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ÖZ
Amaç: Amerikan Anesteziyoloji Derneği Fiziksel Durum Skoru (ASA) postoperatif 
hastalarda yoğun bakım ünitesi (YBÜ) takibi endikasyonu koymada yararlı bir 
araçtır. Öte yandan hekimlerin yanlış skorlamaları yatakların gereksiz meşguliye-
tine ve artan hastane masraflarına yol açabilir. Bu çalışmada major abdominopel-
vik cerrahi sonrası komplikasyonların preoperatif ASA skorları ile ilişkisi incelendi.
Gereç ve Yöntem: Kasım 2016 ve Şubat 2019 tarihleri arasında üçüncü düzey 
YBÜ’de postoperatif takibi gerçekleştirilen semi-acil ve acil major abdominopel-
vik cerrahi hastaları değerlendirildi. Morbidite ve mortalite ile ilişkili veriler; akut 
postoperatif komplikasyonlar (hipotansiyon, kanama, desaturasyon, uzamış 
entübasyon, başarısız “weaning”, akut böbrek hasarı, kardiyak arrest, eksitus), 
YBÜ takip süresi, tekrarlayan YBÜ yatışları, genel mortalite insidansı ve 30-gün 
mortalite insidansı şeklinde analiz edildi.
Bulgular: 122 gastrointestinal, jinekolojik ve ürolojik cerrahi hastası retrospektif 
olarak analiz edildi. Hastalar; ASA II (n=59), ASA III (N=45) ve ASA IV (n=18) olarak 
gruplandırıldı. Genel komplikasyon oranlarında gruplar arasında anlamlı farklılık 
yoktu. Eksitus oranı ASA IV grubunda anlamlı yüksekti (p=0,022). Aynı şekilde 
YBÜ yatış süresi, YBÜ’ne tekrarlayan yatış ve 30-gün mortalite yine ASA IV gru-
bunda anlamlı yüksekti (p<0,05). Hasta gruplandırması semi-acil (n=87) ve acil 
(n=35) olarak yapıldığında uzamış entübasyon, desaturasyon ve başarısız “wea-
ning” gibi solunumsal komplikasyonlar, ayrıca YBÜ yatış süresi ve 30-gün morta-
lite oranı acil vakalarda daha fazlaydı (p<0,001). Yarı-acil onkolojik cerrahilerde 
YBÜ’de eksitus gözlenmedi. 
Sonuç: ASA IV major abdominopelvik cerrahi hastalarının postoperatif YBÜ taki-
binde solunumsal komplikasyonlar açısından diğer gruplar ile fark gözlenmedi. 
Buna karşın acil vakalarda hem solunumsal komplikasyon hem de mortalite 
oranları anlamlı yüksekti. Yarı-acil onkolojik cerrahilerde komplikasyonların az 
olması preoperatif optimum cerrahi hazırlık sağlanması ile açıklanabilir.
Anahtar Kelimeler: Yoğun bakım, major abdominal cerrahi, major pelvik cerrahi, 
onkolojik cerrahi, postoperatif komplikasyonlar, mortalite

ABSTRACT
Objective: The American Society of Anaesthesiologists Physical Status Score (ASA) 
is a useful tool for indicating the need for intensive care unit (ICU) monitoring in 
postoperative patients. However, physician misclassification can lead to unneces-
sary bed occupancy and increased costs. This study examined the relationship 
between preoperative ASA scores and complications following major abdomino-
pelvic surgery. 
Materials and Methods: Patients who underwent postoperative monitoring in a 
tertiary ICU between November 2016 and February 2019 for semi-urgent and 
urgent major abdominopelvic surgery were evaluated. Data related to morbidity 
and mortality were analysed, including acute postoperative complications (hypo-
tension, bleeding, desaturation, prolonged intubation, failed weaning, acute kid-
ney injury, cardiac arrest, exitus), length of ICU stay, recurrent ICU admissions, 
overall mortality incidence, and 30-day mortality incidence.
Results: A total of 122 patients who underwent gastrointestinal, gynaecological, 
and urological surgeries were retrospectively analysed. Patients were grouped as 
ASA II (N=59), ASA III (N=45), and ASA IV (n=18). Overall complication rates among 
the groups did not differ. The exitus rate was significantly higher in ASA IV 
(p=0.022). Similarly, the duration of ICU stay, recurrent ICU admissions, and 
30-day mortality were significantly higher in ASA IV (p<0.05). When patients were 
grouped as semi-urgent (n=87) and urgent (n=35), respiratory complications such 
as prolonged intubation, desaturation, and failed weaning, as well as ICU stay and 
30-day mortality rates were higher in urgent cases (p<0.001). No exitus was 
observed in the semi-urgent oncological surgeries in the ICU.  
Conclusion: No difference in respiratory complications was observed in the pos-
toperative ICU follow-up of ASA IV major abdominal surgery patients compared 
with other ASA groups. However, both respiratory complications and mortality 
rates were significantly higher in the urgent cases. The low rate of complications 
in semi-urgent oncological surgeries can be explained by the optimal preoperati-
ve surgical preparation. 
Keywords: Intensive care, major abdominal surgery, major pelvic surgery, oncolo-
gic surgery, postoperative complications, mortality
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INTRODUCTION

Major abdominopelvic surgery can cause major bleeding, he-
modynamic instability, capillary leak, and postoperative respi-
ratory complications. With the increased median life span and 
improved surgical techniques, more comorbid patients receive 
such surgical treatments. Intensive care units (ICU) play an es-
sential role in the postoperative care of these patients. Howe-
ver, the ICU is a scarce resource, which obviates the need for a 
pragmatic, reliable, and easy-to-use tool to predict the outcome 
of major abdominopelvic surgery.

The American Society of Anaesthesiologists Physical Status 
(ASA) has been used to define patients’ preoperative health 
status since 1941 (1). Due to its simplicity, ASA is frequently and 
successfully used to predict patient outcomes such as morta-
lity, complications, and ICU admissions. This ability was critici-
sed due to the interrater variability of ASA and was constantly 
challenged with several other scoring systems such as NSQIP 
and POSSUM (2). 

Several studies have reported that ASA has a low predictive 
power (3, 4), despite continuing efforts for optimisation (5). 
Recent clinical studies attempted to improve the statistical re-
sults by dichotomising ASA scores to I and II vs III and IV (6). 
Even though such techniques provide more significant p values, 
the descriptive ability of ASA is still arguable.

In the current study, it is aimed to investigate the adequacy of 
sole ASA scoring for postoperative morbidity prediction, and 
adding the urgency perspective into this evaluation was also 
explored. Our hypothesis was that ASA IV patients would rep-
resent the highest rate of mortality. However, postoperative 
complications were also investigated both from the perspective 
of ASA classification and operative urgency. 

MATERIALS AND METHOD

Data inclusion and regulatory aspects
After obtaining the approval of the Recep Tayyip Erdoğan Uni-
versity Ethics Committee (Date: 11.11.2019, No: 2019/44), ICU 
patient records spanning from November 2016 to February 
2019 were screened. Patients who were admitted to the ICU 
for postoperative care following major abdominal surgery were 
included. Patients who had undergone surgery while they were 
in the ICU and “elective” major abdominal surgeries such as 
bariatric surgery patients were excluded.

Outcome measures
Patient characteristics (such as age, gender, surgical indicati-
on, operative urgency, ASA), time to extubation, length of ICU 
stay, length of hospital stay, readmission to ICU, occurrence 
and timing of postoperative complications and death (both in 
ICU and after ICU follow-up) were retrieved from the records. 
Operative urgency was classified as elective, semi-urgent, and 
urgent. The postoperative period of 24 h was examined for the 
occurrence of the following complications: 

1. Hypotension: mean arterial blood pressure less than 25% of 
baseline or <65 mmHg, requiring any treatment with intrave-
nous hydration, vasopressors, or blood products. 

2. Bleeding: Any bleeding causing a 2 g/dl drop in serum ha-
emoglobin value or required transfusion of blood products.

3. Desaturation: PaO2 value below 60 mm Hg or a SpO2 value 
below 92%.

4. Prolonged intubation: inability to extubate the patient within 
4 h of the admission to the ICU.

5. Failure to wean: Failure to pass a spontaneous breathing trial 
or the need for reintubation within 48 h following extubation.

6. Acute kidney injury: Increase in serum creatinine by ≥0.3 mg/
dl within 48 h, or increase in serum creatinine by ≥1.5 times of 
baseline, or urine volume <0.5 ml/kg/hour for 6 h.

7. Cardiac arrest.

The primary outcome was the comparison of mortality rates 
in the ASA groups. Secondary outcomes included the effects 
of operative urgency and surgical indications (oncological and 
non-oncological) on patient outcomes, including postopera-
tive complications and length of stay, both in the ICU and in 
the hospital.

Statistical analysis
Data were analysed with R version 3.5.1 (R Foundation, Vienna, 
Austria). The distribution of data was analysed with Kolmogo-
rov–Smirnov test for normality. Patient characteristics were 
summarised with descriptive statistics. 

The incidence of death within 24 h of surgery was cross-
tabulated by ASA separately for each category of operative ur-
gency. Elective cases did not take part in the final analyses, yet 
were demonstrated as a part of the classification tree of the 
major determinants for mortality.

Two comparative analyses were performed by first grouping 
the patients according to ASA (II, III and IV), operative urgency 
(semi-urgent and urgent), and then according to specific sur-
gical indications (gastrointestinal, gynaecological, urological). 
In all three cases, data other than patient characteristics were 
analysed with Kruskal–Wallis Test due to nonhomogenous dist-
ribution. In case of a significant difference, the Mann–Whitney 
U test was used for between-groups analysis by adjusting the 
p value to 0.017. 

A two-sided binomial test was used to compare the mortality 
rates in the semi-urgent and urgent groups. The Cochran-Ar-
mitage trend test was used to evaluate the association betwe-
en increasing ASA and mortality (DescTools package, version 
0.99.32). A binary classification tree was formed with the inputs 
of patient characteristics, ASA, urgency of operation, and sur-
gical indications (rpart package, version 4.1-15).

Sample size
The required sample size was analysed according to Wolters 
et al.’s study in which the mortality ratio was defined as under 
3.5% for ASA II and III patients and 18.3% for ASA IV patients 
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(7). When the alpha error was 0.05 and with the power of 80%, 
a total of 120 patients were calculated for statistical significance 
for the current study.

RESULTS

Flow diagram of the study and patient characteristics are given 
in Figure 1 and Table 1, respectively. Gender was distributed 
homogenously between the groups, and ASA IV patients were 
significantly older. The majority of patients had gastrointestinal 
surgery. Also, the majority of patients had undergone planned 
surgeries for malignancy and were defined as semi-urgent. App-
roximately one-fourth of the patients had urgent surgery due 
to such indications such as gastrointestinal bleeding, ileus, or 
bowel perforation.

Comparison of patient characteristics and outcomes according 
to ASA scoring are given in Table 2. Postoperative complications 

did not differ between the ASA groups; however, exitus during 
ICU follow-up or during the postoperative 30 days was signifi-
cantly higher in ASA IV. 

Comparison of patient characteristics and outcomes according 
to the urgency of operation are given in Table 3. A classification 
tree was also represented in Figure 2, in which the most impor-
tant factors determining the mortality are depicted. 

Readmission to the ICU, in ICU exitus ratio and length of stay 
were significantly higher in the ASA IV group, despite the lowest 
ratio of oncologic cases (p<0.05). Consequently, the 30-day 
mortality ratio was also highest in the ASA IV group (p=0.024). 
When evaluated according to the urgency of the surgery, the 
number of semi-urgent cases was more in the ASA II group, and 
on the contrary, the number of urgent cases was statistically 
more in the ASA IV group (p<0.05). 97% of the urgent cases 

Figure 1. Study flow diagram

ICU: Intensive care unit

Table 1: Patient characteristics (n=122)

Parameter

Age, years 68±14

Female gender, n (%) 61 (50%)

The type of surgery, n (%)
Gastrointestinal
Gynaecological
Urological

95 (78%)
18 (15%)
9 (7%)

ASA, n (%)
II
III
IV

59 (48%)
45 (37%)
18 (15%)

Urgency of operation, n (%)
Semi-urgent
Urgent

87 (71%)
35 (29%)

Patients with postoperative complications, n (%) 44 (36%)

Readmission to Intensive Care Unit, n (%) 6 (5%)

30-day mortality, n (%) 13 (11%)

ASA: American Society of Anaesthesiologists Physical Status
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Figure 2: Classification tree showing the important determinants 
of mortality. Percentages exhibiting the death ratio in the related 
group

Table 2: Patient characteristics and outcomes according to the ASA. Categoric data were evaluated with the 
chi-square test. Nominal data were assessed with Kruskal–Wallis Test

Parameter ASA 2
(n=59)

ASA 3
(n=45)

ASA 4
(n=18) p

Age, years 64.2±12.8 69.7±11.7 76.4±16.3 0.001**
Female gender, n (%) 29 (49%) 22 (49%) 10 (56%) 0.877
Urgency, n (%)
Semi-urgent
Urgent

49 (83%)
10 (17%)

31 (69%)
14 (31%)

7 (39%)
11 (61%) 0.002*

The type of surgery, n (%)
Gastrointestinal
Gynaecological
Urological

45 (76%)
9 (15%)
5 (89%)

33 (73%)
8 (17%)
4 (9%)

17 (94%)
1 (6%)

-
0.454

Oncologic cases, n (%) 49 (83%) 37 (82%) 8 (44%) 0.002*

Patients extubated in 24 h, n (%) 5 (9%) 7 (16%) 4 (22%) 0.278
Time to extubation in 24 hours, hours 3 (2 - 5 [1 - 20]) 3 (3 - 5 [1 - 20]) 3.5 (2 - 7 [2 - 20]) 0.676
Time to extubation after 24 hours, days 10 (2 - 16 [1 - 24]) 2 (2 - 5 [1 - 27]) 3 (3 - 6 [3 - 16]) 0.787

Complications in the ICU, n (%)
Hypotension
Bleeding
Desaturation
Prolonged intubation
Failure to wean
Acute kidney injury
Cardiac arrest

17 (29%)
5 (9%)
1 (2%)
2 (3%)

-
2 (3%)
3 (5%)

-

17 (38%)
4 (9%)
1 (2%)
2 (4%)
2 (4%)
4 (9%)
1 (2%)

-

10 (56%)
-
-

5 (28%)
3 (17%)

-
1 (6%)
1 (6%)

0.115
0.672

0.911

0.395
0.672

In the ICU Exitus 2 (3%) 4 (9%) 4 (22%) 0.022*
ICU stay, days 1 (1 - 2 [1 - 29]) 1 (1 - 2 [1 - 29]) 3 (1 - 6 [2 - 16]) 0.003**
Readmission to the ICU, n (%) 1 (2%) 2 (4%) 3 (17%) 0.036*
Ward stay, days 3 (2 - 6 [1 - 17]) 4 (2 - 5 [1 - 29]) 2 (1 - 5 [1 - 11]) 0.503
30-day mortality, n (%) 3 (5%) 5 (11%) 5 (28%) 0.024*
ASA: American Society of Anaesthesiologists Physical Status, ICU: Intensive care unit. *: Chi-square test, **: Kruskal Wallis Test
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were gastrointestinal surgeries, and 91% of the semi-urgent ca-
ses were oncological operations. The number of patients wea-
ned from mechanical patients within the first 24 h and the time 
for extubation were higher in the semi-urgent group. Similarly, 
this tendency continued after the first 24 h, and the time for 
extubation following the first 24 h was lower in the semi-urgent 
patient group (p<0.001). None of the semi-urgent group died 
during the follow-up, and 14% of the urgent group required 
readmissions to the ICU, and 29% of the urgent group died 
during the first ICU followup (p<0.001). As expected, the 30-
day mortality was higher in the urgent patient group (p<0.001).

DISCUSSION

Our results revealed a higher mortality but similar postopera-
tive complication rates with ASA IV when compared with the 
other ASA groups.  As ASA is an ordered scoring system, we 
expected a gradual increase not just in mortality but also in 
morbidity, which was not observed within our findings. Con-
sequently, ASA appears to be strong at predicting mortality 
rather than morbidity. However, once the urgency of the case 

is involved, “morbidity prediction” becomes more evident, and 
apparently more than half of ASA IV patients die in the posto-
perative period if the surgery is urgent. None of the semi-ur-
gent cases encountered death after surgery.

ASA is widely used compared to other scoring systems such 
as NSQIP, POSSUM, and the Charlson comorbidity index (8, 9). 
These other indexes would represent more benefit in terms 
of morbidity prediction. As a supporting fact from the current 
findings, “mortality” would normally be expected to be seen 
less than postoperative complications, and interestingly, we 
observed a significant difference in mortality with ASA but “si-
milar” complication rates. The major criticism would be on its 
extensive definition and subjective nature resulting in misc-
lassifications (4). 

Lupei et al. reported that a higher ASA score was related to an 
increased need for mechanical ventilation (10). However, our 
findings are in contrast. As it is represented in our results, ope-
rative “urgency” would be more determining on postoperative 
respiratory complications. Urgent surgery patients experience 

Table 3: Characteristics and outcomes according to the urgency of operation. Categoric data were assessed 
with the chi-square test. Mann Whitney-U Test was used for between-group nominal data assessment

Parameter Semi-urgent
(n=87)

Urgent
(n=35) p

Age, years 67.2±13 70.2±15 0.207

Female gender, n (%) 41 (47%) 20 (57%) 0.317

ASA, n (%)
II
III
IV

49 (56%)
31 (36%)

7 (8%)

10 (29%)
14 (40%)
11 (31%)

0.001*

The type of surgery, n (%)
Gastrointestinal
Gynaecological
Urological

61 (70%)
17 (20%)
9 (10%)

34 (97%)
1 (3%)

-
0.005*

Oncologic cases, n (%) 79 (91%) 15 (43%) <0.001*

Patients extubated in 24 h, n (%) 84 (97%) 22 (63%) <0.001*

Time to extubation in 24 hours, hours 3 (2 - 4 [1 - 20]) 7 (3 - 16 [2 - 20]) <0.001**

Time to extubation after 24 hours, hours 24 (24 - 35 [24 - 45]) 85 (70 - 380 [45 - 640]) 0.009**

Complications in the ICU, n (%)
Hypotension
Bleeding
Desaturation
Prolonged intubation
Failure to wean
Acute kidney injury
Cardiac arrest

22 (25%)
5 (6%)
1 (1%)
5 (6%)

-
-

4 (5%)
-

22 (63%)
4 (11%)
1 (3%)

4 (11%)
5 (14%)
6 (17%)
1 (3%)
1 (3%)

<0.001*

1
1

<0.001*
<0.001*
<0.001*

0.342
1

In the ICU exitus - 10 (29%) <0.001*

ICU stay, days 4 (3 - 4 [2 - 4]) 16 (7 - 20 [3 - 29]) <0.001**

Readmission to the ICU, n (%) 1 (1%) 5 (14%) 0.002*

Ward stay, days 3 (2 - 5 [1 - 24]) 4 (2 - 5 [1 - 29]) 0.306

30-day mortality, n (%) 3 (3%) 13 (37%) <0.001*

ASA: American Society of Anaesthesiologists Physical Status, ICU: Intensive care unit, *: Chi-square test.**: Mann-Whitney U test.
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more prolonged ventilatory support, desaturation or weaning 
failure. Perhaps, taking “urgency” into consideration would fa-
vour more compared to ASA. This proposal seems legited since 
the ASA class does not focus on the respiratory capacity of the 
patient, which is exceptionally important to foresee possible 
respiratory complications in the postoperative period. Yet, in 
a study with 1332 adults by Hall et al., it was demonstrated 
that ASA score above II and having chronic bronchitis are in-
dependent risk factors for respiratory insufficiency, which was 
defined as PaO2 lower than 60 mmHg or prolonged intubation 
that is more than 24 h (11). Lastly, the renowned ACS NSQIP 
database-based extensive trials have put an end to the confu-
sion and proved that ASA class is one independent factor for 
risk “stratification” for “medical” complications that also inc-
ludes “postoperative pulmonary complications” in abdominal 
surgeries (12, 13). However, our single centre experience regar-
ding the use of the ASA classification for predicting respiratory 
complications in patients followed up in the ICU postoperatively 
did not prove beneficial. 

Length of stay in the ICU was considerably longer in patients 
with ASA IV, yet ward stay was found to be as short as the other 
groups. This suggests a pattern where comorbid patients with 
higher ASA are treated in the ICU until they are almost ready to 
be discharged from the hospital. As we understand, the length 
of stay in the ICU or ward is surgeon-dependent; therefore, 
it is a subjective parameter. Although there are some studies 
implying a prolonged length of stay due to increased postope-
rative complications in patients with ASA III and above, we can 
hardly claim that ASA can predict the length of stay in the ICU 
accurately (14, 15).

ASA was correlated with 30-day mortality in this study. There 
are studies searching for a better correlation by combining the 
chronic illness of the patient with their current physical status, 
and among them, Visnjevac et al. combined ASA with functio-
nal status to predict 30-day mortality (16). They reported that 
every individual’s functional capacity was related to postopera-
tive mortality as an independent risk factor and also suggested 
increasing the ASA score by 1 in functionally limited patients. 
Most patients in the ICU pose a specific challenge for such exa-
mination because they generally require analgesia or sedation, 
which obscures the actual physical fitness of the patient.

In the current study, the mortality rate in the elective and semi-
urgent cases was zero, in contrast to 37% of the mortality in the 
urgent cases. Although this is an expected finding, it should be 
interpreted with caution. In this study, significantly more pati-
ents with ASA IV underwent urgent surgery, and the literature 
denotes that mortality rate increases with increasing ASA (12). 
General understanding regarding delaying urgent surgeries is 
that it may lead to more complications (17); however, in a study 
by Sjo et al. the high mortality rates with emergency surgeri-
es and ASA IV were emphasised and some palliative solutions 
were suggested to avoid immediate surgery in colon cancer 
(18). These statements are compatible with our findings.

Most oncological interventions are considered to be semi-ur-

gent procedures in medical practise. This retrospective evalua-
tion showed zero in-hospital mortality with semi-urgent cancer 
surgeries. This is not surprising as patient-centric perioperative 
care protocols are employed in this institute (19, 20). In other 
words, patients who had an urgent surgery did not have the 
chance for preoperative patient optimisation. In our retrospec-
tive design, it was impossible to determine if it was possible to 
optimise patients with ASA IV and whether this optimisation 
could lead to lower ASA scores such as ASA II or III. No doubt, 
optimising ASA IV patients would provide utmost benefit, but 
in our experience, it is questionable whether lowering the ASA 
from III to II would provide such change. On the other hand, 
there are other elements such as incision width and duration of 
the operation that are remarkably important (21). It has been 
demonstrated that minimally invasive procedures may increase 
life expectancy or reduce complications in such cases, and this 
shows that surgical technique is one of the most important 
determinants (22).

This trial has several limitations. The results from a single-cent-
re obviously are not suitable for generalisation. However, our 
results are comparable to those of some international trials, 
which showed a strong correlation between ASA and mortality 
(12, 23). Considering the statistical techniques, the effect of 
ASA on the outcomes is further complicated by one final factor; 
this study included only patients who had a surgery, and pati-
ents were not included if they were not operated due to ASA 
V. However, Horwood et al. demonstrated relatively good re-
covery ratios in ASA V patients undergoing major surgery (24). 

Nevertheless, this work, which was conducted in a regular ter-
tiary hospital, provides a pragmatic explanation for the use of 
the ASA class for ICU physicians who encounter major abdomi-
nopelvic surgery in their everyday practise. Statistically correct 
explanations by the extensive studies may not be in favour 
for low patient volume centres since the practise may not fit 
what is claimed. In summary, the distinctly different results of 
the ASA IV group suggests that it is a suitable cut-off value for 
major abdominopelvic surgery, and these patients should be 
evaluated by including operative urgency. Future studies should 
include descriptive events to study the possible applicability 
and effect of enhanced recovery after surgical protocols on 
urgent surgeries.
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ÖZ
Amaç: Sistemik lupus eritematozus (SLE), düzensiz bağışıklık tepkileri ve 
genetik yatkınlık ile karakterize edilen çok yönlü otoimmün bir durumdur. 
Bu in siliko çalışmanın amacı, SLE patogenezinde bağışıklık yanıtı genlerini 
incelemek ve genetik ile epigenetik düzenlemelere odaklanmaktır. 
Gereç ve Yöntemler: 1255 SLE hastası ve 453 kontrol grubunu içeren bu 
çalışma, bağışıklık yanıtı ile ilişkilendirilen genleri belirlemeyi ve hem SLE 
hastalarında hem de kontrol grubunda bunların ekspresyon ve DNA meti-
lasyon düzeylerini incelemeyi amaçlamaktadır. Çalışmada, açık erişimli bir 
veri tabanı olan ADEX veritabanını kullanmıştır.
Bulgular: Çalışma, SLE patogenezinde on farklı şekilde ekspresyon göste-
ren bağışıklık yanıtı ile ilişkilendirilen genleri (FAM117B, ZNF395, PGAP3, 
PIK3IP1, HLA-DMB, HLA-DPA1, HLA-DRB3, HLA-DQA1, HLA-DPB1 ve CCL5) 
ve bunlara karşılık gelen 78 metilasyon sitesini belirlemiştir. SLE hastaların-
da HLA-DQA1, HLA-DMB ve CCL5’in aşırı ekspresyonu gözlenirken, diğer 
genlerin ekspresyonunda azalma görülmüştür. HLA-DPA1, HLA-DPB1, HLA-
DMB, HLA-DQA1, CCL5 ve ZNF395’in SLE’de en fazla hipermetile edilen 
genler olduğu bulunmuştur. HLA-DPB1, CCL5, FAM117B ve ZNF395’in CpG 
adalarındaki metilasyonları, bunların SLE’deki ekspresyon düzeyleri ile 
ilişkili bulunmuştur.
Sonuç: Bu bulgular, SLE’nin genetik ve epigenetik mekanizmalarına ışık 
tutmakta ve bu genlerin bağışıklık düzensizliği ve hastalık ilerlemesi üze-
rindeki önemini vurgulamaktadır. Bu genlerin fonksiyonel önemine ilişkin 
daha fazla araştırma, SLE patogenezine ve potansiyel terapötik hedeflere 
yönelik değerli bilgiler sağlayabilir.

Anahtar Kelimeler: Sistemik lupus eritematozus, İmmün yanıtla ilişkili 
genler, HLA-DPB1, Epigenetik düzenleme, FAM117B, ZNF395

ABSTRACT
Objective: Systemic lupus erythematosus (SLE) is a multifaceted autoim-
mune condition characterised by irregular immune reactions and genetic 
susceptibility. The aim of this in silico study was to investigate immune 
response genes during SLE pathogenesis, focusing on genetic and epige-
netic regulation.
Materials and Methods: This study involving 1255 patients with SLE and 
453 control subjects aimed to identify genes associated with the immune 
response and examine their expression and DNA methylation levels in 
both patients with SLE and controls. The study design utilized the ADEX 
open-access database.
Results: The study identified 10 differentially expressed immune respon-
se-related genes (FAM117B, ZNF395, PGAP3, PIK3IP1, HLA-DMB, HLA-
DPA1, HLA-DRB3, HLA-DQA1, HLA-DPB1, and CCL5) in SLE pathogenesis, 
with 78 corresponding methylation sites. Upregulation of HLA-DQA1, 
HLA-DMB, and CCL5 was observed in patients with SLE, whereas the rema-
ining genes exhibited decreased expression. HLA-DPA1, HLA-DPB1, HLA-
DMB, HLA-DQA1, CCL5, and ZNF395 were found to be the most hyper-
methylated genes in SLE. Methylation of the CpG islands of HLA-DPB1, 
CCL5, FAM117B, and ZNF395 is correlated with their expression levels in 
SLE.
Conclusion: Our findings shed light on the genetic and epigenetic mecha-
nisms underlying SLE and underscore the importance of these genes in 
immune dysregulation and disease progression. Further research on the 
functional significance of these genes could provide valuable insights into 
the pathogenesis of SLE and potential therapeutic targets.

Keywords: Systemic lupus erythematosus, Immune response-related 
genes, HLA-DPB1, epigenetic regulation, FAM117B, ZNF395
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INTRODUCTION

Systemic lupus erythematosus (SLE) is a persistent autoimmune 
condition that primarily affects women. The global prevalence 
of SLE varies between 43.7 cases per 100,000 people and is 
estimated to be 3.41 million people worldwide (1). SLE affects 
many organs, including the skin, joints, kidneys, heart, and 
brain. The pathogenesis of SLE involves dysregulated innate 
and adaptive immune responses regulated by diverse immune 
cell populations, inflammatory mediators, and cytokines. This 
dysregulation leads to tissue and organ damage through the 
formation of autoantibodies and immune complexes (2).

Genetic susceptibility plays a crucial role in this process, with 
multiple susceptibility loci identified through genome-wide 
association (GWAS) and the study of candidate genes. Many 
of these susceptibility loci are located within or near immune 
response genes; this underlines their importance in SLE sus-
ceptibility and disease progression (3, 4). In recent decades, a 
thorough investigation has revealed many genetic and immu-
nological elements influencing the development of SLE, notably 
focusing on immune response genes. The interplay between 
these genes and SLE pathology is intricate and multifaceted, 
reflecting the delicate equilibrium between host defence mec-
hanisms and autoimmune responses (5, 6). Genes responsible 
for immune responses encode various proteins vital for immu-
ne control, modulation, and regulation of effector functions, 
thus playing key roles in shaping adaptive immune responses 
(7). The immune response genes most extensively studied in 
the context of SLE include those encoding components of the 
MHC, particularly the human leukocyte antigen (HLA) region. 
HLA molecules play critical roles in antigen presentation and 
immune regulation, and some HLA alleles are strongly associa-
ted with an increased risk of SLE and altered disease phenoty-
pes (8). Additionally, genes encoding cytokines and chemokine 
such as tumor necrosis factor (TNF), C-C motif chemokine li-
gands (CCLs), and interleukins (Ils), have been shown to play a 
role in SLE susceptibility and disease pathogenesis, influencing 
immune cell activation and inflammation (9). Although certain 
HLA alleles are correlated with an increased risk of SLE, the 
exact mechanisms underlying their contribution to the disease 
remain unclear.

Furthermore, advances in high-throughput genomic and trans-
criptomic technologies have facilitated the comprehensive pro-
filing of gene expression patterns and epigenetic modifications 
in patients with SLE, providing deeper insights into the mole-
cular mechanisms underlying disease pathogenesis. Epigene-
tic regulation, which encompasses non-coding RNA, histone 
modifications, and methylation, has emerged as a critical fac-
tor affecting the expression and function of immune response 
genes in SLE (10-12). Dysregulated epigenetic marks contribu-
te to altered gene expression profiles and abnormal immune 
responses (13). In light of these advances, understanding the 
complex relationships between immune response genes and 
SLE disease holds great promise for elucidating the mecha-
nisms driving autoimmunity, identifying new biomarkers for 

diagnosis and prognosis, and developing targeted therapeutic 
strategies to restore immune homeostasis and improve the 
immune system. However, the ongoing investigation of immu-
ne response genes in the context of SLE represents a crucial 
frontier in autoimmune research, with profound implications 
for improving patient outcomes and advancing personalized 
medicine approaches for treating this complex and heteroge-
neous disorder (14).

Given the role of immune dysregulation in SLE pathology, new 
therapeutic approaches and genetic and epigenetic biomarkers. 
This study provided valuable evidence that immune response 
genes involved in the development of SLE are under epigenetic 
regulation. These findings offer new insights into the regulatory 
role of epigenetic factors in the immune response implicated 
in SLE pathogenesis, thereby enhancing our understanding of 
the molecular mechanisms involved.

MATERIALS AND METHODS

Datasets
Data sets for SLE were obtained from the GEO database. (http://
www.ncbi.nlm.nih.gov/), (15). In total, 11 datasets were down-
loaded, namely GSE45291, GSE65391, GSE110169, GSE108497, 
GSE72509, GSE61635, GSE38351, GSE10325, GSE110174, 
GSE50772, and GSE82221. Among these, GSE45291, GSE65391, 
GSE110169, GSE108497, GSE72509, GSE61635, and GSE110174 
involved whole blood (WB) samples, and high-throughput se-
quencing was employed for the experimental analysis. On the 
other hand, GSE38351, GSE10325, GSE50772, and GSE82221 
utilized peripheral blood mononuclear cells (PBMC), with the 
experimental type being array-based.

Data analysis and visualization
In this study, the expression and methylation status of CpGs in 
relation to their known functions in disease progression were 
examined in SLE. The list of immune response genes with fully 
hypermethylated or hypomethylated CpGs associated with 
promoter regions and their expression were examined for 
enrichment in blood transcription modules (BTMs) using the 
predefined module DC.M8.83 (16). To ensure the integrity of 
methylation level assessment in both normal and SLE samples, 
two distinct peaks were identified, one near 0 and the other 
near 1. Methylation levels tended to be minimal at approxi-
mately 0 and maximal at approximately 1. Subsequently, the 
beta values are normalized using the ADEX tool to mitigate 
potential biases. Methylation sites were annotated using the 
GSE82221 platform file. Subsequently, genes associated with 
these distinct methylation sites were extracted. Data analysis 
and visualization were exclusively conducted within the ADEX 
programming environment (17).

Statistical analysis
The analyses utilized several R/Bioconductor packages, such 
as limma, to perform differential expression analysis between 
disease and control samples. The typical visualization appro-
ach includes a heatmap that displays the expression levels of 
the top differentially expressed genes (DEGs), which are arran-

http://www.ncbi.nlm.nih.gov/
http://www.ncbi.nlm.nih.gov/
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ged based on their adjusted p values using the False Discovery 
Rate (FDR) method.  Gene expression profiles from RNA-Seq 
platforms were analyzed using the standard pipeline of the 
DESeq2 package (18). In both cases, the differential expression 
analysis provided p values, adjusted p values by False Disco-
very Rate (FDR), and log2 fold change (FC) values. Group mean 
comparisons were performed using the Wilcoxon test when 
data did not conform to a normal distribution. To evaluate the 
normality of the expression data, the Shapiro test function was 
used in R (19). 

RESULTS

Potential link between 10 immune response genes and the 
development of SLE
With the DC.M8.83 transcriptional module previously designed 
by Chaussabel et al., 10 potentially relevant genes were identi-
fied that were significantly implicated in the progression of SLE 
disease sites: FAM117B, ZNF395, PGAP3, PIK3IP1, HLA-DMB, 
HLA-DPA1, HLA-DRB3, HLA-DQA1, HLA-DPB1, and CCL5. Subse-
quently, the expression levels of 10 immune response-related 
genes were examined in a group of 1708 individuals, compri-
sing 1255 patients with SLE and 453 case controls. SLE disease 
samples were designated cases in each dataset, whereas nor-
mal samples served as controls. The specifications of the 11 
datasets are summarized in Table 1. The expression changes of 
these 10 genes were compared in GSE124939 (keratinocytes), 
GSE13887 (CD3-positive T cells), GSE11907 (blood), GSE30153 
(B cells), GSE24706 (PBMC), GSE80183 (Blood), GSE10325 (Blo-
od), and GSE11907 (Blood) as well as in 11 selected SLE data-
sets (Figure 1).

Heatmap showing the fold change of each relevant immune 
response gene selected for systemic lupus erythematosus (SLE) 
shows changes in expression in T cells and myeloid cell lines in 
the GSE10325 dataset. Upon analysing these genes across vari-
ous cell and tissue types, it was discerned that HLA-DRB3, CCL5, 
HLA-DQA1, FAM117B, HLA-DPA1, and HLA-DPB1 exhibited the 
strongest associations with SLE, contingent upon the specific 
tissue and cell type under investigation (Figure 1).

Differential expression of immune response genes in patients 
with SLE
The results demonstrated a notable increase in the expres-
sion of HLA-DQA1 and HLA-DMB compared with the control 
group, as depicted in Figure 2A-2H. Additionally, a decrease 
in CCL5 expression was observed in all samples, except for 
those obtained from the GSE61635 dataset (Figure 2I-2L). The 
expression of the HLA-DPA1, HLA-DRB3, and HLA-DPB1 genes 
from the HLA family, which are believed to be implicated in the 
immune response in SLE, were also assessed. A notable dec-
rease in their expression levels was observed compared with 
the control (Figure 3). The expression of FAM117B, ZNF395, 
PGAP3, and PIK3IP1, among other genes potentially linked to 
the development of SLE, was also investigated. A similar trend 
was observed in the expression of these genes (Figure 4). These 
findings highlight the potential significance of these genes in 
the pathogenesis of SLE and highlight the necessity for further 

investigation into the roles of these genes in immune dysregu-
lation and disease progression.

