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ABSTRACT
There had been a high incidence of COVID-19 in Thailand between May 
2021 and February 2022. Urgent cases in the emergency department (ED) 
or labor room (LR) should be immediately tested. We aim to implement  
a rapid molecular point-of-care tests (POCTs) using Cobas Liat for  
SARS-CoV-2 identification. A total of 32 random leftover-samples represented  
100% overall concordance among the 2 POCTs and standard RT-PCR assays. 
A total of 3,188 nasopharyngeal swabs from an ED and LR were investigated  
with Cobas Liat system. The incidence of SARS-CoV-2 infection was  
observed to be 7.53% (164/2,179) in ED and 2.87% (29/1,009) in LR. 
Furthermore, symptomatic cases were noted in 69.51% (114/164) of ED 
patients, whereas only one case was recorded from the LR. Finally, this 
potential strategy could reduce turnaround time and the risk of infection 
in medical staff during the management of patients or medical procedures 
in the ED and LR.
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Introduction
	 The severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2), coronavirus disease 
2019 (COVID-19) was first reported in Wuhan,  
in the Hubei province of China, in December 2019. 
The infected case by the novel coronavirus was 
presented with an atypical pneumonia(1-3). The 
phylogenetic analysis represented SARS-CoV-2 
was classified as a new strain with enveloped, 
positive sense, and single-stranded RNA virus. 
The bioinformatics analysis showed that the  
genetic sequence of SARS-CoV-2 is 80% identical 
to SARS-CoV and 50% to MERS-CoV(4). Patients with  
a SARS-CoV-2 infection mostly presented with 
fever, cough, sputum production, upper airway 
congestion, and shortness of breath whereas  
headache, diarrhea, or hemoptysis was rarely 
found(1). The SARS-CoV-2 infection could transmit 
between person to another person via respiratory 
droplets by coughing or sneezing. Furthermore, 
environmental contamination is another way to 
spread the SARS-CoV-2, through contact objects 
that have been contaminated with droplets(1,5). 
The median incubation period of COVID-19 was 
estimated to be 5.1 days and the symptoms  
developed within 11.5 days of infection(6). In 2021, 
COVID-19 was a pandemic disease worldwide. 
The numbers of confirmed and fatal cases were 
increasing during 2021 and 2022. A novel variants 
of SARS-CoV-2 has been found recently(1). 
	 Thailand has had a high-incidence season 
of COVID-19 since April 2021. The number of  
confirmed cases in Thailand promptly doubled 
to one million infected persons in August 2021(7). 
During the high-season period, all urgent cases at 
the emergency department or pregnant women in 
the labor room should be examined for SARS-CoV-2 
before any medical procedure. However, these 
patients may come to the hospital at any time. 
Furthermore, preventing nosocomial COVID-19  
infection and maintaining the efficiency and  
quality of the health care service during the  
pandemic are essential(8). Confirmation testing 
for SARS-CoV-2 infection was recommended and  
performed using the reverse transcription  
polymerase chain reaction (RT-PCR) method(9). 
In laboratory practice, RT-PCR methods could be 

accomplished with analysis of a batch conducted 
at the same time. Issues arisen with patients  
under investigation for SARS-CoV-2 infection in the  
emergency department (ED) or labor room (LR) 
that could not be tested as soon as possible.  
Several management methods for resolving the 
problem have been suggested, such as a screening 
test, i.e., Ag screening or IgM antibody detection. 
These assays mostly represented a lower sensitivity  
and specificity which was not suitable for the  
situation and increased the risk of nosocomial 
infection in the medical staff(10-11). However, 
Chaimayo et al(12) reported the rapid assay 
for SARS-CoV-2 antigen detection and showed  
comparable sensitivity and specificity with  
the real-time RT-PCR assay. Recently, rapid  
molecular point-of-care tests (POCTs) were  
developed for SARS-CoV-2 identification based 
on RT-PCR, including at least two platforms: the 
Cobas Liat and Cepheid GeneXpert systems(13-17).  
It seems that these assays could resolve the 
problem more effectively than a screening test 
because the rapid molecular testing could be 
performed within a short time (20-50 minutes), 
in an individual run without batch analysis, and 
based on the standard RT-PCR method. The high 
sensitivity and specificity of the two systems 
have been reported in a previous work(13-17). In 
this study, we aim to demonstrate the success of 
the implementation of rapid molecular testing for 
SARS-CoV-2 using the Cobas Liat system in patients 
from the ED and LR.                
  
Materials and methods
	 Study design and clinical samples
	 Ethical approval for this study was obtained 
and got exceptions for informed consent from the 
Institutional Review Board of Srinakharinwirot 
University, Thailand (SWUEC/E/M-024/2564).  
A total of 32 leftover-samples were selected and 
validated with three methods, including the Cobas 
Liat and Cepheid GeneXpert systems, as well as 
RT-PCR (Sansure Biotech Inc., P.R. China). Sample 
size was selected based on method validation in 
guidebook of Department of Medical Sciences 
Ministry of Public Health, Thailand. Furthermore, 
a retrospective study was investigated by routine 
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MSMC protocol. A total of 3,188 nasopharyngeal  
swab specimens were recorded from urgent  
patients at the ED and LR, Maha Chakri Sirindhorn 
Medical Center (MSMC), Faculty of Medicine, 
Srinakharinwirot University, who were suspected  
of having a SARS-CoV-2 infection, and were  
investigated with rapid molecular RT-PCR (Cobas 
Liat system) between May 2021 and February 2022 
by routine MSMC protocol. 

	 Validation of RT-PCR for SARS-CoV-2  
detection with three methods (Pilot study)
	 A total of 32 leftover specimens were  
recruited form routine laboratory for SARS-CoV-2 
detection based on RT-PCR (Sansure Biotech Inc., 
P.R. China) including 10 undetected samples and 
22 detected samples. All the samples were also 
validated for SARS-CoV-2 infection with two POCTs 
using the Cobas Liat and Cepheid GeneXpert  
systems. 
	 Routine RT-PCR for SARS-CoV-2 was performed  
on a real-time PCR machine ABI7500 (Thermo 
Fisher, Waltham, USA) using a commercial kit 
(Sansure Biotech Inc., P.R. China). Two specific 
regions of SARS-CoV-2, including the ORF1ab and 
N genes, are targeted in the assay. Furthermore, 
an endogenous human gene (RNase P gene) was 
monitored as an internal control (IC) for the  
appropriate specimen collection in the RT-PCR. 
The LOD assay is 200 copies/µL. The assay was  
executed in 96 minutes on a real-time PCR machine.  
However, this assay included the pre-PCR process, 
i.e., RNA extraction, and the preparation of the 
reagent, which consumed two to four hours per 
batch.
	 The Cobas Liat system is a multiplex RT-PCR 
for the rapid in vitro detection and discrimination 
of RNA targets for three viruses: SARS-CoV-2, 
and the influenza A and B viruses. Two regions  
(ORF1a/b and nucleocapsid (N)) of the SARS-CoV-2 
genome are targeted for the assay. The lower limit 
of detection (LOD) of the Cobas Liat SARS-CoV-2 
and influenza A/B nucleic acid test is 12 copies/µL. 
For specimen collection, nasopharyngeal swabs 
were collected and preserved in viral transport 
media (VTM). The assay was performed accord-
ing to the manufacturer’s instructions. Briefly, 
200 μL of specimen was added to the assay tube 

and inserted into the tube slot of the Cobas Liat  
system. Internal control checks were also  
analyzed. The total processing time is about 20 
minutes per specimen.
	 The Xpert Xpress SARS-CoV-2 assay of the 
Cepheid GeneXpert system is a rapid RT-PCR 
for SARS-CoV-2 detection. The two region gene 
sequences of the envelope (E) and nucleocapsid 
(N2) proteins of SARS-CoV-2 are targeted. The 
LOD of the Xpert Xpress SARS-CoV-2 is 250 copies/
µL. Each cartridge includes a sample processing 
control and a probe check control to ensure that 
the sample was processed correctly. For specimen 
collection, nasopharyngeal swabs were assembled 
and preserved in VTM. The test was performed on 
the GeneXpert instrument using the Xpert Xpress 
SARS-CoV-2 cartridge. Briefly, 300 µL of each  
specimen was added to a separate Xpert Xpress 
SARS-CoV-2 cartridge and loaded into an instrument.  
The results were interpreted automatically by the 
GeneXpert system with a RT-PCR curve. The total 
processing time is about 50 minutes per sample.

	 The implementation of the Cobas Liat 
system for SARS-CoV-2 detection in urgency
	 According to recommendation, the Cobas 
Liat system has been launched for rapid molecular  
testing for SARS-CoV-2 infection, which is 20  
minutes, whereas the Xpert Xpress SARS-CoV-2 
takes 50 minutes. Thus, in this study, we aim to 
assess only the Cobas Liat system. Laboratory 
molecular testing for SARS-CoV-2 was undertaken  
in our routine setting at the Department of  
Pathology, Faculty of Medicine, Maha Chakri  
Sirindhorn Medical Center (MSMC), Srinakharinwirot  
University. Urgent cases at the ED and pregnant 
women at the LR under investigation for infection 
who had to be examined before an operation or 
medical procedure were enrolled in rapid RT-PCR  
for SARS-CoV-2 detection between May 2021 
and February 2022 using Cobas Liat system. The  
positive cases were recorded, along with basic 
patient characteristics, including age, sex, vital 
signs (systolic blood pressure (SBP), diastolic 
blood pressure (DBP), body temperature (BT), 
pulse rate (PR), respiratory rate (RR)), and clinical 
symptoms.
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	 Statistical analysis
	 The data collection was recruited via 
EMR software and data analysis was prepared 
in Microsoft excel. Furthermore, the statistical 
analysis and graphic were performed by MINITAB 
release 14.12.0 statistical software. A p-value  
< 0.05 was considered statistically significant. The 
Mann-Whitney test was tested for the difference 
between the Ct values of the ORF1ab/N genes in 
the symptomatic and asymptomatic groups. The 
percent agreement, including the overall (OPA), 
positive (PPA), and negative percent agreement 
(NPA), were calculated in comparative assays by 
Microsoft excel.  

Results
	 Validation of RT-PCR for SARS-CoV-2  
detection with three methods (Pilot study)
	 A total of 32 random leftover-samples were 
recruited from two groups (10 undetected samples 
and 22 detected samples) in routine RT-PCR for 
SARS-CoV-2 detection. All the samples were also 
investigated for SARS-CoV-2 infection with two 

POCTs using the Cobas Liat and Cepheid GeneXpert 
systems. Based on this interpretation, a total of 
22 detected samples and 10 undetected samples 
(32/32) represented 100% overall concordance 
among the three assays. Figure 1 demonstrates 
the comparison of the linear regression of the 
Ct values of the 22 detected cases in each assay. 
The comparison of the Ct value between RT-PCR 
(ORF1ab and N genes) and the rapid molecular 
Cobas Liat system (ORF1ab/N genes) showed 
the correlation in each of the Ct values of the 
genes (Figure 1A). Finally, the comparison of Ct 
values between the rapid molecular Cobas Liat 
and Cepheid GeneXpert systems displayed a good 
correlation in all samples, as depicted in figure 
1B. Furthermore, the percentage of agreement,  
including positive (PPA), negative (NPA) and overall  
percentage agreement (OPA), was calculated  
between RT-PCR and the rapid molecular POCTs 
and found to be 100% in all parameters for the 
Cobas Liat and Cepheid GeneXpert systems, as 
displayed in table 1.
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Figure 1 	 Ct values comparison between 3 platforms including RT-PCR (Sansure biotech), rapid molecular  
	 POCT (Cobas Liat), and rapid molecular POCT (Cepheid GeneXpert systems). Linear regression  
� analyses (reporting the R2 and P-value) between Ct values. (A) Linear regression of Ct value  
	 by RT-PCR (ORF1ab, and N genes) and Cobas Liat system (ORF1ab/N genes). (B) Linear  
	 regression of Ct value by Cobas Liat system (ORF1ab/N genes) and Cepheid GeneXpert system  
	 (N2 and E genes).
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Table 1	 The percentage of agreement was calculated between RT-PCR and rapid molecular POCTs  
	 including Cobas Liat system and Cepheid GeneXpert system

