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INTRODUCTION

Currently, the rate of  cervical cancer has decreased 
significantly in countries around the world thanks to 
the implementation of  cytological screening programs. 
However, the association between the formation of  
cervical cancer and the human tumor virus (HPV) 
has prompted scientists to find different methods of  
cervical cancer screening.1 In persistent infection of  
a high-risk type of  HPV (HR-HPV), the interaction 
between oncoproteins HR-HPV E6 and E7 with tumor 
suppressor proteins p53 and pRB in cyclic regulation 
leads to a risk. development of  cervical cancer.2 p16 
INK4a (p16) is an inhibitor of  cell proliferation during 
normal cell cycles.3 Ki67 is a nuclear protein and a marker 

of  cell proliferation.4 In a normal cell the expression of  
p16 and Ki67 is mutually exclusive, so the simultaneous 
detection of  both proteins in one cell indicates a failure 
in cell cycle regulation. The main cause is the existence 
of  the HPV virus. Therefore, we studied the expression 
of  the protein p16 / Ki67 in the degree of  cervical cell 
damage caused by HPV infection as a test to detect the 
risk of  developing cervical cancer early in uterus. In 
order to perform protein-based assays, the cells after 
collecting patient samples should be properly stored 
to ensure that the extracted protein retains its natural 
structure and its bioactive. Currently, there are some 
cervical smear preservative solutions on the market for 
cytological tests, but these solutions are not suitable for 
our research. Therefore, we conducted this study with 
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the aim to determine the cell preservative solution that 
helps maintain cell integrity and stability in cervical smear 
samples for protein isolation for downstream studies such 
as protein and DNA analyses.

MATERIALS AND METHODS

Study design
Retrospective case series. Cervical smear samples from the 
women who volunteered to participate in the study were 
collected at Tu Du Hospital from April to December 2020.

Sample collection
The smear was collected with a cervical brush following 
manufacturer’s instructions and stored in vials with 
prepared preservative solutions. Sample were stored and 
transported under different conditions (room temperature 
and 4°C). Different types of  buffers used in this study was 
described in Table 1.

Cell staining
The obtained cell fluid is examined on a microscope with 
Trypan blue dye to check the cell morphology.

Protein extraction procedure
The patient samples were processed before extraction. 
Centrifuge the cells and the addition of  cell-busting 
buffers to obtain proteins. Cell-busting buffers are 
NP-40 buffer (150mM NaCl, 1% NP-40 possible to 
substitute with 0.1% Triton X-100, 50mM Tris-HCl, 
pH 8.0, protease inhibitor) and RIPA buffer (150mM 
NaCl, 1% NP-40 or 0.1% Triton X-100, 0.5% Sodium 
deoxycholate, 0.1% SDS, 50mM Tris-HCl, pH 8.0, and 
protease inhibitor). Protein after extraction was checked 

for concentration and purity by Denovix DS-11 (Denovix 
Inc. USA).

RESULTS

Cervical sample collection: We collected cervical smear 
specimens from women who volunteered for the study at 
Tu Du Hospital. Each patient’s patient sample was stored 
in 3 different types of  solution, including: PBS 1x, HEPES, 
MSwab. Samples stored in PBS 1x solution were kept at 
4°C, samples stored in HEPES and MSwab solutions were 
kept at room temperature (Table 1).

Cell quality and stability: To determine the best cell 
preservative solution, we first evaluate the number and 
morphology of  the cells in each different preservative 
solution. Cells that are unaffected under storage 
conditions are when intact cell membranes are not 
broken down. The cells after being treated and stained 
with Trypan blue were observed with a microscope. 
Staining results (Figure 1) show that: in all 3 solutions 
there is the presence of  cells. However, the number 
of  cells observed in PBS 1x and HEPES solution was 
more than that in MSwab solution. It is observed that 
the background in the sample of  HEPES solution does 
not contain debris and is cleaner than the other two 
solutions. The observed cells have an intact morphology, 
the cell membrane is preserved, and the nucleus is clearly 
visible. It is possible that components in the HEPES 
buffer have resolved and eliminated red blood cells in 
the specimen, and at the same time protect the cervical 
cells integrity.

To evaluate the stability of  HEPES solution in cell 
preservation, we stained and re-observed the cell 
morphology after different storage time, the results showed 
that this solution is capable of  maintain cell stability.

To evaluate the cell stability in three solutions, we stained 
and re-observed the cell morphology at different storage 
time 24h hours, 48 hours, 7 days and 14 days. After 24 and 

Table 1: The types of buffer using in this study
Number Preservative solution Sample shipping and 

storage condition
1 PBS 1x buffer 4oC
2 HEPES buffer Room temperature
3 MSwab buffer Room temperature

Figure 1: Results of staining and cytology in preservative solutions
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48 hours, the cell number and morphology did not show 
significant change in all three solutions. But after 7 days, 
no cell was observed in MSwab solution, there were some 
cells but with many cell debris in PBS 1x solution, while 
HEPES maintain cell morphology and no significant 
change in number of  cells. Besides that, for storing cell 
in PBS 1x, sample should be kept at 40C while in HEPES 
sample can be stored at room temperature, which is much 
more convenient and low cost for transporting and storing 
samples.

Total protein quantity
Unlike tests performed on DNA objects, tests performed 
on protein molecules require extremely strict preservation 
of  patient samples, since proteins are easily degraded and 
bioactive when exposed with chemicals in the preservative 
or extraction solutions. Therefore, we investigate some 
solutions to find a preservative solution that can stabilize 
the cell to ensure the cell is intact to retain the structure 
and activity of  the protein after extraction. Samples of  
specimens after being collected and stored in different 
solutions were extracted for protein. The results of  
protein extraction were described in Table 2, the number 
of  cells in the storage solutions is different, the cause 
may be due to the sampling process, the number of  
cells put into the storage vials is not heterogeneous. 
After protein extraction, the protein content obtained 
was highest when stored in HEPES solution and lowest 
when cells were stored in MSwab solution. When cells 
were stored in PBS 1x buffer the highest number of  
cells were counted, but when protein was extracted, the 
protein content obtained was lower than when storing 
cells with HEPES buffer. Thus, we found that HEPES 
solution is a good biological buffer that maintains cell 
stability during storage.

CONCLUSION

In this study, we have investigated and optimized the 
storage solution of  cervical smear specimens collected with 
a Cervical brush. With the selected preservative solution, 
cells in the post-obtained cervical smear specimens were 
maintained stable. One the other hand, this selected 
solution only require maintaining at room temperature, 
which is very convenient for sample transporting and 
storage with low cost. Hence, we can use this solution for 
further testing of  cervical smear samples at protein and 
DNA levels.
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