The hypermethylated genes most associated with SLE
Epigenetic phenomena have gained significant attention in un-
derstanding the molecular mechanisms of SLE. Although aber-
rant DNA methylation and histone modification have long been 
recognized as contributing factors to SLE pathogenesis, DNA 
hydroxymethylation has emerged as a relatively novel focus 
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Figure 1: Heatmap with the fold change of each selected related immune response gene in syste-
mic lupus erythematosus (SLE) disease

Figure 2: Expression profile of various immune response genes in systemic lupus erythemato-
sus (SLE) disease A. Expression of HLA-DQA1 in GSE72509 dataset B. Expression of HLA-DQA1 in 
GSE61635 dataset C. Expression of HLA-DQA1 in GSE38351 dataset D. Expression of HLA-DQA1 in 
GSE10325 dataset E. Expression of HLA-DMB in GSE38351 dataset F. Expression of HLA-DMB in 
GSE65391 dataset G. Expression of HLA-DMB in GSE61635 dataset H. Expression of HLA-DMB in 
GSE110174 dataset I. Expression of CCL5 in GSE110174 dataset J. Expression of CCL5 in GSE61635 
dataset K. Expression of CCL5 in GSE82221 dataset L.  Expression of CCL5 in GSE45291 dataset
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Figure 3: Expression profile of immune response family members in systemic lupus erythemato-
sus (SLE) disease A. Expression of HLA-DPA1 in GSE108497 dataset B. Expression of HLA-DPA1 in 
GSE72509 dataset C. Expression of HLA-DPA1 in GSE50772 dataset D. Expression of HLA-DPA1 in 
GSE45291 dataset E. Expression of HLA-DPB1 in GSE108497 dataset F. Expression of HLA-DPB1 in 
GSE110169 dataset G. Expression of HLA-DPB1 in GSE65391 dataset H. Expression of HLA-DPB1 
in GSE45291 dataset I. Expression of HLA-DRB3 in GSE45291 dataset J. Expression of HLA-DRB3 in 
GSE65391 dataset K. Expression of HLA-DRB3 in GSE110169 dataset L.  Expression of HLA-DRB3 
in GSE108497 dataset

Figure 4: Expression profile of immune response family members in systemic lupus erythema-
tosus (SLE) disease A. Expression of FAM117B in GSE108497 dataset B. Expression of FAM117B 
in GSE45291 dataset C. Expression of FAM117B in GSE82221 dataset D. Expression of FAM117B 
in GSE65391 dataset E. Expression of PIK3IP1 in GSE108497 dataset F. Expression of PIK3IP1 
in GSE110169 dataset G. Expression of PIK3IP1 in GSE50772 dataset H. Expression of PIK3IP1 
in GSE65391 dataset I. Expression of PGAP3 in GSE108497 dataset J. Expression of PGAP3 in 
GSE110169 dataset K. Expression of PGAP3 in GSE82221 dataset L.  Expression of PGAP3 in 
GSE65391 dataset M. Expression of ZNF395 in GSE108497 dataset N.  Expression of ZNF395 in 
GSE110169 dataset O.  Expression of ZNF395 in GSE50772 dataset P.  Expression of ZNF395 in 
GSE65391 dataset.
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Figure 5: Overview of analyzed methylation sites and genomic organization of related ge-
nes. A. HLA-DPA1 B. HLA-DPB1 C.  HLA-DMB D.  CCL5 E.  ZNF395 F. HLA-DQA1 G. FAM117B 
H. PGAP3 I. PIK3IP1. A boxplot illustrates the distribution of beta-values for individual CpG 
sites in both case and control samples. Each boxplot represents the beta values observed 
for a specific CpG site, with the middle line denoting the median value and the box en-
compassing the interquartile range. Red blots indicate healthy individuals and blue blots 
indicate systemic lupus erythematosus (SLE) patients
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Figure 6: Correlation of methylation and expression of related genes. A. HLA-DPA1 B. HLA-
DPB1 C.  HLA-DMB D.  CCL5 E.  ZNF395 F. FAM117B G. PGAP3 H. PIK3IP1. A scatter plot 
depicting the relationship between gene expression levels and mean methylation values 
of selected CpG sites is displayed. Each data point represents a sample, with the x-axis 
indicating the expression level of the gene and the y-axis representing the average meth-
ylation value across the specified CpG sites. Red blots indicate healthy individuals and blue 
blots indicate systemic lupus erythematosus (SLE) patients
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in epigenetic investigations because of its activating potential. 
Against this backdrop, an inquiry was undertaken to assess the 
influence of ten genes implicated in immune response methyla-
tion on SLE pathology using data from the GSE82221 dataset. 

These findings also revealed that 17 promoter-associated CpG 
islands were identified for HLA-DPA1, 8 for HLA-DPB1, 11 for 
HLA-DMB, six for CCL5, 11 for ZNF395, 1 for HLA-DQA1, six for 
FAM117B, 12 for PGAP3, and six for PIK3IP1 in patients with SLE 
(Figure 5 A, B, C, D, E, F, G, H, I). Inconsistencies were observed 
among all 10 genes when comparing the methylation levels of 
genes across GSE82221. Specifically, high methylation levels 
were detected for the HLA-DPA1, HLA-DPB1, HLA-DMB, CCL5, 
ZNF395, and HLA-DQA1 genes, whereas low methylation levels 
were observed for FAM117B, PGAP3, and PIK3IP1. Furthermo-
re, the CpG islands exhibiting the highest levels of methylati-
on were cg06437840, cg23750365, cg20600379, cg00447324, 
cg10627155, and cg13778567, respectively. The genes PIK3IP1, 
FAM117B, and PGAP3 exhibited methylation levels well be-
low 0.5 but did not demonstrate significant hypermethylation. 
In contrast, a specific subset of six genes, namely HLA-DPA1, 
HLA-DPB1, HLA-DMB, CCL5, ZNF395, and HLA-DQA1, mainta-
ined consistent methylation levels. The observed stability in 
methylation levels indicate  persistent epigenetic alterations 
compared with the hypermethylation patterns noted across 
all samples within this particular subset.

Relationship between methylation status and HLA-DPB1, 
CCL5, FAM117B, and ZNF395 gene expression in SLE
The interaction between immune response gene expression 
and methylation status is complex and multifaceted. DNA 
methylation is typically related to reduced expression or gene 
silencing, especially in promoter regions. This relationship is 
influenced by several factors, including the specific genes in-
volved, the methylation patterns of their regulatory regions, 
and the cellular and environmental contexts in which these 
genes are active.

This investigation aimed to explore the correlation between im-
mune response gene expression and methylation status in SLE. 
The study revealed that alterations in the expression of four 
genes, namely HLA-DPB1, CCL5, FAM117B, and PGAP3, were 
linked to hypermethylation in the CpG islands of these genes. 
In particular, methylation of CpG sites in the promoter regions 
of these genes inhibited their expression levels (Figure 6). The-
se results indicate that methylation plays a regulatory role in 
modulating the expression of immune response genes in SLE.

DISCUSSION

SLE is a complex inflammatory condition that affects various 
organs and has a known genetic component. Epigenetic mecha-
nisms (DNA methylation, histone modification) and mutations 
(polymorphism) are crucial for the regulation of gene expres-
sion (10). Alterations in DNA methylation patterns contribute 
to the aberrant immune responses characteristic of SLE. Spe-
cifically, changes in DNA methylation levels of genes involved 
in the regulation of T cell function, activation of B cells, and 

clearance of immune complexes have been implicated in SLE 
pathogenesis (20). These alterations may disturb the equilib-
rium of immune response, generating autoantibodies and the 
inflammatory cascades characteristic of SLE (21). Despite the 
identification of genes exhibiting altered expression in SLE, the 
underlying causes of these changes remain unclear. Therefore, 
this study aimed to elucidate the relationship between gene 
expression related to immune response and the development 
of SLE. Additionally, specific CpG methylation sites associated 
with SLE in patients were identified through the analysis of 
the analysis of publicly available datasets, integrating clinical, 
laboratory, and biological factors.

HLA-DQA1 and HLA-DMB encode the alpha and beta chains of 
the HLA-D protein, a major histocompatibility complex (MHC) 
class II molecule. MHC class II molecules are pivotal in the im-
mune system because they present antigens to T cells, initiating 
immune responses. Certain variants of these genes may be lin-
ked to an elevated risk of developing SLE (22-24). Studies have 
indicated that specific HLA-DQ and HLA-DM alleles are more 
common in individuals with SLE than in the general population 
(22, 25). In this study, the expression levels of HLA-DQA1 and 
HLA-DMB were higher in patients with SLE than in controls. 
These alleles could contribute to the autoimmune response in 
SLE by presenting self-antigens to T cells, which in turn triggers 
the production of autoantibodies and inflammation. 

HLA alleles can also stimulate an uncontrolled increase in the 
production of various cytokines, including tumor necrosis fac-
tor-alpha (TNF-α), interleukin-6 (IL-6), and interferon-gamma 
(IFN-γ), which play crucial roles in inflammation and immune 
responses (26). For instance, certain populations exhibit a he-
ightened risk of SLE with HLA-DR2, HLA-DR3, and HLA-DR4 alle-
les (23, 25). Shirakawa et al. demonstrated a notable decrease 
in the number of HLA-DR-positive monocytes and expression 
of HLA-DR antigens in active patients with SLE. These levels 
returned to normal in inactive SLE patients (25, 27). The dimi-
nished presence of HLA-DR-positive monocytes disrupts the 
regulation of immune response crucial for SLE development. 
The observed reduction in HLA-DR3 levels in this study might 
contribute to an aberrant immune response in patients with 
SLE, potentially intensifying disease progression (23, 25). Furt-
hermore, Takona et al. noted a marked elevation in HLA-DP+ 
T-cell counts among patients with SLE compared with healthy 
individuals. Concurrently, another study indicated that eleva-
ted HLA-DP levels in patients with SLE were correlated with 
increased T cell frequency and insufficient IL-2 expression (28). 
Moreover, any alteration in carbon metabolism has been shown 
to downregulate genes involved in the hypermethylation of es-
sential genes like RFC1 and MHC2TA while also affecting other 
critical genes such as HLA-DR by altering promoter CpG island 
methylation (29). Considering these mutational and epigenetic 
influences, the decline in HLA-DPA1, HLA-DPB1, and HLA-DRB3 
gene expression noted in SLE patients in this investigation could 
be linked to post-transcriptional elements such as DNA hyper-
methylation and polymorphism.
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CCL5 gene expression was downregulated in all datasets ex-
cept the GSE61635 dataset. This dataset investigated gene 
expression in the blood of patients with SLE positive for RNP 
autoantibodies. The presence of RNP autoantibodies can dis-
rupt the clearance of apoptotic cells, resulting in the release of 
self-antigens and subsequent activation of the immune system. 
Ultimately, RNP autoantibodies present in the blood of patients 
with SLE can disrupt immune responses, sustain inflammati-
on, and play a role in the development of the disease (30). 
FAM117B, or Family with sequence similarity 117 member B, 
is a protein-coding gene. Its exact role in SLE has yet to be fully 
understood. This study revealed that FAM117B is downregula-
ted in patients with SLE and is implicated in the pathogenesis 
of this disease. Upon encountering pathogen infection, the in-
terferon (IFN) pathway activation triggers the upregulation of 
IFN-stimulated genes, including proinflammatory cytokines, 
essential for robust antiviral immune reactions. Nevertheless, 
aberrant expression of these genes can pose risks to the host. 
ZNF395 has been recognized as a gene that operates indepen-
dently of IFN but boosts the IFN-mediated expression of che-
mokine (31). In this study, posttranscriptional modifications 
influenced the expression of ZNF395, and its irregular expres-
sion could play a role in the development of SLE. These results 
emphasize the intricate role of immune dysregulation in SLE 
and underscore the importance of these genes in driving the 
disease process.

In the present study, a subset of genes with consistent meth-
ylation levels, including HLA-DPA1, HLA-DPB1, HLA-DMB, CCL5, 
ZNF395, and HLA-DQA1, were identified. Consistent methyla-
tion levels across all samples indicate that these genes were 
hypermethylated. Unlike methylation levels, gene silencing is 
often associated with hypermethylation, although this relati-
onship is not always direct and may be influenced by additional 
regulatory mechanisms (32). Interestingly, the upregulation of 
hypermethylated genes, such as CCL5, HLA-DQA1, and HLA-
DMB, was observed. The regulation of gene expression is inf-
luenced by various mechanisms beyond methylation, such as 
specific transcription factors and histone modifications, which 
can override the repressive effects of DNA methylation (33). 
Although promoter hypermethylation generally results in gene 
silencing, methylation at different sites may have contrasting 
effects, including increased gene expression. Despite the ob-
served consistent methylation patterns in our analysis, the pre-
sence of technical and biological variability in high-throughput 
datasets like GSE61635 might influence gene expression dif-
ferences in individual samples. These findings highlight the 
intricate nature of epigenetic regulation, indicating that hyper-
methylation does not always lead to gene silencing. Further 
experimental investigations are necessary to elucidate the 
specific mechanisms driving gene expression patterns in pati-
ents with SLE (34). The present study also identified HLA-DPB1, 
CCL5, FAM117B, and ZNF395 as genes potentially regulated by 
methylation in SLE, with CpG methylation within their promoter 
regions likely exerting a suppressive effect on their expression 
levels. Aberrant DNA methylation is implicated as a contributing 
factor to the dysregulated expression of these genes in SLE, and 
other mechanisms, such as RNA interference, may also play a 

role. Further studies are needed to validate these findings and 
elucidate the precise regulatory mechanisms.

This study highlighted the complex network of immune res-
ponse genes and their regulatory elements, providing valuable 
insights into the molecular mechanisms underlying SLE pat-
hogenesis. Second, the potential use of epigenetic modificati-
ons, particularly DNA methylation, as biomarkers for disease 
diagnosis and prognosis of SLE was highlighted. By elucidating 
the role of specific genes and their epigenetic regulation in 
the development of SLE, this study provides a growing body 
of knowledge to better understand and manage this complex 
autoimmune disorder.

Limitations of the study
This study has several limitations. Despite extensive analyses 
across various cell and tissue types, further studies using additi-
onal cohorts and experimental models are required to confirm 
the results and determine their broader significance. Moreo-
ver, the cross-sectional design of this study precludes the es-
tablishment of causal relationships. The findings highlight the 
importance of longitudinal studies to elucidate the temporal 
patterns of gene expression and epigenetic regulation during 
the progression of SLE. Despite these limitations, these findings 
provide a solid foundation for future research efforts to unders-
tand the intricate mechanisms of SLE pathogenesis and identify 
novel therapeutic targets for this complex autoimmune disease.

CONCLUSION

This study underscores the intricate regulatory mechanisms 
of systemic lupus erythematosus (SLE), focusing on the roles 
of genetic and epigenetic factors. The present study revealed 
that alterations in DNA methylation patterns, particularly tho-
se of genes involved in immune response regulation, play a 
significant role in SLE pathogenesis. Notably, genes such as 
HLA-DQA1, HLA-DMB, CCL5, ZNF395, and others were found 
to exhibit consistent methylation levels, indicating that hyper-
methylation as a regulatory mechanism.  The present study also 
highlighted the potential of specific CpG methylation sites and 
gene expression profiles as biomarkers for SLE diagnosis and 
prognosis. The identification of differentially expressed genes, 
such as HLA-DQA1, HLA-DMB, CCL5, FAM117B, and ZNF395, 
linked to immune response dysregulation provides valuable 
insights into the molecular mechanisms driving SLE. These fin-
dings emphasize the importance of further experimental in-
vestigations to validate the observed methylation patterns and 
elucidate the regulatory mechanisms.
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ÖZ
Amaç: Membranöz nefropati (MN), erişkinlerde nefrotik sendromun en 
sık nedenidir. Fosfolipaz A2 reseptörü (PLA2R1), mannoz reseptör ailesine 
(~180 kDa) ait glikoproteindir. PLA2R1, idiyopatik MN patogenezi ile ilişkili 
bulunmuş, PLA2R1 antikorlarının varlığının hastalıkla ilişkisi desteklenmiş-
tir. Bu çalışmada PLA2R1 rs35771982’nin Membranöz Nefropati ile ilişkisi 
araştırıldı. 
Gereç ve Yöntemler: Çalışmaya MN tanısı alan 88 hasta ve bu hastalarla 
ilişkisi olmayan 101 sağlıklı birey dahil edildi. Hasta ve kontrol gruplarının 
PLA2R1 rs35771982’si Real Time PCR (Polimeraz Zincir Reaksiyonu) yönte-
mi ile incelendi. 
Bulgular: Hastaları sağlıklı kontrollerle karşılaştırdığımızda rs35771982 GG 
genotipinin hastalarda anlamlı derecede yüksek olduğu görüldü. Türk 
popülasyonunda rs35771982 CG genotipinin yaygın olduğu bulundu. 
Sonuç: PLA2R1 rs35771982 GG genotipinin MN’ye duyarlılıkla ilişkili oldu-
ğu bulundu.
Anahtar Kelimeler: Membranöz nefropati, PLA2R1, rs35771982, Gerçek 
zamanlı PZR

ABSTRACT
Objective: Membranous nephropathy (MN) is the most common cause of 
nephrotic syndrome in adults. Phospholipase A2 receptor (PLA2R1) is a 
glycoprotein belonging to the mannose receptor family (~180 kDa). 
PLA2R1 was found to be associated with idiopathic MN pathogenesis, and 
the presence of PLA2R1 antibodies was supported by the diseases. In this 
study, the association of PLA2R1 rs35771982 with membranous 
nephropathy was investigated.
Material and Methods: The study included 88 patients diagnosed with 
MN and 101 healthy individuals unrelated to the patients. The PLA2R1 
rs35771982 levels of the patient and control groups were examined using 
the Real Time PCR (Polymerase Chain Reaction) method. 
Results:  The comparison of the patients with healthy controls in this 
study showed that the rs35771982 GG genotype was significantly higher 
in the patients. The genotype of rs35771982 in the Turkish population was 
found to be common to the CG genotype.
Conclusion: Our findings revealed that the PLA2R1 rs35771982 GG 
genotype is associated with susceptibility to MN.
Keywords: Membranous nephropathy, PLA2R1, rs35771982, Real-time 
PCR
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INTRODUCTION

Membranous nephropathy (MN) is a glomerular pathology that 
is the most common cause of idiopathic nephrotic syndrome in 
adults (1). Kidney biopsy is used in the definitive diagnosis of 
the disease. Considering that biopsy protocols differ in many 
countries, there are regional differences in the incidence of the 
disease. The disease is seen twice as often in men compared 
with the level in women. MN is a chronic disease and sponta-
neous remission occurs in approximately 30% of the patients. 
Despite spontaneous remission, 30-40% of MN patients prog-
ress to end-stage renal disease (ESRD) within 5 to 15 years (2). 
Approximately 75% of membranous nephropathy cases are idi-
opathic (Primary MN-IMN). Secondary MN is associated with 
autoimmune diseases, infection, and malignancies. 

Phospholipase receptor (PLA2R1) is a type I transmembrane 
receptor that is a member of the mannose receptor family and 
has been identified as a target podocyte antigen involved in 
membranous nephropathy. Researchers have shown that the 
circulating antibodies of the IgG4 subtype against the epitope 
in PLA2R develop in 70-80% of patients with idiopathic MN (3). 
Some studies have shown that polymorphisms in the PLA2R1 
gene may have a direct effect on the function of the gene (4). 
The rs35771982 variants are the conversion of the Guanine (G) 
allele to Cytosine (C) in exon 5 of the gene, which causes the 
replacement of Histidine with Aspartic acid at position 300 of 
the PLA2R protein. The G allele of rs35771982 in exon 5 results 
in a residue change (H300D) at the second of the 8 CTLDs in 
the protein structure. They reported that this change reduces 
the collagen-binding activity of cells and may alter antigenicity 
(5). Several studies have shown that this SNP locus is signifi-
cantly associated with IMN in Korea, Taiwan, European Cau-
casians, Beijing, North American Caucasians, and the Indian 
population (6-10). Two different Chinese cohorts confirmed 
that the variations in PLA2R1 SNPs (rs35771982, rs4664308, 
rs3749117) were the risk factors for idiopathic membraneous 
nephropathy (11, 12).

Researchers studying IMN patients suggested that the G allele 
of SNP rs35771982 was more selectively expressed in patients 
than in the controls. The rs35771982 CC genotype is protective, 
and the rs35771982 GG genotype is a high-risk genotype (7). 

Based on the conducted studies, we suggest that the 
rs35771982 genotype in the gene of the transmembrane prote-
in PLA2R1, which causes podocyte damage, may have an effect 
on protein function. For this purpose, the association of PLA2R1 
rs35771982 with membranous nephropathy was investigated.

MATERIAL AND METHOD

Patients and controls 
Eighty-eight patients who presented to the Istanbul Faculty 
of Medicine, Department of Nephrology and were diagnosed 
with MN under biopsy were included in the study. One tube 
of blood, 5 cc EDTA (Ethylenediamine tetraacetic acid) was 
drawn from the patients. The clinicopathological findings of 

the patients were obtained from the Nephrology Department. 
The control group included 101 healthy individuals aged over 
18 years and younger than 70 years who had no consanguine-
ous relationship with each other and had no diagnosed kidney 
disease in their family. One tube of blood with 5 cc EDTA was 
collected from the control groups included in the study. After the 
ethics committee approval was obtained, the informed consent 
form was obtained from the volunteers (patients and healthy 
individuals) included in the study. This study was approved by 
the Istanbul Medical Faculty Clinical Research Ethics Committee 
(Date: 28.09.2017, No: 16).

rs35771982 genotyping
Blood samples were centrifuged immediately after being col-
lected. EDTA tubes were used to isolate DNA (EZ1, QİAgen) 
and stored at 20 °C until the study period. The rs35771982 ge-
notyping was performed with the Real Time Polymerase Chain 
Reaction (RT-PCR) method using the TaqMan SNP Genotyping 
(Thermo Scientific, Appliedbiosystems, Carlsbad, CA USA) kit. 
The probes used in this study were gene- specific FAM label-
led MGB (minor Groove binder) probes. TaqMan MGB probes 
contain an MGB moiety at the 3′ end, increasing the probe’s 
melting temperature (Tm) and stabilising probe/target hybrids. 
TaqMan Universal Master Mix II was used. The results were read 
using the real-time PCR (Rotor Gene Q) instrument, which can 
read fluorescence by way of VIC and FAM channels. The sequ-
ence used is forward. (CCATCAGACCACTGCCAGCCAGCGT [C/G]
TTCATCCAGCTGATTGAGGCCCATC) 

Statistical analysis
Statistical analysis of the data was performed using the Statistical 
Package for the Social Sciences version 28.0 (IBM SPSS Corp., 
Armonk, NY, USA) software programme. Descriptive analysis 
and descriptive statistical methods were used. In the statisti-
cal analysis of the data, continuous data were tested using the 
Kolmogorov-Smirnov test for normality distribution. The mean 
± standard deviations of the data in normal distribution were 
used. The control and patient groups were in Hardy−Weinberg 
balance. The chi-square test was used to compare the genotype 
between the patient and control groups. Chi-square and Fisher’s 
exact tests were used to evaluate the categorical data within the 
patient group. The chi-square test was used to compare the ge-
notype between the patient and control groups. The chi-square 
test was used for the odd ratio. One-way ANOVA test was used 
to measure the P value in table 3. Results were expressed as 
percentage values. p values<0.05 were considered statistically 
significant.

RESULTS

The mean age of the patient group was 53.59±13.82 ye-
ars (age range 25-77y), while the mean age at diagnosis was 
46.30±13.53years (age range 19-70y). The patient group con-
sisted of 51 men (58%) and 37 women (42%). In our study, the 
mean age of 101 healthy individuals was 40.76±12.5 years. 49 
men (48.5%) and 52 women (51.5%) were included in the control 
group. No statistical significance was observed in terms of gen-
der and age in the evaluation of the patient and control groups 
(Table 1).
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Table 1: Demographic and clinical data of the study groups

Patient group Control group

  mean±SD   mean±SD

Age 53.59±13.82  40.76±12.5

Age at diagnosis 46.3±13.5

Gender Male  51  49

 Female  37  52

BMI (kg/m2) 78.90±14.7

Systolic BP (mmHg) 131.42±19.2

Diastolic BP (mmHg) 81.13±12.5

Serum albumin (g/dl) 2.80±0.8

Serum creatinine (mg/dl) 0.9±0.4

Serum creatinine (mg/dl) follow-up 1.2±1.1

Haemoglobin (g/dl) 12.93±2.3

eGFR (ml/min/1.73m2) 102.21±52.1

Proteinuria 5677.79±3545.6

Proteinuria follow-up  2869.82±3003.5  

BMI: Body Mass Index, Systolic BP: Systolic Blood Pressure, Diastolic BP: Diastolic Blood Pressure, 
eGFR: Glomerular Filtration Rate, *: p<0.05

Table 2: rs35771982 genotype and allele distribution in the patient and control groups

Genotypes Patient group Control group OR 95%CI p

 n: 88 (%) n: 101 (%)    

CC 4 (4.5%) 9 (8.9%) 0.644 0.281-1.479 0.265

CG 40 (45.5%) 76 (75.3%) 0.524 0.388-0.708 0.0001

GG 44 (50.0%) 16 (15.8%) 2.150 1.618-2.857 0.0001

CG + CC vs GG 44 (50%) 85 (84.2%) 0.188 0.095-0.370 0.0001

Alleles n:176 (%) n:202 (%)    

C 48 (27.3%) 94 (%46.5) 0.623 0.481-0.807 0.828

G 128 (72.7%) 108 (53.5%)    

HWEp 0.171 0.052

C: Cytosine, G: Guanin, HWEP: Hardy Weinberg, *: p<0.05

  
Table 3: Correlation of rs35771982 genotypes with clinical parameters

  CC  CG GG
p

 mean±SD mean±SD mean±SD

Age(years) 54.8±13.3 53.1±14 45.3±18 0.403

GDF-15 6448±5415 5915±3156 9613±6527 0.303

Proteinuria 5186±2735 6279±4362 5180±1996 0.395

Proteinuria tracing 2878±2615 2989±3440 1380±2183 0.678

Creatinine 0.86±0.35 0.95±0.53 0.81±0.45 0.595

Creatinine tracing 1.1±0.92 1.09±0.77 2.85±4.14 0.01

eGFR 95.9±35.5 107.1±63.6 122±77.8 0.457

GDF-15: Growth Differentiation Factor-15, eGFR: Glomerular Filtration Rate, C: Cytosin, G: Guanin, *: p<0.05
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Distribution of the rs35771982 genotype in the patient and 
control groups
The variant homozygous GG genotype (p=0.0001) in the pati-
ents and the heterozygous CG genotype (p=0.0001) were found 
to be significantly higher in the control group. Although the 
wild CC genotype was numerically higher in the control group, 
there was no significant difference between the patient and 
control groups (p=0.05) (Table 2).

Relationship of the genotypes with the clinical parameters
Considering all genotypes of rs35771982, no significance was 
found between serum GDF-15 level, gender, age, serum creati-
nine, proteinuria, post-follow-up proteinuria,and eGFR. Howe-
ver, in patients with the CC genotype, the creatine value was fo-
und to be significantly higher after follow-up (p=0.01) (Table 3). 

DISCUSSION

Membranous nephropathy (MN) is characterised with sub-
epithelial immune complex deposition and thickening of the 
glomerular basement membrane. MN is typically a disease of 
adult age and is more common among men compared with 
the level in women. The progression of the disease is more 
rapid in older men diagnosed with membraneous nephropathy 
(13). No significant difference was detected in terms of gender 
between the patients included in this study. In addition, we 
found no correlation between disease progression and gen-
der and age. The possible reason may be the difference in the 
progression of the disease and the smaller number of patients 
in the advanced stage.

Some studies have shown that polymorphisms in the PLA2R1 
gene may have direct effects on the function of the gene.  Stu-
dies with patients with MN have shown that PLA2R1 SNPs may 
be associated with the aetiology of the disease. In a study 
conducted in the Caucasus, researchers have shown that the 
rs35771982 GG genotype has a strong effect on anti-PLA2R1-
positive patients compared with the effect on the negative 
patients. In the same study, PLA2R1 variants were evaluated 
in African Americans and no association was detected with 
the disease (5). In another study, the rs35771982 CC genotype 
was found to be significantly higher in idiopathic MN patients 
compared with the level in the control group (6). In a study 
conducted in China, researchers found that the CC genotype 
was disease-related and correlated with anti-PLA2R1 positivity 
(14). In another study, researchers found that the combina-
tion of the GG genotype at rs35771982 and AA genotype at 
rs2715928 was the highest risk of IMN (15). In this study, the 
evaluation of the rs35771982 genotypes showed that the GG 
genotype in patients was found to be significant compared with 
the control group, consistent with the literature. The heterozy-
gous CG genotype was found to be statistically significant in 
the control group. 

The rs35771982 G allele was reported to be a risk marker for 
the disease, and the C allele is protective in Japanese and Chi-
nese populations (16, 17). A study conducted in the Caucasus 
found that the G allele was associated with the disease, while 
a study conducted in China found that the C allele was asso-
ciated with the disease (5, 14). No significance was found in 

the allele basis comparison of the patient and control groups 
included in our study.

No relationship was found between the rs35771982 variants 
and renal survival and clinical parameters. Disease progression 
of the CG genotype in the Chinese population in Taiwan was 
correlated with a low remission rate. No significant difference 
was found in the gender distribution, age, body mass index, 
systolic/diastolic blood pressure, serum albumin and creatine 
levels, haematuria and proteinuria of the rs35771982 variants 
(7). Thiri et al. stated that the relationship of both alleles of 
rs35771982 with the disease was independent of the clinical 
symptoms (16). In our study, although 27 of 39 patients with 
the CG genotype entered remission, no statistical significance 
was found. No significant difference was found between the 
rs35771982 genotypes with gender, age, proteinuria, eGFR and 
creatine level.

In conclusion; the aim of our study was to determine whether 
the rs35771982 variant could be used as a serum biomarker 
that would enable us to diagnose patients with MN. More de-
tailed and larger population research is needed to define the 
rs35771982 GG genotype as a biomarker that can be used in 
the diagnosis of the disease. Our study will also be able to elimi-
nate the lack of data regarding the frequencies of rs35771982 
variants, which have not been previously studied in the Turkish 
population.  
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ÖZ
Amaç: İnkontinansla ilişkili dermatit (İİD) inkontinansı olan hastalarda 
ciddi bir sağlık sorunu olmaya devam etmektedir. İnme veya diğer nörolo-
jik hastalıklardan sonra İİD gelişme riski artmaktadır. İİD’nin önlenmesi, cilt 
bütünlüğünün kontrolünü sağlama da oldukça önemlidir. Bu araştırmanın 
amacı, İİD’nin önlenmesinde kullanılan iki farklı bakım ürününün etkinliği-
ni incelemektir. 
Gereç ve Yöntem: Deneysel tasarımda planlanan bu çalışmada; inkonti-
nansı olan hastalar deney grubu (dimetikon pomad emdirilmiş mendil ile 
perineal bakım yapılan grup, n=66) ve kontrol grubuna (rutin olarak uygu-
lanan sabunlu su ile perineal bakım yapılan grup, n=66) rastgele ayrıldı. İİD 
oranı değerlendirildi. Bu gruplara ait veriler karşılaştırıldı.
Bulgular: Hastalar 10 gün takip edildi. Deney grubundaki hastaların 
%31,8’inde, kontrol grubundaki hastaların %40,9’unda İİD geliştiği görül-
dü. Ancak, anlamlı bir fark tespit edilmedi. Deney grubunda en çok genital 
bölge ile uyluk arasındaki çizgide (%15,2), kontrol grubunda labia/skro-
tumda (%27,3) İİD geliştiği gözlendi. Sıvı ve yarı şekilli dışkılama sayısı art-
tıkça İİD gelişiminde istatistiksel olarak anlamlı farklılık saptandı.
Sonuç: İİD'nin önlenmesinde iki farklı bakım ürünü arasında istatistiksel 
olarak fark saptanmadı. Ancak hemşirelik bakımının sürdürülmesi adına bu 
çalışma önemlidir. Araştırmanın daha uzun süreli izlenerek inkontinansın 
sık görüldüğü kliniklerde tekrarlanması önerilebilir. 

Anahtar Kelimeler: İnkontinans, inkontinans ile ilişkili dermatit, hemşirelik 
bakımı, bakım ürünleri

ABSTRACT
Objectives: Incontinent individuals continue to face a major health con-
cern known as Incontinence-Associated Dermatitis (IAD). After a stroke or 
other neurological condition, the chance of developing IAD increases. 
Prevention of IAD is critical for maintaining skin integrity. The aim of this 
study was to examine the effectiveness of two different care products 
used in the prevention of IAD.
Material and Methods: An experimental study was conducted. Incontinent 
patients were randomly assigned to one of two groups: intervention 
(experimental group received perineal treatment with dimethicone poma-
de impregnated wipes, n=66) or control (control group received perineal 
care with soapy water, n=66). The rate of IAD was determined.
Results: During the 10-day follow-up period, 31.8% of the experimental 
group’s patients acquired IAD, whereas 40.9% of the control group’s pati-
ents got IAD. However, no significant change was observed. IAD was pre-
dominantly seen to grow on the curve between the genitals and the thigh 
in the experimental group (15.2%), whereas labia/scrotum was observed 
to develop in the control group (27.3%). According to the IAD develop-
ment, there was a substantial difference in the number of semi-formed 
and liquid stools.
Conclusion: There was no statistical difference between the two different 
care products in the prevention of IAD. However, it is important to study 
the continuation of nursing care. It may be recommended to repeat the 
study in clinics where incontinence is common, with a longer follow-up.

Keywords: Incontinence, incontinence-associated dermatitis, nursing 
care, care products
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INTRODUCTION

IAD is a type of incontinence-related dermatitis that causes 
discomfort, vesiculation, and itching in the perineal area and 
upper and lower hip skin because of urine or stool contact. It 
affects approximately 30% of neurological patients with urinary 
or faecal incontinence. IAD has previously been linked to incon-
tinence in studies (1-5). Diaper change frequency, perineal skin 
contact time of urine or faeces, high humidity in the perineal 
area, deterioration of the pH structure of the skin, increased 
bacterial colonisation in this region, friction, used drugs, in-
dividual laboratory values, nutrition, decreased movement, 
changes in consciousness level, and an increase in BMI are all 
linked to more severe IAD (BMI). IAD skin damage is common 
in neurology patients (6-10). When compared with other types 
of skin damage, IAD is associated with a higher death rate, a 
worse quality of life, and greater health-care expenses, which 
makes IAD more urgent. IAD levels were shown to be higher in 
neurology patients in previous investigations (11-14). On the 
other hand, IAD may be avoided with good nursing care and the 
correct care items (7, 15-19). Perineal skin care is commonly 
conducted in our nation with a non-rinse wash cloth in many 
hospitals’ perineal care protocols. The patient, patient family, 
and nurses, in addition to the washcloth ratio, utilise ready-to-
use perineal wipes. Although numerous treatments are used 
to clean the perineal area, no research has been conducted to 
determine whether one prevents dermatitis in neurological 
patients who have a high rate of dermatitis (20, 21). It is clear 
that research conducted in other countries is aimed at evalu-
ating the link between prevalence and incidence, as well as 
the variables that may play a role in the development of IAD; 
nevertheless, IAD is a relatively recent problem in Turkey (2, 
20, 22). Although dermatitis is noticed in neurology clinics, it 
is clear that preventive measures are rarely used to their full 
potential (10, 12, 13, 21, 22). The purpose of this study was to 
determine whether perineal care products were more helpful 
in preventing incontinence-related dermatitis in patients who 
visited these clinics. Considering these findings, new care pro-
cedures were developed. 