RT-PCR (Sansure Biotech)

Positive Negative

Cobas Liat system Positive 22 0

Negative 0 10

Cepheid GeneXpert system Positive 22 0

Negative 0 10

Cobas Liat system vs RT-PCR 
Positive percentage agreement = 100% (22/22; kappa = 1.0)
Negative percentage agreement = 100% (10/10; kappa = 1.0)
Overall percentage agreement = 100% (32/32; kappa = 1.0)
Cepheid GeneXpert system vs RT-PCR 
Positive percentage agreement = 100% (22/22; kappa = 1.0)
Negative percentage agreement = 100% (10/10; kappa = 1.0)
Overall percentage agreement = 100% (32/32; kappa = 1.0)

	 The potential of the Cobas Liat system 
for SARS-CoV-2 detection in urgency
	 A total of 3,188 nasopharyngeal swabs were 
recorded between May 2021 and February 2022 
from the ED and LR according to suspected urgent 
cases. Figure 2 demonstrates the flowchart for 
SARS-CoV-2 detection in urgency. At the ED, the  
patients under investigation for infection accounted  
for 2,179 specimens, while pregnant women in 
the LR provided 1,009 specimens. All of these 

were tested with rapid molecular POCTs using the 
Cobas Liat system The positive cases were found in 
164 samples (7.53%) and 29 samples (2.87%) from 
the ED and LR, respectively. Table 2 shows the  
patient characteristics of the detected cases in 
the two groups from the ED and LR. However, of 
the detected cases in pregnant women (LR), only 
one person had symptoms, which were febrile with  
a productive cough and sore throat. 

Figure 2 	 Flowchart of SARS-CoV-2 detection using Cobas Liat system was demonstrated in urgency at  
	 emergency department and labour room. A total of 3,188 nasopharyngeal swabs were recruited  
	 during May 2021- February 2022. 
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Table 2 	The patient characteristics in 193 urgent cases who were positive for SARS-CoV-2 infection 

Emergency department 
(n = 164)

Labor room
(n = 29)

Age: median (range): years 58 (1–102) 27 (18–40) 

Sex (number)

    Female 78 29

    Male 86 -

Vital sign: median (range)

    Systolic blood pressure (mmHg) 131 (117–149) 128 (120.0–132.5)

    Diastolic blood pressure (mmHg) 79 (69–89) 80 (72.5–85.0)

    Body temperature (๐C) 36.8 (36.6–37.6) 36.7 (36.5–36.9)

    Pulse rate (times) 94 (80–112) 90 (20–100)

    Respiratory rate (times) 24 (20–28) 20 (20–22)

Symptomatic: n (percent)

    Febrile or fever 82 (50.0) 1 (3.5)

    Cough 29 (17.7) -

    Dry cough 6 (3.7) -

    Productive cough 48 (29.3) 1 (3.5)

    Anosmia 5 (3.1) -

    Sore throat 21 (12.8) 1 (3.5)

    Stuffy nose or runny nose 14 (8.5) -

    Headache or dizziness 16 (9.8) -

    Myalgia 9 (5.5) -

    Fatigue 75 (45.7) -

    Nausea or vomiting 14 (8.5) -

    Diarrhea 18 (11.0) -

	 Rapid molecular POCTs for SARS-CoV-2 
detection were performed on the Cobas Liat in 
urgent cases (from the ED and LR). A total of 
193 detected cases exhibited a Ct value range of 
9.84 – 36.60 of ORF1ab/N genes on the Cobas Liat 
system. A total of 142 positive cases (73.58%) that 
presented with symptoms are included in table 2, 
but the remaining 51 (26.42%) were asymptomatic.  
The Ct values of the ORF1ab/N genes on the 

Cobas Liat system were compared between the 
symptomatic and asymptomatic groups, as shown 
on the boxplot (Figure 3). The Mann-Whitney test 
revealed highly significant differences (p-value  
< 0.001) for the Ct values of the ORF1ab/N genes in 
the symptomatic (median 18.28 with interquartile  
range (IQR) = 7.79) and asymptomatic groups 
(median 31.90 with IQR = 8.40). 
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Figure 3	 Distribution of Ct values of ORF1ab/N genes from positive cases grouped by symptom status  
	 and detected on the Cobas Liat system. The boxplot shows the median and interquartile range  
	 (box) of data and the box size represent sample number in each group. 

Discussion
	  The COVID-19 pandemic has been  
investigated since February 2020. In Thailand,  
a high-incidence season has occurred since April 
2021(7). The detection of SARS-CoV-2 infection 
has been performed using RT-PCR as the standard  
method worldwide(9). However, RT-PCR is not  
suitable for use in urgent cases because they 
should be immediately tested before management  
of the underlying emergency. Furthermore,  
identification of an infected case could lower 
the risk of nosocomial infection in medical staff 
during a procedure. This study demonstrated the 
rapid molecular POCTs based on the RT-PCR assay 
in ED and LR cases. We firstly report the proposed 
strategy for using rapid molecular POCTs in urgent 
cases. 

	 The validation method between RT-PCR and 
rapid molecular POCTs demonstrated 100% overall 
concordance in this study. A total of 22 positive 
cases showed a correlation of Ct values in each 
assay. However, we found one sample in RT-PCR, 
as illustrated in figure 1A, that had a high Ct value 
and represents an outlier when analyzed with the 
two rapid molecular POCTs. This may have resulted 
from a random error in the sample preparation or 
RNA extraction process. Furthermore, the factors 
that led to poor analytical performance, such as 
the presence of inhibitors, genomic mutations, or 
samples with very low viral concentrations. The 
rapid molecular POCTs, the Cobas Liat and Cepheid 
GeneXpert systems, exhibit a good correlation, as 
depicted in the linear regression line (Figure 1C). 
The calculation of the percentage agreement of 
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results was discovered to have 100% concordance 
overall in three assays, including RT-PCR (Sansure 
Biotech), POCT 1 (Cobas Liat system) and POCT 
2 (Cepheid GeneXpert system). A previous work 
has also noted an excellent overall 100% test  
concordance between the Cepheid Xpress  
SARS-CoV-2 assay and Cobas Liat SARS-CoV-2 and 
Influenza A/B assay in nasopharyngeal swabs and 
posterior oropharyngeal saliva(18). Hansen et al(15)

reported the overall agreement between the 
Cobas Liat and 68/8800 systems for SARS-CoV-2 
detection and values of 100% and 97.4% for PPA 
and NPA, respectively. Thus, the high accuracy of 
rapid POCTs has been established and is suitable 
for applying in an emergency.
	 The potential of rapid molecular POCTs for 
SARS-CoV-2 in urgency has been evaluated in this 
study. The Cobas Liat system has been launched 
for rapid molecular testing for SARS-CoV-2  
infection. This research demonstrated the  
successful application of the rapid molecular 
assays in urgent cases from the ED and LR. In the 
high-incidence season in Thailand that began in 
April 2021, SARS-CoV-2 detection has resulted 
in a bottleneck in laboratory investigation using  
RT-PCR. The proposed strategy of using rapid  
molecular POCT for detecting SARS-CoV-2 infection 
at the ED and LR started in May 2021. The patients 
in both departments could be immediately tested 
and unnecessary resources significantly reduced, 
i.e., wearing full personal protective equipment 
(PPE) in undetected cases, as this equipment is 
limited in the health care environment during the 
COVID-19 pandemic(19, 20). This research represented  
the urgent cases who came to the ED or LR during 
the period May 2021-February 2022. As shown in 
figure 2, a total of 3,188 nasopharyngeal swabs 
were analyzed by the Cobas Liat system, which 
has been reported to have a short operation time 
of 20 minutes and the lowest LOD (12 copies/uL). 
However, the limitation of the Cobas Liat system is 

a higher cost when compared with antigen test kit. 
The rapid assay for SARS-CoV-2 antigen detection 
also showed comparable sensitivity and specificity 
with the real-time RT-PCR assay. Thus, there is 
optional use of this rapid and simple SARS-CoV-2 
antigen detection test as a screening assay(12).
	 In this study, we compared the symptomatic 
and asymptomatic groups by using the Ct values of 
the ORF1ab/N genes. The symptomatic group shows 
a significant difference from the asymptomatic  
one (p-value < 0.001). Previous studies have 
also reported significantly lower Ct values in the  
symptomatic group when compared with  
asymptomatic cases. Nearly 60% of specimens from 
asymptomatic individuals had a PCR Ct value >30 
as measured using the Cobas 6800 assay E gene(21). 
The active cases who demonstrated clinical  
symptoms may have an early stage of infection 
and there is a high growth of the replication of 
the virus in this period. During a late infection, 
the virus may be eliminated in the nasopharynx 
and a lower copy number of the virus (representing  
a high Ct value) might be found, meaning that 
asymptomatic cases are present in this group. 
Moreover, a previous work has reported that the 
viral load may be low (a high Ct value) in patients 
who were IgG-positive at discharge and high in 
those who were IgG-negative(22).

Conclusion
	 The implementation of rapid molecular 
point-of-care tests for SARS-CoV-2 detection  
using the Cobas Liat system in urgent patients 
from an emergency department and labor room 
could be promising and highly effective. This  
proposed strategy could reduce turnaround time 
and the risk of infection in medical staff during the 
management of patients or medical procedures in 
the ED and LR. 
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Clinical implication
•	  The validation method between  

RT-PCR  and  rap id  mo lecu la r 
POCTs demonstrated 100% overall  
concordance in this study.

•	  During the high-season period, all 
urgent cases could be examined  
for SARS-CoV-2 infection before any 
medical procedure in our setting.

•	  The implementation of Cobas Liat 
system for SARS-CoV-2 detection in 
urgent case could be promising and 
highly effective.

•	  The preventing nosocomial COVID-19  
infection and maintaining the  
efficiency and quality of the health 
care service during the pandemic are 
demonstrated.
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ABSTRACT
Antinuclear antibodies (ANA) are important in diagnosis and follow-up of 
patients with autoimmune conditions. The current increase in ANA requests 
is driven by broadening the use of ANA from a test for lupus to a test for 
diverse autoimmune diseases, but the standard method is protracted, 
cumbersome and prone to error. Therefore, simple and reliable testing 
are needed and autoantigen substrates are required for the development 
to capture the autoantibodies. This study evaluates the nuclear proteins 
of Hela cells (NP-HL) as screening marker for systemic autoimmune  
diseases. Reactivity of 38 ANA positive and 10 negative sera, against NP-HL 
was determined by western blotting. We demonstrated that NP-HL reacts 
with 37 ANA positive sera (97%), and without showing any reaction with 
negative ones. NP-HL was shown to have a diagnostic value as a screening 
marker for ANA and, therefore, is a suitable alternative substrate for a new 
antibody test. This research implies that the NP-HL provides a potential 
to be used as autoantigen substrate in the rapid testing to define ANA for 
screening of autoimmune diseases.
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Introduction
	 Autoimmunity is defined as an immune 
response against self (autologous) antigens and 
is an important cause of disease. The diseases 
caused by autoimmunity are called autoimmune 
diseases(1). When autoimmune diseases occur,  
it can cause inflammation, pain, diminished  
mobility, fatigue and other non-specific symptoms(2).  
Autoimmune diseases are chronic diseases in 
nature and can lead to morbidity and mortality. 
Therefore, autoimmune diseases are medically 
and economically important due to high treatment 
costs, long hospital stays, and early retirement. 
In the last decade, the incidence and prevalence 
of autoimmune diseases rise steadily(3). The  
estimated prevalence of all autoimmune diseases 
is about 5-7% of the general population(4). 
	 The presence of autoantibodies in serum  
against to nuclear antigens such as nucleic  
acids and intracellular proteins is the hallmark of 
systemic autoimmune diseases such as systemic 
lupus erythematosus (SLE), mixed connective 
tissue disease (MCTD), Sjogren’s syndrome (SjS), 
scleroderma (SS), systemic sclerosis (SSc), and 
idiopathic inflammatory myopathies (IIMs)(5). 
These autoantibodies, also known as antinuclear 
antibodies (ANA), are predominantly reactive with 
nuclear antigens. Due to an excellent diagnostic 
sensitivity of the ANA test, it is considered as the 
best screening test for these diseases(6,7). The 
positivity of ANA screening can make guidance to 
make confirmatory tests and may be applicable for 
clarifying an exact clinical diagnosis or prognosis.
	 Among the currently used ANA screening 
tests, the indirect immunofluorescence assay (IFA) 
method applying HEp-2 cells as the substrate is 
recommended as the gold standard test for ANA  
detection, with a wide range of advantages and 
limitations(8–13). However, there are some challenges  
such as labor-intensiveness, subjectivity in result  
interpretation, time-consuming, inadequate  
reagents standardization and a workforce shortage 
in clinical laboratories(8–11,14,15). Therefore, simple 
and reliable testing are needed for early diagnosis 
and effective treatment of autoimmune diseases, 
thereby improving productivity of health care 

