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Abstract
The receptor activator of nuclear factor-κB (RANK) and its ligand RANKL are members of the tumor necrosis 
factor (TNF) super-family of cytokines with a role in progestogen-associated malignancies in breast. Basic and 
clinical data support the participation of the cytokine pathway in metastatic disease and as poor prognosis 
markers. The value of RANK/RANKL as prognostic indicators in endometrial and ovarian tumors, as well 
as the data suggesting a potential role of RANK/RANKL in hormone dependent tumorigenesis in the endo-
metrium, have been described. The D-CARE study could not confirm benefit in the modulation of RANKL 
in breast cancer.

Key words: RANK, RANKL, cancer, breast, genital tract

Background

Cancers of the reproductive tissues have a particularly predominant place 
in the global burden of cancer in women. According to the American Cancer 
Society, the 6 most frequently diagnosed tumors in women are breast cancer 
(30%), lung and bronchus (13%), colon and rectum (8%), uterine corpus (7%), skin 
melanoma (5%), and non-Hodgkin lymphoma (4%).1 The picture changes for 
mortality, in which lung and bronchus ranks 1st (22%), breast 2nd (15%), followed 
by colon and rectum (8%), pancreas (8%), ovary (5%), and uterine corpus (4%). 
Accordingly, 3 reproductive organ-related cancers, breast, uterus and ovary, are 
among the 6 most prevalent and deadliest tumors in women.

There is a well-established role for ovarian steroids in the genesis of tumors 
affecting the female reproductive organs. Associations have been shown not 
only in epidemiological data, but also via clear biological mechanisms. For 
example, the proliferative role of estrogens in the endometrial epithelium has 
been confirmed under different experimental conditions, including cell lines 
and animal models, and in humans.
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Molecular background

Estrogen and the endometrium

Estrogen receptors (ER) are highly expressed in both 
epithelium and stroma in the human endometrium, and ER 
activation leads to a proliferative effect, as shown through-
out the physiological menstrual cycle and in classic studies 
in the human endometrium.2,3

Considerable advances have also been made by study-
ing the molecular mechanisms underlying these observa-
tions.4 Indeed, the ER transcription apparatus has been 
linked to the activation of a long list of genes that control 
multiple cellular pathways. These include mitogenic ac-
tions matching those of human cancer, including rapidly 
increased c-Myc and cyclin D1 expression. Angiogenesis, 
a crucial mechanism linked to tumor progression, is also 
promoted by estrogen; although its action, if any, is limited 
to inducing metastasis.4 Consistent with these actions, 
estrogen-only use has been associated with an increased 
risk of endometrial cancer in clinical studies of meno-
pausal women.5 The association is less clear in the breast;6 
although, limiting estrogen exposure with aromatase in-
hibitors7 or ER blockade with selective estrogen receptor 
modulators (SERMs)8 have been shown to reduce breast 
cancer risk.

Early work confirmed that progesterone receptors (PR) 
are a product of ER gene activation,9 which was followed 
by finding that PR activation in the endometrium limited 
the mitogenic effect of estrogens.3 This anti-proliferative 
action of progestogens is the reason behind recommending 
progestogen use in combination with estrogen in women 
who have not undergone hysterectomy.10 There is consis-
tent clinical evidence showing that adding progestogens 
to estrogens in hormonal therapy reduces endometrial 
cancer risk to similar rates as in untreated women.5

Progestogens and the breast

A series of  findings prompted the  hypothesis that 
the  anti-proliferative action of  progestogens observed 
in the endometrium might not be replicated in the breast. 
Proliferation was increased in breast epithelium during 
the luteal phase, a finding that contrasted with its quies-
cent status in the endometrium.11 Observational studies 
and clinical trials subsequently confirmed that progesto-
gens and estrogens combined result in a higher risk than 
is associated with estrogen-only treatment.6 These findings 
have also been observed for progestogen-only treatments 
in hormonal contraceptive users.12 The molecular mecha-
nism underlying the proliferative effect of progestogens 
seen in breast but not endometrium has remained elusive 
for several years.