MATERIALS AND METHODS

Design
This experimental study was designed as an experimental 
study. Participants were assigned to the intervention and cont-
rol groups.

Participants
The goal of the research was to determine how two different 
types of care items (disposable non-rinse wash cloths and di-
methicone pomade cleaning wipes) affected the prevention 
of incontinence-related dermatitis and to inform nursing prac-
tises. The research was planned as an experimental study to 
determine whether perineal care with 3% dimethicone impreg-
nated wipes may help patients with incontinence-related der-
matitis who were hospitalised to neurology and neurosurgery 
units. Between January 2015 and March 2018, 132 individuals 
were asked to participate in the study. Individuals who did not 

match the inclusion criteria (n=564) were excluded from the 
study; these patients did not have incontinence, had a urinary 
catheter, and were able to use the restroom. The study inclu-
ded 132 patients who satisfied the study’s inclusion criteria 
and were willing to participate (66 patients in the intervention 
group and 66 patients in the control group).

The following were the inclusion criteria: patient age 18, urine 
or faecal incontinence, and double incontinence, no IAD in the 
perineal area, no allergies in the patients, changing diapers at 
least four times a day, and examination within the first 24 h 
of arrival.

The exclusion criteria were as follows: IAD or pressure ulcer in 
the perineal area.

Researchers gathered data for the study between January 2015 
and March 2018. Patients who were eligible for the study were 
informed after being admitted to the clinic, and those who ag-
reed to participate in the study gave written authorisation, and 
intervention and control groups were established.

Patient Information Form: The Patient Information Form de-
veloped by the researcher in accordance with the literature 
data consisted of individual characteristics like the individual’s 
income, working status, education, marital status, gender, age, 
place of living, and health insurance, and the variables that 
may affect the formation of incontinence-associated dermatitis, 
such as presence of chronic diseases, medical diagnosis, drugs 
used continuously, type of incontinence, level of mobility, and 
the form of nutrition (2, 3, 22). 

Incontinence-Associated Dermatitis and Its Severity Instru-
ment Sco ring (IADES): The Incontinence-Associated Dermatitis 
Rating Scale was developed by Borchert et al. (2010), and its 
content validity was ensured by evaluation by seven specialist 
nurses. This scale is commonly used worldwide for evaluating 
IAD. This measurement instrument was tested with interob-
server compliance, and the cont ent validity was scored by two 
wound and ostomy specialist nurses. The nurse divides the pe-
rineal region into 13 regions and scores them in terms of red-
ness, skin loss, and rash into the skin. No redness: 0 points, 
pink colour: 1 point, red colour: 2 points, rash: 3 points, and 
skin loss: 4 points. The total score to be obtained from the scale 
ranges from 0 to 52 (3, 7). A high score obtained from the scale 
indicates an increased risk and severity of dermatitis (3). The 
reliability and validity scales used in the study were developed 
by Aydın and Kaya (23).

Patient Monitoring Form: This form was created by the rese-
archer using literature data in order to analyse the patient on 
a daily basis in terms of vital signs, medications used, oxygen 
treatment, quantity of stools, and consistency of stools (for-
med, semi formed, liquid, etc.).

Randomisation
For easy randomisation, the lottery approach was employed: 
one (for the intervention group) and two (for the control gro-
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up) were inscribed on 66 cards. The cards were placed in a 
bag and properly mixed. The cards were chosen by lot, and 
the patients were divided into two groups: intervention and 
control. The patients, nurses, and researcher performed the 
intervention and measurements, and the patients identified 
their own groups when perineal treatment was administered 
to them. Blinding was not possible because of the nature of the 
technique. Non-rinse washcloths were used on patients who 
were randomly allocated to the intervention group. The cont-
rol group received standard medical treatment (ie, disposable 
non-rinse wash cloth).

The study conducted in two phases
Phase I: Training nurses to prevent IAD
The training programme’s material was created by researchers 
and is based on a review of the literature. The developed tra-
ining content was presented to wound, ostomy, and inconti-
nence experts and was subsequently offered to nurses in the 
form of face-to-face training in small groups at each clinic. An 
hour was given to nurses in the neurology and neurosurgery 
wards. Skin structure, description of IAD, aetiology and asso-
ciated aspects of IAD, how to avoid IAD, and how to provide 
perineal care were all covered in the training programme. Nur-
ses in these units continued to provide care in their normal 
routine perineal care in the control group. The patients in the 
control group underwent perineal treatment using a standard 
disposable non-rinse wash towel. Changes in this skin region 
were observed for 10 days using IADES and the Patient Follow-
up Form after the patients were seen by the researcher every 
morning.

Phase II: Implementation of the research in the intervention 
group
After training the nurses, the second phase of the research was 
concluded between June 2015 and March 2018. Both groups 
used the same protocols for patient follow-up. The researcher 
conducted the first examination of the patient using the Pati-
ent Introduction Form. The patients in the intervention group 
underwent perineal treatment using a disposable non-rinse 
washcloth (with dimethicone wipes). The care of the perine-
um Dimethicone wipes, which were utilised in the intervention 
group, hydrates the skin while also protecting and providing a 
barrier. Changes in this skin region were observed for 10 days 
using IADES and the Patient Follow-up Form after the patients 
were seen by the researcher every morning.

Ethical considerations
The research was conducted at the neurology and neurosur-
gery units of three university hospitals in Istanbul. The hospital 
management gave written consent, and the ethics committee 
gave its clearance (Date: 02.12.2014, No:E-01). The families of 
the patients provided their informed permission.

Statistical analysis
For statistical analysis, IBM SPSS Statistics 24 software (IBM 
SPSS, Turkey) was used. The Shapiro-Wilk test was used to de-
termine whether the parameters were normal. The chi-square 
test was used in order to compare descriptive statistical valu-

es (mean, standard deviation), qualitative data, and normally 
distributed parameters between the groups. The time-causing 
difference was determined using the Fisher Exact Test. To com-
pare qualitative data, the chi-square test was applied. The sig-
nificance level was set at p<0.05.

RESULTS

Comparison of the intervention and control groups’ demog-
raphic and disease characteristics
The patients in the control and intervention groups were 
62.77±13.45 and 65.82±10.70 years old, respectively, on ave-
rage. The gender, degree of consciousness, presence and type 
of chronic illnesses, mobility, diet, BMI, and several laboratory 
values of patients in the intervention and control groups were 
similar, with no statistically significant differences (p>0.05). 
In this context, as can be seen in Table 1, both groups are 
correlated.

Presence, Type, and Duration of Incontinence in Patients
It was observed that 34.8% and 25.8% of the patients in the 
intervention and control groups, respectively, had no inconti-
nence before admission to the hospital. It was determined that 
65.2% urine was observed to be the highest in the intervention 
group before admission to the hospital and that both types 
of incontinence was 71.2% during admission to the hospital. 
Similarly, it was observed in the control group that 70.6% uri-
nary incontinence had the highest priority for admission to the 
hospital and that each incontinence was 74.2% during admis-
sion to the hospital. No statistically significant difference was 
determined between both groups in terms of the presence, 
type, and average duration of incontinence (p>0.05). The fin-
dings are summarised in Table 2.

Comparison of the Development IAD
When IAD development was examined between both groups, 
it was determined that it developed in 31.8% and 40.9% of the 
patients in the control and intervention groups, respectively, 
and that the mean IAD total score was 2.92 in the control gro-
up and 2.52 in the intervention group. However, although IAD 
development and IAD score were higher in the control group, 
no statistically significant difference was determined (p>0.05). 
The findings showing the IAD development rates are summa-
rised in Table 3.

It was determined that the development regions of IAD were 
not different in both groups. It was also observed that IAD 
mostly developed in the genital region (labia/scrotum) and the 
fold between the genital and femur (18.2%), right front inner 
femur (11.4%), and left front (10.6%).

Comparison of IAD Development by Individual and Disease 
Characteristics of Patients
Table 4 shows the elements that contribute to IAD and its prog-
ression. Some laboratory values, such as age, gender, BMI, level 
of consciousness, presence of incontinence before admission to 
the hospital, presence of chronic disease, movement, nutrition, 
haemoglobin, haematocrit, and IAD development, were not 
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Table 1: Comparison of the demographic and disease characteristics of the intervention and control groups

Demographic and disease characteristics
Intervention 

(N=66) Control (N=66) Total (N=132) Chi-square test

N (%) N (%) N (%) X2 p- value

Gender 
Female 50 (75.8) 44 (66.7) 94 (71.2)

1.330 0.168
Male 16 (24.2) 22 (33.3) 38 (28.8)

Consciousnes status

Opened 48 (72.7) 44 (66.7) 92 (69.7)

0.624 0.732Closed 8 (12.1) 9 (13.6) 17 (12.9)

Confused 10 (15.2) 13 (19.7) 23 (17.4)

Diagnosis

schemic Serebrovascular Disease 23 (34.8) 15 (22.7) 38 (28.8)

10.863 0.145

Cerebrovascular Disease 32 (48.5) 35 (53.0) 67 (50.8)

Multiple Sklerozis 5 (7.6) 4 (6.1) 9 (6.8)

ADEM (Acute Demyelinated 
Ensafloapatia) 1 (1.5) 2 (3.0) 3 (2.3)

Spinalcord injury 1 (1.5) 4 (6.1) 5 (3.8)

Parkinson Disease 4 (6.1) 1 (1.5) 5 (3.8)

Brain Tumour 0 (0) 4 (6.1) 4 (3.0)

Julian Barré Disease 0 (0) 1 (1.5) 1 (0.8)

Chronic Disease
Yes 59 (89.4) 49 (74.2) 108 (81.8)

5.093 0.020
No 7 (10.6) 17 (25.8) 24 (18.2)

Chronic disease types

Multiple Sklerozis 4 (6.1) 3 (4.5) 7 (5.3) 0.15 0.500

Hypertension 50 (75.8) 37 (56.1) 87 (65.9) 5.698 0.014

Diabetes Mellitus 25 (37.9) 25 (37.9) 50 (37.9) 0.000 0.571

Coronary Artery Disease 5 (7.6) 3 (4.5) 8 (6.1) 0.532 0.359

Hypothyroidism 2 (3.0) 7 (10.6) 9 (6.8) 2.981 0.082

Kidney Disease  1 (1.5) 0 (0.0) 1 (0.8) 1.008 0500

Heart Failure Disease 17 (25.8) 9 (13.6) 26 (19.7) 3.065 0.062

Parkinson  Disease 2 (3.0) 2 (3.0) 4 (3.0) 0.000 0.690

Demans Disease 1 (1.5) 3 (4.5) 4 (3.0) 1.031 0.310

Mobility

Completely immobile 3 (4.5) 1 (1.5) 4 (3.0)
1.483 0.476Very limited 8 (12.1) 11 (16.7) 19 (14.4)

Slightly limited 55 (83.3) 54 (81.8) 109 (82.6)

Nutrition status

Oral 46 (69.7) 35 (53.0) 81 (61.4)
5.374 0.068Enteral 19 (28.8) 31 (47.0) 50 (37.9)

Parenterally 1 (1.5) 0 (0.0) 1 (0.8)

Intervention 
(N=66)

Mean (SD)

Control (N=66)
Mean (SD)

Total (N=132)
Mean (SD)

Student t-testi

t p- value

Biochemistry tests 

Haemoglobin (mg/dl) (Min.-
Max.)

12.04 (1.63)
(9.30-15.10)

11.87 (1.78)
 (5.1-16.3)

11.95 (1.70)
(5.1-16.3) 0.570 0.570

Hemotokrit (%) (Min-Max) 35.11 (5.31) 
(27-45.10) 

35.90 (4.99)
(24-49.6)

35.50 (5.15)
(24.0-49.6) 0.878 0.381

Albumin (mg/dl) (Min-Max) 3.37±0.56
(2.07-4.40)

3.43±0.46
(2.4-4.5)

3.40 (0.51)
(2.1-4.5) 0.655 0.513

Age/Years (Mean±SD) 65.82 (10.70) 62.77 (13.45) 64.30 (12.20) 1.440 0.155

BMI 26.19 (4.26) 26.04 (4.02) 26.11 (4.13) 0.208 0.836

BMI: Body mass index, Min.: Minimum, Max.: Maximum, SD: Standard deviation, p<0.05.
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significantly different between the groups (p>0.05). The ratio 
of IAD development was higher in patients with perspiration in 
the control and intervention groups, and there was a statisti-
cally significant difference (p<0.05). While there was no statis-
tically significant difference in IAD development between the 
two groups in terms of haemoglobin and hemotocrit levels, IAD 
development was higher in patients with low albumin levels in 
the control group, and this difference was statistically signifi-
cant. It was also shown that in the intervention group, patients 
taking anticoagulant and antidiabetic medication developed 
IAD at a greater rate, with a statistically significant difference 
(p0.05). In the control group, individuals receiving antibiotic 
therapy had a greater rate of IAD development (51.9%) than 

those who did not, and the difference was statistically signifi-
cant (p≤0.05). 

Comparison of IAD Development According to the number 
of stool of patients
When IAD development according to the number of stools of 
patients was examined, the average number of daily stools was 
1.46 times/day in patients with IAD development in the inter-
vention group and 1.12 times/day in patients with IAD deve-
lopment in the control group. However, the average number of 
liquid stools of patients with IAD development was 2.48 times/
day in the intervention group and 2.26 times/day in the control 
group, and the average number of semi-formed stools was 5.57 

Table 2: Presence, type, and duration of incontinence in patients

Intervention 
(n=66) Control (n=66) Total (N=132) Chi-square test

N (%) N (%) N (%) X2 p-value

Before hospital 
presence of 
incontinence

Yes 23 (34.8) 17 (25.8) 40 (30.3)
1.291 0.172

No 43 (65.2) 49 (74.2) 92 (69.7)

Before hospital 
types of 
incontinence

Urine incontinence 15 (65.2) 12 (70.6) 27 (67.5)

0.784 0.676Faecal incontinence 1 (4.3) 0 (0.0) 1 (2.5)

Double incontinence 7 (30.4) 5 (29.4) 12 (30.0)

Admission to 
hospital types of 
incontinence

Urine incontinence 8 (12.1) 4 (6.1) 12 (9.1)

1.497 0.473Faecal incontinence 11 (16.7) 11 (16.7) 22 (16.7)

Double incontinence 47 (71.2) 51 (77.3) 98 (74.2)

Duration of before to hospital Mean (SD/
month)

Intervention 
(n=66)

Mean (SD)

Control (n=66)
Mean (SD)

Total (N=132)
Mean (SD)

Student t-testi

t p-value

22.30 (19.08) 30.00 (27.19) 25.68 (23.01) 1.065 0.294

SD: Standard deviation, p<0.05

Table 3: Comparison of Development IAD

 
Intervention group (n=66) Control group (n=66) Total (N=132) Chi-square test

N (%) N (%) N (%) X2 p-value

IAD 
Yes 21 (31.8) 27 (40.9) 48 (36.4)

1.179 0.183
No 45 (68.2) 39 (59.1) 84 (63.6)

IAD development 
day

2nd day 5 (23.8) 4 (14.8) 9 (18.8)

3.256 0.776

3rd day 2 (9.5) 6 (22.2) 8 (16.7)

4th day 5 (23.8) 4 (14.8) 9 (18.8)

5th day 2 (9.5) 4 (14.8) 6 (12.5)

6th day 2 (9.5) 4 (14.8) 6 (12.5)

7th day 2 (9.5) 3 (11.1) 5 (10.4)

8th day 3 (14.3) 2 (7.4) 5 (10.4)

Intervention (N=66)
Mean (SD)

Control (N=66)
Mean (SD)

Total (N=132)
Mean (SD)

Student t-testi

t p-value

 Total IADES 
Mean (SD)
(Min.-Max.) 2.524 (2.657)

(1-12)
2.926 (2.986)

(1-13)
2.75 (2.825)

(1-13) -0.485 0.630

IAD: Incontinence-associated dermatitis; IADES: Incontinence-associated dermatitis evaluation scores; SD: Standard deviation, p<0.05.
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Table 4: Comparison of IAD development by individual and disease characteristics of patients

 Individual and disease 
characteristics
 

Intervention Control

IAD No (n=45) IAD Yes (n=21) Chi-square test IAD No (n=39) IAD Yes (n=27) Chi-square test

N (%) N (%) X2 p-value N (%) N (%) X2 p-value

Gender
Female 33 (73.3) 17 (81.0) 0.453 0.365 27 (69.2) 17 (63.0)

0.282 0.394
Male 12 (26.7) 4 (19.0) 12 (30.8) 10 (37.0)

 BMI

Normal 
weight 22 (48.9) 8 (38.1)

0.911 0.634
15 (38.5) 14 (51.9)

1.562 0.458Overweight 16 (35.6) 10 (47.6) 16 (41.0) 10 (37.0)

Obesity 7 (15.6) 3 (14.3) 8 (20.5) 3 (11.1)

Consciousness 
Status

Opened 35 (77.8) 13 (61.9)
2.139 0.343

29 (74.4) 15 (55.6)

2.545 0.280Closed 5 (11.1) 3 (14.3) 4 (10.3) 5 (18.5)

Confused 5 (11.1) 5 (23.8) 6 (15.4) 7 (25.9)

Incontinence 
before admission

No 28 (62.2) 15 (71.4)
0.535 0.328

31 (79.5) 18 (66.7)
1.371 0.188

Yes 17 (37.8) 6 (28.6) 8 (20.5) 9 (33.3)

Chronic Disease 
Types

Yes 39 (86.7) 20 (95.2)
1.110 0.278

30 (76.9) 19 (70.4) 0.358 0.375
No 6 (13.3) 1 (4.8) 9 (23.1) 8 (29.6)

Incontinence 
admission to the 
hospital

Urine 6 (13.3) 2 (9.5)

3.165 0.205

3 (7.7) 1 (3.7)

5.691 0.058Faecal 5 (11.1) 6 (28.6) 3 (7.7) 8 (29.6)

Double 34 (75.6) 13 (61.9) 33 (84.6) 18 (66.7)

Mobility

Completely 
immobile 2 (4.4) 1 (4.8)

1.411 0.494

1 (2.6) 0 (0.0)

3.378 0.185Very limited 4 (8.9) 4 (19.0) 4 (10.3) 7 (25.9)

Slightly 
limited 39 (86.7) 16 (76.2) 34 (87.2) 20 (74.1)

Nutritional 
status

Oral 33 (73.3) 13 (61.9)

2.632 0.268

20 (51.3) 15 (55.6)

0.117 0.464Enteral 12 (26.7) 7 (33.3) 19 (48.7) 12
44.4

Parenterally 0 (0.0) 1 (4.8) 0 (0.0) 0 (0.0)

 Perspretion
Yes 5 (41.7) 7 (58.3)

4.753 0.036
3 (21.4) 11 (78.6)

10.427 0.002
No 40 (74.1) 14 (25.9) 36 (69.2) 16 (30.3)

Anticoagulants 
medication

Yes 37 (82.2) 21 (100)
4.248 0.038

35 (89.7) 24 (88.9)
0.012 0.608

No 8 (17.8) 0 (0.00) 4 (10.3) 3 (11.1)

Antidiabetic 
medication

Yes 18 (40) 14 (66.7)
4.076 0.039

16 (41.0) 10 (37.0)
0.106 0.474

No 27 (60.0) 7 (33.3) 23 (59.0) 17 (63.0)

Antibiotics 
medication

Yes 18 (40) 9 (42.9)
0.048 0.517

9 (23.1) 14 (51.9)
5.818 0.016

No 27 (60) 12 (57.1) 30 (76.9) 13 (48.1)

Student’s t-test Student’s t-test

t p value t p value

Age
Mean (SD) 65.76 (11.00) 65.95 (10.28)

0.069 0.945
62.46 (14.04) 63.22 (12.80)

0.224 0.823
Min.-Max. 36.0- 81.0 31.0- 79.0 36.0 -85.0 36.0 -90.0

HGB
Mean (SD) 12.12 (1.57) 11.85 (1.78)

0.629 0.532
11.9 (71.57) 11.73 (2.07)

0.539 0.592
Min.-Max. 9.3-14.7 9.3-15.1 8.4-15.5 5.1-16.3

HCT
Mean (SD) 35.39 (5.39) 34.50 (5.23)

0.627 0.533
36.32 (4.63) 35.28 (5.49)

0.835 0.407
Min.-Max. 27.0-44.6 28.0-45.1 28.0-48.7 24.0-49.6

Albumin
Mean (SD) 3.38 (0.57) 3.36 (0.55)

0.072 0.943
3.54 (0.44) 3.28 (0.45)

2.331 0.023
Min.-Max. 2.1-4.4 2.1-4.3 2.6-4.5 2.4-3.9

Duration of 
Incontinence 
before admission 
(month)

Mean (SD) 21.88 (18.56) 23.50 (22.30)

-0.175 0.863

21.56 (19.17) 38.44 (32.29)

-1.349 0.196
Min..-Max. 1.0-48.0 1.0-60.0 1.0-48.0 2.0-96.0

IAD: Incontinence-associated dermatitis, HGB: Hemoglabin, HCT: Hemotocrit, Min.: Minumum, Max.: Maximum, SD: Standard deviation, p<0.05.
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times/day in the intervention group and 6.26 times/day in the 
control group. The IAD development status according to the 
average number of stools is presented in Table 5.

DISCUSSION

IAD prophylaxis is critical for avoiding the development of ad-
ditional advanced skin issues, such as pressure sores caused 
by incontinence. The increased variety of products used in pe-
rineal skin care nowadays produces uncertainty as to which 
product the nurse prefers. The major goal of this study was to 
determine how much dermatitis was averted  using inconti-
nence care wipes with non-rinse disposable soapy water and 
3% dimethicone.

When disease and individual characteristics of patients in the 
control and intervention groups were examined, such as the 
type of incontinence and when it began, it was discovered that 
there was no difference between the two groups. The simi-
larity of person and disease features guaranteed that these 
factors that may be effective in the development of IAD were 
minimised.

IAD may create other major complications in patients if it is not 
avoided in the near term. The most serious of these issues is 
pressure sores, which can lead to profound tissue damage (9, 
24-27). In nursing, soapy water has been used for the cleaning 
of the perineal region from the past to the present. Perineal 
care with soapy water has been shown to be the most known 
and reliable method used in the removal of microorganisms 
in the body and the cleaning of harmful pathogens. Howe-
ver, non-rinse wash clothes have emerged and are commonly 
used to facilitate patient care because the direct use of solid 
or liquid soaps damages the skin pH. Wet wipes are another 
product that makes life simpler for people. Ordinary wet wi-
pes, on the other hand, are ineffective in preventing IAD. It has 
been claimed that wipes containing specific ingredients such 
as dimethicone prevent the onset of IAD (7). When the rates 
of IAD development in the literature are examined, they vary 
between 5% and 52% (7, 28). In the study in which Coyer et al., 
compared two different perineal skin hygiene protocols, it was 
observed that perineal dermatitis developed in 15% of the in-
tervention group and 32.8% of the control group (29). In a study 
conducted with 3406 patients, Boronat-Garrido et al.  reported 
that IAD developed in 5.2% of the incontinence patients with 
urine, stool or both of them (30). It was determined that IAD 

developed in 31.8% of the intervention group and 40.9% of 
the control group. This finding is parallel to a similar study in 
which a wipe with soapy water and 3% dimethicone with a pH 
in the range of 6.5-7.5 was compared (IAD developed in 22.3% 
of the intervention group and 22.8% of the control group). The 
IADES score indicates the severity of dermatitis. As the IADES 
score increases, skin damage increases (3). The measurement 
tools for determining IAD and severity are not standard and 
the mean scores are different (3, 7, 16). In the studies within 
this scope, IAD development levels are higher than the IAD 
score (2, 22, 31). Dermatitis occurs because of skin contact 
with urine and/or stool. However, there is not enough evidence 
on how long dermatitis develops (22). In some literature, it is 
seen to develop on day 4 (2, 22) and on day 13 (32). It usually 
developed on days 2 and 4 (23.8%) in the intervention group 
and between days 2 and 6 (14.8% -22.2%) in the control gro-
up, according to the findings of this study. These findings were 
found to be consistent with previous prevalence and incidence 
studies  compared with the literature.

Several variables contribute to the development of IAD. Bliss 
et al. found that the patient’s level of awareness and the fre-
quency of liquid or semi-liquid faeces are two major factors 
in the development of IAD in prospective research with ICU 
patients (2). Skin exposure to urine and/or faeces is the most 
important element in the development of IAD. Many variables 
such as age, female gender, high BMI, nutritional deficiency, 
limitation of movement activity, closed or confused conscious-
ness, liquid stools, faecal incontinence, low albumin level, use 
of antibiotics, steroids, or vasopressor drugs have been repor-
ted in recent studies examining IAD and the factors affecting it 
(20, 31, 33).  In this study, no statistically significant difference 
was found between laboratory values such as age, gender, form 
of nutrition, movement level, type of incontinence, presence 
and duration of prior incontinence, HGB, HCT, and IAD deve-
lopment status in patients with chronic disease. However, in 
accordance with the literature, IAD development was higher in 
patients receiving antithrombotic and antidiabetic treatments 
in the intervention group. In the control group, IAD was higher 
in patients receiving antibiotic treatment. It is expected that 
the use of antibiotics may increase gastrointestinal motility and 
that the vascular structure of patients receiving antrombolytic 
and antidiabetic medications may be affected. According to 
these findings and the literature, it was predicted that taking 
into consideration the relevant risk variables would improve 

Table 5: Comparison of IAD development according to the number of stools of patients

                 Intervention Student’s t-test               Control Student’s t-test

IAD No (n=45) IAD Yes (n=21) t p-value IAD No (n=39) IAD Yes (n=27) t p-value

Mean (SD) Mean (SD) Mean (SD) Mean (SD)

Number of stools 1.19 (0.74) 1.46 (1.04) -1.208 0.231 1.12 (0.58) 1.22 (0.65) -0.658 0.513

Liquid stools 1.38 (2.64) 2.48 (3.25) -1.461 0.149 0.67 (1.72) 2.26 (3.37) -2.520 0.030

Semi-formed stools 6.47 (2.77) 5.57 (3.01) 1.190 0.238 7.69 (2.40) 6.26 (3.08) 2.122 0.038

Formed stools 0.13 (0.41) 0.14 (0.66) -0.073 0.942 0.10 (0.31) 0.04 (0.19) 0.981 0.291

SD: Standard deviation, p<0.05.



Özdemiṙ Aydın, Kaya  Prevention on incontinence-associated dermatitis in patients
Journal of Advanced Research in Health Sciences - Sağlık Bilimlerinde İleri Araştırmalar Dergisi 2024;7(3):165-173

172

diagnostic abilities and that persons in risk groups would be 
diagnosed more According to these findings and the literature, 
it was predicted that taking into consideration the relevant risk 
variables would improve diagnostic abilities and that persons 
in risk groups would be diagnosed more extensively.

IAD is caused by urine and/or faeces coming into contact with 
the skin in the perineal region (33). In this context, the type 
of incontinence is also the most critical factor influencing der-
matitis development. It is claimed that in the development of 
IAD, faecal incontinence is the most important risk factor (19, 
31) and that dermatitis develops more rapidly in patients with 
faecal incontinence than in individuals with urine incontinence. 
According to some studies, liquid stools increase the develop-
ment of dermatitis by five times more than solid stools (6, 19, 
28). This is explained by the fact that undigested nutrients and 
digestive enzymes (proteases and lipases) in the liquid stool 
cause damage to intercellular proteins and by the increased 
permeability of the skin (31). In their study, Campbell et al. 
showed that there was no difference between the develop-
ment of dermatitis according to the incontinence type (faecal 
or urinary incontinence) despite the development of derma-
titis in 10% of the sample group (9). In the same study, it was 
reported that dermatitis was observed in 50% of patients with 
liquid or soft stool consistency. Dermatitis occurs in 44.7% of 
the patients with 3 or more stools in a day. However, no signifi-
cant relationship was found between the number of stools and 
incontinence-associated dermatitis (9). In their study conduc-
ted with intensive care patients, Chianca et al. showed that the 
development of IAD was higher in patients with liquid stools 
than in those without liquid stools (34). In the study in which 
Van Damme et al. examined the factors that may be effective 
in the development of severe IAD, they identified liquid stool 
as one of the most important factors in the development of 
IAD, reporting that 25.2% of patients with liquid stool of 1-3 
days and 21.4% of patients with liquid stool of 4-6 days had IAD 
(31). This study’s finding of a greater rate of IAD development 
in patients with liquid stool supports previous research.

Limitations
There are a few limitations to this study. The first of these is 
the fact that the study was conducted only with patients un-
dergoing treatment and care in the neurology clinic and that 
the results are generalisable only for this group. The second 
limitation is that the prevalence and incidence studies were 
not conducted before the study. 

CONCLUSION

Although no significant difference was observed statistically 
between the two products in terms of preventing IAD, the 
importance of nursing care in preventing IAD with frequent 
perineal care was identified in this study. This study is highly 
essential in terms of exposing the need for excellent nursing 
care at a time when nurses do not want to perform various care 
practises such as perineal care.

As a result of the findings, it may be advised that prevalence 

and incidence studies of IAD be conducted in high-risk groups 
in our nation, that nurses be made more aware of this issue, 
and that perineal care methods be compared. 
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ÖZ
Amaç: Son yıllarda yarı iletken dedektörlere (CdZnTe) sahip gama kamera-
lar, nükleer tıpta tanısal sintigrafik görüntülemede rutin uygulamaya gir-
miştir. Bu çalışmasında, yarı iletken dedektörlü (CdZnTe) bir gama kamera 
ile NaI(Tl) dedektörlü konvansiyonel bir gama kameranın performans 
özelliklerinin karşılaştırılması amaçlanmıştır. 
Gereç ve Yöntemler: Deneysel çalışmalarımızda, farklı aktivitelerde 
Tc-99m radyoizotopu yerleştirilen aynı uzunluk ve kalınlığa sahip 3 kapiller 
tüp kullanılarak uzaysal çözünürlük, enerji çözünürlüğü ve doğrusal testler 
yapılmıştır. Duyarlılık testleri ise 3 cm çapında plastik petri kabına yerleşti-
rilen Tc-99m ile gerçekleştirilmiştir. Kapiler tüplerin ve petri kabının sintig-
rafik görüntüleri her iki gama kamera ile eşit geometrik koşullar altında 
alınmıştır. Görüntüler üzerinde ilgi bölgeleri (ROI) çizilmiştir. ROI’deki 
sayımlara karşılık gelen aktivite miktarı belirlenmiştir. 
Bulgular: CdZnTe dedektörlü gama kamera ile NaI(Tl) dedektörlü gama 
kameranın uzaysal çözünürlük, enerji çözünürlüğü ve duyarlılık değerleri 
sırasıyla; CdZnTe için 7,16 mm, %5,1 ve 17,5 cps/µCi, NaI(Tl) için ise 13,2 
mm, %9,4 ve 3,9 cps/µCi olarak bulunmuştur. 
Sonuç: Çalışmamızın sonuçlarına göre, yarı iletken CdZnTe dedektörlü 
gama kameranın enerji çözünürlüğü, uzaysal çözünürlüğü, duyarlılığı ve 
doğrusal özelliklerinin NaI(Tl) dedektörlü gama kameraya göre üstün oldu-
ğu sonucuna varılmıştır.
Anahtar Kelimeler: Gama kamera, yarı iletken dedektör, CdZnTe, enerji 
çözünürlüğü, uzaysal çözünürlük

ABSTRACT
Objective: In recent years, gamma cameras with semiconductor detectors 
(CdZnTe) have entered routine practise diagnostic scintigraphic imaging in 
nuclear medicine. In this study, we aimed to compare the performance 
characteristics of a gamma camera with a semiconductor detector 
(CdZnTe) and a conventional gamma camera with a NaI(Tl) detector. 
Material and Methods: In our experimental studies, spatial resolution, 
energy resolution, and linearity tests were performed using 3 capillary 
tubes of the same length and thickness, into which the Tc-99m radioisotope 
with different activities was placed. Sensitivity tests were performed by 
placing Tc-99m in a plastic Petri dish with a diameter of 3 cm. Scintigraphic 
images of the capillary tubes and the Petri dish were taken with both 
gamma cameras under equal geometric conditions. Regions of interest 
(ROI) were drawn on the images. The activity amount corresponding to 
the counts in the ROI was determined. 
Results: The spatial resolution, energy resolution, and sensitivity values of 
the gamma camera with the CdZnTe detector and the gamma camera with 
NaI(Tl) detector are respectively: 7.16 mm, 5.1% and 17.5 cps/µCi for 
CdZnTe, and 13.2 mm, 9.4% and 3.9 cps/µCi for NaI(Tl) µCi respectively. 
Conclusion: According to the results of our study, it was concluded that 
the energy resolution, spatial resolution, sensitivity, and linearity 
properties of the gamma camera with the semiconductor CdZnTe detector 
are superior to those of the  gamma camera with the NaI(Tl) detector.
Keywords: Gamma camera, semiconductor detector, CdZnTe, energy 
resolution, spatial resolution
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INTRODUCTION

Nuclear medicine is a scientific discipline in which the diagnosis 
and treatment of diseases are conducted through the administ-
ration of radiopharmaceuticals into the body. Distinguishing 
itself from anatomical imaging systems, its primary advantage 
lies in providing images that reflect the biological processes 
of organs at the cellular and molecular levels. Nuclear medi-
cine also encompasses significant complementary methods 
for conventional radiological imaging. One of the scintigraphic 
imaging devices used in nuclear medicine is the gamma came-
ra. The more advanced version of these devices, allowing for 
tomographic imaging, is referred to as Single Photon Emission 
Computerised Tomography (SPECT) gamma cameras. In eva-
luating the operational performance of a gamma camera, the  
homogeneity, linearity, energy resolution, spatial resolution, 
system sensitivity (or efficiency), and count rate performances 
are assessed (1, 2).

The primary aim of developing CZT gamma cameras has been 
to enhance image contrast by achieving better energy reso-
lution while maintaining a spatial resolution comparable to 
that of scintillation cameras equipped with a low-energy high-
resolution (LEHR) collimator, typically yielding 8–9-mm FWHM 
at a distance of 10 cm from the collimator face, a scenario 
common in most clinical examinations. In addition to designing 
the imaging system, automatic handling and assembly methods 
were developed to ensure detector positioning accuracy and 
enable cost-effective manufacturing and maintenance in the 
long term (3).

Following the recognition of the superior characteristics of se-
miconductor technology in ionising radiation detection, it has 
also been incorporated into gamma cameras. CdZnTe detector-
based gamma cameras have been particularly employed for 
cardiac scintigraphy, and their usage is progressively expanding 
in contemporary practise (4).

The spatial resolution performance of the CZT is ultimately 
constrained by the size of the electron cloud and the diffusion 
of electrons within it. Resolution refers to the full width at half 
maximum (FWHM) of the camera’s response to full photopeak 
radiation emitted from a line source positioned with its longitu-
dinal axis aligned along a major axis of the crystal. While other 
parameters also contribute to describing the resolution, such as 

those outlined below, FWHM is commonly used to characterise 
scanning collimators. It proves valuable in illustrating perfor-
mance fluctuations concerning differing gamma-ray energies, 
source-collimator distances, and variations across the crystal’s 
surface (5). 

The CZT detector offers a significant advantage in terms of en-
hanced energy resolution. The determination of energy reso-
lution hinges upon several factors: (a) Electronic noise stem-
ming from the input stage of the preamplifier, inclusive of the 
capacitance and leakage current inherent to the detector; (b) 
Linewidth attributed to the stochastic characteristics of charge 
generation; and (c) Fluctuations arising from the trapping of 
charge carriers within the detector.  Linearity is the characte-
ristic of a gamma camera that dictates its capacity to accurately 
replicate the spatial distribution of an isotope (6). 

Sensitivity is quantified as the proportion of gamma rays that 
interact within the detector compared to the total number in-
cident upon it. It serves as a crucial determinant of the camera 
system’s efficacy. Inadequate detector design can lead to sub-
par overall performance (4).

This study aims to compare the performance characteristics of 
spatial resolution, linearity, energy resolution, and sensitivity 
between conventional gamma cameras with NaI(Tl) detector 
material and gamma cameras with the CdZnTe (semiconductor) 
detector material of the same brand.