systems by minimizing costs, time, and errors.  
If available, rapid testing for ANA can improve 
diagnostics in primary, urgent/emergency, 
and remote care clinics and enhance medical  
intervention for patients(16). 
	 For the development of rapid testing, 
autoantigen substrate is required to capture the 
autoantibodies.  Hela cell is the first continuous 
cancer cell line. Through application of Hela cells 
and the various other cell lines, lots of knowledge  
aspect to human cells have already been  
perceived. Among thousands of human cancer cell 
lines, Hela cell is still the most commonly used 
cell line in biomedical research. It is also non- 
fastidious nature to grow and has large nucleus  
which shows a wide range of nuclear antigens 
correlated with systemic autoimmune diseases and 
non-expensive. In addition, in concerned of Hep-2 
cells substrate, some clinically important autoan-
tibodies can be missed, like SS-A/Ro60 is missed 
by Hep-2 cells due to the low cellular abundance 
of this particular protein on Hep-2 cells. Thus, 
the aim of this study is to evaluate the diagnostic 
value of nuclear proteins of Hela cells (NP-HL)  
to be used as screening marker for total ANA. 

Materials and methods 
	 Human serum samples
	 Patient sera were obtained from the  
patients under auspices of a human subject  
protocol, approved by the Center for Ethics in  
Human Research, Khon Kaen University (HE631169). 
The patients were diagnosed at the Srinagarind 
Hospital, Khon Kaen, Thailand with ANA positive 
and titer was determined by indirect immuno-
fluorescence assay (IFA-ANA). All samples were  
assigned number codes and used in the  
experiments without knowledge of clinical lab-
oratory information. The IFA-ANA positive sera 
with clinically significant pattern, homogeneous, 
speckled, centromere and nucleolar, were chosen 
and the titer was equal or grater than 1:80. For 
the negative sera, the samples which showed 
IFA-ANA negative or the titer was lower than 1:80 
were selected.
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	 Cultivation of Hela cells
	 The Hela cells used in this study were  
cultured in standard plastic flasks with  
basic growth medium (Dulbecco’s Modified  
Eagle Medium) supplemented with 10% (v/v)  
heat-inactivated fetal bovine serum and 1% (v/v)  
Penici l l in-Streptomycin. The cells were  
maintained in a humidified atmosphere containing 
5% CO2 at 37°C.

	 Nuclear extraction of Hela cells
	 Nuclear and cytoplasmic protein fractions 
were collected using the nuclear extraction kit 
(ab113474; Abcam, UK) In brief, the cells were 
lysed with cytoplasmic extraction buffer (CEB) 
and centrifuged at 12,000 rpm for 1 minute 
to separate the supernatant containing the  
cytoplasmic proteins and nuclear pellet. Nuclear 
proteins were extracted from the nuclear pellet 
with the aid of nuclear extraction buffer (NEB) and 
centrifugation at 14,000 rpm for 10 minutes. The 
protein concentration of the nuclear extracts and 
cytoplasmic extracts were measured. Then, the 
nuclear extracts and cytoplasmic extracts were 
used immediately or stored at -80°C until use.

	 Purity checking of nuclear and cytoplasmic  
proteins
	 Nuclear and cytoplasmic proteins extracted 
from Hela cells were prepared for purity checking 
by western blotting. In brief, after electrophoresis,  
gels were electroblotted onto a 0.45-μm pore 
size polyvinylidene fluoride (PVDF) membrane 
(10600023, GE Healthcare, UK) which was  
subsequently blocked in 5% skimmed milk in 0.1% 
tween 20-TBS (t-TBS) for 1 h at room temperature 
before incubating with anti-histone H3 antibody 
(1:1000; ab1791; Abcam, UK) and anti-beta actin 
antibody (1:5000; ab227387; Abcam, UK). The 
secondary goat anti-rabbit IgG H & L horseradish 
peroxidase labeled antibody (ab6721; Abcam, UK)  

was visualized by the Enhanced Chemiluminescence  
(ECL) plus reagent (GE Healthcare, UK) using an 
Amersham imager 600.  

	 Western blotting to detect the reaction 
of human serum and extracted nuclear proteins 
from Hela cells (NP-HL) 
	 NP-HL (20, 10, 5, 2 & 1μg) were heated in 
sample buffer and separated at room temperature  
by sodium dodecyl sulfate polyacrylamide  
gel electrophoresis (SDS-PAGE). After being  
transferred to PVDF membrane for 1 h at 300 V 
and 90 mA, the membranes were blocked for 1 h 
with 5% skimmed milk in t-TBS and sequentially 
incubated for overnight at 4 °C with 100X diluted  
IFA-ANA sera, followed by 5,000X diluted of  
horseradish peroxidase conjugated goat anti- 
human IgG secondary antibody (Cat-A00166,  
GenScript, USA) for 1 h at room temperature. 
Blots were washed 3X for 10 min between steps 
with t-TBS. Bound antibodies were detected by 
using Enhanced Chemiluminescence (ECL) plus 
reagent (GE Healthcare, UK) and quantified on an 
Amersham imager 600. Anti-histone antibody was 
used as positive control in the uniform condition 
to assure the accuracy and quality of the results.

Results
	 Purity checking of extracted nuclear and 
cytoplasmic protein
	 Western blotting results from cellular  
extracts of Hela cells were shown in figure 1, 
which indicated that nuclear proteins were  
sufficiently separated from cytoplasmic proteins. 
The nuclear marker, histone H3, was highly  
expressed in nuclear fractions but low amount in 
cytoplasmic fractions. Conversely, the cytoplasmic 
marker, β actin, was detected only acceptable 
amount in nuclear fraction while it was detected 
higher concentration in cytosolic portion.
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Figure 1 Purity checking of extracted nuclear and cytoplasmic protein from Hela cells  3 

(A) Western blotting of extracted nuclear and cytoplasmic protein from Hela cells (NP-HL and 4 

CP-HL, respectively) probed with anti-histone H3 antibody (nuclear protein marker) and anti-5 

β actin antibody (cytoplasmic protein marker). (B) From the western blotting result, the 6 

intensity of the western blotting band from NP-HL and CP-HL with anti-histone H3 and anti-β 7 

actin was determined. The experiments were performed for three times and data were expressed 8 

as mean±SD. (M = molecular weight markers) 9 
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Evaluation the reactivity of NP-HL with ANA negative and positive sera 11 

To determine the optimal reactive concentration of NP-HL, western blot analysis was 12 

performed using 1, 2, 5, 10, 20 µg of extracted nuclear protein against positive and negative 13 

ANA sera which tested with IFA-ANA testing. All proteins of NP-HL in the SDS-PAGE were 14 

demonstrated in figure 2A.  As could be seen in figure 2B, autoantibody reactivity increased 15 

proportionally to the amount of protein bound to the membrane and the result indicated that 20 16 

µg of NP-HL provided the strongest binding ability of autoantigens and antibodies without 17 

showing cross-reactivity in negative serum. Therefore, for the rest of the study, 20 µg of NP-18 

HL was routinely used as the optimal reactive concentration of autoantigens.  19 

Evaluation NP-HL with ANA negative and positive samples 20 

 NP-HL was tested with the IFA-ANA sera, negative (n=10) and positive (n=38) 21 

samples, by western blotting. Among the various patterns observed in ANA-positive cases, 22 

homogeneous pattern (n=13), speckled pattern (n=10), centromere pattern (n=8) and nucleolar 23 

pattern (n=7) were observed. In western blotting, all negative sera (100%) were observed no 24 

detectable band revise and 37 out of 38 positive samples (97%) were detected at least one band. 25 

One sample (Homogeneous pattern) was not detected with NP-HL. Additionally, the western 26 

Figure 1 	 Purity checking of extracted nuclear and cytoplasmic protein from Hela cells (A) Western  
	 blotting of extracted nuclear and cytoplasmic protein from Hela cells (NP-HL and CP-HL,  
	 respectively) probed with anti-histone H3 antibody (nuclear protein marker) and anti-β  
	 actin antibody (cytoplasmic protein marker). (B) From the western blotting result, the in 
	 tensity of the western blotting band from NP-HL and CP-HL with anti-histone H3 and anti-β  
	 actin was determined. The experiments were performed for three times and data were  
	 expressed as mean±SD. (M = molecular weight markers)

	 Evaluation the reactivity of NP-HL with 
ANA negative and positive sera
	 To determine the optimal reactive  
concentration of NP-HL, western blot analysis was 
performed using 1, 2, 5, 10, 20 µg of extracted 
nuclear protein against positive and negative ANA 
sera which tested with IFA-ANA testing. All proteins 
of NP-HL in the SDS-PAGE were demonstrated  
in figure 2A. As could be seen in figure 2B,  
autoantibody reactivity increased proportionally 
to the amount of protein bound to the membrane 
and the result indicated that 20 µg of NP-HL  
provided the strongest binding ability of  
autoantigens and antibodies without showing 
cross-reactivity in negative serum. Therefore, for 
the rest of the study, 20 µg of NP-HL was routinely 
used as the optimal reactive concentration of 
autoantigens. 

	 Evaluation NP-HL with ANA negative and 
positive samples
	 NP-HL was tested with the IFA-ANA sera, 
negative (n = 10) and positive (n = 38) samples,  
by western blotting. Among the various patterns 
observed in ANA-positive cases, homogeneous  
pattern (n = 13), speckled pattern (n = 10),  
centromere pattern (n = 8) and nucleolar pattern 
(n = 7) were observed. In western blotting, all  
negative sera (100%) were observed no detectable 
band revise and 37 out of 38 positive samples (97%) 
were detected at least one band. One sample  
(Homogeneous pattern) was not detected with 
NP-HL. Additionally, the western blotting results 
showed the different band in each sample that 
is shown in table 1. Protein at molecular weight 
60 was found to be the most prevalent antibody  
which is the representation of SS-A/ Ro60 antigen.   



Arch AHS 2023; 35(2): 12-18.Thway et al.