RANK/RANKL and hormone-linked 
tumorigenesis

Studies in recent years have contributed pivotal data 
on the oncogenic role of progestogens and the involve-
ment of the receptor activator of nuclear factor-κB (RANK) 
and its ligand, RANKL. RANK and RANKL are members 
of the tumor necrosis factor (TNF) super-family of cyto-
kines. RANK was identified in 1997 in the T cell mem-
brane, where it showed a modulating role in the interac-
tion of T cells and dendritic cells.13 RANK/RANKL have 
emerged as key elements in various immune response pro-
cesses, as well as in mechanisms linked to inflammation, 
organogenesis and apoptosis.14,15 A fundamental role has 
also been found in bone metabolism regulation, in which 
they act mainly by promoting the differentiation and ac-
tivation of osteoclast progenitors.16

The RANKL ligand participates in the growth and dif-
ferentiation of the epithelial component in mammary ducts 
and lobes during puberty and the phases of the menstrual 
cycle17, as shown in both animal and human research. Like-
wise, RANK/RANKL have been proposed as key mediators 
in the proliferative action of progestogens in the breast.18,19

RANK/RANKL and breast tumorigenesis 
as a model

The  current understanding concerning the  role 
of RANK/RANKL in tumorigenesis stems largely from 
studies in the breast. Mapping studies showed that RANKL 
expression increases during gestation, expressed mainly 
in the ductal luminal area and in developing alveoli, while 
RANK is expressed in the basal layers of the ductal epithe-
lium.17 Experiments in transgenic animals clearly showed 
the role of RANK/RANKL in proliferative and anti-apop-
totic mechanisms.20

RANK/RANKL involvement in hormonal tumorigen-
esis is suggested by various findings: i) ER and PR are co-
expressed with RANKL in luminal epithelium; ii) there 
is a confirmed correlation between RANKL expression 
and circulating levels of progesterone in humans, in both 
normal and malignant cells21,22; iii) the induction of mam-
mary tumors by progestogens is accompanied by a striking 
overexpression of RANKL in PR-positive luminal cells19,23; 
and iv) RANK blockade is associated with tumor differen-
tiation and reduced propensity for recurrence.24

Molecular mechanisms of RANKL/
RANK in breast tumorigenesis

Animal models have revealed a perfectly coordinated ap-
paratus involving progesterone-induced proliferation and 
synthesis of RANKL in luminal cells expressing PR, and 
paracrine-induced proliferation by RANKL in neighboring 
cells lacking PR (Fig. 1). In the presence of susceptibility 
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agents like carcinogens or genetic lesions, persistent pro-
liferative stimuli may lead to hyperplasia and neoplastic 
transformation.

Data from human studies have reinforced findings from 
preclinical studies. For example, malignant mammary cells 
express RANK and RANKL,23 and more intriguingly, RANK 
expression has been correlated with tumor aggressiveness 
in women.25 A crucial notion in  this regard is whether 
RANK/RANKL overexpression following malignancy on-
set feeds cellular machinery involved in dedifferentiation 
and aggressive tumor behavior, or rather represents a mere 
epiphenomena associated with the malignant phenotype.

RANK/RANKL and tumor 
aggressiveness

Beyond data confirming a  role for RANK/RANKL 
in channeling the oncogenic role of progestogens, other 
findings suggest that these cytokines could constitute 
preferential pathways to cancer, independently of their 
relationship with these steroids.

Along these lines, interesting results were derived from 
studies in carriers of the susceptibility genes BRCA1 and 
BRCA2, which confer increased risk for more aggressive 
mammary tumor patterns, often ER- and PR-negative tu-
mors. A multicenter study compared circulating levels 
of osteoprotegerin (OPG), which exhibits affinity and acts 
as a blocking agent of RANKL, between BRCA1/2 carriers 
(n = 391) and non-carriers (n = 782). BRCA 1/2 carriers had 
lower serum free levels of OPG, implying that RANKL ac-
tivity was probably higher.26 Of particular interest, the lev-
els of OPG were inversely correlated with the detection 
of germ mutations known to confer a higher risk for breast 
cancer in BRCA carriers.26

Other research has found that the RANK/RANKL sys-
tem plays a role in malignant drift in cancers in BRCA 
1/2 carriers, in both experimental models27 and clinical 

studies.28 These findings have fueled interest in a proposal 
of RANKL blockade with anti-RANKL antibodies, such 
as denosumab, as a possible way to reduce cancer risk 
in BRCA1 carriers.29

