR results
Cell lines Expression of ALDH-1

LV3-NC 6.66 ± 0.06

Hela 5.41 ± 0.47

ALDH-1 1.05 ± 0.10

Figure 1. — The fluo-

rescence and bright

image under micro-

scope of three groups.
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lencing efficiency of interfering group cells transduced with

ALDH-1 shRNA showed approximately 80.59%.

ALDH-1 knock-down effects on cell growth
The authors used the CCK-8 assays to compare prolifer-

ation rate in three Hela groups. They showed that shRNA

group showed a significantly lower proliferation rate com-

pared to shNC and Hela group (Figure 2), while the shNC

group showed no significance compared with the Hela

group after three days.

ALDH-1 knock-down effects on colony formation
The authors used colony formation assays to compare

colonies in three cell groups. They showed that shRNA

group (6.233 ± 0.252%) had significantly lower colony for-

mation rate compared to shNC (19.933 ± 0.513%) and Hela

group (20.667 ± 0.306%) (Figure 3), while the shNC group

had no significant change compared with the Hela group.

ALDH-1 knock-down effects on cell cycle distribution
The result showed that the cell amount at G0/G1 phase

increased significantly in shRNA group (77.093 ± 1.206%)

compared to shNC (62.583 ± 0.365%) and Hela group

(61.547 ± 10.031%), while the shNC group had no signif-

icance compared with Hela group. Meanwhile S phase de-

creased significantly in the shRNA group (17.703 ±

1.257%) compared to the shNC (27.767 ± 1.340%) and the

Hela group (27.493 ± 1.438%) (Figure 4).

ALDH-1 knock-down effects on cell apoptosis
The apoptosis rate of the shRNA group (12.207 ± 4.723%)

increased significantly compared to the shNC (4.640 ±

2.103%) and the Hela group (2.560 ± 1.602%) when meas-

Figure 3. — Colony

formation results.

Figure 2. — Growth curve analysis results, 1: shRNA; 2: shNC;

3: Hela.

Figure 4. — Cell

cycle results.
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ured by flow cytometric analysis (Figure 5), while the apop-

tosis rate between shNC and Hela group showed no signifi-

cance.

Discussion

ALDH-1 which is located in cytosolic is a detoxified en-

zymes for oxidizing acetaldehyde to acetic acid. Newer

studies have found that ALDH-1 is a specific marker for

various tumor stem cells, such as the head and neck squa-

mous cell carcinoma [3], liver cancer [4], breast cancer [5],

colon cancer [6], and lung cancer [7]. The five-year survival

rate of advanced and recurrent cervical cancer was only

3.2%~13%, which can be attributed to recurrent and

metastatic patients not being sensitive to traditional treat-

ments involving tumor stem cells. The present authors’ pre-

liminary study [1, 2] demonstrated that tumor stem cells

existing in cervical cancer have the ability of clone multi-

plication, self renewal, and tumorigenesis. Clinical data

showed that ALDH-1 is the main prognosis factor affecting

cervical cancer patients. Successively the present authors

found that the colony formation and the expression level

of ALDH-1 have substantially increased after small dose

of divided irradiated rays to cervical cancer cells. At the

present time, there are few reports about the relationship

between ALDH-1 and the biological characteristics of cer-

vical cancer cells. Thus this study aimed to explore the role

of ALDH-1 in cervical Hela cells.

shRNA is called short hairpin RNA in which double-

stranded RNA induces potent and specific inhibition of eu-

karyotic gene expression through the degradation of

complementary messenger RNA, and is functionally simi-

lar to the processes of post-transcriptional gene silencing

[8, 9], which have a high efficiency and sustain long-term

gene expression when transfected with lentiviral vector by

integrating into the host genome. Over the past few years,

RNAi has been widely used by researchers to silence the

expression of many target genes because of their high

specificity and apparent non-toxicity [10, 11]. In this pres-

ent research, the authors found that the transfection effi-

ciency of the lentivirus is high. As found in previous studies

[12], the stable interfering Hela cell lines could be suc-

cessfully obtained by the use of a gradient concentration of

puromycin, and qRT-PCR results showed that the interfer-

ing efficiency was up to 80.59%. Therefore, they have

reached the conclusion that the shRNA sequence of ALDH-

1 is 5’-GTAGCCTTCACAGGATCAA-3’, which can pro-

vide the foundation for future study on shRNA of ALDH-1.

The construction of stable interfering Hela cell lines with

lentiviral vectors in this research is effective and worth

spreading.

Rao et al. [2] reported on siRNA of ALDH-1 transfected

to Siha cells and it was found that compared to Siha-

ALDH1-positive cells, SiHa-ALDH1-negative cells had a

significantly lower proliferation rate. Moreb et al. [13] re-

port on siRNA of ALDH1A1 (ALDH-1) transfected in

H522 lung cells and it was found that siRNA group cells

had a dramatically lower proliferation rate than that of nor-

mal cells. The present study was accordance with the afore-

mentioned studies. Compared with the shNC and normal

group, the cell growth rate and the cloning efficiency of in-

terfering group were obviously much lower, which demon-

strated that the ALDH1 expression plays an important role

in cell growth and proliferation. 

The cell cycle distribution in this study indicated that the

proportion of G0/G1 phase in interfering group was higher

than that of the shNC and normal group, while the proportion

of S phase was lower. The cell cycle in the shRNA group

was arrested at G0/G1 phase and cell proliferation was in-

hibited. The concrete mechanisms of cell growth concern-

ing ALDH1-mediated increase need further study. In

addition, compared to the shNC and normal group, cell apop-

tosis assays showed that the apoptosis rate of interfering

group was much higher. A recent study [14] has shown that

4-hydroxynonenal content and toxicity increased when the

expression of ALDH-1 decreased, resulting in the activation

of apoptosis signal channel and further causing the increase

of apoptosis. The present study was consistent with the above

results, indicating that ALDH-1 knock-down can promote

cell apoptosis and ALDH-1 plays an important role in main-

taining cell cycle and inhibiting Hela cell apoptosis.

In conclusion, the present study is the first to experi-

mentally demonstrate the shRNA sequence of ALDH-1 and

the stable interfering Hela cell lines constructed. ALDH-1

Figure 5. — Cell

apoptosis results.
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knock-down can inhibit cell growth and proliferation, arrest

cell cycle at G0/G1 phase, and promote cell apoptosis.

However, an important limitation of this study lies in the

fact that the authors did not perform in vivo experiments

or identify the relationship between ALDH-1 and cervical

carcinoma stem cell, which will be future study’s emphasis.

This study will provide the foundation for further study on

the relationship between ALDH-1 and cervical Hela cells.
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