16

Table 1	 Serological frequencies of autoantibodies in IFA-ANA patterns

MW in WB 
(kD)

number (percent)  
Autoantibody 

to*
Homogeneous Speckled Centromere Nucleolar Total 

(n=13) (n=10) (n=8) (n=7) (n=38)

60 4 (30.8) 1 (10) 2 (25) 3 (42.9) 10 (26) SS-A/Ro60

52 7 (53.8) 0 2 (25) 0 9 (23.7) SS-A/Ro52

48 1 (7.7) 3 (30) 2 (25) 2 (28.6) 8 (21) SS-B/La

33/70 6 (46.1) 1 (10) 0 1 (14.3) 8 (21) U1-nRNP

60-72 1 (7.7) 1 (10) 5 (62.5) 1 (14.3) 8 (21)

29 1 (7.69) 4 (40) 1 (12.5) 0 6 (15.8) Sm

12-24 3 (23.1) 2 (20) 0 0 5 (13.2) Histone

80 0 0 5 (62.5) 0 5 (13.2) CENP-B

120 0 1 (10) 3 (37.5) 0 4 (10.5) CENP-C

135 0 0 1 (12.5) 3 (42.9) 4 (10.5) RNAP-III

100 3 (23.1) 0 0 0 3 (7.9) Topoisomerase-I

80 1 (7.7) 2 (20) 0 0 3 (7.9) Ku

75/100 0 0 0 2 (28.6) 2 (5.3) PM/Scl

262 2 (15.4) 0 0 0 2 (5.3) Nucleosome

140-180 0 1 (10) 1 (12.5) 0 2 (5.3)

37 1 (7.7) 0 0 0 1 (2.6) Rib-P

*reference number 17

Discussions
	 Autoantibodies are hallmarks of autoimmune  
diseases, and testing for total ANA has become  
a valuable tool at both primary care and  
subspecialty settings as a trigger for further 
clinical investigation. Standard ANA testing is 
performed by indirect immunofluorescence  
microscopy in centralized clinical laboratories by 
technicians trained in carrying out its multiple 
steps and in interpreting fluorescence microscopy 
images. As a screening tool, the ANA patterns can 
guide confirmatory testing useful in elucidating  
a specific clinical diagnosis or prognosis. However, 
routine use of IFA-ANA testing as a global screening  
test is hampered by its labor-intensiveness,  
subjectivity, and limited diagnostic specificity. 
Thus, the need for simple testing which will be easy 
to perform and reliable is still a burning issue and 
the autoantigen substrates with high diagnostic  

values are required to apply in development of 
the testing. In this context, we developed and 
evaluated the extracted nuclear protein from Hela 
cell with the clinical sample. 
	 The results of western blot analysis clearly 
established the value of the reactivity of NP-HL 
for ANA detection, showing strong positive bands 
on ANA positive sera, versus showing no reaction  
on all ANA negative sera. In IFA-ANA, some  
clinically important autoantibodies can be missed, 
as SS-A/Ro60 was missed by Hep-2 cells due to the 
low cellular abundance of this particular protein 
on Hep-2 cells. In contrast, SS-A/Ro60 was highly 
expressed in NP-HL and was found as the most 
prevalent autoantibodies in our study. This may be 
due to the use of extracted autoantigenic nuclear 
proteins with less content of cytoplasmic proteins. 
Therefore, autoantigenic targets were highly 
expressed and masking effect of cytoplasmic  
proteins to target proteins was also inhibited. 



Potential substrate for ANA screeningArch AHS 2023; 35(2): 12-18.

17

Consequently, NP-HL was evaluated as potential 
autoantigenic substrate for total ANA detection  
in western blotting, providing important  
autoantigenic targets for autoantibodies from 
cheap source. 
	 In comparison of the results of IFA-ANA 
and western blotting, high concordance data 
were found out in negative samples (100%) and  
positive samples (97%). One sample (homogeneous  
pattern) was not detected with NP-HL. This 
difference may be due to the inter-operator 
variability of performing the different assays and 
result interpretation. In addition, although our 
NP-HL contained the major autoantibody targets,  
including SS-A, SS-B, U1-nRNP, Sm, histone, CENP, 
RNAP, Topoisomerase-I, Ku, PM/Scl, nucleosome  
and ribosomal protein, some important autoanti-
gens may not be present. Moreover, this positive 
sample showed the low titer with IFA-ANA. To 
understand the association of IFA patterns with 
specific autoantibodies, our finding was compared  
to standard reference(17), and found to be very 
similar with published literature. The speckled 
pattern showed an association with Sm and SS-B/
La which was similar to other studies. Likewise, 
the centromere pattern is shown in association 
with the CENP-B & C antibodies and nucleolar  
pattern with RNAP and PM/Scl antibodies, 
in accordance with other published studies.  
However, there are some exceptions, like histones 
in speckled pattern, SS-A/Ro and U1-nRNP in the 
homogeneous pattern, and 60-72kD protein in 
centromere pattern which may be due to the  
use of different detection techniques. These  
differences may also be due to the subjectivity 
and the inter-operator variability of performing 
the assay and identification the patterns. These 
technical differences have been observed earlier  
in literature, and this is one of the major  
limitations of using IFA as a screening assay for 
the detection of autoantibodies. Although the  
validation studies have been performed for  
automated IFA(18,19), they are not routinely used 
in developing countries due to the expenses 
involved. This correlation is very helpful in  
predicting a specific antibody with a particular 
ANA pattern and also reminding of limitation 

in patterns identification of IFA. However, in 
our study, nuclear antigens were focused and  
cytoplasmic antigens that binds to cytoplasmic 
organelles such as mitochondria and the Golgi 
complex were limited to be identified.
	 The diagnostic value of the NP-HL is related 
for screening of total ANA and, warrants further 
work to set up and validate an autoantibody  
clinical test for systemic autoimmune diseases 
based on this autoantigen. 

Conclusion
	 We described the NP-HL as a screening 
marker for total ANA with potential diagnostic 
value, strengthened by reactivity evaluation 
against clinically important ANA sera. This  
research implies that the NP-HL provides  
a potential to be used as alternative autoantigen 
substrate in defining antinuclear antibodies (ANA) 
for screening of systemic autoimmune diseases.

Take home messages  
	 Our study provides the antigenic avidity 
of extracted nuclear proteins of Hela cells 
in capturing antinuclear antibodies. Further 
study for application of this substrate in 
method development of ANA screening is 
warranted.
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ABSTRACT
Colorectal cancer (CRC) associated with KRAS mutations relevance to 
clinical outcome of progression especially for codon mutation remain 
unclear, clinically. Thus this study aimed to detect KRAS mutations on 
specific codon-12 and codon-13. DNA extraction was performed from 40 
formalin-fixed paraffin-embedded (FFPE) tissues. The KRAS codon-12 and 
codon-13 mutations were detected by quantitative multiplex real-time 
PCR consisting of seven primers of G12A, G12D, G12R, G12C, G12S, G12V, 
and G13D, specifically. Our results showed mutation of codon-12 at 37.5% 
(15/40 cases), especially for 86.7% (13/15 cases) were found G12D, G12V 
and G12R mutation for 40%, 40% and 6.67%, respectively. On the other 
hand, the codon-13 mutation found only G13D at 20% (3/15 cases). The 
present findings showed a statistically significant difference between KRAS 
mutations with lymph node metastases (p-value = 0.004), and mucosal  
lymphoma with other tumor types (p-value = 0.016). We noticed that KRAS  
mutations are associated with codon-12 and codon-13 and relevanced to  
prognostic outcomes of CRC patients on lymph node metastases as well as 
histological types. However, increased samples, novel prognostic biomarkers 
and more specific clinical information could be further explored to the clinical  
molecular biomarkers for monitoring and treatments.
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Introduction
	 Nearly 2 million cases of colorectal cancer 
(CRC) were diagnosed in 2020, making it the third 
most prevalent cancer form globally. Approximately  
1 million people die from it each year, making it 
the second most frequent cause of cancer death 
including Thailand(1). Over 10,000 new CRC cases 
occur annually, and about 40% are rectal cancer. 
The International Agency for Research on Cancer  
(IARC) estimates that the global burden of  
colorectal cancer will increase by 56% between 
2020 and 2040, to more than 3 million new cases 
per year. For several reasons, CRC continues to be 
a significant healthcare burden in Thailand. It is 
the only malignancy with an increased incidence 
in both sexes in Thailand. Due to the lack of CRC 
screening and public awareness, non-metastatic 
cancer accounts only for 60%–70% of overall cases. 
The demand for general or colorectal surgeons 
outmatches the supply at a ratio of 1 general 
surgeon to 35,000 individuals. There are about 70  
board-certified colorectal surgeons serving  
Thailand’s population of nearly 70 million. As  
a result, more than 25% of cancer patients wait 
more than a month before surgery(2). Although 
surgery is the main treatment modality for early  
CRC, adjuvant treatment is usually given to 
patients with advanced disease. Therapies 
with epidermal growth factor receptor (EGFR)  
inhibitors have been shown to be effective  
treatments in a subset of patients with metastatic  
colorectal cancer. Two anti-EGFR biologics,  
cetuximab and panitumumab, have been approved 
by the Food and Drug Administration for the  
treatment of refractory metastatic colorectal 
cancer.
	 The oncogene family RAS consists of three 
members (KRAS, HRAS and NRAS) that play  
important roles in human cancers. All RAS genes 
encode 21-kDa monomeric GTPases that relay  
extracellular signals to intracellular signal  
transduction cascades. The on/off state of rat  
sarcoma proteins (RAS) is determined by nucleotide  
binding(3), with the GTP-bound form exhibiting 
active signaling conformation. Missense mutations 
in RAS proteins alter the homeostatic balance of 
GDP and GTP binding toward the active state by 

either reducing GTP hydrolysis or increasing GTP 
loading rate(3). Approximately, 40% of metastatic 
colorectal cancers (mCRC) have KRAS mutations, 
typically in exon 2 and codons 12 (nearly 80% of 
all KRAS mutations) and 13, and less frequently in 
exon 3 (codons 59 and 61) and 4 (codons 117 and 
146). For decades, the different KRAS mutations 
were considered equivalent in terms of lack of 
anti-EGFR response and a negative prognostic 
factor(4). It is known that most mutations in RAS 
are missense mutations in three hotspot residues, 
G12, G13, and Q61. The order of frequency of 
G12 is G12D, G12V, G12C, G12A, G12S, and G12R, 
with the G12C mutation most common in lung 
cancer and the G12D most common in PDAC(5). In 
fact, KRAS G12D (KRAS G12D) is one of the most  
important therapeutic targets in tumors. Up to 
40% of patients with KRAS wild-type CRC show at 
least a partial response to anti-EGFR therapy, an 
improvement over the 10% prior to KRAS mutation 
stratification. Whereas patients with KRAS mutated  
tumors do not benefit from anti-EGFR therapy. 
Thus, the advantage of determining KRAS mutation 
status is to identify those who will not respond to 
EGFR monoclonal antibody therapy(6). Therefore,  
detection of KRAS mutation on the specific  
codon is an essential investigation for the further  
molecular biomarker’s association, clinically.

Materials and methods
	 Patients and tumor samples
	 A total of 40 CRC patients from the lower 
part of the north-eastern Thai population were 
collected from January 2019 to June 2020. They 
were assembled with the approval from the 
hospital ethics committee (EC003/2021). The 
clinical information, pathological diagnosis, and 
formalin-fixed paraffin-embedded (FFPE) tissue 
samples were collected from the CRC patient’s 
registration.

	 DNA extraction
	 Genomic DNA was isolated from ti 
ssue samples using the PureLink® Genomic DNA 
kits following the manufacturers’ instructions. 
All FFPE tissue sections were evaluated for tumor 
cell content more than 20% using hematoxylin and 
eosin (H&E) staining by pathologists. A total of 5-8 
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sections were taken from each sample followed by  
a thickness of each section was 10 µm. The FFPE  
tissue sections were placed into a 1.5 microcentrifuge  
tube and deparaffinized with xylene. Each sample 
was incubated with proteinase K at 56°C overnight  
until completed digestion. The lysate was  
subsequently incubated at 80°C for 4 hours 
to reverse formaldehyde crosslinks. DNA was  
precipitated with ethanol, fixed on the membrane 
by centrifugation, washed and eluted by using the 
elution buffer solution. The DNA concentration and 
purity were determined by spectrophotometer 
(Thermo Fisher Scientific) at 230, 260 and 280 nm 
using Nanodrop 2000, subsequently.