Another key feature ascribed to RANK/RANKL is their 
value as indicators of poor tumor prognosis. In this regard, 
increased RANK expression has been found in hormone 
receptor-negative mammary tumors.30 There are also some 
indications of metastatic potential, another feature related 
to tumor aggressiveness. Treatment with OPG reduced 
bone metastases in a mouse model of melanoma metas-
tasis; although, the effect seemed limited to bone, without 
extending to other organs.31

Endometrium as a new scenario

The human menstrual cycle clearly reflects the opposing 
actions of estrogen and progesterone on the proliferative 
response of endometrial epithelium. A rapid proliferative 
response during the follicular phase is soon downregulated 
by progesterone, which is synthesized by the corpus luteum 
after ovulation. Progesterone therefore has an anti-prolif-
erative effect in endometrium, in contrast to reported find-
ings in the breast. While the molecular details underlying 
these opposing actions are not well understood, the ques-
tion has arisen as to whether RANKL/RANK participate 
in endometrial proliferative events.

A first step has been taken to investigate whether RANK/
RANKL are expressed in human endometrium. Recent 
work identified RANK in human endometrial sections 
by immunohistochemistry (Fig. 2).32 Moreover, estrogens 
are associated with an increased risk of type I endome-
trial tumors, and also type II tumors, albeit to a  lesser 
extent.33 However, and against what has been observed 
in the breast, it  is unclear in the endometrium whether 
RANKL/RANK is  involved in the process of estrogen-
mediated tumorigenesis.

More data have been published concerning the roles 
of RANK/RANKL as prognostic indicators in endome-
trial cancer. Analysis of data obtained by  immunohis-
tochemistry in a series of tumors has shown that, as for 
the breast, RANK expression is associated with indicators 
of poor prognosis, such as grade of differentiation or tu-
mor stage,32 and also with myometrial invasion, lymph 
node metastasis, and lymphovascular space involvement.34 
Remarkably, RANK activation with RANKL reproduced 
findings similar to the aforementioned cell proliferation; 
although, in this case, in an endometrial tumor cell line. 
This effect was downregulated by medroxyprogesterone 
acetate (MPA), a progestogen repeatedly shown to limit 
the progression of PR-positive endometrial cancers.

The conclusion drawn from these experiments is that, 
in  endometrial cancer cell lines, RANKL reproduced 
the  proliferative and anti-apoptotic effect observed 
in  the  breast. However, and against the  observations 

Fig. 1. The image shows RANK expressed in luminal, myoepithelial, and 
mammary stem cells (MaSC). Luminal cells also express progesterone 
receptors (PR), which upon stimulation induce RANKL synthesis. 
In an autocrine or paracrine form, RANKL activates RANK to promote 
proliferation, migration, MaSC expansion and cell survival18 
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in the breast, the progestogen (MPA) limited the expan-
sive effects mediated by RANKL in the endometrial tumor. 
The molecular basis for the opposite action of progesto-
gens in breast and endometrium is unknown.

Ovarian cancer

Studies have been published linking hormonal therapy 
use with risk of ovarian cancer,35 yet the potential involve-
ment of RANKL/RANK in ovarian tumorigenesis is still un-
clear, and data are still very sparse. Interestingly, as shown 
in endometrium and breast, increased RANKL expression 
has been found in ovarian cancer, where higher expression 
was associated with poor prognosis indicators, specifically 
with reduced progression-free and overall survival.36

Conclusions

A wealth of data has accumulated over recent years im-
plicating RANKL/RANK in both tumorigenesis and prog-
nosis in several reproductive system cancers, including 
breast and endometrium. The only confirmed role in both 
endometrial and ovarian cancer is that of prognostic indi-
cator, which may involve either RANK or RANKL depend-
ing on the study. Experiments with endometrial cancer cell 
lines have shown that, in parallel with findings in breast 
cancer, RANK/RANKL are involved in proliferation and 
migration mechanisms.