MATERIALS AND METHODS 

Experimental materials and radionuclide activities
Tc-99m activities were measured using a dose calibrator, and 
the solutions were prepared in separate vials at concentrations 
of 1 mCi/5ml, 2 mCi/10ml, and 3 mCi/15ml, respectively. From 
each vial, Tc-99m solutions were drawn into capillary tubes with 
internal diameters of 1 mm, lengths of 7.5 cm, and volumes of 
0.8 ml. The tube ends were sealed with putty. The activity wit-
hin the tubes was measured using a dose calibrator, and the net 
Tc-99m activities were determined after the background count 
corrections. The measurement times were recorded. The tubes 
were placed on a cardboard surface with a 4- cm spacing bet-
ween them and were securely fixed in preparation for imaging.

Gamma cameras and imaging techniques
The experiments were conducted on two different gamma ca-

Table 1: GE Brand Discovery NM 530c Brand CdZnTe Detector and GE Tandem 
Discovery 630 NaI(Tl) detector gamma camera physical properties

Physical properties GE discovery NM 530c GE Tandem discovery 630

Crystal thickness
Detector material
Gamma camera type
Collimator type
Detector density
Light transformation
Dead time

5 mm
CdZnTe
SPECT

Pin Hole 
5.78 g/cm3

100%
No

12.4 mm
NaI(Tl)
SPECT

Parallel Hole (LEHR)
3.76 g/cm3

13%
>20000 counts

GE: General Electric, NM: Nuclear Medicine, CdZnTe: Cadmium Zinc Tellure, NaI(Tl): Sodium Iodure 
(Thallium), SPECT: Single Photon Emission Tomography
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meras. One of them is the GE brand, Discovery NM 530c model, 
with a CdZnTe detector Gamma Camera. The detector assembly 
consists of a multi-pinhole collimator. Each pinhole in the block 
illuminates a solid-state pixellated gamma-ray detector made 
of CZT. Similarly, each pinhole and detector creates a complete 
miniature gamma camera. The other is the GE brand, Tandem 
Discovery 630 model, with a NaI(Tl) detector and LEHR collima-
tor gamma camera. The technical specifications of these gamma 
cameras are provided in Table 1.

The capillary tubes were imaged under identical geometric con-
ditions in two different gamma cameras. The distance between 
the detector and the tube was kept constant at 18 cm. Image 
acquisitions were performed based on the total counts according 
to the clinical imaging procedure. The imaging durations for the 
Discovery NM 530c and Tandem Discovery 630 devices were 7 
min and 6.04 min, respectively.

Image quantifications 
Image quantifications were conducted on the gamma camera 
workstations. Images were transferred to the workstation, and 
regions of interest (ROIs) were drawn around the tubes. Total 
counts within the ROIs were determined. Activity loss corrections 
were applied separately for each capillary tube. Count/activity 
quantities were determined for each of the three tubes.

Spatial resolutions for gamma cameras were extracted separa-
tely for tubes with three different activities. Count variation data 
between 0 and 40 mm in SPECT axial section images of the tubes 
were determined. These position-count data were transformed 
into a Gaussian fit graph using the mathematical formulas be-
low, allowing the calculation of spatial resolutions and energy 
resolutions (7).

The linearity measurements were derived from the count mea-
surements of the capillary tubes with three different activities. 
Linearity was determined by plotting the count-activity variations 
of tubes separately imaged and the ROIs drawn in the gamma 
cameras.

For sensitivity measurements, a 0.5 mCi/3ml Tc-99m solution 
was placed in a 3 cm diameter plastic Petri dish. The net activity 
was first measured in the dose calibrator, and the measurement 
time was recorded. The Petri dish was imaged for a duration 
of 7 min with a fixed geometry in both gamma cameras. The 
images were transferred to the workstation, and ROIs were 
drawn to determine the count/activity (cps/mCi) quantities.

RESULTS

Energy resolution and spatial resolution
The count variations in the axial section (short axis) images of 
three separate capillary tubes in the Tandem Discovery 630 
device were determined by drawing ROIs in the 0-4 mm length 
region (Figure 1). Counts were transferred to the ImageJ prog-
ramme, and the position-count variations were subtracted in 
ImageJ. Gaussian position-count variation graphs were obtai-
ned using these graphs. Spatial resolutions (mm) and energy 
resolutions (%) for each gamma camera were then calculated 

Figure 1: Capillary tube in different planar section images (A) short axis (axial) section (B) long 
axis (sagittal) section (C) long axis (coronal) section D) petri dish. (outer contours are ROI plots)

Table 2: Spatial Resolution (mm) and percentage Energy Resolution Values of the Tandem Discovery 630 Model Gamma 
Camera with NaI(Tl) Detector and the GE Brand Discovery NM 530c Model (CdTeZn) Gamma Camera with the Detector

Tandem Discovery 630 Discovery NM 530c

1. Tube 2. Tube 3. Tube Mean 1. Tube 2. Tube 3. Tube Mean

Activity
(mCi) 1.015 2.08 3.09 2.06 1.015 2.08 3.09 2.06

Spatial resolution (mm) 14.221 12.724 12.683 13.210 6.854 7.267 7.377 7.166

Energy resolution (%) 10.158 9.089 9.060 9.435 4.896 5.191 5.269 5.119

NM: Nuclear Medicine, mCi: millicurie
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for three different tubes and three different Tc-99m activities. 
Average values were subsequently obtained. Table 2 provides 
the spatial resolution (mm) and % energy resolution values for 
the GE Tandem Discovery 630 model NaI(Tl) detector gamma 
camera, while Table 3 presents the spatial resolution (mm) and 
% energy resolution values for the GE Discovery NM 530c mo-
del (CdTeZn) detector gamma camera.

Linearity
Variations between the ROI counts of the capillary tubes with 
three different Tc-99m activities and the measured net activity 
quantities (µCi) in the dose calibrator were plotted (Figure 2 
and Figure 3). In Figure 3, it is observed that the linearity of the 
semiconductor gamma camera with the  CdZnTe detector ma-
terial perfectly coincides with the x = y (first bisector) line and 

passes through the origin. The linearity curve of the conventi-
onal gamma camera with NaI(Tl) detector material, however, 
deviates from the origin to some extent, and the linearity is 
disrupted at count rates >20 cps/µCi.

Sensitivity
The sensitivity values calculated using the petri dish (cps/µCi) 
for the Discovery NM 530c CdZnTe detector gamma camera 
are presented in Table 3 and those for the Tandem Discovery 
630 NaI(Tl) detector gamma camera are presented in Table 3  
The sensitivity values for the Discovery NM 530c and Tandem 
Discovery 630 gamma cameras were found to be 17.52 cps/µCi 
and 3.905 cps/µCi, respectively.

DISCUSSION

Semiconductor-based gamma cameras are preferred in nuclear 
medicine clinics over gamma cameras using NaI(Tl) detector 
material due to their superior spatial resolution, energy reso-
lution, higher sensitivity, and better linearity. Because of these 
superior performance characteristics, scintigraphic images of 
higher quality can be obtained in a shorter time and with les-
ser number of radiopharmaceuticals. In his study, Barber HB 
emphasised that semiconductor (CdZnTe) detectors yield good 
results in terms of spatial resolution and energy resolution in 
the field of nuclear medicine. He reported that the energy re-
solution of semiconductor gamma cameras with a CdZnTe de-
tector material is 8% at 140 keV, while conventional gamma 
cameras with NaI(Tl) detectors have an energy resolution of 
11% (8). John K. Hartwell reported an energy resolution of 7.6% 
for the CZT cameras and 14% for NaI(Tl) detector gamma came-
ras at 140 keV (9). Oliver Gal et al. found an energy resolution 
of 4.5% for semiconductor detector gamma cameras and 13% 
for NaI(Tl) detector gamma cameras at 662 keV (10). Agostini 
et al. reported an energy resolution of 6% for CZT cameras 
at 140 keV and 10% for conventional gamma cameras with 
NaI(Tl) detectors (11). Our results, with an energy resolution 
of 5.1% for the CdZnTe detector gamma camera and 9.4% for 
the NaI(Tl) detector gamma camera at 140 keV, are consistent 
with the literature data.

Analysing recent publications, Hugg et al. reported an energy 
resolution of 3.6% at 140 keV, a system spatial resolution of 6.8 
mm, and a sensitivity of 11.4 cps/µCi for semiconductor CZT 
cameras (12). When compared to our results, it appears that 
the spatial resolution, energy resolution, and sensitivity values 
reported in recent studies are superior. This improvement in 
the performance parameters may be interpreted as ongoing 
advancement in the detector and gamma camera technology 
over time.

The spatial resolution test results investigated by Abe, A. et al. 
found a system spatial resolution of 2.2 mm at the FOV centre 
and a sensitivity of 11,052 cpm/MBq (13). In our results, the 
spatial resolution was 7.16 mm for the CdZnTe detector gamma 
camera and 13.21 mm for the NaI(Tl) detector gamma camera. 
Our sensitivity values were 17.518 cps/µCi for the Discovery 
NM 530c gamma camera and 3.905 cps/µCi for the Discovery 

Table 3: Sensitivity Values of the Discovery NM 530c 
Gamma Camera and the Discovery NM 630 Gamma Camera

Discovery NM 530c Tandem discovery 
630

Activity (µCi) 44 40

Counts (cps) 7760.6 1534.7

Sensitivity (cps/µCi) 17.5 3.9

NM: Nuclear medicine, µCi: microCurie, cps: Count per second

Figure 2: Count-activity linearity graph of the Discovery Tandem 
630 model gamma camera

Figure 3: Count-activity linearity graph of the Discovery NM 
530c model gamma camera
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NM 630 gamma camera. 

The sensitivity of the CZT camera was assessed in comparison 
to a 3/8” NaI(Tl) spot crystal Anger camera employing identical 
geometrical configurations. Energy windows of 6% and 10% 
were applied to the CZT and NaI detectors, respectively. The 
sensitivity of the CZT camera was determined to be 70% of 
that of the 3/8” NaI camera. This implies that approximately 
60% of the incident 140 keV gamma photons were detected 
within the photopeak in the CZT (14). According to our results, 
the sensitivity of the semiconductor gamma camera was de-
termined to be 77.5% better than that of the NaI(Tl) detector 
gamma camera.

When the response variations of gamma cameras to activity 
increases (linearity) were examined; it was found that in Figure 
2, when sensitivity is >20 cps/µCi, linearity is disrupted due to 
the dead time related to the activity increase. In contrast, it 
was observed that the linearity of the CdZnTe detector gamma 
camera perfectly coincides with the x=y (first bisector) line and 
passes through the origin. Additionally, no linearity disrupti-
on due to the activity increase was observed in the examined 
range. This indicates that the linearity of the semiconductor 
detector gamma camera is more stable.

In addition to the advantages of semiconductor detectors, 
there are some disadvantages. One of the most significant is 
their limited field of view (FOV), making them unsuitable for 
scintigraphic imaging of organs other than the heart due to 
their small FOV. Nowadays, wider FOV semiconductor detec-
tor gamma cameras are also used. However, their high prices 
are a disadvantage for cameras with semiconductor detectors.

CONCLUSION

In this study, the technical performance of two gamma cameras 
based on different technologies from the same manufacturer 
was experimentally measured. According to our results, the 
sensitivity of the CdZnTe camera was found to be 4.48 times 
higher than that of the other camera. Consequently, it would 
be possible to reduce the amount of Tc-99m activity used in 
myocardial perfusion scintigraphy by the same factor. It was 
determined that using the CdZnTe camera for myocardial per-
fusion scintigraphy would reduce the patient’s radiation dose 
by a factor of 4.48. Additionally, the study demonstrated that 
the radiation exposure to the personnel performing the proce-
dure would decrease, the cost of radiopharmaceuticals would 
be reduced, and the number of procedures performed daily 
could be significantly increased.
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ÖZ
Amaç: Bu çalışmanın amacı, hem gastrointestinal şikâyeti olan hastalarda 
bağırsak patojeni protozoonların prevalansını tespit ederek sürveyans 
verilerine katkı sağlamak hem de mikroskopi ve multipleks real-time PCR 
yöntemlerinin performanslarını karşılaştırmalı olarak değerlendirmektir.
Gereç ve Yöntem: Çalışmaya, en az bir gastrointestinal şikâyeti olan 40 
yetişkin (18 yaş ve üzerinde) ve 40 çocuk (5-12 yaş arasında) gönüllü hasta 
dâhil edildi. Her hastadan günaşırı olarak 3 kez alınan gaita örnekleri; 
Nativ-Lugol, modifiye formol-eter çöktürme, Wheatley’in trikrom boyama 
ve modifiye Ziehl-Neelsen boyama teknikleri uygulandıktan sonra ışık 
mikroskobunda incelendi. Ayrıca, yalnızca ilk olarak alınan gaita örnekleri; 
DNA ekstraksiyonundan sonra, Allplex™ GI Parasite Assay paneli kullanıla-
rak multipleks real-time PCR yöntemiyle test edildi. Yöntemlerin duyarlılık-
ları ve özgüllükleri arasındaki farklılıklar, Fisher’in kesin testi ile analiz 
edildi. p değerinin <0,05 olması, istatistiksel olarak anlamlı kabul edildi.
Bulgular: Bağırsak patojeni protozoonların prevalansının yetişkin grubun-
da %25, çocuk grubunda ise %35 olduğu tespit edildi. Yöntemlerin duyar-
lılıkları ve özgüllükleri arasındaki farklılıklar, istatistiksel olarak anlamlı 
bulunmadı (p=0,999).
Sonuç: Allplex™ GI Parasite Assay paneli kullanılarak gerçekleştirilen mul-
tipleks real-time PCR yönteminin yalnızca ilk örnek test edildiğinde bile 
etkili olması; bu yöntemin, bağırsak patojeni protozoonların rutin tanısın-
da kullanılabileceğini düşündürmektedir.

Anahtar Kelimeler: Patojen, bağırsak, protozoon, prevalans, mikroskopi, 
PCR

ABSTRACT
Objective: This study aimed to contribute to surveillance data by 
determining the prevalence of pathogenic intestinal protozoans in 
patients with gastrointestinal complaints and to comparatively evaluate 
the performance of microscopy and multiplex real-time PCR methods. 
Materials and Methods: Forty adults (18 years or older) and 40 children 
(aged 5 to 12 years) who volunteered patients with at least one 
gastrointestinal complaint were included in the study. Stool samples 
collected three times every other day from each patient were examined 
under a light microscope using Native-Lugol, modified formol-ether 
concentration, Wheatley’s modified trichrome staining, and Modified 
Ziehl-Neelsen staining techniques. In addition, the first stool samples were 
tested using multiplex real-time PCR with the Allplex™ GI Parasite Assay 
panel after DNA extraction. Differences between the sensitivities and 
specificities between the methods were analysed using Fisher’s exact test. 
A p-value of <0.05 was considered statistically significant. 
Results: The prevalence of pathogenic intestinal protozoans was 25% in 
adults and 35% in children. Differences in the sensitivities and specificities 
of the methods were not found to be statistically significant (p=0.999).
Conclusion: Multiplex real-time PCR method performed using the Allplex™ 
GI Parasite Assay panel was effective even when only the first sample 
tested, suggesting that this method would be used for the routine 
diagnosis of pathogenic intestinal protozoans.

Keywords: Pathogen, intestinal, protozoon, prevalence, microscopy, PCR
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INTRODUCTION

Gastrointestinal infections are a major cause of morbidity and 
mortality worldwide, posing a serious threat to public health (1, 
2). In tropical and subtropical climate zones, including Türkiye, 
parasites are responsible for a significant proportion of gastro-
intestinal infections (2, 3). Pathogenic intestinal protozoans are 
the most common parasites causing gastrointestinal infections.

The diagnosis of pathogenic intestinal protozoans is generally 
made via microscopy. This method requires at least three stool 
samples every other day, along with experience, proper con-
centration, and permanent staining techniques for optimal 
results. Because the implementation of this method is both 
difficult and time-consuming, patients who can benefit from 
antiparasitic drugs or antibiotics may not receive appropriate 
treatment on time or at all (4-6). In addition, patients with chro-
nic diseases/comorbidities may be unnecessarily hospitalized 
and may undergo extra examinations, such as gastroscopy and 
colonoscopy, until a diagnosis is complete (7-9). The Centers 
for Disease Control and Prevention (CDC) recommends that 
patients with suspected infectious diarrhea use contact preca-
utions (10, 11). Thus, patients may be unnecessarily isolated 
and psychologically affected if diagnosis is delayed. Rapid and 
accurate diagnosis of gastrointestinal infections is crucial for 
infection control and prevention plans, public health interven-
tions, and case management (1, 9, 12, 13). Therefore, a sensi-
tive and specific method to rapidly and simultaneously detect 
protozoans that cause gastrointestinal infections is urgently 
needed.  The Allplex™ Gastrointestinal (GI) Parasite Assay is 
the most comprehensive multiplex real-time panel for detec-
ting pathogenic intestinal protozoans. The multiplex real-time 
Polymerase Chain Reaction (PCR) method performed using this 
panel may rapidly and accurately identify protozoans causing 
gastrointestinal complaints, ensuring timely initiation of app-
ropriate treatment. Thus, the unnecessary and incorrect use 
of antiparasitic drugs and antibiotics, the development of re-
sistance to antiparasitic drugs and antibiotics, needless isolati-
on, redundant use of other diagnostic tests, length of hospital 
stays, and healthcare costs may be reduced.

In this study, we aimed to contribute to surveillance data by 
detecting the prevalence of pathogenic intestinal protozoans 
in patients with gastrointestinal complaints, and to compara-
tively evaluate the performances of microscopy and multiplex 
real-time PCR. 

MATERIALS and METHODS

This study was conducted at İstanbul University İstanbul Faculty 
of Medicine Hospital, İstinye University Liv Hospital Bahçeşehir, 
and İstinye University Faculty of Medicine, after receiving app-
roval from the İstanbul Medical Faculty Clinical Research Ethics 
Committee (Date: 24.09.2021, No: 17) and the İstinye Univer-
sity Clinical Research Ethics Committee (Date: 14.10.2021, No: 
2/2021.K-75). The study was conducted in accordance with the 
Declaration of Helsinki. Written informed consent was obtained 
from all participants or their legal representatives.

Inclusion criteria
We focused on a specific age range for pediatric patients, in 
contrast to adult patients. In total, 80 volunteer patients who 
agreed to participate in the study, or whose legal representa-
tives consented, and who met the criteria on items A-1, A-2, 
B-1, and B-2, were included in the study: 

A-1: Twenty immunocompetent adults (≥18 years old) who app-
lied to the Department of Internal Diseases at İstanbul Uni-
versity İstanbul Faculty of Medicine Hospital with at least one 
gastrointestinal complaint; 

A-2: Twenty immunosuppressed adults (≥18 years old) who 
applied to the Department of Internal Diseases at İstanbul Uni-
versity İstanbul Faculty of Medicine Hospital with at least one 
gastrointestinal complaint; 

B-1: Twenty immunocompetent children (aged 5 to 12 years) 
who applied to the Department of Pediatrics at İstinye Univer-
sity Liv Hospital Bahçeşehir with at least one gastrointestinal 
complaint; 

B-2: Twenty immunosuppressed children (aged 5 to 12 years) 
who applied to the Department of Pediatrics at İstinye Univer-
sity Liv Hospital Bahçeşehir with at least one gastrointestinal 
complaint.

Sample collection
Stool samples were collected from adult patients between April 
4 and May 8, 2022, and from pediatric patients between May 
10 and June 16, 2022, three times every other day. Following 
the collection of the first stool sample from each patient, blood 
samples were also obtained.

Microscopic examination
Stool samples were examined under a binocular microscope 
(Nikon, Tokyo, Japan; Olympus, Tokyo, Japan) after applying 
Native-Lugol, modified formol-ether concentration (MF), Whe-
atley modified trichrome staining (WS), and modified Ziehl-Ne-
elsen staining (ZN) techniques. 

DNA extraction 
DNA was extracted from the first samples using a QIAamp Fast 
DNA Stool Mini Kit (Qiagen, Hilden, Germany) according to the 
manufacturer’s instructions. For amplification with the Allplex™ 
GI Parasite Assay (Seegene®, Seoul, South Korea), 10 µl of inter-
nal control (IC) DNA was added to the samples prior to extrac-
tion, as recommended by the manufacturer. After completing 
the DNA extraction procedure, samples were stored at -20°C 
until multiplex real-time PCR analysis.

Multiplex real-time PCR
Multiplex real-time PCR was performed using a CFX96 Touch 
real-time PCR detection system (Bio-Rad, Marnes-La-Coquette, 
France) and the Allplex™ GI Parasite Assay (Seegene®, Seoul, 
South Korea) panel, following the manufacturer’s instructions. 
Amplifications were managed using the CFX Maestro Softwa-
re (Seegene®, Seoul, South Korea), and results were analysed 
using the Seegene Viewer Software (v3 (Seegene®, Seoul, South 
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Korea). Samples with a Cycle threshold (Ct) value of ≤43 were 
interpreted as positive. A test that did not meet the positive 
and negative control criteria was repeated. In addition, the DNA 
extraction process and multiplex real-time PCR testing were 
repeated for four samples with IC Ct values interpreted as N/A.

Statistical analysis
All data were entered into an Excel (Microsoft Excel 2019) da-
tabase, and statistical analysis was performed using IBM SPSS 
Statistics v26 (IBM SPSS Corp., Armonk, NY, USA). Differences in 
sensitivities and specificities between the methods were analy-
sed using Fisher’s exact test. A p-value of <0.05 was considered 
statistically significant. 

RESULTS

Upon evaluating the results and all clinical parameters, 21 out 
of 80 samples were found to be positive. Among these positive 
samples, three exhibited co-infection: two samples were positi-
ve for both Blastocystis spp. and D. fragilis, and one sample was 
positive for both Blastocystis spp. and G. lamblia. The overall 
prevalence rates were 25% in adults and 35% in children. De-
tailed information on the prevalence of pathogenic intestinal 
protozoans is presented in Table 1.

It was found that the microscopy method yielded one false-
negative result and three false-positive results for Blastocystis 
spp., as well as two false-negative results for D. fragilis. On 
the other hand, multiplex real-time PCR method yielded one 
false-negative result, besides two false-positive results with 
high Ct values (42.87 and 42.91) for Blastocystis spp., which 
were very close to the limit. The sensitivities and specificities 
of the methods are compared in Tables 2 and 3, respectively.

Compared with the examination of the first stool sample via 
microscopy, testing of the same sample via multiplex real-ti-
me PCR demonstrated remarkably higher sensitivity (45.83% 
vs. 95.83%), and the performance difference was statistically 
significant (p=0.0003). Compared with the examination of the 
first and second stool samples via microscopy, testing of the 
first stool sample via multiplex real-time PCR again demons-

trated higher sensitivity (70.83% vs. 95.83%), and the perfor-
mance difference remained statistically significant (p=0.049). 
Compared with the examination of the three stool samples via 
microscopy, testing of the first stool sample via multiplex real-
time PCR also exhibited higher sensitivity (87.5% vs. 95.83%), 
but the performance difference was not statistically significant 
(p=0.6085). Compared with microscopy, multiplex real-time 
PCR showed higher specificity (94.92% vs 96.56%), but the per-
formance difference was not statistically significant (p=0.999).

DISCUSSION

In our study, Blastocystis spp. was the pathogenic intestinal 
protozoan with the highest prevalence in both adults and child-
ren, followed by Dientamoeba fragilis. Our study supports the 
literature indicating that the most common protozoan causing 
gastrointestinal complaints in humans is Blastocystis spp., fol-
lowed by D. fragilis (14). 

Table 1: Information on the prevalence of pathogenic 
intestinal protozoans identified in this study

Group

Adults 
(≥18 years)

Children  
(5-12 years)

Pathogenic intestinal 
protozoans A-1 A-2 B-1 B-2

Giardia lamblia - - 5% 5%

Dientamoeba fragilis 10% 10% 10% 15%

Entamoeba histolytica - 5% - -

Cryptosporidium spp. - - - 5%

Blastocystis spp. 10% 15% 15% 15%

Table 2: Comparison of the sensitivities of the methods 
based on species level

Sensitivity

Pathogenic intestinal 
protozoan

Microscopy
(After examining 

the three samples)

Multiplex real-time 
PCR

(After testing the 
first sample)

Giardia lamblia 100% 
(2/2)

100% 
(2/2)

Dientamoeba fragilis 77.78% 
(7/9)

100% 
(9/9)

Entamoeba histolytica 100% 
(1/1)

100% 
(1/1)

Cryptosporidium spp. 100% 
(1/1)

100% 
(1/1)

Blastocystis spp. 90.91% 
(10/11)

90.91% 
(10/11)

Table 3: Comparison of the specificities of the methods 
based on species level

Specificity

Pathogenic intestinal 
protozoan

Microscopy
(After examining 

the three samples)

Multiplex real-
time PCR

(After testing the  
first sample)

Giardia lamblia 100% 
(78/78)

100% 
(78/78)

Dientamoeba fragilis 100% 
(71/71)

100% 
(71/71)

Entamoeba histolytica 100% 
(79/79)

100% 
(79/79)

Cryptosporidium spp. 100% 
(79/79)

100% 
(79/79)

Blastocystis spp. 95.83% 
(69/72)

97.18% 
(69/71)



Karacan, Büyükbaba Boral, İmadoğlu Yetkin, Çifcibaşı Örmeci, Özkaya, Sütçü, Acar, Ediz   The prevalence of pathogenic intestinal protozoans
Journal of Advanced Research in Health Sciences - Sağlık Bilimlerinde İleri Araştırmalar Dergisi 2024;7(3):180-184

183

The testing of the first stool sample via multiplex real-time 
PCR was statistically superior to the examination of two stool 
samples via microscopy. The testing of the first stool sample 
via multiplex real-time PCR was statistically equivalent to the 
examination of three stool samples via microscopy. For each 
case, examining three stool samples every other day using mic-
roscopy took approximately 5 days, while multiplex real-time 
PCR, including the DNA extraction procedure, took approxi-
mately 4.5 hours. Pathogenic intestinal protozoans can lead to 
epidemics, particularly in crowded areas. Co-infections may 
increase the likelihood of false-negative and false-positive re-
sults via microscopic diagnoses. Conversely, multiplex real-time 
PCR can rapidly detect multiple microorganisms simultaneously 
with high sensitivity and specificity, effectively overcoming the 
limitations of microscopy-based diagnosis.

In addition to Native-Lugol and MF, permanent staining techni-
ques, such as WS (for D. fragilis, E. histolytica and Blastocystis 
spp.) and ZN (for Cryptosporidium spp.), were found to enhan-
ce the performance of the microscopy method. All D. fragilis, 
which were observed in 7 out of 9 cases via microscopy, could 
be detected using the WS technique. Thanks to the WS tech-
nique, we were able to observe erythrophagocytosis by E. his-
tolytica trophozoites; the E. histolytica/E. dispar group could be 
separated as E. histolytica in one case and the E. dispar group in 
four cases. Separation of the E. histolytica and E. dispar group 
is crucial; treatment is unnecessary when the E. dispar group 
is diagnosed, while urgent treatment is required if E. histolytica 
is diagnosed (15). Blastocystis spp. were identified in 10 of 11 
cases via microscopy, with 2 of these detected using the WS 
technique. Cryptosporidium spp. can lead to life-threatening 
complications, especially in immunosuppressed patients (16). 
Cryptosporidium spp. oocysts were detected in the first sample 
using the WS technique, and the immunosuppressed patient 
was immediately treated. However, these permanent staining 
techniques are not routinely utilized in many diagnostic labora-
tories worldwide. Their implementation is laborious and time-
consuming, and successful results are not always achieved. In 
addition, no consensus has been reached on a complementary 
diagnostic test for the detection of pathogenic intestinal pro-
tozoans. Differences in the performance of various diagnostic 
methods and techniques can affect the reported prevalence 
rates (17). Therefore, multiplex real-time PCR should be emplo-
yed as a first-line diagnostic method to ensure standardization 
in the diagnosis of pathogenic intestinal protozoans.

In our study, no infections caused by Cyclospora cayetanen-
sis, Cystoisospora spp., Sarcocystis spp., or Balantioides coli 
were detected. Cyclospora cayetanensis, and Cystoisospora 
spp. are opportunistic protozoans that are especially prevalent 
in HIV/AIDS patients. A limitation of our study is that no HIV/
AIDS patients or legal representatives participated in groups 
A-2 and B-2, which comprise the immunosuppressed groups. 
Sarcocystis spp. and Balantioides coli are commonly found in 
regions characterized by animal farming (especially pigs), poor 
sanitation, and the consumption of raw or undercooked meat 
(particularly pork). These pathogenic intestinal protozoans are 

rare in Türkiye. Although the panel used in our research is the 
most comprehensive multiplex real-time PCR panel for detec-
ting pathogenic intestinal protozoans, and no cases caused by 
Cystoisospora spp., Sarcocystis spp., or B. coli were identified 
in our study, the panel must still be designed to detect these 
pathogenic intestinal protozoans for use in routine diagnosis. 
Since no cases of C. cayetanensis were identified, which is inc-
luded in the Allplex™ GI Parasite Assay, we could not evaluate 
the sensitivities of either microscopy or multiplex real-time PCR 
methods for this pathogen. However, since no false-positive 
results were detected with either method, their specificity for 
detecting this pathogen was determined to be 100%.

By integrating automated DNA isolation, multiplex real-time 
PCR can be considered an almost entirely robotic process. This 
advancement facilitates the application of multiplex real-time 
PCR, saves extra time, and reduces staff costs. Recently, the 
manufacturer of the panel recommended the automated Se-
egene STARlet (Seegene®, Seoul, South Korea) device for DNA 
isolation. They stated that DNA isolation from 94 samples takes 
155 minutes using this device.

Multiplex real-time PCR, which requires high-quality molecular 
laboratories, specialized equipment, and regular consumable 
supplies, is a more expensive method than microscopy. Howe-
ver, it may provide financial advantages by reducing unneces-
sary and incorrect use of antiparasitic drugs and antibiotics, 
decreasing the need for other diagnostic tests, and lowering 
overall healthcare costs. At this point, there is a need for stu-
dies evaluating the financial impacts of the multiplex real-time 
PCR in the diagnosis of pathogenic intestinal protozoans.

Apart from our study, only one prospective study (5) has com-
paratively evaluated the performance of microscopy and mul-
tiplex real-time PCR methods using Allplex™ GI Parasite Assay 
panel. However, unlike our study, the WS technique was not 
utilized in that research. The sensitivity value obtained in our 
study (95.83%) higher than that found in a prospective study 
(91.83%) conducted by Autier et al. (5). Two retrospective stu-
dies (5, 18) have evaluated the performance of multiplex real-
time PCR using the Allplex™ GI Parasite Assay panel. The sen-
sitivity value obtained in our study (95.83%) was higher than 
that found in a retrospective (90.35%) conducted by Autier et 
al. (5). Unlike our study, a comparison of specificity could not 
be performed in the study by Autier et al. (5) because specifi-
city values were not stated. The sensitivity (95.83%) and spe-
cificity (96.56%) in our study were lower than the sensitivity 
(96.45%) and specificity (98.33%) reported by Argy et al. (18). 
These differences may arise from variations in the numbers of 
tested cases or the compatibility of the DNA extraction kit with 
the panel used. The sensitivity performance of the Allplex™ 
GI Parasite Assay against the most common Cryptosporidium 
species in human cases, as well as C. cayetanensis, was inves-
tigated by Autier et al. (5), and the panel's performance aga-
inst these pathogens was found to be perfect. However, the 
performance against other Cryptosporidium species must also 
be evaluated to ensure that the method accurately detects all 
Cryptosporidium species. 



Karacan, Büyükbaba Boral, İmadoğlu Yetkin, Çifcibaşı Örmeci, Özkaya, Sütçü, Acar, Ediz   The prevalence of pathogenic intestinal protozoans
Journal of Advanced Research in Health Sciences - Sağlık Bilimlerinde İleri Araştırmalar Dergisi 2024;7(3):180-184

184

CONCLUSION

The performance of multiplex real-time PCR performed using 
the Allplex™ GI Parasite Assay panel was effective even when 
only the first sample was tested. However, pathogenic intesti-
nal protozoans not included in the panel, (Cystoisospora spp., 
Sarcocystis spp., and B. coli) must be added. In addition, it must 
be verified that the panel accurately detects all Cryptosporidi-
um species. Additionally, an automated DNA isolation method 
should be integrated to maximize yield as soon as possible. We 
believe that if the panel demonstrates excellent performance 
in large-scale studies following these enhancements, the mul-
tiplex real-time PCR method would be used for the routine 
diagnosis of pathogenic intestinal protozoans.
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ÖZ
Amaç: Hepatit C virüsü (HCV) enfeksiyonlarının küresel prevalansı son 
zamanlarda epidemik seviyelere ulaşmıştır. Hepatoselüler karsinom (HCC) 
olarak bilinen karaciğer kanseri, tespit edildiğinde çok öldürücüdür ve 
tedaviye erişimi olmayan, kalıcı HCV enfeksiyonu olan kişilerde yaygındır. 
Son çalışmalar, HCV tarafından kodlanan proteinlerin, enfekte hepatosit-
lerde kanser gelişimine katkıda bulunduğunu göstermiştir. HCC ve karaci-
ğer kanserine yönelik tedaviler geliştirmek için viral proteinlerin konak 
hücre proteinleriyle nasıl etkileşime girdiğini anlamak önemlidir.
Gereç ve Yöntemler: HCC ve HCV ile ilişkili yaygın DEG’lerin yolaklarını 
tanımlamak için Reactome, WikiPathways, KEGG ve Biocarta veritabanları-
nı kullandık.  
Bulgular: Biyoenformatik yaklaşımlar aracılığıyla bu çalışmada, hepatit C 
ile ilişkili karaciğer kanserinin patogenezinin altında yatan moleküler 
mekanizmaları belirlemek için ortak diferansiyel genler ve ilgili yolaklar 
keşfedildi. Gen-gen etkileşimlerinin araştırılması daha etkili tedavi yakla-
şımlarına yol açabilir. Karaciğer kanseri transkriptom verileri, 708 genin 
HCC ile ilişkili olduğunu tanımladı. Hepatit C enfeksiyonuna ilişkin veriler, 
HCV ile bağlantılı 1768 gen ortaya çıkardı. Daha sonra Venn diyagramı HCV 
ve HCC’de ortak olan 152 DEG’i tanımladı.
Sonuç: Hepatit C ile ilişkili karaciğer kanserinde, PPI analizi yoluyla belirle-
diğimiz ilk 20 hedef genin biyobelirteç olarak kullanabileceğine inanıyoruz.

Anahtar Kelimeler: Hepatoselüler karsinom, hepatit C virüsü, veritabanla-
rı, genler, biyoinformatik, yolaklar

ABSTRACT
Objective: The global prevalence of hepatitis C virus (HCV) infections has 
recently reached epidemic levels.  Liver cancer, known as hepatocellular 
carcinoma (HCC), is extremely lethal once detected and is common in 
those with persistent HCV infection without access to appropriate 
therapy. Recent studies have shown that HCV-encoded proteins contribute 
to cancer development in infected hepatocytes. To develop treatments for 
HCC and liver cancer, it is essential to understand how viral proteins 
interact with host cell proteins. 
Material and Methods: We used the Reactive, WikiPathways, KEGG, and 
Biocarta databases to identify common DEG pathways associated with 
HCC and HCV. 
Results: Through bioinformatics approaches, this study identified common 
differential genes and related pathways to determine the molecular 
mechanisms underlying the pathogenesis of hepatitis C-related liver 
cancer. Investigating gene-gene interactions may lead to more effective 
treatment approaches. The liver cancer transcriptome identified 708 
genes associated with HCC. Data on hepatitis C infection revealed 1768 
genes linked to HCV. The Venn diagram then identified 152 DEGs common 
to HCV and HCC.  
Conclusion: We believe that hepatitis C-related liver cancer can be 
predicted using the first 20 target genes identified through PPI analysis.