	 Detections of KRAS mutations
	 The KRAS gene mutations were detected 
using Therascreen RGQ PCR KRAS Kit (Qiagen, 
Manchester, UK). KRAS mutations in codons-12 
and codon-13 were identified using a principle 
of multiplex real-time PCR that combines an  
amplification refractory mutation system.  
Scorpion fluorescent primers and probes system 
were used as directed by the manufacturer 12 GCT 
(Ala), 12 GAT (Asp), 12 CGT (Arg), 12 TGT (Cys), 
12 AGT (Ser), 12 GTT (Val) and 13 GAC (Asp). The 
seven primer-specific reactions with one control 
reaction were produced in each sample. DNA 
template was used at concentration of 20-25 
ng. The PCR profile consisted of an initial hold 
phase at 95 °C for 4 min, followed by 40 cycles of  
two-step amplification with denaturation at 95 °C 
for 30 s and annealing at 60 °C for 1 min. The DNA 
samples with Ct-value between 23.5 and 29.5 were 
considered valid and suitable for subsequent KRAS 
analysis. The PCR reaction and data analysis were 
performed on the QMDx System (Qiagen, Hilden, 
Germany) and Rotor-Gene Q Software, version 
2.3.1.49 (Qiagen, Hilden, Germany) according to 
the manufacturer’s instructions.

	 Statistical analysis
		  All statistical analysis was calculated  
in SPSS v.25 (IBM Corp., Armonk, NY, USA). 
The relationships between clinicopathological  
variables and the presence of KRAS mutation were 
determined using Chi-square test. The significance 
difference was considered at p-value less than 
0.05, statistically. 

Results
	 Determine KRAS mutation detection by 
multiplex real-time PCR
	 The results showed 37.5% (15/40 cases) with 
KRAS mutations including of 86.7% (13/15 cases) 
with codon-12 mutations (p.G12D, p.G12V, and 
p.G12R was 40%, 40%, and 6.67%, respectively), 
and 20% (3/15) with codon 13 mutations (p.G13D 
was 5.08%). The most common mutation in codon 
12 was glycine to aspartate (GGT to GAT) and  
glycine to valine (GGT to GTT), which was  
detected in 6 of 15 cases (40%), whereas the  
other mutation observed in codon 12 mutations 
resulting in a replacement of glycine by arginine 
(GGT to CGT; 1 case, 6.677%). On the other side, 
the most common mutation in codon 13 was  
glycine to aspartate (GGC to GAC) which occurred 
in 3 of 15 cases (20%), whereas the other mutation 
was glycine to cysteine (GGC to TGC).

	 Correlation between KRAS mutation and 
clinicopathological parameters
	 Our results showed a statistically significant 
difference between KRAS mutations and lymph 
node metastasis p-value = 0.004. Our results also 
found a statistically significant difference between 
KRAS mutations with mucinous adenocarcinoma 
and other tumor types p-value = 0.016. However, 
our findings did not show a significant difference 
between KRAS mutations and other pathological 
factors such as gender, age, clinical tumor markers,  
and degree of differentiation, as shown in table 1.
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Table 1	 Correlation between clinicopathological characteristics and KRAS mutation status (missense  
	 type) in 40 patients with CRC patients

Patient’s information n
KRAS genotypes (n)

p-value
KRAS Mutation KRAS Wild type

Total CRC patients 40 15 25  

Sex

   Male 21 9 12 0.462

   Female 19 6 13

Age

   < 70 years 13 5 8 0.960

   >70 years 27 10 17

Primary tumor

   Right CRC 9 4 5 0.654

   Left CRC 26 10 16

   Rectum 5 1 4

Grade of differentiation

   Poor 1 0 1 0.575

   Moderate 13 5 7

   Well 26 8 17

Metastasis at diagnosis

   Lymph node 27 14 13 0.004

   Peritoneum 1 1 0

   none 12 0 12

Histology 

   Mucinous 3 1 2 0.016

   None 37 14 23

Note: p-value by using chi-square test. KRAS, kirsten rat sarcoma; CRC, colorectal cancer. 

Discussion
	 CRC is the third most common cancer and the 
leading cause of cancer-related deaths worldwide (7).  
In Thailand, the incidence of CRC has increased in 
recent years. In CRC patients, KRAS mutations are 
present in 45% of metastatic tumors and in nearly 
15-37% of early-stage tumors (8,9). Recently, KRAS 
gene mutation in CRC has been intensively studied 
to clarify whether it is the reason for the tumors’  
expansive growth. Several researchers have 

reported that the KRAS gene mutation plays an 
important role in the protrusive growth of CRC (10).
	 In previous study from Chinese population 
that represent KRAS mutation rate for codon 12 
was 72.7%, of which G12D was the highest (47.5%)  
followed by G12V (30.6%), and the mutation rate for 
codon 13 was 22.0%, of which G13D was reported(11). 
Like our study of KRAS mutations in codon-12 and 
codon-13 from the lower part of the north-eastern  
Thai population, we notice that a mutation in KRAS 
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codon-12 has much greater oncogenic potential 
than a mutation in codon-13. The CRC patients 
with KRAS codon-12 mutations are commonly 
present at G12V and G12D, while mutations in 
G12R are much less commonly found. Among 
the patients who carry on the KRAS codon-13 
mutation, G13D is the most frequently observed 
mutation. From previous study of KRAS mutation  
detection on FFPE had been evaluated with  
a multiplex QPCR assay for the rapid detection 
of common KRAS mutations. Similar to our study 
that using multiplex real-time PCR has been shown 
to be more sensitive and cost effective than 
sanger sequencing in paraffin-embedded archival  
tissue (12). It is a sensitive sequencing assay and can 
reliably detect mutant alleles at low frequencies 
(1% mutated) among wild-type alleles, which is 
often the case in solid tumors (12, 13). 
	 To date, clinical information and biomarkers  
for drug responses are necessary for CRC  
managements. Treatments of mCRC with crucial 
prognostic biomarkers are one of the improvement 
and reduction risk of disease progression. Recently,  
Cetuximab and Panitumumab, as the highly  
effective antibodies targeting epidermal growth 
factor receptor (EGFR), have clinical activity 
in the mCRC patients’ treatments(14-16). So, we  
suggest that study of the molecular KRAS codon-12 
and codon-13 mutations with chemotherapeutic 
drugs response for anti-EGFR could be further 
explored.

Conclusion
	 The association between KRAS codon-12 and 
codon-13 mutations and prognostic outcome of 
CRC patients should be used for the prognostic 
biomarkers, clinically. The clinical outcome of 
progression in the patients related to lymph 
node metastases as well as a mucinous colorectal  
adenocarcinoma histology type.

Take home messages  
	 The mCRC patients including of both the 
sporadic and hereditary CRC patients with the 
specific clinical outcome of progression as well 
as the novel molecular biomarkers for diag-
nosis, prognosis, monitoring, and treatments 
could be further investigated, clinically.
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ABSTRACT
Acute kidney injury (AKI) is a sudden loss of kidney function followed by 
a failure to maintain fluid, which is associated with increased mortality. 
Recently, neutrophil gelatinase associated lipocalin (NGAL) has been rec-
ommended as the first biomarker for prediction of kidney damage in the 
early phase. For medical applications of the NGAL protein, a large amount 
and expression system of this protein is required. Currently, the assay to 
determine NGAL levels is enzyme-linked immunosorbent assay (ELISA), 
which is accurate but inconvenient for clinical applications, because its 
long-time process takes about 4 hours and the antibody against human 
NGAL is expensive. Therefore, high-level expression of NGAL is required 
in order to develop a commercially NGAL strip test. The present study 
aimed to construct the recombinant plasmid, to optimize the expression 
of NGAL in Escherichia coli BL21(DE3) and OrigamiTMB(DE3) strains. The 
host strain, IPTG concentration and induction time were also evaluated. 
NGAL gene was cloned in pET32a and transformed to E. coli BL21(DE3) and  
OrigamiTMB(DE3). The construct of NGAL and the expression vector was 
successful. BL21(DE3) showed a high growth rate indicated by reaching  
the mid-log phase faster than OrigamiTMB(DE3). However, both E. coli 
BL21(DE3) and OrigamiTMB (DE3) showed no expression of NGAL. In  
conclusion, this study demonstrates the efficiency of the expression host to 
produce protein for development as a commercial strip test. The suitable 
system to express NGAL protein should be further investigated.
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Introduction
	 Acute kidney injury (AKI) is an abrupt  
reduction in kidney function followed by failure 
to maintain fluid, acid balance and electrolyte 
homeostasis. AKI is a serious condition globally and 
it is associated with high mortality in patients in 
an intensive care unit (ICU). Early diagnosis and 
treatment of AKI are important. Nowadays, AKI 
is typically diagnosed based on an elevation of 
serum creatinine (SCr). However, rapid change of 
kidney function cannot be indicated in real time 
by the level of SCr because the level of SCr can 
only be detected after kidney function has been 
destroyed beyond 50%(1). SCr can also be affected 
by several factors such as age, muscle mass, diet, 
drugs and exercise(2). The level of SCr has low 
sensitivity to detect kidney damage in an early 
diagnosis. Therefore, it is necessary to explore for 
highly sensitive biomarkers for early detection of 
AKI. Gaspari et al(3) reported that a protein called 
neutrophil gelatinase associated lipocalin (NGAL) 
was an alternative choice for the prediction of 
kidney injury in the early phase, instead of SCr. 
NGAL has potential for use in clinical applications 
because its level is rapidly increased into the blood 
and urine(4,5). Taken together, NGAL is considered 
as an appropriate biomarker for diagnosis of AKI 
and also for prediction of clinical outcomes,  
including the need for initiation of dialysis and for 
the onset of mortality(6).
	 At present, measuring NGAL level is  
performed by enzyme-linked immunosorbent  
assay (ELISA), which has a high accuracy but is 
not suitable for clinical applications. The ELISA 
process for AKI diagnosis takes a long time, about 4 
hours(7), with a high cost for the antibodies against 
human NGAL. Therefore, the development of  
a reliable, rapid, easy-to-use and cost-effective 
method for NGAL detection is needed. For medical 
applications of the NGAL protein, a large amount 
of NGAL protein is necessary. In the present study, 
the bacterial expression system is the method of 
choice for the expression of the recombinant NGAL 
protein, due to its simplicity, cost effectiveness, 
and capacity to produce high yield protein(8).

	 The aim of this study was to construct and 
produce recombinant NGAL protein by cloning  
in Escherichia coli. The optimal conditions 
for the expression host, E. coli BL21(DE3) and  
OrigamiTM B(DE3) strains, were compared. The IPTG  
concentrations and induction time were also 
evaluated.

Materials and methods
	 Neutrophil gelatinase associated lipocalin  
gene
	 Total RNA was isolated from colon carcinoma  
and extracted by reagent TRIzol (Invitrogen, USA) 
according to the manufacturer’s instructions.  
Then, total RNA was used to generate the  
first-strand Complementary DNA (cDNA) using the 
cDNA synthesis kit (Invitrogen, USA), which was  
provided by the Faculty of Pharmaceutical  
Sciences, Khon Kaen University, Khon Kaen,  
Thailand and preserved at -80°C before use.

	 Escherichia coli and vectors
	 E. coli DH5α strain was used as a host for 
cloning plasmid. E. coli strains, BL21(DE3) and 
OrigamiTM B(DE3) were used as the expression host. 
The pGEM®-T easy vector (Promega, USA) was used 
as a vector for cloning and the pET-32a vector  
(Invitrogen, USA) was used as an expression vector.

	 Primers design
	 Two primers were designed for amplification  
of the NGAL gene fragment (GenBank accession  
number: EU644752.1) by polymerase chain  
reaction (PCR). The forward and reverse primers 
were extended with tails that contain EcoRI and 
XhoI-cutting sites respectively for subsequent 
digestion and cloning into a pET32a vector. In 
addition, special attention to primer design  
parameters such as length of 18-24 bases, 40-60% 
GC content, melting temperature (Tm) of 50-60°C 
have been considered. To reduce the likelihood of 
primer-dimer and secondary structure formation 
for all the primers, the oligonucleotide calculator 
was used  (http://biotools.nubic.northwestern.
edu/OligoCalc.html), and target specificity was 
also evaluated using BLAST (https://www.ncbi.
nlm.nih.gov/tools/primer-blast/). This primer set 
was also optimized for annealing temperature.
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	 Amplification of NGAL gene
	 Complementary DNA (cDNA) was used as 
the template and the NGAL gene was amplified 
with specific primers using the polymerase chain  
reaction (PCR) system. The PCR parameters were set 
using a thermal cycler as follows: pre-denaturation  
at 94°C for 5 min; 35 cycles of heat denaturation 
at 94°C for 30 secs, primer annealing at 55°C for 
30 secs, DNA extension at 72°C for 30 secs; and  
a final extension at 72°C for 7 min. The expected 
PCR product size was eluted from electrophoresis 
gel before being ligated into pGEM®-T easy vector. 
The identity of NGAL was verified by sequencing.