These data have aroused interest in the potentially ben-
eficial effect of blocking RANKL to improve prognosis 

in women with any of the cancer types studied. Unfor-
tunately, available studies are inconclusive. The D-CARE 
study randomized 4509 women with stage II or III breast 
cancer to denosumab or placebo. The primary endpoint 
was bone metastasis-free survival, for which no between-
group differences were found.37 However, time to first skel-
etal-related effect and time to bone metastasis progression 
were significantly lower in women with metastatic breast 
cancer, receiving denosumab when they expressed RANK 
on circulating tumor cells.38 Consequently, further re-
search is needed to better define the role of RANK/RANKL 
in tumors of the reproductive organs. Only through en-
hanced understanding will appropriate strategies utilizing 
modulators such as denosumab be designed.
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Abstract
Background. Endoscopic ultrasound-guided fine-needle aspiration (EUS-FNA) is a well-established method 
for the diagnosis of solid pancreatic lesions. However, the diagnostic yield of EUS-FNA for pancreatic lesions 
varies at around 70–90%. Samples from EUS-FNA consist of cells and tissues that can be analyzed separately, 
and the results can be combined for a final diagnosis.

Objectives. To investigate the effect of cytological and histological analysis of EUS-FNA samples on the final 
diagnosis, and identify factors that may affect the accuracy of the cytological, histological, and overall analysis.

Materials and methods. A single-center prospective observational study was conducted at a tertiary 
university hospital from July 2018 to June 2019. Patients who underwent EUS-FNA for pancreatic solid lesions 
with a 22-gauge EUS-FNA needle were included in our study. Liquid-based cytological analysis of the speci-
men and histological analysis of the whitish core were performed, and factors that affected the diagnostic 
accuracy of each analysis were evaluated.

Results. In 63 EUS-FNA samples, the overall diagnostic accuracy was 87.3%, which was significantly higher 
than the cytological accuracy of 73.8% (p = 0.031) and the histological accuracy of 69.8% (p = 0.001). Factors 
that affected the results differed in each group: 1) cytological analysis: size, location, and approach method; 
2) histological analysis: specimen weight; and 3) overall analysis: size, location, and approach method.

Conclusions. Histologic evaluation of core material obtained from EUS-FNA improved diagnostic accuracy, 
and factors that affected each result were analyzed. Further studies with prospective randomized trials are 
recommended to support our data.

Key words: endosonography, diagnosis, pancreatic neoplasms, endoscopic ultrasound-guided fine-needle 
aspiration
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Background

Endoscopic ultrasound-guided fine-needle aspiration 
(EUS-FNA) is a well-established and safe method for 
tissue acquisition from solid pancreatic lesions. Ever 
since Vilmann et al. first reported the use of EUS-FNA 
in a solid pancreatic lesion, it has become one of the most 
important endoscopic procedures in the diagnosis of be-
nign and malignant tumors, as well as  in  the staging 
of malignancies of the gastrointestinal tract and adjacent 
structures, including the pancreas.1 However, the diag-
nostic yield of the procedure varies at around 70–90%, 
and is affected by several factors such as  lesion loca-
tion or size, characteristics of the target lesion, various 
procedural techniques and devices, tissue-processing 
method, the availability of cytology staff or rapid on-site 
evaluation (ROSE), and the experience of the endosonog-
rapher.2,3 The fact that the diagnostic yield is sometimes 
as low as 70% in expert hands can result in high medical 
costs from extra procedures and/or  imaging studies, 
and the uncertainty in diagnosis can also cause treat-
ment delay.

Many studies have been performed to overcome the limi
tations of EUS-FNA and improve diagnostic yield. The de-
velopment of diagnostic techniques, such as the fanning 
technique and the slow-pull technique, and new endo-
scopic ultrasound-guided fine-needle biopsy (EUS-FNB), 
have brought a certain degree of success in this regard.2,4,5 
Even though recent meta-analysis results have not been 
consistent enough to confirm the superiority of EUS-FNB 
over EUS-FNA, its ability to provide core tissue specimens 
with preserved architecture provides advantages, espe-
cially in diagnosing lymphoma, gastrointestinal stromal 
tumors (GIST) and autoimmune pancreatitis, as well as 
in molecular and genetic analyses for precision medi-
cine.2,6,7 However, the EUS-FNB needle has several techni-
cal disadvantages compared to the EUS-FNA needle due 
to its stiffness and targeting difficulties, especially during 
the transduodenal approach, and an ideal technique for 
EUS-FNB has not yet been established.8,9