Keywords: Hepatocellular carcinoma, hepatitis C virus, databases, genes, 
bioinformatics, pathways
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INTRODUCTION

Globally, liver cancer (LC) is the second-leading cause of cancer-
related mortality. Hepatocellular carcinoma (HCC) originates in 
liver cells and is the most common histological subtype (1). HCC 
is the second most common type of cancer worldwide, and it 
is frequently discovered late in development. As a result, early 
detection of the disease is critical for improving the prognosis 
of patients with HCC. Blood alpha-fetoprotein detection and 
liver ultrasonography are the current early clinical screening 
modalities for HCC. Hence, it is imperative that we promptly 
develop a more efficient and precise technique for detecting 
liver cancer. With advancements in our understanding of can-
cer biology, liquid biopsy will increasingly emerge as a valuable 
method for early detection of HCC. HCC is associated with many 
risk factors, including cirrhosis, aflatoxin B ingestion, alcohol 
use, infection with the hepatitis B virus (HBV), and infection 
with the hepatitis C virus (HCV) (2). 

HCC is a type of cancer that is associated with ongoing inflam-
mation, even in the absence of infectious agents or exposure 
to harmful substances. Abnormal microenvironment is a sig-
nificant factor in HCC progression. Endothelial cells, pericy-
tes, dendritic cells, stem/progenitor cells, extracellular matrix 
components, growth factors, cytokines, and inflammatory cells 
constitute the HCC microenvironment (3). It is interesting that 
these factors that cause cancer and HCC are linked to problems 
in the MDM2-p53 axis, which show up as p53 being turned off 
and MDM2 (a transcriptional target and negative regulator of 
p53) being turned on too much. Mechanistically, dysregulation 
of the MDM2-p53 feedback loop in HCC tissues controls the 
initiation and progression of HCC (1).

HCV is a leading cause of liver cancer. As an RNA virus, HCV 
cannot incorporate itself into the host genome, in contrast to 
the hepatitis B virus. HCV infection may trigger the progressi-
on of HCC, with the intricate interplay between viral and host 
proteins causing the body to react, leading to inflammation, 
fibrosis, and eventually cirrhosis. HCV facilitates the oncogenic 
process by activating cellular oncogenes, inactivating tumour 
suppressor genes, and deregulating several signal transducti-
on pathways. Epigenetic modifications and alterations are also 
involved in this process. Recent developments in genetics and 
gene expression profiling have enhanced our knowledge of the 
mechanisms underlying the progression of HCV-associated li-
ver cancer (4).

The TP53 tumour suppressor gene is one of the most frequently 
identified genetic abnormalities in a wide variety of human 
cancers, including liver cancer. Both HBV- and HCV-associated 
HCCs localised more than 60% of the nucleotide changes to 
the untranscribed strand, according to analysis of mutated 
TP53 nucleotides. G to A nucleotide changes and C to T mirror 
transitions were more abundant in the HCV-associated group 
(36%), compared to HBV-associated HCC (25%). Various forms 
of cancer, including HCC, have been shown to exhibit abnor-
mal Wnt signalling activity and nuclear β-catenin accumulation. 
Most of the extra β-catenin in HCC arises from changes in the 

CTNNB1 gene, which is found in 20%–40% of liver tumours, and 
in genes that encode the AXIN and AXIN2 proteins, which are 
part of the β-catenin degradation complex (5).

Growth hormone (GH) activates signal transducer and activator 
of transcription 5b (STAT5b), a transcription factor that regu-
lates the expression of genes associated with sexual differen-
ces in the liver. If the GH hypothalamo-pituitary-liver axis does 
not turn on STAT5b, metabolic problems, steatosis, and liver 
cancer (6). Regardless of liver function, decreased expression 
of the GHR/STAT5/IGF-1 signalling pathway may influence the 
development, aggressiveness, and prognosis of HCV-associated 
HCC (7). Phosphatase and tensin homologue (PTEN) deletion 
on chromosome 10, a tumour suppressor, is frequently muta-
ted or deleted in HCC tumours. PTEN has been shown to inhi-
bit HCV secretion (8). They found that lower PTEN expression 
was associated with disease stage, tumour grade, and higher 
expression of alpha-fetoprotein, a tumour marker for HCC (9).

Bioinformatics methods are rapidly developing to identify ge-
nes that enable the detection of the relationship between dise-
ase and disease through genomic databases. These bioinforma-
tics methods can identify candidate disease genes. In our study, 
the relationship between hepatitis C virus and liver cancer was 
integrated with different bioinformatic strategies by performing 
gene ontology (GO) and pathway enrichment analyses using 
various databases. Thus, this study aimed to identify candidate 
disease genes that will reveal the relationship between these 
two diseases and use them as possible biomarkers.

MATERIAL AND METHODS

Working area 
The study was conducted between February and March 2024 
using data analysis techniques.

TCGA and DisGeNET databases
Liver cancer transcriptome data were obtained from the Can-
cer Genome Atlas (TCGA) database (https://portal.gdc.cancer.
gov/) (10). The study identified 708 genes associated with liver 
cancer.

Hepatitis C infection data were obtained through the DisGe-
NET database. A total of 1,768 genes were found to be as-
sociated with Hepatitis C. Then, 152 differentially expressed 
genes (DEGs) common to Hepatitis C and LC were identified by 
Venn diagram using the Bioinformatics & Evolutionary Geno-
mics database (https://bioinformatics.psb.ugent.be/webtools/
Venn/) (11).

Gene ontology (GO) and pathway enrichment analyses
An important goal of gene set enrichment analysis is to sort 
basic biological data into groups, like the molecular pathways 
of chromosomal areas linked to a group of diseases. We per-
formed gene ontology and functional enrichment analyses 
using the Enrichr tool (https://maayanlab.cloud/Enrichr/) (12), 
specifically focusing on cellular components (CC), biological 
processes (BP), molecular functions (MF), and pathway en-

https://portal.gdc.cancer.gov/
https://portal.gdc.cancer.gov/
https://maayanlab.cloud/Enrichr/
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richment. Enrichr, a web-based programme, enhances gene 
sets to evaluate biological processes and signalling pathways 
associated with common genes. We searched four repositories 
for this research: WikiPathways, BioCarta, Reactive, and the 
Kyoto Encyclopaedia of Genes and Genomes (KEGG). We used 
these data repositories to identify the pathways that LC and 
hepatitis C share. The KEGG pathway identified overlapping 
genes associated with HCV-related LC. 

PPI network analysis and hub protein detection
Subsequently, the study investigated the interaction associa-
tions among proteins using STRING (Search Tool for Retrieval 
of Interaction Genes and Proteins), a web-based application 
available at https://string-db.org/ (13). Using STRING to analyse 
the PPI DEG network, you can learn more about the connec-
tions among genes. We constructed the PPI protein network 
from common DEGs using the STRING repository to identify 
the physical and functional relationships between liver cancer 
and hepatitis C. Edges, nodes, and the relationships that con-
nect them comprise the PPI network. In this context, the most 
common nodes are called hub genes. The STRING database 
presents the interactions between genes in tabular form, star-
ting with the highest scores.

Evaluation of data using statistical methods
Bioinformatics analysis was performed using the R/Bioconduc-
tor package, which allows querying, downloading, and perfor-
ming integrative analyses of TCGA data through the Cancer 
Genomic Atlas (TCGA) portal. P<0.05 values were used as the 
standard threshold to evaluate the pathways mentioned in 
gene ontology (GO) and pathway enrichment analyses. The 
STRING method was used to examine DEG interactions. Inte-
raction scores >0.7 were considered to indicate high confidence 
significance and were used to prevent unclear PPIs.

RESULTS

Identification of hepatitis C-associated liver cancer target 
genes 
By comparing genes associated with hepatitis C and liver can-
cer, we identified 152 DEGs as common therapeutic targets 
(Figure 1 and Table 1).

GO and KEGG enrichment analyses 
Enrichr was used to perform GO and KEGG enrichment analy-
ses to assess the biological values of common genes and their 

enriched pathways. Three categories emerged from the GO 
analysis: biological processes (BS), molecular function (MF), 
and cellular component (HB). We used the GO database as a 
source to annotate the data. Table 2 provides a concise over-
view of the 10 most significant terms in the BS, MF, and HB 
categories. For each of the distinct categories, the bar chart in 
Figure 2 presents a comprehensive ontological study in a linear 
manner. The bar chart in Figure 3 presents the top ten terms ac-
ross the WikiPathways, BioCarta, Reactive, and KEGG pathways.

The Reactome, WikiPathways, KEGG, and Biocarta databases 
were used to identify pathways of common DEGs associated 
with liver cancer and hepatitis C. Table 3 summarises the most 
important pathways identified via analysis of the Reactive, Wi-
kiPathways, KEGG, and Biocarta datasets. Figure 3 presents the 
pathway enrichment analysis results as a bar graph. Hepatitis C 
and Hepatocellular Carcinoma WP3646 (p=1.014e-20) are inc-
luded in term 38 via WikiPathways (Figure 3a). Although there 
are cancer-related pathways in BioCarta (Figure 3a) and Reac-
tome (Figure 3b), none are directly related to hepatitis or HCC. 
In the KEGG pathway, hepatocellular carcinoma (p=2.101e-34) 
was found in the 11th term, whereas hepatitis C (p=3.949e-26) 
was found in the 31st term. The following list includes other 
cancers linked to HCC associated with HCC (Figure 3d).

Identification of Hub proteins using STRING analysis
We used STRING with Cytoscape to construct a differential gene 
interaction network through protein-protein interaction (PPI) 
analysis. A total of 152 nodes and 3077 edges make up the 
network’s final topology (Figure 4). Using the STRING v12.0 
analysis (https://string-db.org/), we could construct gene-gene 
and network relationships. 

Our evaluation of hepatitis C-associated liver cancer identifi-
ed 152 genes with altered expression levels. Using STRING, a 
web-based tool for network analysis, the possible connections 
between these 152 genes showed that there were more physi-
ologically important links in the final network (PPI enrichment 
p value: < 1.0e-16).

We selected the 20 hub genes (Tumour Protein P53 (TP53), 
Murine double minute 2 (MDM2), E1A Binding Protein P300 
(EP300), Heat Shock Protein 90 Alpha Family Class A Member 
1 (HSP90AA1), ATM serine/threonine kinase (ATM), Murine do-
uble minute 4 (MDM4), B Cell Leukaemia /Lymphoma 2 (BCL2), 
Breast cancer 1 (BRCA1), Cyclin-dependent kinase inhibitor 1 

Table 1: Comparison of two gene expression datasets for identifying co-expressed genes

Features Total Target genes 

Coexpressed 
genes of X and Y 152

 CNBP CXCR4 EP300 MET BRCA1 ACSL3 FEV ALDH2 NFKB2 BCL2 PIK3CB NPM1 HLF APOBEC3B FUBP1 NFE2L2 BRD4 
VTI1A SET KIT FHIT B2M CTNNB1 CCND1 NOTCH2 ESR1 PRF1 CDK4 ARHGAP26 HRAS BCL6 MYC ARID2 FOXO1 
CCR7 PTPRC EXT1 SMAD2 MAPK1 MDM2 AKT2 EGFR NDRG1 ERBB2 CREB1 CD28 STAT5B MYCN TERT SOCS1 RB1 
PTPN6 SRC FBXW7 CD209 TP53 CASP9 CDKN1A FAT1 PIK3R1 GPC3 CDKN2C PER1 POU5F1 PDCD1LG2 LMO1 MLH1 
APC TPR PAX5 ERC1 SOX2 ROS1 BCL2L12 PTEN FCGR2B PTPN11 SMAD3 FAS CDKN1B MUC1 BCL9 SND1 CASP8 
KRAS PPARG NRAS KLF6 MTOR CBLB LCK RAF1 SDC4 HLA-A STAT3 TRIM27 WAS ATM SPECC1 SMAD4 STAT6 TFRC 
CLTC HSP90AA1 CASP3 HNF1A EPHA3 RARA TNC MYD88 PML PIK3CA IL2 SYK DDIT3 CDH1 DDX6 IL6ST FCRL4 WRN 
BAP1 MSH2 NCKIPSD CEBPA SALL4 IL7R SDHC NFKBIE TCF7L2 JAK1 CCND2 AKT1 EIF4A2 CUX1 RAD21 MAP2K1 
CLIP1 DCC FOXO3 CDKN2A JUN NF2 NRG1 DDX3X FLNA NOTCH1 CD274 TP63 MDM4 ERCC2 PMS2 TOP1

https://string-db.org/
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Figure 1: 152 DEGs identified in liver cancer and hepatitis C 
target genes

Figure 2: The Enrichr online programme was used to create bar graphs showing the ontological eva-
luation of shared DEGs between hepatitis C and liver cancer for (a) biological processes, (b) molecular 
function, and (c) cellular components
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Figure 3: Bar  graphs showing the pathway enrichment findings for shared differentially expressed genes 
(DEGs) between HCV and liver cancer. The data were gathered from four databases: (a) WikiPathways, 
(b) BioCarta, (c) Reactive, and (d) Enrichr database for KEGG
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(CDKN1A), Cyclin-dependent kinase inhibitor 2A (CDKN2A), 
Phosphatase and tensin homologue (PTEN), Transcription fac-
tor 7-like 2 (TCF7L2), Katenin beta 1 (CTNNB1), Spleen Associa-
ted Tyrosine Kinase (SYK), SRC Proto-Oncogene, Non-Receptor 
Tyrosine Kinase (SRC), Signal transducer and activator of trans-
cription 5B (STAT5B), Janus kinase 1 (JAK1), Signal transducer 
and activator of transcription 3 (STAT3), Erb-B2 Receptor Tyrosi-
ne Kinase 2 (ERBB2), Epidermal growth factor receptor (EGFR)) 
with the highest score from the network using the genomic 
association method via the Cytoscape plugin (Table 4). New 
therapeutic approaches may be possible because of the dis-

covery of hub genes, which may also serve as biomarkers for 
diseases currently under investigation.

DISCUSSION

In this study, common differentially expressed genes for liver 
cancer and HCV infection were identified using bioinformatics 
techniques. Furthermore, PPI analysis of common differential 
genes identified the top 20 target genes. These target genes 
can guide potential  treatment options and serve as biomarkers 
for liver cancer and hepatitis C infection.

Figure 4: Interaction diagram showing 152 co-expressed genes associated with liver cancer and hepatitis C using the String v12.0 
database
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Table 2: Ontology assessment of shared DEGs in liver cancer and hepatitis C

Category GO ID Term P value Genes

GO biological 
process

GO:0042127
Regulation of 

cell population 
proliferation 

1.030e-26

CEBPA;CDKN1A;NOTCH1;CDKN1B;TFRC;PTEN;EGFR;CCND2;MYC;AKT2;
ERBB2;AKT1;STAT6;ARID2;HRAS;STAT5B;TCF7L2;MAP2K1;JUN;NPM1;S
MAD3;CDKN2C;CDKN2A;CNBP;STAT3;NRG1;IL2;PML;BCL6;APC;CDK4;K
IT;BCL2;MDM2;RARA;CTNNB1;MDM4;PTPN6;KRAS;NF2;RAF1;IL6ST;IL7
R;TP53

GO:0045944
Positive regulation 
of transcription by 
RNA polymerase II 

4.227e-24

CEBPA;NOTCH1;DDX3X;WAS;PIK3R1;BRCA1;FOXO3;FOXO1;EGFR;SOX2;B
CL2L12;MUC1;MYC;EP300;STAT6;HRAS;TP63;BRD4;LMO1;SMAD2;STAT5
B;TCF7L2;SMAD4;JUN;NPM1;SMAD3;CNBP;STAT3;HNF1A;ESR1;POU5F1
;NFKB2;BCL9;PER1;KLF6;MYCN;CREB1;DDIT3;RARA;CTNNB1;ATM;PPAR
G;TP53;MET;NFE2L2

GO:0045893
Positive regulation 
of DNA-templated 

transcription
1.724e-23

DDX3X;BRCA1;SOX2;CDH1;MYC;EP300;AKT1;HRAS;TP63;LMO1;MAP2K1
;HNF1A;POU5F1;MYCN;CREB1;DDIT3;RARA;PPARG;TP53;MET;CEBPA;NO
TCH1;WAS;PIK3R1;FOXO3;FOXO1;EGFR;BCL2L12;TERT;ERBB2;STAT6;BRD
4;SMAD2;STAT5B;TCF7L2;SMAD4;JUN;NPM1;SMAD3;CNBP;STAT3;ESR1;
MTOR;NFKB2;BCL9;PER1;KLF6;CTNNB1;ATM;NFE2L2

GO:0006357
Regulation of 

transcription by 
RNA polymerase II 

6.412e-21

RB1;DDX3X;BRCA1;SOX2;CCND1;MYC;SALL4;EP300;TRIM27;ARID2;HRA
S;TP63;LMO1;HNF1A;PAX5;POU5F1;MYCN;CREB1;DDIT3;RARA;PPARG;T
P53;MET;CEBPA;NOTCH1;WAS;PIK3R1;FOXO3;FOXO1;EGFR;BCL2L12;MU
C1;CUX1;RAD21;TPR;STAT6;BRD4;SMAD2;STAT5B;TCF7L2;SMAD4;JUN;N
PM1;SMAD3;CNBP;STAT3;ESR1;NFKB2;BCL9;PER1;KLF6;BCL6;CDK4;FEV;
MDM2;CTNNB1;ATM;MDM4;NFE2L2

GO:0042981 Regulation of the 
apoptotic process 4.578e-20

NOTCH2;DDX3X;TFRC;SRC;PIK3R1;FOXO3;FOXO1;EGFR;CASP9;CCND2;C
ASP8;MYC;AKT2;CASP3;ERBB2;AKT1;FLNA;JUN;HSP90AA1;NPM1;NRG1
;IL2;MTOR;BCL6;APC;BCL2;MDM2;CD28;CTNNB1;FAS;ATM;PTPN6;NF2;
RAF1;IL6ST;TP53

GO:0010468 Regulation of gene 
expression 3.531e-19

RB1;NOTCH2;CEBPA;NOTCH1;DDX3X;TFRC;TNC;BRCA1;PIK3CB;SOX2;CA
SP8;TERT;CDH1;MYC;AKT1;ERC1;HRAS;MAP2K1;SMAD3;FBXW7;CNBP;S
TAT3;NRG1;ESR1;POU5F1;MTOR;PML;NFKB2;PER1;MYCN;PTPRC;BCL6;C
DK4;DDIT3;FUBP1;MDM2;CD28;ATM;PPARG;KRAS;TP53;MYD88;NFE2L2

GO:0006355
Regulation of 

DNA-templated 
transcription

5.111e-19

RB1;CDKN1B;BRCA1;SOX2;CDH1;MYC;SALL4;EP300;AKT1;ERC1;ARID2;H
RAS;TP63;MAP2K1;NRG1;HNF1A;PAX5;POU5F1;MYCN;CREB1;DDIT3;RA
RA;PPARG;TP53;CEBPA;SET;NOTCH1;FOXO3;FOXO1;EGFR;CUX1;RAD21;
STAT6;BRD4;SMAD2;STAT5B;TCF7L2;SMAD4;JUN;NPM1;SMAD3;CDKN2
A;CNBP;STAT3;ESR1;PML;NFKB2;PER1;KLF6;BCL6;FEV;MDM2;CTNNB1;
MDM4;NFE2L2

GO:0001558 Regulation of cell 
growth 2.860e-18 

RB1;SMAD4;CDKN1A;SMAD3;CDKN1B;DDX3X;CDKN2C;TFRC;CDKN2A;
TNC;NRG1;BRCA1;IL2;EGFR;MTOR;PML;BCL6;ERBB2;BCL2;AKT1;ROS1;
TP53

GO:0045892
Negative regulation 
of DNA-templated 

transcription
3.784e-18

RB1;CEBPA;SET;NOTCH1;CDKN1B;BRCA1;FOXO3;FOXO1;SOX2;MUC1;CC
ND1;CUX1;MYC;TPR;EP300;FLNA;TRIM27;TP63;SMAD2;TCF7L2;SMAD4;
JUN;SMAD3;CDKN2A;CNBP;STAT3;NRG1;ESR1;POU5F1;PML;PER1;CREB
1;BCL6;DDIT3;MDM2;RARA;CTNNB1;MDM4;PPARG;TP53

GO:0043066
Negative regulation 

of the apoptotic 
process 

4.117e-18
RB1;NOTCH2;SET;NOTCH1;DDX3X;TFRC;SRC;PIK3R1;FOXO1;EGFR;CCND2
;MYC;AKT2;ERBB2;AKT1;FLNA;NPM1;IL2;MTOR;MSH2;PIK3CA;BCL2;MD
M2;CD28;CTNNB1;FAS;RAF1;IL6ST;TP53
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Table 2: Ontology assessment of shared DEGs in liver cancer and hepatitis C (Continue)

Category GO ID Term P value Genes

GO Cellular 
Component

GO:0005634 Nucleus 6.773e-28

RB1;SOX2;CCND2;CCND1;MYC;AKT2;SALL4;EP300;AKT1;TRIM27;TP63;L
MO1;MAP2K1;FBXW7;HNF1A;SND1;CLIP1;MYCN;MSH2;DDIT3;TP53;NO
TCH2;DDX6;SET;NOTCH1;PIK3R1;FOXO3;FHIT;NDRG1;FOXO1;BCL2L12;T
ERT;RAD21;TPR;SMAD2;STAT5B;SMAD4;JUN;SMAD3;ESR1;NFKB2;BCL6;
CDK4;FEV;FUBP1;BCL2;MDM2;FAT1;ATM;MDM4;NF2;MYD88;APOBEC3
B;NFE2L2;CDKN1A;CDKN1B;DDX3X;PTEN;BRCA1;PIK3CB;CASP3;JAK1;HS
P90AA1;SYK;POU5F1;CREB1;RARA;PPARG;TOP1;CEBPA;WAS;CXCR4;EGF
R;WRN;CUX1;ERBB2;MAPK1;FLNA;PMS2;STAT6;BRD4;TCF7L2;NPM1;CD
KN2C;CDKN2A;CNBP;STAT3;PTPN11;MLH1;MTOR;PML;PER1;KLF6;APC;E
RCC2;CTNNB1;PTPN6

GO:0043231
Intracellular 

membrane-bound 
organelles

1.320e-26

RB1;TFRC;SOX2;CCND2;CCND1;MYC;AKT2;SALL4;EP300;AKT1;TRIM27;T
P63;LMO1;MAP2K1;FBXW7;HNF1A;SND1;CLIP1;MYCN;MSH2;DDIT3;TP5
3;NOTCH2;DDX6;SET;NOTCH1;PIK3R1;FOXO3;FHIT;NDRG1;FOXO1;BCL2L
12;TERT;RAD21;TPR;VTI1A;SMAD2;SPECC1;STAT5B;SMAD4;JUN;SMAD3
;ESR1;NFKB2;BCL9;BCL6;CDK4;FEV;FUBP1;BCL2;MDM2;FAT1;ATM;MDM
4;NF2;MYD88;APOBEC3B;NFE2L2;CDKN1A;CDKN1B;DDX3X;PTEN;BRCA1
;PIK3CB;CASP3;JAK1;HSP90AA1;SYK;POU5F1;CREB1;RARA;PPARG;TOP1;
CEBPA;WAS;CXCR4;EGFR;MUC1;WRN;CUX1;ERBB2;MAPK1;FLNA;PMS2;
STAT6;BRD4;TCF7L2;NPM1;CDKN2C;CDKN2A;CNBP;STAT3;PTPN11;MLH
1;MTOR;PML;PER1;KLF6;APC;ERCC2;CTNNB1;PTPN6

GO:0043232
Intracellular Non-
membrane-bound 

organelles 
5.826e-9

CDKN1A;SET;CLTC;BRCA1;PIK3CB;WRN;CCND2;CASP8;TERT;MYC;RAD21;
MAPK1;FLNA;TRIM27;NPM1;ACSL3;MLH1;PML;KLF6;MYCN;BCL6;CDK4;
ERCC2;MDM2;RARA;ATM;PTPN6;NF2;TOP1;TP53

GO:0031981 Nuclear lumen 1.128e-7 JUN;CDKN1A;NPM1;PIK3CB;PML;WRN;KLF6;CCND2;MYCN;TERT;BCL6;C
DK4;MYC;MDM2;RARA;FLNA;ATM;PTPN6;TRIM27;NF2;TOP1;TP53

GO:0005925 Focal adhesion 2.747e-7 MAP2K1;NPM1;SRC;CLTC;TNC;CXCR4;EGFR;PTPRC;FAT1;MAPK1;FLNA;CT
NNB1;KRAS;B2M;JAK1

GO:0030055 Cell-substrate 
junction 3.565e-7 MAP2K1;NPM1;SRC;CLTC;TNC;CXCR4;EGFR;PTPRC;FAT1;MAPK1;FLNA;CT

NNB1;KRAS;B2M;JAK1

GO:0005730 Nucleolus 4.006e-7 CDKN1A;NPM1;PIK3CB;PML;WRN;KLF6;CCND2;MYCN;TERT;BCL6;CDK4;
MYC;MDM2;RARA;FLNA;ATM;PTPN6;TRIM27;NF2;TOP1;TP53

GO:0009898
Cytoplasmic side 

of the plasma 
membrane

4.498e-7 PTPRC;SYK;CDH1;LCK;SRC;PTEN;KRAS;MYD88;JAK1

GO:0031234

Extrinsic component 
of the cytoplasmic 

side of a plasma 
membrane

0.00002653 SYK;LCK;SRC;KRAS;MYD88;JAK1

GO:0030666 Endocytic vesicle 
membrane 0.0002169 TFRC;CLTC;MDM2;HLA-A;IL7R;B2M;EGFR
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Table 2: Ontology assessment of shared DEGs in liver cancer and hepatitis C (Continue)

Category GO ID Term P value Genes

GO-Molecular 
Function

GO:0019900 Kinase binding 9.156e-21
RB1;CEBPA;CDKN1A;CDKN1B;TFRC;CLTC;WAS;FOXO3;EGFR;CASP9;CCND
2;SOCS1;CCND1;FLNA;TCF7L2;NPM1;SMAD3;CDKN2C;CDKN2A;STAT3;PT
PN11;ACSL3;ESR1;PER1;MYCN;PTPRC;APC;LCK;CTNNB1;FAS;PTPN6

GO:0031625 Binding of ubiquitin 
protein ligase 6.171e-19 

RB1;SMAD2;JUN;CDKN1A;HSP90AA1;SMAD3;CDKN1B;FBXW7;CXCR4;BR
CA1;FHIT;FOXO1;POU5F1;EGFR;PML;PER1;CASP8;APC;BCL2;MDM2;CTN
NB1;TP53;NFE2L2;JAK1

GO:0003677 DNA binding 2.197e-18

CEBPA;DDX3X;BRCA1;FOXO3;FOXO1;EGFR;SOX2;WRN;TERT;CUX1;MYC;E
P300;PMS2;TP63;SMAD2;TCF7L2;SMAD4;JUN;SMAD3;CNBP;STAT3;HNF
1A;MLH1;POU5F1;PER1;MYCN;MSH2;BCL6;DDIT3;FUBP1;ERCC2;BCL2;R
ARA;PPARG;TOP1;TP53;NFE2L2

GO:0044389
Ubiquitin-like 
protein ligase 

binding
2.761e-18

RB1;SMAD2;JUN;CDKN1A;HSP90AA1;SMAD3;CDKN1B;FBXW7;CXCR4;BR
CA1;FHIT;FOXO1;POU5F1;EGFR;PML;PER1;CASP8;APC;BCL2;MDM2;CTN
NB1;TP53;NFE2L2;JAK1

GO:0019901 Protein kinase 
binding 1.443e-14

CDKN1A;CDKN1B;TFRC;CLTC;WAS;FOXO3;CASP9;CCND2;SOCS1;CCND1;T
PR;TCF7L2;HSP90AA1;NPM1;SMAD3;CDKN2C;CDKN2A;STAT3;PTPN11;A
CSL3;ESR1;PTPRC;APC;LCK;RARA;PTPN6

GO:0140297
DNA-binding 

transcription factor 
binding

4.472e-14 RB1;LMO1;SMAD2;CEBPA;TCF7L2;JUN;NPM1;SMAD3;STAT3;CREB1;BCL
6;MYC;DDIT3;BCL2;EP300;FLNA;CTNNB1;PPARG;TP53;NFE2L2

GO:0000976
Transcription of Cis 
regulatory region 

binding
1.842e-13

RB1;SMAD2;CEBPA;TCF7L2;SMAD4;JUN;NPM1;SMAD3;STAT3;HNF1A;B
RCA1;FOXO3;POU5F1;SOX2;PER1;CUX1;MYC;DDIT3;RARA;PPARG;STAT6
;TP53;NFE2L2;BRD4

GO:0001067
Transcription 

regulatory region 
nucleic acid binding

1.346e-12 CEBPA;TCF7L2;SMAD4;JUN;SMAD3;STAT3;HNF1A;BRCA1;FOXO3;POU5F
1;SOX2;PER1;DDIT3;PPARG;TP53;NFE2L2;BRD4

GO:0019902 Phosphatase 
binding

2.988e-12 SMAD2;SMAD3;CDKN1B;STAT3;PIK3R1;EGFR;LCK;MAPK1;CTNNB1;STAT
6;ROS1;MET;JAK1

GO:0001221 Transcription 
coregulator binding 1.254e-11 PER1;SMAD4;SMAD3;TERT;BCL6;MYC;RARA;EP300;CTNNB1;PPARG;STA

T6;ESR1

GO: gene ontology, p value: probability value
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Table 3: Evaluation of common differentially expressed genes between liver cancer and hepatitis C according to pathway 
enrichment analysis

 Category Term P value Genes

WikiPathways

Glioblastoma 
signalling pathway 
WP2261

2.063e-47
RB1;CDKN1A;CDKN1B;SRC;PTEN;PIK3CB;BRCA1;PIK3R1;FOXO3;FOXO1;EGFR;NRAS;CCND2;
CCND1;AKT2;ERBB2;AKT1;EP300;MAPK1;HRAS;MAP2K1;CDKN2C;CDKN2A;PIK3CA;CDK4;M
DM2;KRAS;MDM4;ATM;RAF1;MET;TP53

Head and neck 
squamous cell 
carcinoma (WP4674)

3.077e-41
RB1;NOTCH2;CDKN1A;NOTCH1;PTEN;PIK3CB;PIK3R1;EGFR;NRAS;CASP8;CCND1;TERT;AKT
2;ERBB2;AKT1;HRAS;TP63;SMAD4;CDKN2A;MTOR;NFKB2;PIK3CA;CDK4;FAT1;CTNNB1;KR
AS;TP53;NFE2L2

DNA damage 
response of ATM-
dependent WP710

6.551e-39
CDKN1A;CDKN1B;PTEN;PIK3R1;PIK3CB;FOXO3;NRAS;CCND2;CCND1;MYC;AKT2;ERBB2;AKT
1;MAPK1;HRAS;TCF7L2;JUN;SMAD4;SMAD3;CDKN2A;NFKB2;BCL6;PIK3CA;APC;BCL2;MDM
2;CTNNB1;ATM;KRAS;TP53

IL-24 signalling 
pathway WP5413 1.301e-38

RB1;CDKN1A;CDKN1B;SRC;PRF1;PTEN;CXCR4;PIK3R1;NDRG1;EGFR;SOX2;CASP9;CASP8;C
CND1;CDH1;MYC;CASP3;AKT1;MAPK1;JAK1;JUN;HSP90AA1;CDKN2A;STAT3;IL2;MTOR;PTP
RC;BCL6;PIK3CA;APC;DDIT3;BCL2;CTNNB1;FAS;ATM;TP53;NFE2L2

Nonsmall cell lung 
cancer WP4255 1.739e-37 RB1;CDKN1A;PIK3CB;PIK3R1;FOXO3;FHIT;EGFR;CASP9;NRAS;CASP8;CCND1;AKT2;CASP3;E

RBB2;AKT1;MAPK1;HRAS;STAT5B;MAP2K1;CDKN2A;STAT3;PIK3CA;CDK4;KRAS;RAF1;TP53

CKAP4 signalling 
pathway map of 
WP5322

2.892e-37
CDKN1B;SRC;PTEN;BRCA1;EGFR;SOX2;CASP9;CASP8;CCND1;CDH1;MYC;CASP3;AKT1;MAPK
1;MAP2K1;JUN;SMAD4;SMAD3;FBXW7;ESR1;POU5F1;MYCN;PIK3CA;CDK4;MDM2;FAS;CTN
NB1;ATM;TP53

Hepatitis B infection 
with WP4666 4.753e-36

CDKN1A;DDX3X;SRC;PIK3R1;PIK3CB;CASP9;NRAS;CASP8;MYC;AKT2;CASP3;EP300;AKT1;M
APK1;STAT6;HRAS;JAK1;SMAD2;STAT5B;MAP2K1;JUN;SMAD4;SMAD3;STAT3;CREB1;PIK3
CA;BCL2;FAS;KRAS;RAF1;MYD88

Breast Cancer 
pathway WP4262 1.152e-35

RB1;NOTCH2;CDKN1A;NOTCH1;PTEN;PIK3R1;BRCA1;EGFR;NRAS;CCND1;MYC;AKT2;ERBB
2;AKT1;MAPK1;HRAS;TCF7L2;MAP2K1;JUN;ESR1;MTOR;NFKB2;PIK3CA;APC;CDK4;KIT;CTN
NB1;ATM;KRAS;RAF1;TP53

Androgen receptor 
network in prostate 
Cancer WP2263

1.653e-35 
RB1;PTEN;BRCA1;NDRG1;CASP9;CASP8;CCND1;MYC;CASP3;AKT1;MAPK1;HRAS;JAK1;SMA
D2;MAP2K1;JUN;SMAD3;STAT3;PTPN11;MTOR;MSH2;PIK3CA;CDK4;BCL2;MDM2;ATM;RAF
1;TP53

Endometrial cancer 
WP4155 2.523e-35 TCF7L2;CDKN1A;MAP2K1;PTEN;PIK3CB;PIK3R1;FOXO3;EGFR;CASP9;NRAS;CCND1;PIK3CA;A

PC;CDH1;AKT2;MYC;ERBB2;AKT1;MAPK1;CTNNB1;KRAS;RAF1;HRAS;TP53
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Table 3: Evaluation of common differentially expressed genes between liver cancer and hepatitis C according to pathway 
enrichment analysis (Continue)

 Category Term P value Genes

BioCarta 

IL-2 receptor beta 
chain in t-cell 
activation homo 
sapiens h ıl2rb 
pathway

2.394e-26 RB1;STAT5B;MAP2K1;PIK3R1;IL2;CCND2;SOCS1;CCND1;PIK3CA;MYC;BCL2;AKT1;MAPK1;FA
S;PTPN6;RAF1;HRAS;JAK1

Role of ERBB2 in 
signal transduction 
and oncology of 
homo sapiens h her2 
pathway

5.672e-21 MAP2K1;STAT3;PIK3R1;ESR1;EGFR;PIK3CA;ERBB2;EP300;AKT1;MAPK1;RAF1;HRAS;JAK1

Influence of ras and 
rho proteins on 
g1-to-s transition 
in homo sapiens h 
raccycdpathway  

6.538e-19 RB1;CDKN1A;MAP2K1;CDKN1B;CCND1;PIK3CA;CDK4;AKT1;MAPK1;PIK3R1;RAF1;HRAS

Trefoil factors 
ınitiate mucosal 
healing by homo 
sapiens h off 
pathway

2.554e-17 CASP9;MAP2K1;PIK3CA;CASP3;ERBB2;AKT1;MAPK1;CTNNB1;PIK3R1;RAF1;HRAS;EGFR

Inhibition of cellular 
proliferation by 
the Gleevec Homo 
sapiens h Gleevec 
pathway 

2.847e-16 STAT5B;JUN;MAP2K1;PIK3CA;MYC;BCL2;AKT1;PIK3R1;RAF1;HRAS

Tumour suppressor 
arf ınhibits 
ribosomal biogenesis 
homo sapiens h arf 
pathways

5.005e-16 RB1;HSP90AA1;PIK3CA;CDKN2A;MYC;MDM2;AKT1;ATM;PIK3R1;TP53

Cell Cycle: G1/S 
checkpoint pathway 
of Homo sapiens 
h g1

2.279e-15 RB1;CDKN1A;SMAD4;CDKN1B;SMAD3;CCND1;CDKN2A;CDK4;ATM;TP53

Melanocyte 
development and 
pigmentation 
pathway of homo 
sapiens

1.151e-14 MAP2K1;CREB1;KIT;BCL2;EP300;MAPK1;RAF1;HRAS

CTCF: First 
multivalent nuclear 
factor of homo 
sapiens h ctcf 
pathway

4.967e-14 SMAD4;CDKN1B;PIK3CA;CDKN2A;MYC;PTEN;MDM2;PIK3R1;MTOR

p53 signalling 
pathway of homo 
sapiens h p53 

2.104e-12 RB1;CDKN1A;CCND1;CDK4;BCL2;MDM2;TP53
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Table 3: Evaluation of common differentially expressed genes between liver cancer and hepatitis C according to pathway 
enrichment analysis (Continue)