	 Construction of a plasmid expressing 
recombinant NGAL
	 Initially, the NGAL gene was amplified by 
PCR using the primer set F-EcoRI: 5’-GAATTCGTGC-
CACTAGGTCTCCT-3’ and R-XhoI: 5’-CTCGAGGC-
CGTCGATACAC-3’. The resulting PCR product, 
with the predicted size and expression vector, was 
digested by the same restriction enzyme EcoRI/
XhoI using the double digestion method at 37°C 
for 3 hours and cloned into pET32a.

	 Preparation of recombinant NGAL
	 Protein expression was carried out in E. coli 
BL21(DE3) and OrigamiTM B(DE3) competent cells 
using the heat shock method. The following day, 
single colonies were selected on LB agar containing  
ampicillin and screened by colony PCR. The bacterial  
colonies were transferred onto an LB broth and 
cultured at 37°C with shaking at 180 rpm for 
18 hours. Then, the recombinant plasmid was 
extracted from the bacteria using the PrestoTM 
Mini Plasmid kit according to the manufacturer’s 
instructions.

	 Optimization of expression condition
	 The positive colonies were inoculated in 
LB broth containing ampicillin and incubated  
at 37°C with shaking at 180 rpm until the cell  
density reached the mid log-phase of growth. 

Then, protein expression was induced with  
isopropyl β-D-1-thiogalactopyranoside (IPTG). The  
concentration of IPTG was varied in each tube with  
final concentrations of 0.1, 0.3, 0.5, 0.7, and 1 mM.  
The time of induction was examined at different time 
intervals of 2, 4, 6, 12 and 24 hours. Then, the cells 
were harvested by centrifugation at 10,000g for 5  
minutes and the expressed protein was investigated  
by sodium dodecyl sulfate polyacrylamide gel 
electrophoresis (SDS-PAGE) analysis.

	 Sodium dodecyl sulfate polyacrylamide 
gel electrophoresis (SDS-PAGE)
	 The molecular weight of expressed  
recombinant NGAL was analyzed by SDS-PAGE. 
The cell pellets were prepared by mixing with 
2X solubilizing buffer (0.5 mM Tris-HCl pH 6.8, 
10% (v/v) glycerol, 2% (w/v) SDS, 0.5% (w/v)  
bromphenol blue, and 10% β-mercaptoethanol), 
and then heating in boiling water for 5 minutes. 
The SDS-PAGE system contained two gels, including  
a 13% polyacrylamide gel as a separating gel and 
a 4% polyacrylamide gel as a stacking gel. Twenty  
µg Samples were loaded into the wells and  
separated at 150 volts until the tracking dye 
reached the bottom of the gel, continued by 
staining with Coomassie Brilliant Blue R-250  
solution for 30 min. Then the gel was destained 
with destaining solution until the background 
cleared and protein bands appeared.

Results
	 Specific primer design
	 The sequence of the NGAL gene from the 
NCBI database (GenBank accession number: 
EU644752.1) as a template for designing new 
primers with cloning enzyme restriction sites for 
pET32a vector construction is shown in Figure 
1A. The cloning enzyme at the restriction sites of 
these primers did not affect the template primer 
binding.
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Figure 1	 Characteristics of E. coli expression plasmid pET32a-NGAL.
	 (A) Sequence of the NGAL gene and the amino acids it encodes. Primer binding sites are  
	 indicated by a dotted arrow.
	 (B) Schematic of the recombinant plasmid construction containing the NGAL gene insert  
	 and key features required for subsequent protein expression and purification. 
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	 The optimal condition for NGAL gene 
amplification
	 The annealing temperature of the PCR  
reaction for primer was optimized for NGAL  
fragment amplification (Figure 2A). The results 

suggested that the optimal annealing temperature  
is 55°C, because the NGAL product from PCR 
showed an intense band at this temperature. The 
specific band of 594 bp appeared as expected 
(Figure 2B).

Figure 2	 Agarose gel electrophoresis of NGAL product from PCR amplification
	 (A)	 Annealing temperature. 
		  Lane 1 at 50°C.
		  Lane 2 at 55°C.
		  Lane 3 at 60°C.
		  Lane 4 at 65°C.
	 (B)	 Purified NGAL.
Note: Lane 1, NGAL purified from agarose gel electrophoresis amplification at 55°C; lane M, marker 100 
bp DNA ladder; lane NC, negative control (PCR buffer without DNA template).

	 Construction of recombinant expression 
plasmid
	 The NGAL fragment, which was inserted in 
the pGEM®-T easy vector, was transformed into 
an E. coli DH5α competent cell. Then the pET32a 
vector and recombinant plasmid were prepared 
by digestion with a restriction enzyme. After 
that, the NGAL fragment and the pET32a vector 
were ligated between the EcoRI/XhoI cloning 
sites and transformed to E. coli BL21(DE3) and 
OrigamiTM B(DE3) competent cells (Figure 1B). 
The transformant colonies were selected for 
identification by colony PCR to ensure that the 
NGAL fragment carried the vector. The results 

showed that 10 positive clones of recombinant 
plasmid were transformed into E. coli BL21(DE3) 
competent cells, as shown in Figure 3A in lanes 1 
to 10. This demonstrated that NGAL fragments at 
approximately 594 bp were obtained as expected.  
Ten transformant colonies were selected and 
screened for positive clones in E. coli OrigamiTM 
B(DE3) competent cells, only 7 clones contained 
the NGAL fragments as shown in Figure 3B 
(lanes 11 to 20). These results revealed that the  
recombinant processes were successful, because 
the NGAL fragments at approximately 594 bp were 
observed in lanes 11, 12, 14, 16, 17, 18 and 19 of 
agarose gel electrophoresis (Figure 3B).
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Figure 3 	 Agarose gel electrophoresis of positive clones for confirmation of the correct insertion of  
	 NGAL into competent cells. 
	 (A) 	 E. coli BL21(DE3) competent cell. Note: Lanes 1 to 10, expected clones of recombinant  
		  plasmid pET32a-NGAL.
	 (B) 	 E. coli OrigamiTM B(DE3) competent cell. Note: Lanes 11 to 20, expected clones of  
		  recombinant plasmid pET32a-NGAL; lane M, marker 100 bp DNA ladder; lane NC, negative  
		  control (PCR buffer without DNA template).

	 SDS-PAGE analysis	
	 The molecular weight of pET32a-NGAL, by 
SDS-PAGE analysis, was approximately 42.96 kDa, 
while the molecular weight of pET32a alone and 
NGAL were approximately 20.4 and 22.56 kDa, 
respectively.
	 To select the optimized protein expression 
condition, three parameters were studied for the 
expression of the proteins including the bacterial 
host, IPTG concentrations and induction times. The 
lowest IPTG concentration and lowest induction  
time were investigated. IPTG concentrations in 
ranges of 0.1, 0.3, 0.5, 0.7 and 1 mM, at a fixed 

incubation time of 24 hours, were performed. 
SDS-PAGE reveals that the bands of both E. coli 
BL21(DE3) and OrigamiTM B(DE3) competent 
cells (Figures 4A and 5A) were similar, with no 
over expression at all concentrations of IPTG. In  
Figures 4B and 5B, 1 mM IPTG was fixed at  
different induction times, ranging through 2, 4, 
6, 12 and 24 hours. The results showed no over 
expression and no difference was observed in  
E. coli BL21(DE3) and OrigamiTM B(DE3) competent 
cells for all induction times when compared with 
the non-induced lane.
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Figure 4	 Optimization of IPTG concentration and induction time of recombinant NGAL in E.  
	 coli BL21(DE3) competent cell by SDS-PAGE. 
	 (A) 	 Optimization of IPTG concentration (0.1 - 1 mM), fixed incubation time of 24 hours.
	 (B) 	 Optimization of induction time (2 - 24 hours), fixed IPTG 1 mM.
Note: Lane M, low MW protein marker; lane NpET32a, pET32a uninduced with IPTG; lane IpET32a,  
pET32a induced with 1 mM IPTG; lane ND, uninduced.
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Figure 5	 Optimization of IPTG concentration and induction time of recombinant NGAL in E. coli  
	 OrigamiTM B(DE3) competent cell by SDS-PAGE. 
	 (A) 	 Optimization of IPTG concentration (0.1 - 1 mM), fixed incubation time of 24 hours.
	 (B)	 Optimization of induction time (2 - 24 hours), fixed IPTG 1 mM.
Note: Lane M, Low MW protein marker; lane NpET32a, pET32a uninduced with IPTG; lane IpET32a, 
pET32a induced with 1 mM IPTG; lane ND, uninduced.

Discussion
	 NGAL plays an important role in several 
pathological conditions such as kidney injury, burn 
injury, bacterial infection and also in some types 
of human cancers such as colon cancer, rectal  
cancer, and pancreatic cancer(9). It has been  
recommended as the first biomarker for the  
prediction of AKI(10). NGAL has potential for use 

in clinical applications because the level of NGAL 
rapidly increases in the blood and urine during 
AKI(4). ELISA is a standard method for assaying  
NGAL, but it is not convenient for clinical  
applications due to its high cost and time consuming.  
Developing a reliable and cost-effective detection 
for NGAL may help in the prediction of AKI.
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	 To produce an NGAL detection kit, a large 
amount of NGAL is required. The expression 
system of NGAL is also necessary for developing 
commercial NGAL antibodies. Cloning is one of 
the suitable strategies for NGAL production. The 
bacterial expression system is a preferred choice 
for the expression of recombinant proteins due to 
its capacity to produce high yield protein at a low 
cost(8).
	 In the present study, three parameters were 
investigated, including E. coli host strain, IPTG 
concentration and induction time. The purification  
of NGAL carried out in the E. coli system was 
successful (Figures 3A and 3B). One of the popular 
prokaryotic expression systems is E. coli strain 
BL21. The NGAL was cloned to pET32a vector that 
contained a histidine tag (His-tag) and a thioredoxin  
tag (Trx-tag). Upon expression, these tags are 
integrated into the NGAL protein which facilitates 
protein purification (His-tag) and reduces protein 
aggregation (Trx-tag) in the bacterial system (11). 
Therefore, we used pET32a as the expression vector  
system. In an attempt to express recombinant  
NGAL in E. coli, the recombinant plasmid was 
constructed. E. coli BL21(DE3) and OrigamiTM 
B(DE3) were cultivated and optical density (OD) 
at logarithmic growth phase was measured. The 
concentration of bacterial growth at OD600 was 
0.6. pET32a-NGAL/ BL21(DE3) was induced at  
3 hours and pET32a-NGAL/OrigamiTM B(DE3) was 
induced at 5 hours after bacterial inoculation, 
respectively. BL21(DE3) was considered to have 
higher efficiency to produce recombinant protein 
because the growth rate of BL21(DE3) was faster 
than the OrigamiTM B(DE3) strain. The possible 
explanation is that it may enhance amino acid 
synthesis rate because these strain recombinant  
protein productions can be driven by the very 
strong T7 promoter system(12). Due to the  
mutations of trxB and gor genes in OrigamiTM 
B(DE3), it can increase the disulfide bond  
formation in the cytosolic fraction. However, 
these strains may increase protein production but 
sometimes decreases the solubility of protein(13). 
After cultivations of both E. coli BL21(DE3) and 
OrigamiTM B(DE3) in the optimization of expression 

conditions, they were compared with negative 
control (pET32a without insertion) from which no 
over expression bands were observed (Figures 4A-B 
and 5A-B). In general, low temperature cultivation 
of E. coli enhances soluble protein expression(14). 
Moreover, the high concentration of inducer can 
reduce the protein expression due to its toxic 
effects on cells. In an attempt to express NGAL 
in E. coli, using the specific epitopes of NGAL 
instead of cloning whole NGAL protein should be 
further investigated and codon optimization is  
recommended. It is important to note that all the 
factors including host, vector, concentration of 
IPTG, time and temperature should be considered 
and optimized in order to determine the appropriate  
conditions for the expression of the protein.