Although it is easy to think otherwise due to the no-
menclature, biopsy specimens can also be obtained from 
EUS-FNA, and several articles have shown no difference 
between EUS-FNA and EUS-FNB in histologic core pro-
curement.6,10,11 In EUS-FNA without ROSE, the number 
of EUS-FNA passes and the end of the procedure are de-
cided by the endosonographer on the basis of macroscopic 
evaluation of the FNA specimen.11

Objectives

In this study, we aimed to compare the results of liquid-
based preparation (LBP) cytology alone and LBP cytology 
with histopathological study, to assess whether histologic 

evaluation of core tissue obtained from EUS-FNA using 
a 22-gauge needle could improve the diagnostic accuracy 
of EUS-FNA for solid pancreatic lesions in the absence 
of ROSE. The influence of the characteristics of the lesion 
and core tissue derived from EUS-FNA on diagnostic yield 
was also evaluated.

Materials and methods

Patient eligibility

In this prospective observational study, we collected data 
from 70 consecutive patients who underwent EUS-FNA 
for solid pancreatic lesions from July 2018 to June 2019. 
Eligible individuals were patients older than 20 years with 
a suspected solid pancreatic tumor measuring ≥10 mm. 
Exclusion criteria were as follows: 1) previous history of in-
tra-abdominal surgery or cancer; 2) bleeding tendency 
(platelet count ≤50,000, prothrombin time-international 
normalized ratio (PT-INR) ≥1.8); 3) no confirmed final 
diagnosis; 4) cystic lesion on EUS; 5) repeated procedures 
due to inadequate samples; 6) pregnancy; and 7) refusal 
to participate. Patient demographics, laboratory test results 
and follow-up clinical data were collected. The lesion size 
and location (head/body/tail), approach method (trans-
duodenal/transgastric), needle device, number of needle 
passes, depth of  the  needle from the  margin, suction 
technique (syringe/slow-pull), the weight of the specimen, 
cytology results, histology results, and the final diagnosis 
were recorded with regard to the procedure. The study was 
conducted in accordance with the Declaration of Helsinki 
and was approved by the Korea University Anam Hospital 
Institutional Review Board (approval No. 2019AN0406). 
Written informed consent was obtained from all patients 
before the procedure.

EUS-FNA procedure and sample handling

The EUS-FNA procedures were performed by 2 ex-
perienced endosonographers at Korea University Anam 
Hospital, Seoul, South Korea, from July 2018 to June 2019. 
The procedures were performed using an electronic cur-
vilinear echoendoscope (GF-UCT 240; Olympus Corp., 
Tokyo, Japan), a  standard endoscopic system (EVIS 
LUCERA ELITE CV-260/CLV-260, CV-290/CLV-290SL; 
Olympus Medical Systems, Co. Ltd.) and the ProSound 
α10 premier (ALOKA, Co. Ltd., Tokyo, Japan). The EUS-
FNA needles used for the procedure were either 22-gauge 
Expect™ Slimline FNA needles (Boston Scientific, Bos-
ton, USA) or  22-gauge EchoTip® Ultra FNA needles 
(Cook Medical, Bloomington, USA), as per the prefer-
ence of the endosonographer. The precision balance used 
in our study was the FX-200i Precision Balance (A&D 
Medical, Chicago, USA). Endoscopic procedures were 
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performed under a moderate degree of procedural seda-
tion using intravenous injection of propofol.

The lesion and the surrounding structures were closely 
reviewed under EUS and color Doppler mode. All lesions 
at  the head were approached in a  transduodenal man-
ner, and all lesions in the body and tail were approached 
in a transgastric manner. Under real-time EUS imaging, 
the EUS-FNA needle was inserted through the working 
channel of the echoendoscope, where it punctured the tar-
get lesion. The mean lesion diameter and the maximum 
puncture depth of the needle from the surface of the le-
sion were measured. Once the needle was advanced into 
the target lesion, a suction technique, either application 
of a 10-milliliter syringe with negative pressure or slow 
withdrawal of the stylet, was decided by the endosono
grapher. An assistant nurse applied the suction and 10 to-
and-fro movements using a fanning technique, with a max-
imum of 3 passes, for sample collection were performed 
under the endosonographer’s discretion.