 Category Term P value Genes

Reactome

Disease 
R-HSA-1643685 1.661e-43

RB1;CDKN1A;CDKN1B;CLTC;PTEN;BRCA1;PIK3CB;CASP9;CCND2;CASP8;CCND1;MYC;AKT2
;EP300;AKT1;TRIM27;B2M;HRAS;JAK1;MAP2K1;HSP90AA1;SYK;FBXW7;NRG1;SND1;HLA-
A;CREB1;MSH2;PIK3CA; LCK;KIT;TP53;NOTCH2;NOTCH1;SDC4;SRC;WAS;CXCR4;PIK3R1;FOX
O3;FOXO1;EGFR;NCKIPSD;MUC1;NRAS;WRN;CUX1;TPR;ERBB2;GPC3;MAPK1;PMS2;BRD4;S
MAD2;STAT5B;TCF7L2;SMAD4;JUN;NPM1;SMAD3;CDKN2A;CNBP;STAT3;PTPN11;MLH1;ESR
1;MTOR;PML;NFKB2;EXT1;CDK4;ERCC2;MDM2;CD28;CTNNB1;ATM;PTPN6;MYD88;NFE2L2

Diseases of signal 
transduction via 
growth factor 
receptors and 
second messengers 
R-HSA-5663202

1.152e-37

CDKN1A;NOTCH1;CDKN1B;SRC;CLTC;PTEN;PIK3R1;PIK3CB;FOXO3;FOXO1;EGFR;CASP9;N
RAS;CUX1;MYC;AKT2;TPR;ERBB2;EP300;AKT1;MAPK1;HRAS;SMAD2;STAT5B;TCF7L2;MAP
2K1;SMAD4;HSP90AA1;NPM1;SMAD3;FBXW7;STAT3;NRG1;PTPN11;ESR1;SND1;MTOR;CRE
B1;PIK3CA;LCK;KIT;MDM2;CD28;CTNNB1

Generic 
transcription 
pathway 
R-HSA-212436

5.144e-31

RB1;CDKN1A;CDKN1B;PTEN;BRCA1;SOX2;CCND2;CCND1;MYC;AKT2;EP300;AKT1;ARID2;T
P63;LMO1;FBXW7;HNF1A;PAX5;CREB1;MSH2;DDIT3;KIT;RARA;PPARG;TP53;NOTCH2;NOT
CH1;SRC;FOXO3;NDRG1;FOXO1;EGFR;NRAS;WRN;ERBB2;MAPK1;PMS2;SMAD2;TCF7L2;SM
AD4;JUN;NPM1;SMAD3;CDKN2A;PTPN11;MLH1;ESR1;IL2;MTOR;PML;BCL6;CDK4;ERCC2;M
DM2;CTNNB1;ATM;MDM4

Cytokine signalling 
in immune system 
R-HSA-1280215

1.822e-30

EIF4A2;CDKN1A;CDKN1B;PIK3R1;PIK3CB;FOXO3;FOXO1;SOX2;MUC1;NRAS;SOCS1;CASP8;C
CND1;MYC;AKT2;CASP3;TPR;AKT1;MAPK1;FLNA;STAT6;B2M;HRAS;JAK1;STAT5B;MAP2K1;J-
UN;HSP90AA1;SMAD3;SYK;STAT3;PTPN11;IL2;PML;HLA-A;NFKB2;CREB1;BCL6;PIK3CA;LCK; 
BCL2;PTPN6;IL6ST;IL7R;TP53;MYD88

Signal transduction 
 R-HSA-162582 7.225e-30

CDKN1A;CDKN1B;TFRC;CLTC;PTEN;PIK3CB;SOX2;CASP9;CASP8;CCND1;MYC;AKT2;SALL4;C
ASP3;EP300;AKT1;CCR7;TRIM27;HRAS;JAK1;MAP2K1;HSP90AA1;SYK;FBXW7;NRG1;CLIP1;-
MYCN;CREB1;PIK3CA;LCK;KIT;RARA;PPARG;IL6ST;TP53;NOTCH2;CD274;NOTCH1;SRC;WAS;C
XCR4;PIK3R1;FOXO3;FOXO1;EGFR;NCKIPSD;NRAS;SOCS1;TERT;RAD21;ERBB2;MAPK1;FLNA;
STAT6;SMAD2;STAT5B;TCF7L2;SMAD4;JUN;SMAD3;STAT3;PTPN11;ARHGAP26;ESR1;IL2;MT
OR;PML;BCL9;CDK4;BCL2;MDM2;CD28;CTNNB1;PTPN6;NF2;MYD88

RNA Polymerase 
II Transcription 
R-HSA-73857

8.311e-29

RB1;CDKN1A;CDKN1B;PTEN;BRCA1;SOX2;CCND2;CCND1;MYC;AKT2;EP300;AKT1;ARID2;T
P63;LMO1;FBXW7;HNF1A;PAX5;CREB1;MSH2;DDIT3;KIT;RARA;PPARG;TP53;NOTCH2;NOT
CH1;SRC;FOXO3;NDRG1;FOXO1;EGFR;NRAS;WRN;ERBB2;MAPK1;PMS2;SMAD2;TCF7L2;SM
AD4;JUN;NPM1;SMAD3;CDKN2A;PTPN11;MLH1;ESR1;IL2;MTOR;PML;BCL6;CDK4;ERCC2;M
DM2;CTNNB1;ATM;MDM4

Gene expression 
(Transcription) 
R-HSA-74160

1.993e-28

RB1;CDKN1A;CDKN1B;PTEN;BRCA1;SOX2;CCND2;CCND1;MYC;AKT2;EP300;AKT1;ARID2;TP
63;LMO1;HSP90AA1;FBXW7;HNF1A;PAX5;CREB1;MSH2;DDIT3;KIT;RARA;PPARG;TP53;NOT
CH2;NOTCH1;SRC;FOXO3;NDRG1;FOXO1;EGFR;NRAS;WRN;TPR;ERBB2;MAPK1;PMS2;SMAD
2;TCF7L2;SMAD4;JUN;NPM1;SMAD3;CDKN2A;PTPN11;MLH1;ESR1;IL2;MTOR;PML;BCL6;CD
K4;ERCC2;MDM2;CTNNB1;ATM;MDM4

PIP3 activates 
AKT signalling 
R-HSA1257604

7.098e-28
CDKN1A;CDKN1B;SRC;PTEN;PIK3R1;PIK3CB;FOXO3;FOXO1;EGFR;CASP9;AKT2;SALL4;ERBB2
;AKT1;MAPK1;TRIM27;JUN;NRG1;PTPN11;ESR1;MTOR;PML;CREB1;PIK3CA;LCK;KIT;MDM2-
;CD28;PPARG;TP53;MYD88

Immune System 
R-HSA-168256 1.230e-27

EIF4A2;CDKN1A;CDKN1B;DDX3X;CLTC;PTEN;CBLB;PIK3CB;SOX2;CASP9;CASP8;CCND1;MYC
;AKT2;CASP3;EP300;AKT1;B2M;HRAS;JAK1;MAP2K1;HSP90AA1;SYK;FBXW7;HLA-A;PDCD1L-
G2;CREB1;PIK3CA;LCK;IL6ST;TP53;CD274;SRC;WAS;PIK3R1;FOXO3;FOXO1;NCKIPSD;MUC1;
NRAS;SOCS1;TPR;MAPK1;FLNA;STAT6;STAT5B;JUN;SMAD3;STAT3;PTPN11;IL2;MTOR;PML;N
FKB2;PTPRC;BCL6;CD209;BCL2;CD28;CTNNB1;PTPN6;NF2;IL7R;NFKBIE;FCGR2B;MYD88

PI3K/AKT 
signalling in cancer 
R-HSA-2219528 Cells

1.679e-27 CDKN1A;CDKN1B;SRC;PTEN;NRG1;PTPN11;PIK3R1;PIK3CB;FOXO3;ESR1;FOXO1;EGFR;MTOR
;CASP9;CREB1;PIK3CA;LCK;AKT2;KIT;ERBB2;CD28;MDM2;AKT1
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Table 3: Evaluation of common differentially expressed genes between liver cancer and hepatitis C according to pathway 
enrichment analysis (Continue)

 Category Term P value Genes

KEGG

Pathways in cancer 6.708e-62

RB1;CDKN1A;CDKN1B;PTEN;PIK3CB;CASP9;CCND2;CASP8;CCND1;CDH1;MYC;AKT2;CASP
3;EP300;AKT1;HRAS;JAK1;MAP2K1;HSP90AA1;DCC;MSH2;PIK3CA;KIT;RARA;PPARG;RAF1;
IL6ST;TP53;MET;NOTCH2;CEBPA;NOTCH1;CXCR4;PIK3R1;FOXO1;EGFR;NRAS;TERT;TPR;ERB
B2;MAPK1;STAT6;SMAD2;STAT5B;TCF7L2;SMAD4;JUN;SMAD3;CDKN2A;STAT3;MLH1;ESR1;
IL2;MTOR;PML;NFKB2;APC;CDK4;BCL2;MDM2;CTNNB1;FAS;KRAS;IL7R;NFE2L2

Colorectal cancer 1.159e-42 
CDKN1A;PIK3CB;PIK3R1;EGFR;CASP9;NRAS;CCND1;AKT2;CASP3;MYC;AKT1;MAPK1;HRAS;S
MAD2;TCF7L2;MAP2K1;JUN;SMAD4;SMAD3;DCC;MLH1;MTOR;MSH2;PIK3CA;APC;BCL2;CT
NNB1;KRAS;RAF1;TP53

Prostate cancer 5.973e-39
RB1;CDKN1A;CDKN1B;PTEN;PIK3R1;PIK3CB;FOXO1;EGFR;CASP9;NRAS;CCND1;AKT2;ERBB2
;AKT1;EP300;MAPK1;HRAS;TCF7L2;MAP2K1;HSP90AA1;MTOR;CREB1;PIK3CA;BCL2;MDM2
;CTNNB1;KRAS;RAF1;TP53

Endometrial cancer 1.870e-38 CDKN1A;PTEN;PIK3CB;PIK3R1;FOXO3;EGFR;CASP9;NRAS;CCND1;CDH1;AKT2;MYC;ERBB2;A
KT1;MAPK1;HRAS;TCF7L2;MAP2K1;MLH1;PIK3CA;APC;CTNNB1;KRAS;RAF1;TP53

Human T-cell 
leukaemia virus 1 
infection

1.549e-36
RB1;CDKN1A;PTEN;PIK3R1;PIK3CB;NRAS;CCND2;CCND1;TERT;MYC;AKT2;EP300;AKT1;MA
PK1;B2M;HRAS;JAK1;SMAD2;STAT5B;MAP2K1;SMAD4;JUN;SMAD3;CDKN2C;CDKN2A;IL2;H
LA-A;NFKB2;CREB1;PIK3CA; CDK4; LCK;ATM;KRAS;TP53

Hepatitis B 1.573e-36
RB1;CDKN1A;DDX3X;SRC;PIK3R1;PIK3CB;CASP9;NRAS;CASP8;MYC;AKT2;CASP3;EP300;AK
T1;MAPK1;STAT6;HRAS;JAK1;STAT5B;MAP2K1;SMAD4;JUN;SMAD3;STAT3;CREB1;PIK3CA
;BCL2;FAS;KRAS;RAF1;TP53;MYD88

Breast cancer 2.403e-36
RB1;NOTCH2;CDKN1A;NOTCH1;PTEN;PIK3R1;BRCA1;PIK3CB;EGFR;NRAS;CCND1;AKT2;MY
C;ERBB2;AKT1;MAPK1;HRAS;TCF7L2;MAP2K1;JUN;ESR1;MTOR;NFKB2;PIK3CA;APC;CDK4;K
IT;CTNNB1;KRAS;RAF1;TP53

Gastric cancer 3.793e-36
RB1;CDKN1A;CDKN1B;PIK3R1;PIK3CB;EGFR;NRAS;CCND1;TERT;CDH1;AKT2;MYC;ERBB2;AK
T1;MAPK1;HRAS;SMAD2;TCF7L2;MAP2K1;SMAD4;SMAD3;MLH1;MTOR;PIK3CA;APC;BCL2;
CTNNB1;KRAS;RAF1;TP53;MET

Nonsmall cell lung 
cancer 1.502e-35 RB1;CDKN1A;PIK3CB;PIK3R1;FOXO3;FHIT;EGFR;CASP9;NRAS;CCND1;AKT2;ERBB2;AKT1;MA

PK1;HRAS;STAT5B;MAP2K1;CDKN2A;STAT3;PIK3CA;CDK4;KRAS;RAF1;MET;TP53

Kaposi sarcoma-
associated 
herpesvirus infection

1.848e-35 
RB1;CDKN1A;SRC;PIK3R1;PIK3CB;CASP9;NRAS;CASP8;CCND1;MYC;AKT2;CASP3;EP300;AK
T1;MAPK1;HRAS;JAK1;TCF7L2;MAP2K1;JUN;SYK;STAT3;MTOR;HLA-A;CREB1;PIK3CA;CDK4-
;CTNNB1;FAS;KRAS;RAF1; IL6ST;TP53

WP: WikiPathways, R-HSA: Reactome Homo sapiens, KEGG: Kyoto Encyclopaedia of Genes and Genomes

Table 4: Identification of 20 highly linked genes based on Cytoscape score values

 Node 1 Node 2 Node 1 access Node 2 access Score
TP53 MDM2 ENSP00000269305 ENSP00000258149 0.999
TP53 EP300 ENSP00000269305 ENSP00000263253 0.999
TP53 HSP90AA1 ENSP00000269305 ENSP00000335153 0.999
TP53 ATM ENSP00000269305 ENSP00000278616 0.999
TP53 MDM4 ENSP00000269305 ENSP00000356150 0.999
TP53 BCL2 ENSP00000269305 ENSP00000381185 0.999
TP53 BRCA1 ENSP00000269305 ENSP00000418960 0.999
TP53 CDKN1A ENSP00000269305 ENSP00000384849 0.999
TP53 CDKN2A ENSP00000269305 ENSP00000418915 0.999
TP53 PTEN ENSP00000269305 ENSP00000361021 0.999
TCF7L2 CTNNB1 ENSP00000486891 ENSP00000495360 0.999
SYK SRC ENSP00000364898 ENSP00000362680 0.999
STAT5B JAK1 ENSP00000293328 ENSP00000499900 0.999
STAT3 EP300 ENSP00000264657 ENSP00000263253 0.999
STAT3 JAK1 ENSP00000264657 ENSP00000499900 0.999
STAT3 SRC ENSP00000264657 ENSP00000362680 0.999
SRC STAT3 ENSP00000362680 ENSP00000264657 0.999
SRC ERBB2 ENSP00000362680 ENSP00000269571 0.999
SRC EGFR ENSP00000362680 ENSP00000275493 0.999
SRC HSP90AA1 ENSP00000362680 ENSP00000335153 0.999
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In the ontological evaluation between liver cancer and hepa-
titis C, TP53, MDM2, MDM4, BCL2, CDKN1A, CDKN2A, PTEN, 
TCF7L2, CTNNB1, STAT5B, STAT3, ERBB2, and EGFR genes are 
involved in the GO biological process and the regulation of cell 
population proliferation. TP53, EP300, ATM, BRCA1, TCF7L2, 
CTNNB1, STAT5B, STAT3, and EGFR genes play a role in the po-
sitive regulation of transcription by RNA polymerase II.  While 
TP53 and EGFR genes function in the positive r egulation of 
DNA template transcription, TP53, MDM2, EP300, ATM, MDM4, 
BRCA1, TCF7L2, CTNNB1, STAT5B, STAT3, and EGFR genes are 
important in the regulation of transcription by RNA polyme-
rase II. MDM2, HSP90AA1, ATM, BCL2 , CTNNB1, ERBB2, and 
EGFR genes function in regulating the apoptotic process, and 
MDM2, ATM, BRCA1, and STAT3 gene s  function in regulating 
gene expression. MDM2, EP300, MDM4, BRCA1, CDKN2A, 
TCF7L2, CTNNB1, STAT5B, STAT3, and EGFR genes are effective 
in regulating DNA templated transcription. In addition, BCL2, 
BRCA1, CDKN1A, CDKN2A, ERBB2, and EGFR genes play a role 
in the regulation of cell growth, MDM2 contributes to the ne-
gative regulation of DNA template transcription, and MDM2, 
BCL2, CTNNB1, ERBB2, and EGFR contribute to the negative 
regulation of apoptosis.

In terms of GO molecular functions, MDM2, HSP90AA1, BCL2, 
BRCA1, CDKN1A, and EGFR genes are important for ubiquitin 
protein ligase binding; EP300, BCL2, BRCA1, TCF7L2, STAT3, 
and EGFR genes are important for DNA binding; and MDM2 
and HSP90AA1 genes are important for ubiquitin-like protein 
ligase binding. Additionally, EP300, BCL2, TCF7L2, and STAT3 
genes were associated with DNA-binding transcription factor 
binding, BRCA1, TCF7L2, and STAT3 genes were associated with 
transcription cis-regulatory region binding, and BRCA1, TCF7L2, 
and STAT3 genes were associated with transcription regulatory 
region nucleic acid binding. 

Finding better treatments for the disease and understanding 
the underlying processes that cause disease progression are 
the main objectives of molecular research on HCC samples. 
Activated p53 triggers correct reactions in cells in response 
to biological stressors, including DNA repair, genetic stability, 
cell cycle arrest, and the elimination of DNA-damaged cells. 
Th e oncogenic protein MDM2 is a crucial cellular p53 antago-
nists. By stimulating the breakdown of p53, MDM2 inhibits p53 
function. The processes underlying MDM2-p53 interactions are 
more intricate than initially believed, according to available 
research. Nutlin-3 may be useful for therapy because it stops 
p53 from binding to MDM2, which makes p53 more stable and 
increases its accumulation in cells (14).  

Most research has focused on EP300’s function as a histone 
acetyltransferase, which modifies chromatin structure to affect 
transcription. However, we still don’t fully understand how 
EP300 functions as a transcriptional regulator of epithelial-to-
mesenchymal transition (EMT). High EP300 expression in HCC 
tissues is associated with an increased risk of poor prognosis 
following EMT (15).

Hsp90a, encoded by the HSP90AA1 gene, is the major cytosolic 

chaperone in eukaryotes. It functions in cell protection and int-
racellular signalling, controls protein homeostasis folding and 
the assembly of secretory polypeptides in the endoplasmic re-
ticulum, and modulates the post-translational translocation of 
proteins across organelle membranes. Toraih et al. found that 
late HCC patients had statistically significantly higher HSP90AA1 
expression compared to early HCC patients (16). In response 
to DNA double-strand breaks, ATM acts as a crucial mediator. 
In their study, Patra et al. demonstrated that hepatocytes and 
chronic liver biopsy samples infected with HCV had greater ATM 
expression (17). Compared with HCC patients, those with wild-
type TP53 and low p53 target expression have a notable incre-
ase in both copy number and expression of the p53 inhibitor 
protein MDM4 (18).

Bcl-2 suppressed programmed cell death and enhanced cell 
viability, conferring resistance to detrimental influences. Genes 
linked to Bcl-2 are believed to control cell death and may cont-
ribute to the initiation and spread of cancer. Li et al. found that 
STAT3, MMP-2, and Bcl-2 expression was significantly induced 
in peripheral blood mononuclear cells isolated from patients 
with HCV infection and in HCV-infected cell cultures. They also 
showed that HCV regulates MMP-2 and Bcl-2 by activating the 
STAT3 signalling cascade (19). Diao et al. found that distinct 
BRCA1-activated networks were identified in higher HCC tissues 
compared with lower tumour-free hepatitis/cirrhotic tissues 
arising from HBV or HCV infection (20). Researchers found a 
link between an unfavourable prognosis of HCC and reduced 
levels of breast cancer 2 (BRCA2) and cyclin-dependent kinase 
inhibitor 1A (CDKN1A) interacting protein (BCCIP) (21).

CDKN2A is a well-recognised gene that inhibits tumour growth 
and generates the p16-INK4a protein, which controls the cell 
cycle by preventing tumour progression. It hinders the activi-
ties of cyclin-dependent kinases 4 and 6, which are crucial in 
regulating the cell cycle by impeding the transition from G1 
to S phase, thereby aiding in the prevention of cancer. Exten-
sive CpG methylation downregulates CDKN2A expression in 
HCV-induced HCC (22). Ling et al. investigated the impact of 
TCF7L2 gene polymorphisms on HCC risk in a cohort of patients 
with cirrhosis. This is significant because the TCF7L2 gene is 
associated with cancer risk and plays a crucial role in the Wnt 
signalling pathway. Their research showed that differences in 
three single-nucleotide polymorphisms (rs290481, rs290487, 
and rs290489) near the 3’ end of the TCF7L2 gene may incre-
ase the risk of HCC. Three SNPs form the basis of a haplotype 
that significantly distinguishes between patients at low and 
high risk of HCC (23).

SYK is an innovative biomarker of HCC that plays a vital role in 
immune cell signalling pathways. Research indicates that HBV 
or HCV infection leads to significant increases in SYK and cyto-
kine expression in hepatocytes. The two major isoform of SYK, 
SYK (L) and SYK (S), play different roles in HCC development. 
Healthy liver tissue contains SYK (L), but HCC significantly re-
duces it. On the other hand, non-tumour tissue showed signi-
ficantly lower SYK (S) expression. Moreover, SYK (L) suppresses 
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the proliferation and invasion of HCC cells, whereas SYK (S) has 
oncogenic activities and promotes the invasion and metastasis 
of HCC cells (24).

Src is an oncogene, and its overexpression and high activity 
appear to be involved in the progression of various tumour 
types, including HCC (25). Physiological processes, such as cell 
survival and proliferation, rely on Src to maintain proper cel-
lular homeostasis. Src regulates the cytoskeleton and cellular 
morphology, as well as preserving intercellular connections, 
cell-matrix adhesion, and mobility. Src signalling is essential 
for the regulation of cellular processes such as proliferation, 
invasion, migration, angiogenesis, and treatment resistance 
in liver cancer (26).

Hepatitis B infection is one of the most common differenti-
ally expressed genes linked to liver cancer and hepatitis C. Re-
searchers have concluded that the KEGG pathway links it to 
gastrointestinal stromal tumours (GIST), including colorectal 
and stomach cancers, as well as various cancer pathways, inc-
luding prostate, non-small cell lung, and endometrial cancers. 
According to pathway enrichment analysis data, finding that 
the Homo sapiens h gleevec pathway inhibits cell growth may 
help identify new drugs that can be used to improve treatment 
effectiveness, especially when gleevec (imatinib) is used to tre-
at metastatic malignant GISTs. 

In conclusion, our study investigated the roles of common 
differential genes in liver cancer and hepatitis C infection via 
bioinformatic analysis of publicly available databases. In he-
patitis C-associated liver cancer, the expression and functions 
of genes related to biological processes, molecular functions, 
and cellular components were determined. Experimental stu-
dies are needed to determine whether these common genes 
are associated with liver cancer and hepatitis C. To validate 
our findings, experimental transcriptomic methods should in-
vestigate the expression of genes significantly upregulated in 
hepatitis C-related liver cancer, and proteomic methods should 
investigate changes in protein levels.

CONCLUSION

Our study found many hub genes, particularly MDM2, TP53, 
EP300, HSP90AA1, ATM, and MDM4, to be highly connected 
in HCC using the genomic association method in the context 
of the PPI network. These results are significant prognostic bi-
omarkers of HCC and may offer guidance for HCC treatment. 

Our study, which is based on bioinformatics results, can be 
supported by experimental studies that identify common DEGs 
and related pathways to detect the molecular mechanisms un-
derlying the pathogenesis of HCC.
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ÖZ
Amaç: Dünya çapında en çok ölüme neden olan kardiyovasküler hastalık 
iskemik kalp hastalığıdır. Değiştirilebilir ve değiştirilemez risk faktörlerinin 
yanı sıra, özellikle ağır metaller olmak üzere çevresel faktörlerin de iskemik 
kalp hastalığı riskine katkıda bulunabileceği düşünülmektedir. Çalışmamızın 
amacı, arsenik, kadmiyum, kurşun ve cıva tarafından indüklenen iskemik 
kalp hastalığı ile ilişkilendirilebilecek potansiyel moleküler mekanizmaları 
belirlemektir.
Gereç ve Yöntem: Bu çalışmada toksikogenomik verileri ve Comparative 
Toxicogenomic Database, ToppGene Suite, GeneMANIA, STRING, 
Cytoscape, ChEA3 ve MIENTURNET gibi biyoinformatik veritabanlarını ve 
araçları kullandık.
Bulgular: Çalışılan metaller ve iskemik kalp hastalığı ile ilişkili genlerden 
CRP, HMOX1, PON1 ve PTGS2’nin örtüştüğünü gözlemledik. Bu örtüşen 
genler arasında en yaygın etkileşim fiziksel etkileşimdi (%77,64). Çalışılan 
metallerin etkileyebilecekleri temel moleküler mekanizmalar olarak çeşitli 
yolaklar tanımlandı ve bunlar, iskemik kalp hastalığının etiyolojisinde rol 
oynayan yolakları içeriyordu (örneğin, plazma lipoprotein parçacık seviye-
lerinin düzenlenmesi, inorganik maddelere yanıt, kan dolaşımı, dolaşım 
sistemi süreçleri ve metal iyonlarına hücresel yanıt). Bu metallerin indük-
lediği iskemik kalp hastalığı ile ilişkili olarak temel genler CRP ve HMOX1 
iken, ATF5 ve CREB3L3 de temel transkripsiyon faktörleri olarak belirlendi. 
Ayrıca, iskemik kalp hastalığıyla ilişkili iki miRNA da (hsa-miR-128-3p ve 
hsa-miR-1273g-3p) belirledik.
Sonuç: Bu gözlemler arsenik, kadmiyum, kurşun ve cıvanın neden olduğu 
iskemik kalp hastalığının altında yatan süreçleri anlamamıza önemli bir 
katkı sağlamaktadır.

Anahtar Kelimeler: İskemik kalp hastalığı, arsenik, kadmiyum, kurşun, 
cıva, büyük veri

ABSTRACT
Objective: Cardiovascular disease causing the most deaths worldwide is 
ischaemic heart disease. In addition to modifiable and non-modifiable risk 
factors, there is a growing consideration that environmental factors, 
especially heavy metals, may also contribute to the risk of ischaemic heart 
disease. The study identified the potential molecular mechanisms 
associated with ischaemic heart disease induced by arsenic, cadmium, 
lead, and mercury. 
Materials and Methods: In this study, we used toxicogenomic data and 
various bioinformatic databases and tools, including the Comparative 
Toxicogenomic Database, ToppGene Suite, GeneMANIA, String, Cytoscape, 
CHEA3, and MIENTURNET. 
Results: We observed an overlap of the CRP, HMOX1, PON1, and PTGS2 
genes among the metals and ischaemic heart disease. The most prevalent 
interactions among these genes were identified as physical interactions, 
constituting 77.64% of the total. Several pathways were determined as 
the principal molecular mechanisms that might be influenced by the 
examined metals involved in the aetiology of ischaemic heart disease 
(e.g., regulation of plasma lipoprotein particle levels, response to inorganic 
substances, blood circulation, circulatory system processes, and cellular 
response to metal ions). CRP and HMOX1 emerged as key genes, whereas 
CREB3L3 and ATF5 were identified as key transcription factors related to 
ischaemic heart disease caused by the combination of the examined 
metals. Furthermore, we identified two miRNAs (hsa-miR-128-3p and hsa-
miR-1273g-3p) associated with ischaemic heart disease. 
Conclusion: These observations make a substantial contribution to our 
understanding of the processes underlying ischaemic heart disease 
induced by arsenic, cadmium, lead, and mercury.

Keywords: Ischaemic heart disease, arsenic, cadmium, lead, mercury, big 
data
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INTRODUCTION

Ischaemic heart disease (IHD), alternatively referred to as co-
ronary artery disease or coronary heart disease, refers to an 
insufficient blood supply to the myocardium due to blockage 
of the epicardial coronary arteries, typically caused by athe-
rosclerosis. IHD accounts for 16% of global deaths, with a no-
table increase since 2000, reaching 8.9 million deaths in 2019 
(1). Although factors such as age, gender, and family history 
are non-modifiable risks, there are also modifiable risks such 
as smoking, hypertension, increased cholesterol levels, physi-
cal inactivity, diabetes, obesity, an unhealthy diet, excessive 
alcohol consumption, and stress (2). Nevertheless, emerging 
evidence suggests that these factors alone may not entirely 
elucidate the complexities of IHD. Environmental factors, par-
ticularly heavy metal exposure, have been implicated as addi-
tional risk factors for IHD (3-5).

The widespread use of organic and inorganic chemicals in the 
past century has led to an escalation of environmental pollu-
tants within the human body. Arsenic (As), cadmium (Cd), lead 
(Pb), and mercury (Hg) are extremely toxic metals linked to sig-
nificant environmental contamination and health issues (6-9). 
Exposure to these heavy metals, either individually or in com-
bination, is unavoidable because of their persistence in various 
environmental settings, such as industrial environments, food, 
water, air, and soil. The primary sources of human exposure 
include consuming contaminated water and foods, exposure 
to cigarette smoke, and inhaling polluted air in occupational or 
residential areas near industrial facilities. Recent studies have 
revealed that these metals may collectively induce IHD (10-14). 
Consequently, millions of people worldwide are exposed to 
elevated levels of these metals through various means.

The objectives of this study were to uncover the potential key 
genes, proteins, transcription factors, microRNAs, and mole-
cular pathways that underlie heavy metal-linked IHD through 
the analysis of toxicogenomic data. These data were processed 
from databases that collect experimental and epidemiologi-
cal data. Thus, inferences regarding the relationship between 
heavy metals and IHD were made using bioinformatics tools.

MATERIALS and METHODS

Identifying common genes for the metals and ischaemic he-
art disease
To investigate the potential relationship between the metals 
(As, Cd, Hg, and Pb) and IHD, we analysed data gathered from 
the Comparative Toxicogenomics Database (CTD; https://ctdba-
se.org) (15). The data were acquired from the “Direct Evidence” 
section of CTD, where “M” denotes “marker/mechanism” and 
“T” denotes “therapeutic.” The data were download ed on No-
vember 25, 2023, and the DiVenn tool was employed to iden-
tify common genes associated with both metals and IHD (16).

Determining the interplay between metals and overlapping 
genes in the context of IHD 
To establish the correlation between genes linked to IHD and 

those connected to exposure to metals, we conducted a manu-
al analysis using CTD (15). This involved scrutinising the “gene 
interaction” section in the CTD chemical profile and specifi-
cally identifying interactions between genes and metals from 
the array of interactions of protein activity, mRNA, and protein 
expression. The resulting table enumerates the interplay bet-
ween the metals and the chosen genes, excluding interactions 
involving a combination of two or more chemicals and their 
collective impact on genes.

Enrichment analysis
Enrichment analysis for molecular functions and biological pro-
cesses was conducted on annotated genes linked to IHD using 
the ToppGene Suite (17). This tool, available at https://topp-
gene.cchmc.org, serves as a platform for gene list enrichment 
analysis. ToppGene Suite offers ToppFun, accessible at https://
toppgene.cchmc.org/enrichment.jsp, which facilitates the iden-
tification of functional enrichment within your gene list. It le-
verages diverse data sources, encompassing the transcripto-
me, proteome, regulate (TFBS and miRNA), ontologies (GO, 
Pathway), phenotype (human disease and mouse phenotype), 
pharmacome (Drug-Gene associations), literature co-citation, 
and additional features. The significance of the results can be 
determined by applying a false discovery rate (FDR) correction 
and adhering to a recommended p-value cut-off of 0.05, as 
suggested by the ToppGene Suite (17).

Exploring gene-gene and protein-protein interactions 
GeneMANIA (http://genemania.org) was used to study the net-
work of gene-gene interactions. The analysis focussed on Homo 
sapiens as the target organism (18). 

The protein-protein interactions (PPI) associated with IHD in-
duced by metals were investigated using String v.12 Database 
(https://string-db.org/cgi) by selecting a medium confidence 
threshold of 0.4 as the minimum required interaction score 
(19). Cytoscape version 3.10.1 (http://www.cytoscape.org/) 
was also utilised for the analysis (20). Additionally, to identify 
the core proteins contributing to the development of IHD ca-
used by metals, the Network Analyser Cytoscape plugin was 
utilised to assess betweenness (BC), closeness (CC), and degree 
centralities (DC).

Analysis of transcription factors and microRNAs
We submitted overlapping genes linked to both the metals and 
IHD to ChIP-X Enrichment Analysis Version 3 (CHEA3) (https://
maayanlab.cloud/chea3) to identify the transcription factors 
responsible for their regulation (21). Next, the genes were 
also subjected to the MIENTURNET tool (http://userver.bio.
uniroma1.it/apps/mienturnet/) to determine potential miRNA 
networks from miRTarBase that were experimentally confir-
med (22).

RESULTS 

Overlapping genes between metals and IHD
The outcomes derived from the initial CTD data exploration 
showed that 38, 36, 10, 18, and 87 genes are related to As, Cd, 

https://ctdbase.org
https://ctdbase.org
https://toppgene.cchmc.org
https://toppgene.cchmc.org
https://toppgene.cchmc.org/enrichment.jsp
https://toppgene.cchmc.org/enrichment.jsp
http://genemania.org
https://string-db.org/cgi
http://www.cytoscape.org/
https://maayanlab.cloud/chea3
https://maayanlab.cloud/chea3
http://userver.bio.uniroma1.it/apps/mienturnet/ 
http://userver.bio.uniroma1.it/apps/mienturnet/ 
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Hg, Pb, and IHD, respectively. Four genes (CRP, HMOX1, PON1, 
and PTGS2) were found to be common between the chemicals 
and IHD (Figure 1, Suppl. Table S1).

Overlapping gene alterations induced by metals
The results of the manually conducted gene interaction analysis 
are presented in Table 1, which provides detailed insights into 
the interactions between IHD and the studied chemicals. This 
includes information on the activity and expression of proteins 
and mRNA. Arsenic induced CRP and HMOX1 protein expressi-
on and increased HMOX1 mRNA expression. In contrast, it eit-
her increased or decreased PTGS2 mRNA expression. Cadmium 
increased both the protein and mRNA expression of HMOX1 
and the protein activity of HMOX1. It decreased CRP mRNA exp-
ression. However, Cd increased PTGS2 protein expression while 
affecting mRNA expression in both an increase and a decrease. 
While lead and mercury decreased PON1 protein activity, they 
increased HMOX1 mRNA expression. Lead also increased CRP 
protein expression and PTGS2 mRNA and protein expression.

Molecular processes related to common genes between me-
tals and IHD
The terms related to molecular function delineate actions oc-

curring at the molecular level, typically aligning with activities 
achievable by individual gene products, such as proteins or RNA 
molecules. Gene ontology enrichment analysis showed that 
“lipoprotein particle binding”, “protein-lipid complex binding”, 
“protein homodimerization activity”, “haem binding”, and “tet-
rapyrrole binding” were among the molecular functions linked 
to genes induced by the metals and IHD (Table 2). The biological 
processes, or ‘biological programmes’ accomplished by mul-
tiple molecular activities. The five most significant biological 
processes involved in the aetiology of IHD induced by metals 
were “regulation of plasma lipoprotein particle levels”, “res-
ponse to inorganic substance”, “blood circulation”, “circulatory 
system process”, and “cellular response to metal ion” (Table 3).

Analysis of core genes and proteins
The overlapping genes were input into the GeneMania online 
plug-in, generating a linked network. The analysis revealed that 
physical interactions (77.64%) were the predominant factors 
among the overlapping genes (Figure 2). In addition, the PPIs of 
four common genes (CRP, HMOX1, PON1, and PTGS2) showed 
four nodes and five edges, and the PPI enrichment p-value was 
9.9e-05. The pivotal genes associated with both metals and IHD 
were also identified. CRP and HMOX1 were notably detected 

Figure 1: The Venn diagrams show the common genes between IHD and metals.