Conclusion
	 This study has successfully constructed 
the recombinant plasmid pET32a-NGAL. E. coli 
BL21(DE3) is considered to be more efficient to 
produce recombinant protein because its growth 
rate is faster than the OrigamiTM B(DE3) strain. 
Expression of recombinant NGAL in E. coli with 
this construct plasmid, expressing protein with 
optimal solubility and appropriately, should be 
further investigated. Other expression hosts,  
expression systems, and methods for the  
production of recombinant protein should also 
be studied.

Take home messages  
	 The construction of the recombinant 
plasmid and the evaluation of the production  
of recombinant protein was compared  
between two expression hosts. This study 
demonstrates the efficiency of the expression 
host to produce protein for development as  
a commercial strip test in the future.
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ABSTRACT
University students, particularly females, are susceptible to stress affecting 
their health. Previous evidence suggested that regular exercise promotes 
good mental and physical health. Female physical therapy students of 
University of Phayao frequently contend with a challenging academic 
environment and a lack of daily physical activity. Thus, this study aims 
to compare stress levels, anthropometric indices, and physical fitness 
between the groups of female university students who regularly exercise 
(PE), and those who did not i.e., a non-physical exercise (non-PE) group. 
One hundred and one female university students, aged between 18-23 
years were recruited. The participants were assigned into two groups 
regarding exercise history over the last two months before participation  
in this study, including a regular PE group (exercise > 3 days/week,  
n = 55) and a non-PE group (exercise < 3 days/week, or no exercise, n = 46).  
All participants were measured for stress levels via the Suan Prung Stress 
Test-60, including susceptibility to stress, sources of stress, and symptoms 
of stress. Then, they were assessed for body mass index, waist-to-hip  
circumference ratio (WHR), and body fat percentage. The grip and leg 
muscle strength and muscle flexibility were determined. Finally, the 
participants performed the Queens College step test to measure maximal 
oxygen consumption (VO2max). Independent t-test or Mann-Whitney U test 
were used to compare all parameters between the two groups. A p-value 
< 0.05 was considered statistically significant. The results showed that the 
susceptibility to stress scores and WHR in PE group were significantly lower 
than non-PE group (p-value = 0.01 and 0.03, respectively). In addition, 
VO2max in PE group were significantly higher than non-PE group (p-value  
= 0.02). The present findings suggested benefit of regular exercises among 
female physical therapy students who are vulnerable to stress, while 
they will be health professionals who are directly responsible to health 
promotion using exercises. The university or faculty may use strategies 
facilitating the students to engage in regular exercise programs that may 
promote their health, study outcomes, and awareness to positive exercise 
effects to be applied for their future patients.
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Introduction
	 University students, especially health 
sciences students, are vulnerable to stress from 
a number of factors such as difficult academic 
assignments, demanding responsibilities, and  
a competitive academic environment. Additionally,  
female university students reported greater stress 
than males(1). Stress is defined as an imbalance 
between a person’s expectations and their ability  
to cope(2) . Stress negatively affects mental health, 
including psychological functioning, happiness, 
and life satisfaction(3). The previous study shows 
that academic stress leads to depression among 
students which negatively affecting their academic  
performance and learning outcomes(4). Physical  
inactivity and sedentary behavior are also reported  
in the student population. These unhealthy  
lifestyles could lead to decreased physical fitness. 
Previous study reported that physical activity 
was positively associated with cardiorespiratory 
fitness, vital capacity, muscular strength, and 
flexibility among participants in the fit group 
of university students(5). In addition, sedentary  
lifestyles or a deficiency in physical activity are risk 
factors for non-communicable diseases, such as  
hypertension, diabetes mellitus, and cardiovascular  
disease(6-8).

	 Physical activity (PA) is any activity which 
allows the body to expend more energy as  
a consequence of skeletal muscle contraction(8). 
PA also refers to all movements performed during 
leisure time such as housework, and physical  
exercise. Regular moderate- to vigorous-intensity  
PA or physical exercise promotes both good mental 
and physical health(9,10). Stress levels and PA are  
inversely associated. The previous studies revealed  
that stress was lower in the group with regular PA, 
particularly for women(11,12). There is evidence that 
a decrease in PA leads a decrease in the oxygen 
transport capacity(13). Exercise is a stressor on the 
body, and stress hormones may be reduced while 
endorphin levels are increased. These suppress 
pain perception and improve mood(14). In other  
research, the impact of PA and exercise on 
lowering depression and anxiety levels was  
revealed(15,16). 

	 The physical therapy students of the  
University of Phayao were the health science  
students who vulnerable to stress. In addition, 
most of them are female and had generally  
sedentary lifestyle. These factors might cause 
adverse effects on both physical and mental 
health, while they will be health professionals 
who are directly responsible to health promotion 
using exercises. The university or faculty may 
use strategies facilitating the students to engage 
in regular exercise programs that may promote 
their health, study outcomes, and awareness to 
positive exercise effects to be applied for their 
future patients. Therefore, the aim of this study 
was to compare the stress levels, anthropometric 
indices, and physical fitness between the female 
university students who reported regular physical 
exercise in the past 2 months and non-physical 
exercise group. 

Materials and methods
	 Study design and participants
	 This retrospective cohort study was carried 
out during July to August 2022. The population 
in this study were 193 female physical therapy  
students from the Department of Physical Therapy,  
School of Allied Health Science, University of  
University of Phayao, Northern Thailand. We  
recruited the number of physical therapy students  
as much as we can. The inclusion criteria were 
healthy females aged 18 to 22 years, with no 
major adverse health conditions such as heart 
disease, asthma, hypertension, or myopathy. The  
participation flowchart is shown in Figure 1. After  
selection, the participants were subdivided  
according to the exercise history in the past  
2 months into two groups, including the regular  
physical exercise (PE), and a non-physical  
exercise (non-PE) group. The PE group was  
fifty-five physical therapy students who performed 
exercise regularly such as walking, jogging,  
running, cycling, dancing, yoga, and weight 
training, for at least 30 minutes/session, 3 days 
per week over the previous two months prior to 
participation in this study. The non-PE group was 
forty-six physical therapy students who performed 
physical exercise less than 3 days per week or 
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did not perform any exercise. The participants 
received an explanation of the objectives and 
study protocols. All participants volunteered 
to participate and provided written informed  
consent before data collection began. The study 

was reviewed and approved by the Human Ethical 
Committee at the University of Phayao (protocol 
code UP-HEC 1.2/036/65 and date of approval,  
1 July 2022), prior to data collection. 

Figure 1  The participation flowchart.

	 Research protocols
	 The participants were completed two 
self-report questionnaires, one for their  
demographics (including age, underlying diseases,  
alcohol use, and cigarette smoking) and the  
participation in any exercise programs (i.e.,  
frequency, duration, and types of exercise), and the 
other one for their stress levels using the Suan Prung 
Stress Test-60 (SPST-60). Then, anthropometric  

indices including body mass index (BMI), waist-to- 
hip circumference ratio (WHR), and body fat  
percentage, were measured. The participants were 
assessed for their muscular strength using grip, 
and back and leg dynamometers. For assessing  
their trunk flexibility, the participants were  
performed modified sit-and-reach test. Finally, the 
participants performed the Queens College step 
test for assessing their cardiorespiratory fitness. 
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Anthropometric indices, muscular fitness, and 
cardiorespiratory fitness were measured with two 
blinded assessors. The assessors were two physical 
therapy students who had received administration 
training from an experienced physical therapist. 
The first assessors evaluated BMI, WHR, body fat 
percentage, and trunk flexibility. The second  
assessors evaluated grip and leg muscle strength, 
and Queens College step test. Details of the  
measurements were explained below.

	 Suan Prung Stress Test-60
	 The SPST-60 is a widely accepted measure 
to indicate stress levels among Thai people(17). 
The questionnaire comprises 60 items with the 
scores ranging from 1 to 5. This questionnaire 
presents Cronbach’s alpha reliability > 0.7 and 
concurrent validity > 0.27 (statistically significant 
based on electromyography values at a 95% CI)(18). 
The SPST-60 was designed to assess participants’ 
stress levels from the prior six months. The scores 
of each item were separated into five categories 
based on the frequency of the event or symptom. 
The participants were given only one category in 
each item. In the susceptibility to stress aspect,  
the scales ranged from 1 = always occurs to 5 = never  
occurs (scoring rates were reversed for items 
4-6). In the sources of stress and the symptoms of 
stress aspects, the scales ranged from 1 = no stress  
or never to 5 = very high stress or always occur. 
SPST-60 has three aspects as following. 

          Susceptibility to stress 
	 The first aspect of SPST-60 consisted of 12 
items. The questionnaire accessed daily activities 
which could affect stress levels in participated 
subjects. This section provided power of detecting 
the probability of susceptibility to stress. In this 
part, the stress level was quantified by numerical 
system where 1 means always occur (scored 1), 
2 means often (scored 2), 3 means sometimes 
(scored 3), 4 means rarely (scored 4), and 5 means 
never (scored 5). The reverse rating systems were  
applied for items 4-6; smoking, alcohol consumption  
and taking sleeping pills or antidepressants. Total 
score was used for interpreting the stress levels 
ranging from mild (score 0-20), moderate (score 
21-26), high (score 27-33), to severe (score > 33).

          Sources of stress
	 This aspect provided data about sources 
of stress namely work or study, personal issues,  
family, social problems, environment, and financial  
issues (24 items in total). Conversely, for the 
sources of stress aspect, the participants scored 
5 for the answer of very high stress, 4 for high, 3 
for average, 2 for low, and 1 for no stress. A higher 
total score means higher stress. Total score was 
used for interpreting the stress levels from mild 
(0-36 scores), moderate (27-57 scores), high (58-79 
scores), to severe (> 79 scores).

          Symptoms of stress 
	 The last aspect illustrated the symptoms 
of stress in terms of skeletal muscles, parasym-
pathetics and sympathetics nervous systems, 
emotion, cognition, and the endocrine and  
immune systems (24 items in total). The participants  
scored 5 for the answer of always occur, 4 for  
often, 3 for sometimes, 2 for rarely, and 1 for never.  
Total score was used for interpreting the stress 
levels from mild (score 0-17), moderate (score 
18-36), high (score 37-57), to severe (score > 57).

	 Anthropometric indices 
	 The anthropometric indices including BMI, 
WHR, and body fat percentage were determined. 
Each participant’s weight and height were  
measured to calculate BMI. Waist circumference 
was measured midway between the costal margin  
and the iliac crest at the end of inspiration. 
Hip circumference was measured as the largest 
value above the buttocks. Both waist and hip  
circumference were recorded in centimeters. 
Then, WHR was calculated by dividing waist  
circumference by hip circumference(19). Body 
fat percentage was measured via the skinfold 
thickness technique (Lange skinfold caliper, Beta 
Technology, Santa Cruz, CA, USA) at four sites: 
the triceps, biceps, subscapular, and suprailiac 
crest(20). 
	 Grip, and back and leg strength 
	 The hand grip dynamometer was applied 
to evaluate grip strength (kilograms). Each  
participant performed the hand grip dynamometers  
(T.K.K 5001 Grip-A, Takei Scientific Instruments, 
Niigata, Japan) three times with a 1-minute rest 
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interval in between. Then relative strength was 
calculated by dividing the best grip-strength score 
by the participant’s body weight (kilograms)(21). 
To assess leg muscle strength, a back and leg  
dynamometer (T.K.K 5402 Back-D, Takei Scientific  
Instruments, Niigata, Japan) were used. The 
participants performed two trials of the back and 
leg dynamometer with a 1-minute rest interval. 
The best score of the leg muscle strength test 
(kilograms) was divided by the participant’s body 
weight (kilograms) to determine relative strength.