Table 1: Overlapping gene alterations linked to the metals and ischaemic heart disease

Gene

Arsenic (As) Cadmium (Cd) Lead (Pb) Mercury (Hg)

Protein name Prot. 
act.

mRNA 
exp.

Prot. 
exp.

Prot. 
act.

mRNA 
exp.

Prot. 
exp.

Prot. 
act.

mRNA 
exp.

Prot. 
exp.

Prot. 
act.

mRNA 
exp.

Prot. 
exp.

CRP C-reactive protein - - ↑ - ↓ - - - ↑ - - -

HMOX1 Haem oxygenase 
1 - ↑ ↑ ↑ ↑ ↑ - ↑ - - ↑ -

PON1 Paraoxonase/
arylesterase 1 - - - - - - ↓ - - ↓ - -

PTGS2 
(COX2)

Prostaglandin G/H 
synthase 2 - ↑↓ - - ↑↓ ↑ - ↑ ↑ - - -

↑: Increase, ↓: Decrease, ↑↓: Either increase or decrease, Prot. act.: Protein activity, mRNA exp.: mRNA expression, Prot. exp.: Protein expression
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in three centrality parameters: BC, CC, and DC (Figure 3a and 
Table 4).

Key transcription factors and miRNAs related to metals and IHD
To investigate the regulatory connexions between genes and 
transcription factors, the CHEA3 tool was employed. A total of 
22 connexions were recognised between 10 transcription fac-
tors and 4 genes. As illustrated in Figure 3b, CREB3L3 and ATF5 

regulated four genes, NR1H4 and NR1I3 regulated three genes, 
and ZNF267, NFE2L2, and NR4A3 regulated two genes each, with 
the others regulating one gene each. The primary transcription 
factors in this group were CREB3L3 and ATF5 (Suppl. Table S2). 

Regarding miRNAs, we established connexions between miR-
NAs and target genes using the tool provided by MIENTURNET. 
We observed that the miRNAs displaying the most elevated 

Table 2: Top 5 molecular functions associated with the metals and ischaemic heart disease
(https://toppgene.cchmc.org/output.jsp).

ID Name pValue Genes from the input Genes used in 
annotation

1 GO:0071813 Lipoprotein particle binding 1.797E-5 CRP, PON1 35

2 GO:0071814 Protein-lipid complex binding 1.797E-5 CRP, PON1 35

3 GO:0042803 Protein homodimerization 
activity

2.737E-4 HMOX1, PON1, and 
PTGS2

824

4 GO:0020037 Haem binding 3.349E-4 HMOX1, PTGS2 150

5 GO:0046906 Tetrapyrrole binding 3.809E-4 HMOX1, PTGS2 160

Table 3: Top 5 biological processes associated with the metals and ischaemic heart disease (https://toppgene.cchmc.org/
output.jsp).

ID Name pValue Genes from the Input Genes used in Annotation

1 GO:0097006 Regulation of plasma 
lipoprotein particle 

levels

4.393E-7 CRP, HMOX1, and PON1 100

2 GO:0010035 Response to an 
inorganic substance

1.699E-6 CRP, HMOX1, PON1, and 
PTGS2

747

3 GO:0008015 Blood circulation 1.783E-6 CRP, HMOX1, PON1, and 
PTGS2

756

4 GO:0003013 circulatory system 
process

2.746E-6 CRP, HMOX1, PON1, and 
PTGS2

842

5 GO:0071248 Cellular response to 
metal ions

6.543E-6 CRP, HMOX1, and PTGS2 245

Figure 2: GeneMANIA-predicted gene-gene and physical interactions of the four common genes

https://toppgene.cchmc.org/output.jsp
https://toppgene.cchmc.org/output.jsp
https://toppgene.cchmc.org/output.jsp
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expression and interactions were hsa-miR-128-3p and hsa-miR-
1273g-3p, which are related to four genes involved in the ae-
tiology of IHD induced by metals (Figure 3c, Suppl. Table S3).

DISCUSSION

In this study, big data and toxicogenomic data mining were 
employed to illustrate a positive relationship between metals 

(As, Cd, Hg, and Pb) and ischaemic heart disease (IHD). In silico 
analysis of these metals revealed alterations in four genes (CRP, 
HMOX1, PON1, and PTGS2) involved in the aetiology of IHD. 
Lipoprotein particle binding emerged as the leading molecular 
function, whereas the regulation of plasma lipoprotein particle 
levels was identified as the foremost biological process related 
to IHD induced by these metals.

Table 4: Centrality analysis of overlapping genes related to 
the metals and ischaemic heart disease

Overlapping genes Degree Betweenness 
centrality

Closeness 
centrality

CRP 3 0.166 1.00

HMOX1 3 0.1667 1.00

PON1 2 0 0.75

PTGS2 2 0 0.75

Figure 3: a) The centrality analysis of common genes reveals the core proteins/genes, shown as light brown nodes. b) The top 10 
transcription factors related to the four common genes are highlighted, with green nodes indicating transcription factors. c) miR-
NA-target analysis shows the top 10 miRNAs related to the four common genes.

Figure 3: c) miRNA-target analysis shows the top 10 miRNAs related to the four common genes.
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Centrality analysis revealed that CRP and HMOX1 are key ge-
nes in IHD induced by these metals. C-reactive protein (CRP) 
is encoded by the CRP gene and synthesised by the liver. CRP 
levels increase during inflammation in the body, which has 
been identified as a major risk factor for IHD (23-25). Manual 
CTD analysis indicated that As and Pb increased CRP protein 
expression (Table 1). Another core gene is haem oxygenase 1 
(HMOX1), which degrades haem, generating CO and biliverdin, 
while simultaneously releasing iron. HMOX1 is critical for he-
art repair and survival. All studied metals upregulate HMOX1, 
although it is also frequently up-regulated in tumour tissues 
(26, 27) (Table 1).

ATF5 (Cyclic AMP-dependent transcription factor ATF5) and 
CREB3L3 (Cyclic AMP-responsive element-binding protein 3-like 
protein 3) were identified as the main transcription factors. 
Our findings align with those of prior research; for instance, 
ATF5 and CREB3L3 were identified as crucial transcription fac-
tors in cardiovascular diseases induced by cadmium, lead, and 
mercury. It has also been mentioned that the mitochondrial 
unfolded protein response, a cytoprotective signalling system, 
depends on ATF5 activation (28). Another core transcription 
factor is CREB3L3, which oversees various metabolic processes, 
including lipid metabolism, cholesterol absorption, and gluco-
se. CREB3L3 performs a versatile protective function against 
atherosclerosis (29). 

Regarding miRNAs, we observed that hsa-miR-128-3p and hsa-
miR-1273g-3p were the predominant miRNAs triggered by the 
combination of metals associated with the aetiology of IHD. A 
study that reported the inhibition of hsa-miR-128-3p provides 
protection to human cardiomyocytes against ischaemia/reper-
fusion corroborates our results (30). However, there is no study 
in the literature regarding hsa-miR-1273g-3p.

In conclusion, our study highlights the crucial involvement 
of genes CRP and HMOX1, transcription factors ATF5 and 
CREB3L3, and miRNAs hsa-miR-128-3p and hsa-miR-1273g-3p 
in the development of IHD. ATF5 and CREB3L3, along with hsa-
miR-128-3p and hsa-miR-1273g-3p, have the potential to open 
avenues for novel therapeutic targets in future IHD treatments.
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Table S1.

Chemical/Disease name Inference network from Comparative Toxicogenomics Database

Arsenic (As)

 ABCG5 | APCS | ATP2B1 | CCL2 | CD40LG | CDKN2B | CRP | ESR1 | ESR2 | FES | FURIN | GDF15 | GFOD1 | 
HMOX1 | IRS1 | JCAD | KCNE2 | LDLR | LTA | MAT2A | MIA3 | MRAS | NOS3 | PDGFD | PECAM1 | PLPP3 | PON1 
| PRDM16 | PROCR | PTGS2 | TBX2 | TERT | TLR4 | TRAF6 | TRIB1 | TWIST1 | VAMP5 | VEGFA |

Cadmium (Cd)

ACE | ANGPTL4 | APCS | APOA1 | ATP2B1 | CCL2 | CDKN2B | CRP | CXCL12 | EPO | ESR1 | ESR2 | FURIN | GDF15 
| GGCX | HMOX1 | IRAK1 | IRS1 | KL | LDLR | LTA | MIR146A | MMP3 | NOS3 | PECAM1 | PHACTR1| PLPP3 | 
PON1 | PSRC1 | PTGS2 | SLC5A3 | TLR4 | TRAF6 | TRIB1 | VAMP5 | VEGFA |

Mercury (Hg)
CRP | ESR2 | FURIN | GGCX | HMOX1 | IRS1 | LIPA | PON1 | PTGS2 | WDR12 |

Lead (Pb)
ACE | APCS | APOA1 | CCL2 | CRP | HECTD4 | HMOX1 | ICA1L | LDLR | LTA | MAT2A | MIR146A | NOS3 | PON1 
| PTGS2 | SORT1 | TBC1D7 | TLR4 | VEGFA |

Ischemic heart disease (IHD)
ABCG5 | ABCG8 | ABO | ACE | ADAMTS7 | ADTRP | ANGPTL4 | ANKS1A | APCS | APOA1 | APOA5 | APOC3 | 
ATP2B1 | CARF | CCL2 | CD40LG | CDKN2B | CELSR2 | CRP | CXCL12 | DDAH2 | EPO | ESR1 | ESR2 | FES | FURIN 
| GDF15 | GFOD1 | GGCX | GNB3 | GUCY1A1 | HECTD4 | HHIPL1 | HMOX1 | ICA1L | IRAK1 | IRS1 | JCAD | KCNE2 
| KIAA1462 | KL | LDLR | LIPA | LMOD1 | LPA | LRP6 | LTA | MAT2A | MEF2A | MIA3 | MIR146A | MIR146B | 
MMP3 | MRAS | MRPS6 | NAT2 | NBEAL1 | NOS3 | NPPB | PAPPA | PCSK9 | PDGFD | PECAM1 | PHACTR1 | PLPP3 
| PON1 | PRDM16 | PROCR | PSRC1 | PTGS2 | SARS1 | SH2B3 | SLC5A3 | SORT1 | TBC1D7 | TBX2 | TCF21 | TERT| 
TLR4 | TRAF6 | TRIB1 | TWIST1 | VAMP5 |VAMP8 | VEGFA | WDR12 | ZC3HC1

As+Cd+Pb+Hg+ IHD CRP | HMOX1 | PON1 | PTGS2
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Table S2. The top 10 transcription factors (TF) related to the 
metals and ischemic heart disease  
(https://maayanlab.cloud/chea3/)

Transcription factors Genes from input

CREB3L3 CRP, PON1, HMOX1, PTGS2

ATF5 CRP, PON1, HMOX1, PTGS2

NR1I3 PON1, HMOX1, PTGS2

NR1H4 PON1, HMOX1, PTGS2

ZNF267 HMOX1, PTGS2

NFE2L2 HMOX1, PTGS2

NR4A3 HMOX1, PTGS2

CSRNP1 PTGS2

ARID3C PON1

MTF1 PTGS2

Table S3. The top 10 miRNAs related to the metals and 
ischemic heart disease (https://maayanlab.cloud/Enrichr/)

miRNAs p-value Genes from input

hsa-miR-1273g-3p 0.003705 CRP, PON1

mmu-miR-26b-5p 0.003994 PTGS2

hsa-miR-128-3p 0.004014 HMOX1, PTGS2

mmu-miR-101a-3p 0.005389 PTGS2

hsa-miR-6775-3p 0.009963 HMOX1

hsa-miR-616-3p 0.010559 PON1

mmu-miR-5098 0.010757 CRP

hsa-miR-1291 0.010955 HMOX1

hsa-miR-7976 0.011947 HMOX1

hsa-miR-5590-5p 0.014125 HMOX1
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ÖZ
Amaç: Bu çalışmanın amacı, COVID-19’lu hastalarda tat ve koku alma 
bozuklukları ile ghrelin, IL-6 ve IL-10 düzeyleri arasındaki ilişkiyi incelemek-
ti.
Gereç ve Yöntemler: Çalışmaya tat ve/veya koku alma bozukluğu olan 57 
hasta ve tat ve ya koku alma bozukluğu olmayan 23 hasta olmak üzere 
toplam 80 COVID-19 hasta dahil edildi. Tüm hastaların plazma ghrelin, IL-6 
ve IL-10 düzeyleri ELISA yöntemi kullanılarak belirlendi.
Bulgular: Tat ve/veya koku alma bozukluğu olan COVID-19 hastaları, tat ve 
koku alma bozukluğu olmayan COVID-19 hastalarına kıyasla daha yüksek 
IL-6 ve daha düşük ghrelin ve IL-10 düzeylerine sahipti (p<0.001).
Sonuçlar: Bu sonuçlar, ghrelin, IL-6 ve IL-10’un aracılık ettiği inflamatuar 
bir sürecin, COVID-19 hastalarında tat ve koku alma bozukluklarının gelişi-
mine katkıda bulunduğunu göstermektedir.
Anahtar Kelimeler: Ghrelin, IL-6, IL-10, COVID-19, tat alma bozukluğu, 
koku alma bozukluğu

ABSTRACT
Objective: The aim of this study was to examine the association between 
gustatory and olfactory dysfunctions and ghrelin, IL-6, and IL-10 levels in 
patients with COVID-19.
Materials and Methods: A total of 80 COVID-19 patients were enrolled in 
the study: 57 patients with gustatory and/or olfactory dysfunctions and 23 
patients without gustatory or olfactory dysfunctions. The plasma ghrelin, 
IL-6, and IL-10 levels of all patients were determined using the ELISA 
method.
Results: COVID-19 patients with gustatory and/or olfactory dysfunctions 
had higher IL-6 and lower ghrelin and IL-10 levels compared with COVID-
19 patients without gustatory or olfactory dysfunctions (p<0.001).
Conclusions: These results demonstrate that an inflammatory process 
mediated by ghrelin, IL-6, and IL-10 contributes to the development of 
gustatory and olfactory dysfunctions in COVID-19 patients.
Keywords: Ghrelin, IL-6, IL-10, COVID-19, Gustatory dysfunction, Olfactory 
dysfunction

INTRODUCTION

Coronavirus disease 2019 (COVID-19), a highly contagious di-
sease caused by the spread of a coronavirus known as SARS-
CoV-2, has primary clinical symptoms such as fever, dry cough, 
fatigue, headache, nasal congestion, and myalgia (1, 2). Besides 
these common symptoms, gustatory and olfactory dysfunctions 
have also been reported (3-5). A meta-analysis revealed that 
47% of COVID-19 patients experienced gustatory and olfactory 
dysfunction, with the percentage rising to 67% in patients with 
mild to moderate symptoms (4). 

The exact mechanisms underlying the impact of SARS-CoV-2 on 
gustatory and olfactory dysfunctions have not yet been clari-
fied. However, it is considered that COVID-19 can lead to the 
dysfunction of these senses through various mechanisms, such 
as local inflammation. Infection with SARS-CoV-2 can trigger 
immune system dysfunction, leading to the overproduction 
of pro-inflammatory cytokines. This local excessive immune 
response and inflammation can further contribute to tissue da-
mage and impair sensory functions (5, 6). Ghrelin is a hormone 
primarily recognised for its role in appetite regulation, food in-
take, and energy balance. Moreover, it has been demonstrated 
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that this endogenous ligand possesses distinct properties, such 
as oxidative stress, inflammation, inhibition of cell proliferation, 
apoptosis, and involvement in metabolic processes. Ghrelin co-
unteracts the effects of pro-inflammatory cytokines by acting as 
an anti-inflammatory mediator (7). Studies on COVID-19 have 
shown that ghrelin plays a crucial role in modulating the im-
mune response and could be considered a potential treatment 
option to reduce complications associated with COVID-19 (7, 8). 
Interleukin-6 (IL-6), a potent pro-inflammatory cytokine, regu-
lates a variety of physiological inflammatory and immunological 
processes (9). Increased IL-6 levels are related to complications, 
adverse outcomes, and disease severity in COVID-19 patients, 
according to current research. Furthermore, IL-6 has been con-
sidered a negative prognostic factor due to its involvement in 
the cytokine storm reported in severe COVID-19 patients (10-
12). Interleukin-10 (IL-10), a pleiotropic cytokine, possesses 
immunosuppressive and anti-inflammatory properties (13). The 
role of this cytokine in COVID-19 is intricate and multifaceted, 
and it has been linked to the severity of the disease (14-16). 
Although the importance of these cytokines in the severity of 
COVID-19 disease has been reported, there are limited studies 
investigating their relationship with gustatory and/or olfactory 
dysfunctions. Therefore, in this study, we investigated the as-
sociation between gustatory and olfactory dysfunctions and 
ghrelin, IL-6, and IL-10 levels in patients with COVID-19. 

MATERIALS AND METHODS 

Ethics and study design 
Ethical approval was granted by the Non-Invasive Ethics Com-
mittee of Niğde Ömer Halisdemir University (Date: 08.04.2021, 
No: 2021/40) after obtaining approval for the study’s scientific 
research from the Directorate General of Health Services of the 
Ministry of Health. All participants received written informed 
consent after being fully informed about the study. 

This prospective study was conducted on 80 COVID-19 patients 
with RT-PCR-confirmed diagnosis admitted to the Department 
of Neurology, Faculty of Medicine, Niğde Ömer Halisdemir Uni-
versity between June 15 and December 15, 2021. The patients 
with COVID-19 were separated into two groups: those with 
gustatory and/or olfactory dysfunctions (Group 1) and those 
without gustatory or olfactory dysfunctions (Group 2). Blood 
samples from patients were collected within 24 h. World Health 
Organization (WHO) diagnostic criteria were used to classify 
the severity of COVID-19 (17). Because the patients had mild/
moderate cases, they were conscious and able to communica-
te. Gustatory and/or olfactory dysfunctions were documented 
based on the patients’ verbal statements. The demographic 
and biochemical data, including alanine transaminase (ALT), 
aspartate aminotransferase (AST), blood urea nitrogen (BUN), 
C-reactive protein (CRP), D-dimer, lactate dehydrogenase (LDH), 

Table 1: Comparison of the demographic and biochemical data

Group 1 (n=57) Group 2 (n=23) p

Age, years 49.81±17.36 48.09±15.86 0.682

Gender (F/M), n (%) 28 (49.1)/29 (50.9) 8 (34.8)/15 (65.12) 0.243

WBC (103/μL) 5.82 (4.99-8.57) 6.13 (4.18-8.22) 0.911

Neutrophil, (103/μL) 4.04 (2.95-6.39) 3.92 (2.97-5.75) 0.493

Lymphocyte (103/μL) 1.55 (1.07-2.10) 1.42 (0.79-1.87) 0.258

Platelet (103/μL) 250 (199-302) 218 (197-293) 0.361

CRP (mg/L) 11.74 (3.76-61.4) 4.78 (2.22-17.8) 0.214

Procalcitonin (ng/mL) 0.06 (0.02-0.12) 0.04 (0.02-0.16) 0.565

D-dimer (ng/mL) 400 (265-690) 500 (380-730) 0.066

LDH (U/L) 220 (180-302) 223 (184-271) 0.869

ALT (U/L) 21 (16.9-36.9) 22 (14.0-34.0) 0.562

AST (U/L) 22 (19.0-40.2) 21 (16.0-28.0) 0.253

BUN (mg/dL) 13.5 (10.0-18.2) 12.3 (9.20-16.8) 0.632

Creatinin (mg/dL) 0.89 (0.76-1.07) 0.77 (0.63-0.96) 0.042

ALT: Alanine transaminase, AST: Aspartate aminotransferase, BUN: Blood urea nitrogen, CRP: C-reactive 
protein, LDH: Lactate dehydrogenase, WBC: White blood cell  

Table 2: Comparison of the plasma levels of ghrelin, IL-6, and IL-10

Group 1 (n=57) Group 2 (n=23)      p

Ghrelin (pg/mL) 165.00 (138.75-211.31) 206.70 (203.51-234.64) <0.001

IL-6 (pg/mL) 15.09 (13.22-16.20)   11.78±1.05 <0.001

IL-10 (pg/mL) 73.77±28.27 110.03±25.64 <0.001
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lymphocyte, neutrophil, platelet, procalcitonin, and white blo-
od cell (WBC), were retrieved from the medical records of the 
patients. 

The study inclusion criteria for both groups were as follows: 
(1) a laboratory-confirmed diagnosis of COVID-19, (2) age≥ 18 
years, (3) no history of nasal surgery, and (4) no pre-existing 
conditions that affect gustatory and olfactory functions. The 
exclusion criteria for both groups were as follows: (1) the pre-
sence of a chronic inflammatory disease, (2) a metabolic dise-
ase, (3) an active upper respiratory tract infection other than 
COVID-19, (4) pregnant or lactating women, and (5) diseases 
affecting carbohydrate and lipid metabolism.

Blood sample collection and determination of ghrelin, IL-6, 
and IL-10 plasma levels
Blood samples of 5 mL were obtained from each patient and 
placed into tubes containing EDTA. The samples were centrifu-
ged at 1500 x g at 4°C for 15 min and stored in aliquots at -80°C 
until enzyme-linked immunosorbent assay (ELISA) testing was 
conducted using a BioTek ELx800 absorbance microplate reader. 
Plasma levels of ghrelin, IL-6, and IL-10 were measured using 
commercial ELISA kits (USCN, Wuhan USCN Business Co., Ltd., 
China, Product No: CEA991Hu (Version: 13.0); SEA079Hu (Ver-
sion: 13.0); SEA056Hu (Version: 13.0), respectively) according 
to the manufacturer’s instructions.

Statistical analysis
The data analyses were conducted using the Statistical Package 
for the Social Sciences (SPSS) version 23.0 (IBM Corp, Armonk, 
NY, USA). The Shapiro-Wilk test was performed to assess the 
normality of the data. Mean±standard deviation (SD) and/or 
median [interquartile ranges (IQR; 25%-75%)] were used to 
analyse both normally and non-normally distributed data. For 
comparisons between groups, the Student's t-test was used for 
normally distributed data, and the Mann−Whitney U test was 
used for non-normally distributed data. Statistical significance 
was defined as a p-value <0.05.

RESULTS

In this study, 80 COVID-19 patients were enrolled. Group 1 inc-
luded 57 patients with gustatory and/or olfactory dysfunctions; 
of these, 28 were male (49.1%) and 29 were female (50.9%), 
with a mean age of 49.81±17.36 years. Group 2 included 23 
patients without gustatory or olfactory dysfunctions; of these, 
8 were male (34.8%) and 15 were female (65.1%), with a mean 
age was 48.09±15.86 years. There were no significant differen-
ces between the groups in terms of age, gender, and laboratory 
parameters except for creatinine. Group 2 had significantly lo-
wer creatinine levels than Group 1 (Table 1).

In Group 1, the plasma ghrelin, IL-6, and IL-10 levels were 
165.00 (138.75-211.31) pg/mL, 15.09 (13.22-16.20) pg/mL, and 
73.77±28.27 pg/mL, respectively. In Group 2, ghrelin, IL-6, and 
IL-10 levels were 206.70 (203.51-234.64) pg/mL, 11.78±1.05 
pg/mL, and 110.03±25.64 pg/mL, respectively. Data analysis 
showed that the IL-6 level was significantly higher in Group 1 

than in Group 2 (p<0.001). Conversely, the levels of IL-10 and 
ghrelin were significantly lower in Group 1 than in Group 2 
(p<0.001) (Table 2). 

DISCUSSION 

Gustatory and olfactory dysfunctions have been recognised 
as prevalent symptoms of COVID-19; however, the underlying 
pathological mechanisms remain unclear. A severe cytokine 
storm mediated by pro-inflammatory cytokines is thought to 
cause damage in cases of gustatory and olfactory dysfunctions 
resulting from COVID-19 infection (5, 6). Ghrelin, a ligand for 
the growth hormone secretagogue receptor 1A (GHSR1A), is 
predominantly produced by the P/D1-like cells in the human 
stomach (8, 18). Ghrelin and GHSR1A are also expressed in 
lymphoid tissues, immune cells, natural killer cells, and mo-
nocytes. Some studies show that ghrelin prevents the synthesis 
of pro-inflammatory cytokines. Furthermore, it increases the 
levels of the anti-inflammatory cytokine IL-10 and exhibits pro-
tective properties in various models of inflammatory diseases 
(7, 8, 19). Azizzadeh et al. demonstrated that in a rat model of 
inflammatory pain, ghrelin exerted analgesic effects by modu-
lating the levels of IL-10 and TGF-β (19). In this regard, ghrelin 
is acknowledged as a hormone with anti-inflammatory and im-
munomodulatory properties. Because of these effects, ghrelin 
has recently become an attractive agent to mitigate the compli-
cations related to SARS-CoV-2. Additionally, by downregulating 
NF-κB expression and upregulating PPARγ, ghrelin is capable of 
reducing the uncontrolled production of cytokines that lead to 
acute lung injury (7). An in silico study by Russo et al. found 
that ghrelin exerts an immunomodulatory function during the 
progression of SARS-CoV-2 (8). There are only a few studies on 
the levels of ghrelin in COVID-19 patients. Kuliczkowska-Płaksej 
et al. demonstrated that ghrelin levels were notably elevated 
six months after a mild SARS-CoV-2 infection (20). In contrast, 
Hakami et al. found no significant changes in ghrelin levels in 
the blood samples of COVID-19 patients. Nonetheless, they 
speculate that ghrelin might exhibit potential changes in saliva 
rather than its effects in the blood (21). Ghrelin also influences 
sensory function and plays a notable role in taste sensation, 
sniffing, and olfaction (18). Ghrelin receptors have also been 
detected in the granule cell layers of the olfactory bulb, glo-
merular and mitral cells, and the piriform cortex (22). Recent 
research has indicated that ghrelin cells are chemosensory and 
possess taste receptors (23). In our study, we found that CO-
VID-19 patients with gustatory and/or olfactory dysfunctions 
had lower levels of ghrelin compared with patients without 
gustatory or olfactory dysfunctions. There is only one study in 
COVID-19 patients on the relationship between ghrelin and the-
se dysfunctions. Shanyoor et al. demonstrated that the ghrelin 
levels in COVID-19 patients with anosmia and ageusia were 
considerably lower than those without these symptoms (24). 
These findings consistent with our results.

IL-6 is a crucial cytokine involved in the immune response to 
infections. Numerous studies have shown that increased IL-6 
levels are linked to the disease severity and adverse outcomes 
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in COVID-19 patients.  Hence, increased IL-6 levels are consi-
dered a negative prognostic factor for COVID-19 (10-12). Re-
search examining the relationship between this cytokine and 
gustatory and/or olfactory dysfunctions is relatively limited. 
Some studies have found a link between them, while others 
have not established a relationship (25-29). Henkin et al. sho-
wed that there were increased IL-6 levels in the saliva, plasma, 
and nasal mucus of patients with hyposmia and that these al-
terations can be attributed to systemic or local inflammatory 
processes, which may underlie or result in hyposmia pathology 
(25). Cazzolla et al. found a significant association between lo-
wer IL-6 levels and the improvement of olfactory and gustatory 
dysfunctions (26). Likewise, Liang et al. observed a significant 
relationship between increased IL-6 levels and an increased risk 
of olfactory dysfunction in patients infected with the Omicron 
variant. They also noted that groups with olfactory dysfunction 
displayed higher levels of IL-6 compared with the control group 
and proposed a hypothesis suggesting that elevated IL-6 levels 
might be considered a possible causal factor for initiating ol-
factory dysfunction following local or systemic infection, owing 
to immunological and inflammatory alterations (27). Chang et 
al. also showed that IL-6 levels were increased in nasal swab 
samples from COVID-19 patients with olfactory dysfunctions 
(29). A recent study conducted by De Melo et al. revealed that 
in patients with olfactory dysfunction, this infection was found 
to be connected to inflammation of the olfactory mucosa. No-
tably, the researchers observed pronounced pro-inflammatory 
conditions in both the nasal turbinates and olfactory bulb, with 
up-regulation of IL-6 (30). In line with previous studies, our 
study indicated that COVID-19 patients with gustatory and/or 
olfactory dysfunctions had higher IL-6 levels than those wit-
hout. In line with previous studies, our study indicated that 
COVID-19 patients with gustatory and/or olfactory dysfunctions 
had higher IL-6 levels than those without. The findings of the 
current study were consistent with the literature data indicating 
a significant relationship between the increased IL-6 levels and 
gustatory and/or olfactory dysfunctions in COVID-19 patients.

IL-10 is primarily recognised for its anti-inflammatory and im-
munosuppressive properties (13). However, in the context of 
COVID-19, the role of IL-10 is intricate and multifaceted. Various 
studies have indicated that elevated levels of IL-10 are linked 
to severe cases of COVID-19 compared to mild or moderate 
cases, implying its potential pro-inflammatory effects (14-16). 
However, adequate research on the relationship between gus-
tatory and/or olfactory dysfunctions and IL-10 levels has not 
been conducted, and only one study has been undertaken on 
this topic to date. In our study, we observed that COVID-19 
patients with gustatory and/or olfactory dysfunctions had re-
duced IL-10 levels compared with patients without gustatory 
or olfactory dysfunctions. Similar to our findings, Locatello et 
al. showed that the recovery of gustatory dysfunction was lin-
ked to elevated IL-10 levels. Furthermore, they proposed that 
immunological parameters may be valuable in monitoring the 
progression of chemosensory impairments in patients with CO-
VID-19, and the elevated IL-10 levels should be regarded as a 
marker of recovery (31). 

The relatively small sample size was a limitation of this study. 
The results of our study demonstrate that ghrelin, IL-6, and 
IL-10 might play a significant role in the development of the-
se dysfunctions in COVID-19 patients, indicating their involve-
ment in an inflammatory process. Further research is needed 
to understand the association between ghrelin, IL-6, and IL-10 
levels and gustatory and olfactory dysfunctions in patients with 
COVID-19.
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ÖZ
Amaç: Çalışmalar, tarım ilaçlarına maruziyetin otizm, beyin yaşlanması ve 
nörodejeneratif hastalıklar gibi sağlık sorunları ile ilişkili olabileceğini bil-
dirmektedir. Yaygın kullanılan tarım ilaçlarından biri de strobilurin türevi 
bir fungusit olan azoksistrobin (AZS)’dir. Araştırmalar, çeşitli dokularda 
AZS’nin toksik etkilerini gösterse de nörotoksik etkilerin altında yatan 
temel mekanizmalar halen tam olarak anlaşılamamıştır. Tarım ilaçlarına 
maruziyetin sebep olduğu sağlık sorunlarının oksidatif stres ve apoptoz ile 
ilişkili olabieceği bildirilmektedir. Bu nedenle, nörotoksisite değerlendir-
melerinde yaygın kullanılan bir in vitro model olan insan nöroblastoma 
(SH-SY5Y) hücrelerinde AZS’nin oksidatif hasar oluşturma ve hücre ölümü-
nü indükleme etkisinin değerlendirilmesi amaçlanmıştır.
Gereç ve Yöntem: SH-SY5Y hücreleri 24 saat boyunca AZS’nin farklı kon-
santrasyonlarına maruz bırakılmıştır. MTT testi ile sitotoksisite değerlendi-
rilirken spesifik floresan boya ile reaktif oksijen türlerinin (ROS) oluşumu 
ve FITC Annexin V testi ile de hücresel apoptoz seviyeleri incelenmiştir. 
Bulgular: AZS’nin IC50 değeri 44.87 μM olarak bulunmuştur. ROS (en az 1,5 
kat; p≤0,05) ve apoptoz (en az 5 kat; p≤0,05) seviyeleri 6.25-25 μM AZS 
maruziyet aralığında doza bağlı artmıştır.  
Sonuç: Bulgularımız, AZS’nin neden olduğu nörotoksik etkilerin ROS üreti-
mi ve ROS ile indüklenen apoptozun bir sonucu olabileceğini düşündür-
mektedir. Ancak, AZS’nin toksik etki potansiyelinin daha iyi anlaşılması, 
mesleki ve çevresel risk faktörlerinin değerlendirilmesi, AZS kaynaklı 
nörotoksisiteye neden olan temel mekanizmaların aydınlatılması için ileri 
araştırmalara ihtiyaç duyulduğu da göz ardı edilmemelidir. 

Anahtar Kelimeler: Azoksistobin, apoptoz, oksidatif stres, nörotoksisite

ABSTRACT
Objective: Exposure to agricultural chemicals is associated with health 
issues such as autism, brain aging, and neurodegenerative diseases. 
Azoxystrobin (AZS), a strobilurin-derived fungicide, is a commonly used 
chemical. Although studies have demonstrated that AZS induces toxic 
effects on various tissues, there is a lack of clear understanding of the 
mechanisms underlying its neurotoxic effects. The mechanisms linking 
pesticide exposure to these health outcomes might be oxidative stress 
and apoptosis. Therefore, we conducted this study to investigate oxidative 
stress and cell death induction in human neuroblastoma SH-SY5Y cells, a 
widely established in vitro model for neurotoxicity experiments, after 
exposure to AZS.
Materials and Methods: SH-SY5Y cells were exposed to different concent-
rations of AZS for 24 h. Cytotoxicity was evaluated using the 
3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyl-tetrazolium bromide assay, the 
induction of reactive oxygen species (ROS) was determined using a fluo-
rescent dye, and cell apoptosis was detected using the FITC Annexin V 
assay.
Results: The half-maximal inhibitory concentration value of AZS was 44.87 
μM. The levels of ROS (at least 1.5-fold; p≤0.05) and apoptosis (at least 
5-fold; p≤0.05) increased in a dose-dependent manner at AZS exposure 
concentrations of 6.25-25 μM. 
Conclusion: AZS-induced neurotoxic effects may be a consequence of ROS 
generation and ROS-induced apoptosis. However, the mechanisms underl-
ying AZS-induced neurotoxicity should be evaluated by further studies to 
gain a deeper understanding of its toxic capacity and conduct evaluations 
of occupational and environmental risks.

Keywords: Azoxystrobin, apoptosis, oxidative stress, neurotoxicity
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INTRODUCTION

Fungicides are globally used to protect crops and plants from 
fungal diseases originating in the soil and to prevent spoilage 
after harvest. They are essential for ensuring food safety, ma-
intaining healthy plant growth, increasing agricultural yields, 
and maintaining the quality of produce. The adverse effects of 
fungicides on the environment and human health have been 
reported in association with both occupational and consumer 
risks (1). The use of fungicides in agriculture poses a potenti-
al health threat because they can spread from the field and 
present a risk to the local people and children in addition to 
agricultural laborers due to contact with air, soil, and water. 
Exposure to these environmental chemicals can cause repro-
ductive dysfunction, developmental toxicity, hepatotoxicity, 
and neurotoxicity (2-9).

Strobilurins, a class of fungicides derived from the fungus Stro-
bilurus tenacellus, have gained considerable attention in the 
agricultural industry (8, 10). Strobilurin fungicides work by bin-
ding to cytochrome b1 in fungal mitochondrial membranes, 
inhibiting mitochondrial respiration and disrupting the electron 
transport chain. This results in the inhibition of fungal growth 
and control of disease (8).

AZS is a strobilurin-based, systemic fungicide with a broad 
spectrum of application for fruit and vegetable crops for the 
postharvest treatment of agricultural products. The fact that 
AZS is applied postharvest implies that the time between fungi-
cide application and consumption is relatively short compared 
with that for other active ingredients used during cultivation. 
Studies have demonstrated that postharvest fungicides can 
contribute to > 95% of the total human toxicity effects (5-7, 
11-13). Recently, AZS has been incorporated into certain types 
of mold-resistant wallboard to prevent fungal growth (14). Over 
the past decade, AZS has gained popularity as a patented ing-
redient in mold-resistant building materials such as wallboard. 
These products were formally registered with the EPA (United 
States Environmental Protection Agency) in 2004 (15). Human 
exposure to AZS, other than through dietary ingestion of pro-
ducts containing residues, may be due to the recent use of AZS 
in mold-resistant building materials, including wallboard, which 
can eventually accumulate in house dust and potentially be in-
haled or come into contact with the skin. This raises concerns 
regarding the possibility of AZS exposure indoors (14).

The widespread use of AZS has led to the accumulation of resi-
dues in the environment, including air, water, and soil, posing a 
risk to nontarget organisms such as aquatic organisms, animals, 
and humans. AZS has the ability to endure in soil for more than 
300 days and reach its highest concentration approximately 30 
days after application, posing a potential risk of contamination 
to nearby ecosystems (8). The European Food Safety Autho-
rity (EFSA) report on pesticide residues in food indicated the 
presence of residues on honey and beekeeping products (16). 
Soydan et al. found AZS to be the most frequently detected 
fungicide in the range of 0.011-0.758 mg/kg in fruit samples 
collected between 2012 and 2016 in Turkey, commonly be-

ing found in dried apricot and fig, grapes, strawberries, and 
peach (16, 17). Cooper et al. reported that AZS was the most 
commonly detected strobilurin (93% of dust samples) and was 
found at the highest concentrations, ranging from < MDL (met-
hod detection limit) to 10.587 ng/g, in house dust samples from 
homes in North Carolina during 2014-2016 (14).

AZS exerts its mechanism of action by acting as a typical mitoc-
hondrial complex III inhibitor by binding to ubiquinone Qo site 
and disrupting mitochondrial function by inhibiting electron 
transport, preventing adenosine triphosphate production and 
promoting neuronal cell death in fungi (18, 19). AZS was found 
to be cytotoxic to human esophageal cancer cells through the 
mitochondrial pathway and cause mitochondrial dysfunction 
(20). Mitochondrial dysfunction is associated with degenera-
tive diseases of the nervous system, including Parkinson’s and 
Alzheimer’s diseases. The potential neurotoxicity of AZS raises 
concerns regarding its impact on human health and the deve-
lopment of neurological disorders. Despite the potential risks, 
there has been limited research on its neurotoxic effects (5, 8, 
21), and the mechanisms underlying the neurotoxic effects of 
AZS are not completely understood. Therefore, to address the 
existing knowledge gap regarding AZS-induced neurotoxicity, 
we investigated the potential neurotoxicity of AZS in SH-SY5Y 
cells, a widely established in vitro model of neurodegenerati-
on (22).

MATERIAL AND METHODS 

Chemicals
AZS (PESTANAL®, CAS # 131860–33–8) was purchased from 
Sigma-Aldrich (MO, USA), FITC Annexin V Apoptosis Detection 
Kit with PI was purchased from BioLegend (CA, USA), and MTT 
(3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyl-tetrazolium bromi-
de), 2′,7′-dichlorodihydrofluorescein diacetate (H2DCF-DA), 
and other chemicals were obtained from Sigma-Aldrich (MO, 
USA). Cell culture supplements were purchased from Multicell 
Wisent (QC, Canada). 

Cell Culture and Treatment Conditions
The SH-SY5Y cell line (CRL-2266, American Type Culture Col-
lection, Virginia, USA) was grown in Dulbecco’s Modified Eag-
le Medium F-12 supplemented with fetal bovine serum (10%) 
and penicillin/streptomycin (100 U/100 μg/mL). Cells (1 × 106/
mL) were exposed to AZS. The working solutions of AZS were 
prepared at concentrations of 3.125, 6.25, 12.5, and 25 μM (in 
dimethyl sulfoxide [DMSO]). The solvent and positive controls 
were DMSO (1%) and Triton X-100 (1%), respectively.

Evaluation of Cytotoxicity
The effect of AZS on cell viability was evaluated using the MTT 
assay. Cells (1 × 105/100 μL cell culture medium/well) were 
incubated overnight and then treated with AZS at concentra-
tions of 50-400 μM for 24 h. Then, the cells were incubated 
with MTT for 3 h at 37°C in the dark, after which the medium 
was removed, and DMSO (100 μL) was added to each well. 
Optical densities were measured at 590 nm using a microplate 
spectrophotometer system (Biotech, Epoch, Vermont, USA). 
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The half-maximal inhibitory concentration (IC50) was then cal-
culated using the formula from the logarithmic curve of the 
inhibition concentration graph.

Total Reactive Oxygen Species Assay
The 2’,7’-dichlorodihydrofluorescein diacetate (H2DCF-DA) dye 
was used to evaluate the production of cellular ROS (23). After 
24 h of exposure, the cells were trypsinized and rinsed with 
phosphate-buffered saline, followed by incubation with H2DCF-
DA dye (20 mM) for 30 min. The intensity of ROS-dependent 
fluorescence after rinsing was detected using an ACEA No-
voCyte flow cytometer (California, USA). Data were analyzed 
using the Novoexpress software (ACEA, CA, USA). The median 
fluorescence intensity (MFI) was used to quantify changes in 
cellular ROS generation, which was obtained by dividing the 
MFI of the amount tested by the MFI of the control and then 
multiplying the result by 100. The MFI values of all treatment 
groups were normalized to the control group.

Cell Apoptosis Analysis
Early and late apoptotic and necrotic cells were identified using 
the FITC Annexin V Apoptosis Detection Kit with PI according to 
the manufacturer’s guideline. After trypsinization and washing 
steps, the cells were incubated with Annexin V and PI dyes for 
15 min at room temperature. The fluorescence intensities of 
10,000 gated events per sample were measured at 488 nm on 
the ACEA NovoCyte flow cytometer (California, USA). Results 
were expressed as the percentage of the total number of cells 
from the quadrants.

Statistical Analysis
Statistical analysis was conducted using Graphpad Prism 9 
(GraphPad Software Inc, CA, USA). Statistical differences were 
evaluated using one-way ANOVA followed by the Tukey test. 
Results were expressed as mean ± standard deviation (SD), and 
p<0.05 was considered significant. All experiments were per-
formed multiple times for reproducibility.

RESULTS 

The cytotoxic effects of AZS on SH-SY5Y cells were evaluated 
using the MTT assay, which revealed a dose-dependent reduc-
tion in cell viability at concentration of up to 200 μM. At 300 
and 400 μM, ≥ 95% cells died. The IC50 value of AZS was 44.87 
μM (Figure 1). 

Figure 1: Effects of AZS (50-400 μM) on cell viability evaluated 
using the MTT assay in SH-SY5Y cells after 24 h of treatment. 
Data are expressed as mean ± SD. *p<0.05 indicates groups 
with significant differences from the control.

Figure 2: Effects of AZS (3.125-25 μM) on total ROS levels in 
SH-SY5Y cells after 24 h of treatment. Data are expressed as 
mean ± SD. *p<0.05 indicates groups with significant differen-
ces from the control.

Figure 3: Effects of AZS (3.125-25 μM) on total apoptotic rate 
(a) and early and late apoptotic effects of AZS (b) measured 
using flow cytometer in SH-SY5Y cells after 24 h of treatment. 
Data are expressed as mean ± SD. *p<0.05 indicates groups 
with significant differences from the control. FITC-H: fluorescein 
isothiocyanate, PE-H: R-phycoerythrin.
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Based on the results of the MTT assay, we decided to investi-
gate concentrations less than the IC30 value for subsequent ex-
periments. We observed that ROS levels increased significantly 
(at least 1.5-fold; p≤0.05) compared with that in the control 
cells after exposure to AZS at concentrations of 6.25-25 μM 
for 24 h (Figure 2). 

The results of the Annexin V assay revealed that AZS exposure 
led to ROS-induced apoptosis in SH-SY5Y cells. The apoptosis 
levels increased significantly (at least 5-fold; p≤0.05) after AZS 
exposure at concentrations of 6.25-25 μM for 24 h (Figure 3a). 
At the highest concentration, late apoptosis levels increased 
up to 16.52%, and early apoptosis levels increased up to 8.93% 
(Figure 3b).

DISCUSSION

Numerous in vitro and in vivo studies have demonstrated that 
pesticides from various categories can exert toxic effects associ-
ated with oxidative stress caused by ROS generation. High levels 
of ROS production can cause damage to cellular components, 
potentially resulting in cell death (24). Furthermore, ROS can 
be highly reactive and harmful because they have the ability 
to alter the structure and function of cellular macromolecules, 
resulting in behavioral abnormalities, cytotoxicity, and even 
apoptosis formation (25). The neurotoxic effects of agricultural 
fungicides can result in neuronal cell damage through oxida-
tive damage, mitochondrial dysfunction, neuroinflammation, 
and metabolic disorders. Although the ecotoxicological effects 
of certain strobilurin fungicides are well documented (4), the 
associated risks to animals and humans have not been inves-
tigated in detail. To address this knowledge gap, we explored 
the pathways that contribute to neurotoxicity in the SH-SY5Y 
cell line.

Our results demonstrated that AZS significantly reduced cell 
viability within 24 h of exposure, with an IC50 value of 44.87 μM. 
In a recent study that investigated neurotoxicity via the mitoc-
hondrial pathway in differentiated SH-SY5Y cells, the cells were 
differentiated and exposed to AZS at concentrations of 25-200 
µM for up to 48 h to elucidate the mitochondrial mechanisms 
causing neurotoxicity. It was found that exposure to AZS at 25-
200 µM resulted in reduced cell viability but not cytotoxicity 
after 48 h in differentiated SH-SY5Y cells (26).

In another study, the developing mouse brain was exposed to 
AZS both acutely and chronically (24 h and 7 days, respectively) 
to elucidate the neurotoxic effects (5). It was found that AZS 
was cytotoxic to the primary cortical neuron culture with an 
IC50 value of 30 μM after 24 h of exposure. The lower IC50 value 
was explained by the fact that primary cells are more sensitive 
than immortalized cells. Another study reported that AZS accu-
mulated in the cerebral cortex of mice during embryonic and 
early postnatal stages at a concentration of approximately 10 
nM after chronic exposure and caused cell death in cortical ne-
urons cultured in vitro (21). Furthermore, Shi et al. found that 
AZS exhibited inhibitory effects on the proliferation of human 
esophageal squamous cell carcinoma KYSE150 cells with an 

IC50 value of 2.42 μg/mL after 48 h of treatment (20). Chen et 
al. also demonstrated that AZS inhibited cell viability in human 
oral squamous cell carcinoma CAL27 and SCC15 cells with IC50 
values of 4.4 and 7.82 μg/mL, respectively (27).

Damage to mitochondria could cause excessive production of 
ROS in cells, leading to oxidative stress in organisms. An essenti-
al component in the production of ROS is mitochondrial comp-
lex III (28). Takahashi et al. investigated the levels of apoptosis 
and cell cycle arrest induced by AZS in the p53-negative human 
myelogenous leukemia cell line HL-60RG and p53-positive hu-
man T-cell leukemia cell line MOLT-4F (12). They reported AZS-
induced cell death, but the mechanisms underlying the damage 
differed between the cell lines. Chen et al. demonstrated that 
treatment with 5 μg/mL AZS significantly suppressed the functi-
on of mitochondrial complex III and increased the levels of both 
mitochondrial and intracellular ROS in CAL27 cells, suggesting 
that AZS causes ROS accumulation by preventing mitochondrial 
complex III from functioning (27).

In the present study, AZS caused a significant increase in cel-
lular ROS levels at concentrations of ≥ 6.25 μM. Similar to our 
results, Kang et al. demonstrated that 5 μM AZS caused ROS 
induction in primary cortical neuronal cultures in developing 
mouse embryos (5). However, Nguyen et al. indicated that the-
re was no increase in ROS levels with AZS exposure up to 200 
μM in differentiated SH-SY5Y cells (8). Cao et al. demonstrated 
that AZS increased the levels of ROS and MDA and triggered 
the activities of SOD and CAT in larval and adult zebrafish at a 
concentration of 0.20 mg/L (3). Furthermore, Wei et al. showed 
that AZS-induced oxidative stress in Chironomus dilutus by al-
tering the levels of H2O2 and MDA in addition to the induction 
of SOD and CAT enzymes at a concentration of more than 0.07 
± 0.01 mg/L, which is almost similar to the environmentally 
relevant concentration for aquatic environments throughout 
the world (29).

Mitochondria are extremely important organelles involved in 
the generation of apoptosis in the cell. Elevated ROS levels trig-
ger apoptotic pathways mediated by mitochondria, resulting in 
cellular death (30). Our results indicated that excessive cellular 
ROS generation induced the formation of apoptosis in SH-SY5Y 
cells. After exposure to AZS at concentrations of 6.25-25 μM, 
the apoptosis levels significantly increased compared with tho-
se in the control group, even at the lower AZS concentration 
of 6.25 μM. Similar to our results, Nguyen et al. demonstrated 
increased caspase-3/7 activity after exposure to AZS (50 μM) 
and trifloxystrobin (25 μM) in differentiated SH-SY5Y cells at 
48 h, indicating autophagic apoptosis (8). Kang et al. claimed 
that AZS activated the intrinsic mitochondrial apoptosis path-
way related to Bcl2/Bax and cleaved caspase 3, resulting in cell 
death (5). Neuronal cells were rescued from reduced viability 
after the addition of the ROS scavenger NAC in combination 
with AZS (5). Chen et al. suggested that treatment with AZS at 
5 μg/mL for 48 h induced apoptosis of esophageal squamous 
cell carcinoma cells CAL27 and SCC15 (31). Another previous 
study showed that 0.20 mg/L AZS-induced an increase in p53, 
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bax, and apaf 1 levels in the zebrafish liver, which clearly con-
firmed the occurrence of apoptosis (3). 

CONCLUSION 

High levels of ROS can trigger mitochondrial-mediated apop-
totic pathways, resulting in cell death (32). Our findings sug-
gest that the AZS-induced neurotoxic effect is a consequence 
of ROS generation and ROS-induced apoptosis. Nonetheless, 
the mechanisms underlying AZS-induced neurotoxicity must 
be further investigated to determine the environmental and 
occupational risks as well as gain a better understanding of its 
potential toxicity.
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ÖZ
Amaç: Nikel oksit nanopartikülleri (NiO-NP) endüstride geniş bir uygulama 
alanına sahiptir. Artan kullanım alanları ve miktarları ile birlikte kapsamlı 
araştırmalar ile araştırmacıların da ilgi odağı olmaktadır. Ancak, kanser 
hücrelerindeki etkinlikleri ve dolayısıyla yeni kanser ilaçları geliştirme ola-
sılığı hala tartışmalıdır. Çalışmamızda NiO-NP’lerin insan servikal karsinom 
(HeLa) hücreleri üzerine sitotoksik ve genotoksik etki potansiyeli incelen-
miştir. 
Gereç ve Yöntem: NiO-NP’lerin sitotoksisitesi 3-(4,5-dimetiltiyazol-2-il)-
2,5-difeniltetrazolyum bromür (MTT), laktat dehidrojenaz (LDH) ve nötral 
kırmızı alımı (NRU) testleri ile değerlendirilirken genotoksisitesi Comet 
testi ile araştırılmıştır. 
Bulgular: Yarı maksimal inhibitör konsantrasyon (IC50) değerleri MTT testi 
için 419,6 µg/mL, NRU testi için 316,4 µg/mL ve LDH testi için 119,3 µg/
mL olarak bulunmuştur. Comet testi verilerine göre, NiO-NP’lerine maruz 
bırakılan hücrelerde DNA hasarı önemli ölçüde indüklenmiştir. Kuyruk 
yoğunluğunun 120 μg/mL maruziyet için %18,20 düzeylerinde olduğu 
tespit edilmiştir. 
Sonuç: NiO-NP’ler HeLa hücrelerinde sitotoksik ve genotoksik etkili olduğu 
tespit edilmiştir. Normal bir hücre hattı için tehlikeli gibi görünse de kanser 
hücresi üzerine bu etkiler yeni bir antikanser ajan olarak NiO-NP’lerin 
umut verici olabileceğini göstermektedir.  Ancak, NiO-NP’lerin kanser 
tedavisinde bir alternatif olma potansiyelini değerlendirmek üzere diğer 
kanser hücre hatlarında ve ileri çalışmalara ihtiyaç duyulmaktadır.
Anahtar Kelimeler: HeLa hücreleri, Sitotoksisite, Genotoksisite, Nikel oksit 
nanopartikülü

ABSTRACT
Objective: Nickel oxide nanoparticles (NiO-NPs) are used invarious 
applications, and their increasing use has stimulated extensive studies 
both in vivo and in vitro. Nevertheless, their activity in cancer cells and 
thus the possibility of developing new anticancer drugs still remain 
controversial. Therefore, this study was conducted to specifically 
investigate the cytotoxicity and genotoxicity of NiO-NPs in human cervical 
carcinoma (HeLa) cells.
Material and Methods: The cytotoxicity of NiO-NPs was evaluated using 
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT), 
lactate dehydrogenase (LDH), and neutral red uptake (NRU) cytotoxicity 
assays. A comet assay was performed to determine the genotoxicity of 
NiO-NPs.
Results: The half maximal inhibitory concentration (IC50) values were 
419.6, 316.4, and 119.3 µg/mL in the MTT, NRU, and LDH assays, 
respectively. The comet assay revealed that NiO-NPs caused significant 
induction of DNA damage in the exposed HeLa cells. The tail intensity was 
18.20% at 120 μg/mL.
Conclusion: NiO-NPs were cytotoxic and genotoxic to HeLa cells. Although 
NiO-NPs may be hazardous for a normal cell line, the effects observed on 
HeLa cells indicate that NiO-NPs can be proposed as a novel anticancer 
agent. However, the potential for NiO-NPs in cancer treatment will require 
additional and comprehensive studies on other cancer cell lines. 
Keywords: HeLa cells, cytotoxicity, genotoxicity, NiO-NPs
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INTRODUCTION

Nickel oxide nanoparticles (NiO-NPs) are desired in various 
fields because of their advantageous chemical and physical 
properties, including large surface area, high surface energy, 
magnetic properties, and low-melting point. NiO-NPs are wi-
dely used in battery construction, alloys, pigmentation, and 
biomedical materials. Nevertheless, the particle size, which is 
an advantage in industrial applications, increases the risk of 
toxicity to biological systems; nanoparticles, due to their ext-
remely small size, can be more easily transported to cells and 
tissues and accumulate in target organs (1, 2). Because of their 
widespread use, it has been questioned whether they pose a 
threat to humans, and there is also some research addressing 
this issue (2). Conversely, the super small size and easy passa-
ge through cell membranes, and the fact that NiO-NPs have 
been confirmed to exert a cytotoxic effect on some cancer cells, 
make it possible to use these NPs to kill cancer cells as a type 
of chemotherapy and suggest their use as anticancer agents. 
Hence, several studies have investigated the cytotoxic effect of 
different NPs  in general and NiO-NPs in particular in different 
cell lines (3, 4). Nickel-based NPs, which are widely used in 
industries, pose a high risk for airborne dermal and respira-
tory toxicity to workers. In this regard, studies primary evalua-
te their effects after inhalation exposure. In vivo studies have 
explored their effects on the cardiovascular system, lungs, and 
other organs, whereas in vitro studies have generally focused 
on cellular mechanisms. The results of different studies indicate 
that NiO-NPs generally caused cytotoxicity, increase in reactive 
oxygen species (ROS) levels, apoptosis, and genotoxicity (1, 2).

In the present study, it was hypothesized that NiO-NPs could 
exert an anticancer effect, because they could exert cytotoxic 
effects on human cervical cancer cells. It was also hypothe-
sized that DNA damage could be a mechanism of this effect. 
A well-known human cancer cell line, HeLa, was used in this 
study. HeLa cells are derived from the epithelial cells of human 
cervical cancer and are the first immortal human cells to be 
grown in culture. These cells possess an extraordinary capa-
city for continuous proliferation, rendering them immortal in 
laboratory cultures. Moreover, HeLa cells exhibit a high growth 
rate, dividing rapidly and facilitating the generation of large 
cell populations for experimentation. Hence, they are widely 
used in different research areas (5). Various cytotoxicity assays 
were then used in this study to investigate the affected cellular 
organelle and, in addition, to test whether DNA damage was a 
cytotoxicity mechanism. The NiO-NP-exposed cells were also 
evaluated using the comet assay.

MATERIAL AND METHODS

Particle size characterization
NiO-NPs (Sigma-Aldrich, MO, USA) were suspended in doub-
le-distilled water or complete cell culture medium. Then, they 
were subjected to sonication for 15 min before examination 
under a transmission electron microscope (TEM) (JEM-2100 
HR, JEOL, USA). The image of more than 100 particles in arbit-
rary TEM fields was captured and analyzed by measuring their 
diameters. Dynamic light scattering (DLS) was also performed 
to determine the size of NPs using a ZetaSizer Nano-ZS instru-

ment (Malvern, UK). For DLS analysis, the NiO-NPs (1 mg) were 
dissolved in cell culture medium and sonicated at 40 W for 15 
min at room temperature, then, a 10 μg/mL freshly prepared 
suspension was used in the measurement. 

Cell culture procedure and exposure conditions
HeLa cells, a human cervical carcinoma cell line (CCL-2, ATCC, 
USA), were cultured in Eagle’s minimum essential medium 
supplemented with penicillin–streptomycin (1%) and fetal bo-
vine serum (FBS, 10%). Subculturing was conducted when the 
cells reached 50% confluence.

For exposure, the NP suspension was freshly prepared before 
each experiment. For this, the NiO-NPs were dispersed in the 
complete cell culture medium and sonicated for 15 min at room 
temperature, from which different concentrations were prepa-
red. The exposure concentrations were 0–1000 µg/mL for the 
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide 
(MTT), lactate dehydrogenase (LDH), and neutral red uptake 
(NRU) cytotoxicity assays and 15–120 µg/mL for the comet as-
say. The exposure time was set at 24 h. For the cytotoxicity 
assays, the percentage of cell viability was determi ned in com-
parison with the untreated cell group (negative control, NC).

Cytotoxicity
For the MTT assay, the MTT dye (5 mg/mL) was added to each 
well. After 3 h of incubation, the formazan crystals formed were 
dissolved using dimethyl sulfoxide (DMSO, 100 µL) per well. 
The optical density (OD) at 590 nm was measured using a mic-
roplate reader (Epoch, Germany) (6). For the NRU assay, the 
cells were treated with a neutral red solution (10 mg/mL NR 
dye in the cell culture medium) for 3 h. After incubation, the 
cells were washed with phosphate-buffered saline (PBS, 1×), 
and a dissolution reagent (100 µL/well) was added. OD was 
measured at 540 nm using the same microplate reader (7). For 
the LDH assay, the microplate was centrifuged at 250 g for 10 
min. The supernatant was carefully transferred to new plates. 
LDH assay kit solutions were added and incubated according 
to the kit instructions, a stop solution was added, and the OD 
was measured at 490 nm using the same microplate reader (8).

Genotoxicity
Cells were cultured in 6-well plates (5 × 105 cells/well), incu-
bated for 12 h, and then treated with NiO-NPs for 24 h. The 
cells were collected by trypsinization, centrifuged, washed, and 
suspended in PBS (1 mL). The cell suspension was mixed with 
prewarmed low-melting agarose and then applied to microsco-
pe slides previously coated with normal-melting agarose. After 
solidification at 4°C, the slides were incubated in a lysis solution 
at 4°C for at least 2 h. Then, the slides were transferred to fresh, 
cold electrophoresis buffer at 4°C for 20 min to dissolve the 
DNA strands. Electrophoresis was performed at 4°C for 20 min.

After electrophoresis, the slides were washed, neutralized, and 
then fixed in ethanol. DNA staining was performed using ethidi-
um bromide, and the slides were examined under a fluorescen-
ce microscope (Olympus BX53, Tokyo, Japan) at 400X. The co-
met assay IV image analysis software (Perceptive Instruments, 
Suffolk, UK) was used to visualize and analyze the results. A 
minimum of 100 cells were scored for each sample, and the 
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amount of DNA damage in each cell was expressed as the tail 
intensity. The NC groups consisted of cells not treated with any 
chemical, whereas cells exposed to hydrogen peroxide (H2O2, 
100 µM) were identified as the positive control (PC) group (9).

Statistical analysis
All assays were performed three times independently, each 
time in triplicate (n=9). One-way analysis of variance or 
Dunnett’s test was used to examine the results, which were 
expressed as mean ± standard error. Statistical analyses were 
conducted using the SPSS software for Windows version 22.0, 
(IBM SPSS Corp., Armonk, NY, USA), and a p value cut-off of 
0.05 indicated statistical significance.

RESULTS

According to the manufacturer, the nanoparticles are cubic, the 
mean particle size is ≤50 nm, and they are highly pure (99.8%). 
Based on TEM data, the particle size of NiO-NPs in water ran-

ged from 4.2 to 38.1 nm, with a mean size of 15.0 nm. When 
the particles were dispersed in the cell culture medium, their 
average diameter increased to 21.4 nm, which could be due to 
agglomerated and aggregated NPs or adsorbed proteins from 
the medium. NiO-NPs have a size range of 7.70–194.1 nm and 
an average hydrodynamic size of 135.81 nm in the cell culture 
medium. The results of DLS revealed that 33% of NiO-NPs were 
smaller than 24.8 nm (Figure 1).

Cytotoxicity evaluation revealed that NiO-NPs caused cell death 
in a concentration-dependent manner. The half maximal inhi-
bitory concentration (IC50) values were 419.6, 316.4, and 119.3 
µg/mL in the MTT, NRU, and LDH assays, respectively. Figure 
2 depicts the relationship concentration and cell death (%).

The results of the comet assay revealed an accumulation of 
DNA damage according to the concentration of NiO-NPs, whe-
re the tail intensity was 3.78% (1.23-fold of NC) and 18.20% 
(5.92-fold of NC) at the lowest and highest concentrations, res-

Figure 1: TEM images of NiO-NPs in water (a) and cell culture medium (b) (22)

Figure 2: Cytotoxic potential of nickel oxide nanoparticles (NiO-NPs) evaluated using 
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT), neutral red uptake (NRU), 
and lactate dehydrogenase (LDH) assays. Cells were exposed to NiO-NPs at different concent-
rations for 24 h.
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pectively. In the positive control, the tail intensity was 11.36% 
(3.7-fold of NC) (Figure 3). This increase in tail intensity was 
statistically significant (p ≤ 0.05) for the 60 and 120 μg/mL gro-
ups but not for the 15 and 30 μg/mL groups. 

DISCUSSION

NiO-NPs are one of the most widely utilized nanoparticles in 
various medical and commercial fields. In addition to their 
physicochemical properties, the possibility of their applicati-
on as drugs has been evaluated by different research groups 
(1, 2). In particular, some studies have demonstrated that NiO-
NPs cause cytotoxicity in several cancer cells, and other studi-
es have explained their molecular and cellular effects such as 
ROS induction, lipid peroxidation, oxidative stress, apoptosis, 
necrosis, and DNA and chromosomal damage (Table 1). Based 
on these effects on cancer cells, we explored whether NiO-NPs 
might be a material that could be used in cancer treatment. 
For this purpose, we evaluated cytotoxicity and DNA damage 
induction in the well-known human cervical cancer cell line 
(HeLa) after 24 h of exposure. 

The effects of NiO-NPs were evaluated in both normal and can-
cerous cells; previous studies have demonstrated low or no to-
xicity of NiO-NPs on normal cells. Khan et al. reported no cyto-
toxicity of NiO-NPs on normal splenic cells at concentrations up 
to 1000 μg/mL (10). Similarly, Abbaszadeh et al. reported low 
cytotoxicity for modified NiO-NPs in Hek293 normal cells, whe-
re the IC50 was 475 μg/mL (11). In human normal keratinocytes 
(HaCaT cells), the cytotoxic effects were also lower than those 
in the tested cancerous cells, with the IC50 being 312.5 μg/mL 
in the MTT test (12). No significant cytotoxicity was reported 
for NiO and other Ni-based salt NPs in human normal umbilical 
vein endothelial (HUVEC) cells at concentrations up to 1000 μg/
mL (13). In contrast, NiO-NPs resulted in significant cell death in 
different cancerous cells, causing cytotoxicity in the leukaemia 

monocyte cell line THP-1 after 24 h of treatment, with the IC50 
being 23.31 μg/mL (14). According to the studies of Horie et 
al., Ahamed et al., and Capasso et al., NiO-NPs are cytotoxic to 
A549 lung cancer cells (15-17). A549 cells were exposed to NiO-
NPs at concentrations of 0–25 µg/mL for 24 and 48 h, which 
resulted in a gradual decrease in cell viability with increasing 
exposure concentrations and/or duration as evaluated using 
MTT and LDH assays. The oxidative stress caused by NiO-NPs 
was demonstrated by Horie et al. and Ahamed et al. Moreover, 
Horie et al. examined ROS production and lipid peroxidation 
in their study, and Ahamed et al. examined apoptosis as a cell 
death pathway in their study (16, 17). 

Ahamed et al. and Ahmad et al. conducted studies demons-
trating the cytotoxic and apoptotic effects of NiO-NPs on the 
HepG2 liver cancer cell line (18, 19). Ahamed et al. showed that 
exposure of HepG2 cells to NiO-NPs at concentrations of 0–200 
μg/mL for 24 h resulted in cell viability of only 25% at 200 μg/
mL concentration. Ahmad et al. exposed the cells to NiO-NPs 
(0–100 μg/mL) for the same duration and conducted MTT and 
NRU assays, which revealed a reduction in cell viability, dec-
reasing to 50% at 100 μg/mL, in a concentration-dependent 
manner. Both studies concluded that NiO-NPs induced oxida-
tive stress in a dose-dependent manner in addition to their 
observed cytotoxic effects (18, 19).

Siddiqui et al. conducted a study using Hep-2 cells containing 
HeLa marker chromosomes and observed that NiO-NPs at con-
centrations of 0–100 μg/mL induced dose-dependent cytotoxi-
city and apoptosis during 24-h exposure. Similar results were 
found in MCF-7 breast cancer cells in the same study. In the 
MTT assay, the viability of Hep-2 cells was 11% and that of 
MCF-7 cells was 9% at 100 μg/mL of NiO-NPs (4).

NiO-NP treatment for 24 h at different concentrations (0–640 
μg/mL) induced cytotoxicity and apoptosis in HT-29 and SW620 
colon cancer cell lines, with the IC50 values being 13.72 and 

Figure 3: Genotoxic potential of nickel oxide nanoparticles (NiO-NPs) in HeLa cells evaluated 
using the comet assay. Cells were exposed to NiO-NPs at 15–120 µg/mL concentrations for 24 
h. Unexposed cells and cells exposed to hydrogen peroxide (H2O2, 100 µM) served as negative 
control (NC) and positive control (PC), respectively
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394.41 g/mL, respectively (3).

NiO-NPs have been demonstrated to cause cytotoxicity, apop-
tosis, DNA damage, and oxidative stress in SH-SY5Y neurob-
lastoma cell lines at concentrations of 50–500 μg/mL for 24 
h. The IC50 values were 249.92 and 229.34 μg/mL in the MTT 
and NRU assays, respectively (20). In another study, treating 
Caco-2 colorectal adenocarcinoma cells with NiO-NPs (50–500 
μg/mL) for 24 h resulted in apoptosis and cytotoxicity, with the 
IC50 values being 351.6 and 479.15 μg/mL in the MTT and NRU 
assays, respectively. At 30–150 μg/mL, NiO-NPs caused DNA 
and oxidative damage (21). In another study, Annexin V-FITC/
PI apoptosis detection was used to determine whether NRK-
52E kidney epithelial cells suffered necrosis or apoptosis. The 
results showed that the primary mechanism of cell death in 
NiO-NP-treated NRK-52E cells was apoptosis, wherein appro-
ximately 62.5% of the overall cell count at the maximum dose 
(300 g/mL) consisted of apoptotic cells and 14.4% of the overall 
cell count consisted of necrotic cells (22).

In the study by Ada et al., NiO-NPs were synthesized in an aque-
ous solution using a homogeneous precipitation method. Labo-
ratory-synthesized NiO-NPs were evaluated for their cytotoxic, 
apoptotic, and necrotic effects on HeLa cells. For cytotoxicity, 

HeLa cells were exposed to NiO-NPs at 50–500 μl/mL concent-
rations for 2, 6, 12, and 16 h. Results showed that cytotoxicity 
increased with concentration and exposure time, and necrosis 
appeared to be the major cell death pathway at all concentra-
tions for all exposure times (23). 

Because the properties of NPs exert a significant influence on 
their biological effects, and the particle size, size distribution, 
chemical residues for synthesis process, and surface chemistry 
of NPs can impact the biological potential (1, 2), we believe that 
reference NiO-NPs should be evaluated in HeLa cells, so that 
the results could be compared with those of previous studies 
that used the same particles. The results of the present study 
indicated that NiO-NPs triggered cytotoxic effects in HeLa cells 
with IC50 values of 419.6, 316.4, and 119.3 µg/mL in the MTT, 
NRU, and LDH assays, respectively. Remarkably, although pre-
vious studies demonstrated a higher toxicity of antineoplastic 
agents that are already in use in HeLa cells compared with 
our study results related to NiO-NPs, some of those studies 
reported IC50 values not far from those of NiO-NPs or even 
lower than the IC50 of NiO-NPs. A previous study reported that 
5-fluorouracil (5-FU) at 200 μM (26.016 μg/mL) decreased cell 
viability to 70% after 24 h of exposure (24), whereas another 
study reported that 7.8125 μg/mL of 5-FU did not induce any 

Table 1: Previous studies that investigated the effects of NiO-NPs on cancer cells

Cell line NiO-NP-induced toxicity IC50 values
by MTT Reference

A549 ROS production, lipid peroxidation, oxidative stress Not available 11

A549* Cytotoxicity
38% cell viability at 

10 μg/mL
(24 h)

13

Caco-2* Cytotoxicity, apoptosis, DNA damage 351.6 μg/mL
(24 h) 17

HeLa Cytotoxicity, apoptosis, necrosis
41% cell viability at 

350 μg/mL
(16 h)

19

HEPG2 Cytotoxicity, ROS production, apoptosis, oxidative stress
41% cell viability at 

100 μg/mL
(24 h)

14

HEp-2* Cytotoxicity, apoptosis
43% cell viability at 

25 μg/mL
(24 h)

4

HT-29 Cytotoxicity, apoptosis 13.72 μg/mL
(24 h) 3

MCF-7* Cytotoxicity, apoptosis
42% cell viability at 

10 μg/mL
(24 h)

16

SH-SY5Y* Cytotoxicity, apoptosis, DNA damage, oxidative stress ≥229.34 μg/mL
(24 h) 16

SW620 Cytotoxicity 394.41 μg/mL
(24 h) 3

THP-1 Cytotoxicity 23.31 μg/mL
(24 h) 10

* The same nickel oxide nanoparticles (Sigma-Aldrich, Product No.: 637130) were used in this study. DNA: deoxyribonucleic acid, NiO-
NPs: nickel oxide nanoparticles, IC50: half maximal inhibitory concentration, MTT: 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium 
bromide, ROS: reactive oxygen species.
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cytotoxicity to the cells, with the IC50 being approximately 125 
μg/mL (25). Cisplatin treatment to the same cells caused cyto-
toxicity, with the IC50 being 34.2 μM (26). However, in another 
study, the IC50 of cisplatin was 0.5–1 μM (27). 

The comet assay revealed a significant induction of DNA da-
mage at 60 and 120 μg/mL of NiO-NPs, suggesting that DNA 
damage could be a mechanism by which NiO-NPs induced cell 
death in HeLa cells. Compared with studies that used the same 
NiO-NPs and assays but different cell lines, HeLa cells may be 
more resistant than some cell lines (Table 1). 

In conclusion, different studies have reported different results 
on the toxicity of NiO-NPs to cancer cells. These inconsisten-
cies can be attributed to differences in the cell lines used; the 
type, shape, and size of NPs; and the synthesis method of NPs. 
Our results showed that NiO-NPs caused cell death at mode-
rate concentrations (IC50 119.3–419.6 μg/mL). The observed 
increase in DNA damage in exposed cells suggests that DNA 
damage contributes to the death of HeLa cells after exposure to 
NiO-NPs. These data further support the notion that Ni-based 
NPs, particularly NiO-NPs, have the potential for targeted can-
cer treatment by eliminating cancerous tissue. Nevertheless, 
further in vitro and in vivo research is required to gain a better 
understanding of the underlying mechanism of action of NiO-
NPs. Furthermore, such studies are essential to determine the 
safety profile and feasibility of NPs for use in cancer therapy.
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