	 Trunk flexibility 
	 Trunk flexibility was assessed using  
a modified sit-and-reach with a standing trunk  
flexion meter (T.K.K. 5403 Flexion-D, Takei Scientific  
Instruments, Niigata, Japan). In this test, a yard 
stick was placed on top of a 12-inch sit-and-reach 
box. The most distant point of the fingertips on 
the yard stick was measured in inches(22).

	 Queens College step test
	 For cardiorespiratory fitness, the Queens 
College step test was used to measure maximal ox-
ygen consumption (VO2max). After three minutes 
of the step test, heart rates (beats per minute; 
bpm) were recorded. Then, the predicted VO2max 
(milliliters/kilogram/minute; ml/kg/min) was 
calculated(23).
Two physical therapy students who had received 
administration training from an experienced phys-
ical therapist administered the tests. The first 

evaluator assessed BMI, WHR, and step test. Grip 
and leg muscle strength, and muscle flexibility 
were tested by the second assessor.

	 Statistical analysis
	 Descriptive statistics were used to explain 
demographic data and findings of the study. All 
data were tested for normally distributed pattern  
by the Kolmogorov–Smirnov test. Independent 
t-test or Mann-Whitney U test were used to  
compare the differences in SPST-60 scores,  
anthropometric indices, and physical fitness  
parameters between the two groups. Chi square 
test was used to examine the differences between  
categorical variables between both groups.  
A p-value < 0.05 was considered statistically  
significant. Following a statistical examination 
of the differences between the groups, G*Power 
was used to compute the power of the test of the 
findings in order to demonstrate the strength of 
the findings. We assessed the power of the tests 
of 0.80 as a standard for adequacy.

Results
	 Demographic characteristics of the PE 
group and the non-PE group
	 Table 1 shows demographic characteristics  
of the participants. The results showed that  
aerobic exercise was the most popular exercise 
for both groups (PE group = 76.4%, non-PE group 
= 30.4%). 
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Table 1	 Demographic characteristics of participants in the regular physical exercise (PE) and non-physical  
	 exercise (non-PE) groups

Parameters
Non-PE group 

(n = 46)
PE group
(n = 55)

p-value

Agea: years# 20.04 + 1.33 19.98 + 1.39 0.88

Alcohol usec: n (%) 5 (10.9) 9 (16.4) 0.43

Cigarette smoking: n (%) 0 (0) 0 (0)

Underlying disease: n (%) 0 (0) 0 (0)

Resting heart ratea: beat/minute# 80.41 + 17.25 79.64 + 9.51 0.51

Systolic blood pressureb: mm Hg# 111.78 + 15.97 108.65 + 13.96 0.30

Diastolic blood pressureb: mm Hg# 72.74 + 11.93 70.24 + 11.27 0.28

Type of Exercise
- Aerobic (jogging, running, cycling)c: n (%)
- Strengthening (gym weight)c: n (%)
- Flexible (yoga)c: n (%) 

- No exercisec: n (%)

14 (30.4)
1 (2.2)
2 (4.3)

29 (63.0)

42 (76.4)
2 (3.6)

11 (20.0)
0 (0)

0.00*

0.67
0.02*

<0.01*

Duration of exerciseb: minutes# 14.34 + 20.26 38.27 + 10.54 <0.01*

Frequency of exerciseb: days/week# 0.65 + 0.89 3.76 + 0.76 <0.01*

Note: # The data are presented as mean ± SD (95% confidence interval), and the data between regular 
physical exercise (PE) and non-physical exercise (non-PE) groups were compared using a the independent 
samples t test for data with normal distribution, b the Mann-Whitney U test for variables with non-normal 
distribution, and c the data are compared using the Chi square test. * significant difference between 
group, p-value < 0.05.

	 Stress levels among PE group and non-PE 
group
	 The participants’ stress levels were assessed 
via the SPST-60. Table 2 shows the results of the 
comparison of stress scores between the PE group 
and the non-PE group. The results showed that 
the susceptibility to stress scores was significantly 
lower than non-PE group (p-value = 0.01).  

	 Physical fitness tests
	 Table 2 shows the results of the comparisons  
of the anthropometric indices and physical  
fitness tests. The results showed that WHR in PE 
group were significantly lower than non-PE group  
(p-value = 0.03). In addition, VO2max in PE group 
were significantly higher than non-PE group  
(p-value = 0.02). 
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Table 2 	Comparison of SPST-60 scores, anthropometric indices, and physical fitness between the regular  
	 physical exercise (PE) and non-physical exercise (non-PE) groups 

Parameters
Non-PE group      

(n = 46)
PE group            
(n = 55) p-value

Mean SD Mean SD
Susceptibility to stress (total 60 scores)a 27.72 5.37 25.04 5.14 0.01*

Sources of stress (total 120 scores)a 61.57 14.91 57.87 17.37 0.26

Symptom of stress (total 120 scores)b 49.33 15.65 46.58 14.69 0.41

BMIb: kg/m2 21.77 5.44 21.70 3.77 0.46

WHRb 0.79 0.11 0.76 0.04 0.03*

Body fata: percent 30.11 4.99 29.75 3.68 0.69

Forward back flexibilityb: inch 7.60 4.74 7.95 4.45 0.45

Relative hand grip strengtha 0.46 0.10 0.47 0.07 0.56

Relative leg strengtha 1.10 0.41 1.12 0.28 0.71

VO2maxb (ml/kg/min) 39.09 3.29 41.05 4.78 0.02*

Note: The data between regular physical exercise (PE) and non-physical exercise (non-PE) groups were 
compared using a the independent samples t test for data with normal distribution and b the Mann-Whitney 
U test for variables with non-normal distribution. * significant difference between group, p-value < 0.05.

Discussion
	 In this study, we compared the stress levels, 
anthropometric indices, and physical fitness among 
female university students between the PE group, 
who reported the exercise history for at least 3 
days/week before participating in this study, and 
the non-PE group, who had the exercised for less 
than 3 days/week, or not at all. Stress levels were 
assessed using the SPST-60, a questionnaire for 
measurement of stress in the Thai population. 
The results of this study demonstrated that the 
PE group had a significantly lower stress scores, 
as well as greater cardiorespiratory fitness and  
anthropometric indices than the non-PE group. In 
the present study, the average exercise duration 
and frequency of the PE group were 38.27 minutes 
and 3.76 days a week, respectively. These tended 
to be effective at lowering stress and promoting 
physical fitness in the PE group. The World Health 
Organization (WHO) recommends that all adults 
engage in moderate intensity exercise for 30  
minutes a day of physical activity, 4 to 5 days  
a week, or at least 150 minutes a week to obtain  
health benefits. The exercise duration and fre-

quency that the participants reported in this  
study are considerably less than this minimum 
recommendation(24). However, the exercise  
duration and frequency of the PE group in the 
present study were consistent with the American 
College of Sports Medicine (ACSM) guidelines, 
which recommended that a minimal exercise 
program should consist of at least three 20- to 
60-minute exercise sessions each week to develop 
and maintain cardiovascular fitness and reduce 
body fat(25). 
 	 Our results showed that the PE group had 
significantly lower outcomes in susceptibility 
to stress scores than the non-PE group (p-value  
= 0.01, actual power of test = 0.81). These findings 
tended to show that frequent physical activity was 
one of the most efficient ways to reduce stress in  
female university students. Our results corroborated  
those of a previous study, which found that an 
aerobic exercise program lasting eight weeks  
(1 hour/ session, 3 sessions/ week) led to a lower 
stress score in the experimental group compared 
to the control group(26). In addition, de Camargo  
et al(11) reported that the lower the weekly  
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frequency of physical activity was, the greater the 
chances of experiencing stress were, especially 
for women(11). Our results were also confirmed 
the findings in the previous studies that stated 
the relationships between low physical activity 
or sedentary lifestyles and high stress levels(12,27). 
Nonetheless, stress level is affected by a number 
of factors which should be considered, including 
the amount of stress, the duration of its influence, 
genetic components, and patient history(28). 
	 The results showed that the PE group had a 
lower mean WHR compared to the non-PE group 
(p-value = 0.03, actual power of test = 0.80). 
Moreover, the mean VO2max was higher in the PE 
group than in the non-PE group (p-value = 0.02, 
actual power of test = 0.80). However, there 
were no significant differences in BMI or body fat  
percentage. As previously mentioned, the PE group 
exercised according to the ACSM recommendations 
(20–60 minutes per session, three days per week), 
which can improve and maintain cardiovascular 
fitness and reduce body fat(25). As a result, the 
PE group improved their cardiovascular fitness 
and reduced their body fat in comparison to the  
non-PE group. According to our survey data, we 
found that aerobic exercise, such as jogging, 
running, and cycling, were the most popular  
activities in the PE group (76.4%). Regular aerobic 
exercise has been proven to help maintain the 
cardiovascular, locomotor, and nervous systems’ 
working capacities(29,30). Adequate cardiovascular  
fitness levels can lower obesity rates and  
total and central body fat(31,32). Our results were  
consistent with a study of Milovan et al(37) who 
found a significant difference in VO2max between 
the aerobic exercise training group and the control 
group among female college students. WHR is an 
anthropometric predictor of visceral or abdominal 
obesity while BMI and body fat percentage indicate 
overall obesity(33). Additionally, it was discovered  
that WHR was linked to a higher chance  
of cardiovascular conditions like myocardial  
infarction(34). According to reports, aerobic  
exercise with a moderate to high intensity has 
the best potential to decrease visceral fatty  
tissue(35). The current research found a significant  
difference in WHR between the PE and non-PE 

groups, though not in BMI or body fat percentage. 
Our study was inconsistent with the previous study 
which discovered a significant decrease in body fat 
percentage, fat mass and visceral fat compared to 
the control group(36). The PE group in the present 
study may have exercised at a lower intensity than 
those in the previous studies (57-90% HRmax). This 
might not significantly affect the PE group’s BMI 
or body fat percentage compared to the non-PE 
group. Accordingly, we did not measure individual 
exercise intensity, which could have impacted the 
study findings. The present findings did not reveal 
any significant differences in muscle strength 
or flexibility. These may be due to the fact 
that the majority of participants in both groups  
engaged in aerobic activity, which appears to have  
had little impact on muscle characteristics.  
Nonetheless, some data suggests that aerobic 
exercise of moderate to high intensity led to mild 
declines in muscle strength(37). Although the results 
of this study revealed the significant differences 
of WHR and VO2max between the both groups, the 
results could be confounded by many factors, such 
as lifestyle, eating, health and personal behaviors 
of participants.
	 Our study had some limitations. First, aside 
from demographic traits, no known variables 
that influence stress levels have been identified.  
Second, the group arrangement was done according  
to the interview data which could affect the  
findings of the study. Finally, the SPST-60 was used 
for assessed the stress levels during the past six 
months, but the specific duration and length of 
exposure to chronic stress for each participant 
were not identified. All limitations should be 
considered when developing further studies. In 
addition, the different levels found in this study 
should be compared with clinical significance and 
standard measurement errors (SEM) of the raters 
and clinical significance (MDC). 

Conclusion
	 Female university students who engaged in 
regular physical exercise had better control over 
their stress levels, WHR, and cardiorespiratory  
fitness than the non-physical exercise group. 
Therefore, it is important to encourage female 
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university students to engage in regular physical 
exercise. However, a number of factors, including 
individuals’ personal behaviors, eating habits, and 
lifestyles, should be taken into consideration.

Take home messages  
	 Regular physical exercise lasting at least 
30 minutes, three days a week, for two months 
could control over stress levels, waist to hip 
circumference, and cardiorespiratory fitness. 
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