After the sampling procedure, the whole needle was 
removed from the echoendoscope, and the content in-
side the needle was directly placed into a  translucent 
bottle with a cellular preservative fluid (CytoRichRed; 
Becton Dickinson, Franklin Lakes, USA) for primary rins-
ing, inspection, weight measurement, and subsequent 
LBP cytology. The specimen obtained from the proce-
dure was slowly pushed out of the needle, using a needle 
stylet. Before the placement of the specimen, the preci-
sion balance was rescaled to zero with the preservative 
bottle, so only the weight of the specimen was measured. 
The endosonographer carefully assessed the specimen 
macroscopically, and if thread-like, tan-pink/red, thick, 
and granular material was observed, it was considered 
a visible histologic core, which was harvested and placed 
into a formalin bottle for subsequent histologic evalua-
tion. For the confirmation of adequate sampling, mac-
roscopic examination of  the specimen was performed 
by the endosonographer who performed the procedure, 
along with another endosonographer who had not par-
ticipated in the procedure. The ROSE was not available 
in any of the cases.

Cytologic and histologic analyses

The collected remnant samples in the cellular preser-
vative fluid were sent for LBP cytology and preparation 
of a cell block. The slide was prepared by a completely 
automated preparation technique for LBP cytology, and 
cell blocks were prepared using residual samples. The sec-
tions were stained with hematoxylin and eosin (H&E), and 
both slides were reviewed by a pathologist for cytological 
analysis. The core specimens transferred from the pre-
servative fluid into the 20% buffered formalin bottle were 
embedded in paraffin, and these sections were also stained 
with H&E, which were reviewed by a pathologist for his-
tologic analysis.

Data analyses

The adequacies of both samples were determined by pa-
thologists. Overall, samples were considered adequate 
if either the cytology or histology was considered ade-
quate. Both cytologic and histologic results were reported 
as: 1) definite malignancy; 2) suspicious of malignancy; 
3) atypical cells present; 4) benign cytology/histology; 
or 5) inadequate. We considered patients as having a malig-
nancy when their results were either 1) or 2).12 The final di-
agnosis was confirmed according to the following criteria: 
1) positive cytologic or histologic results of EUS-FNA with 
compatible clinical features; 2) histologic diagnoses from 
other sources like surgery or biopsy; or 3) negative EUS-
FNA results with clinical follow-up of at least 6 months 
with compatible benign clinical features.

Statistical analyses

Descriptive statistics for continuous variables are pre-
sented as means and standard deviations (SD) or medians 
and ranges. Categorical variables are presented as counts 
and percentages. Continuous and categorical variables were 
analyzed using the Student’s t-test and χ2 test, respectively. 
The diagnostic sensitivity, specificity, accuracy, positive 
predictive value (PPV), and negative predictive value (NPV) 
were measured, and the diagnostic accuracies of the sam-
ples were compared using McNemar’s test. Potential fac-
tors that might have affected the diagnostic accuracy were 
evaluated. A p-value <0.05 was considered statistically sig-
nificant. The IBM SPSS Statistics for Windows v. 21.0 (IBM 
Corp., Armonk, USA) was used for all analyses.

Results

Among the 70 patients who were eligible for our study, 
7 were excluded: 3 patients with cystic lesions, 2 patients 
without confirmation of final diagnosis, and 2 patients 
with re-study. After the exclusion, 63 patients who under-
went EUS-FNA for pancreatic solid lesions were analyzed. 
Thirty-three males (52.4%) were included in the study, and 
the mean age of patients was 70.2 ±10.7 years. The mean 
lesion size was 3.9 ±1.6 cm, and the lesions were located 
in the head (n = 21, 35.9%), body (n = 30, 47.6%) or tail 
(n  =  20, 33.3%). The  final diagnoses included 2 focal 
chronic pancreatitis and 61 adenocarcinomas. Table 1 
shows the  baseline characteristics of  the  participants. 
Procedure-related characteristics are listed in Table 2. 
Twenty-one procedures were performed using the trans-
duodenal approach and 42 procedures were performed us-
ing the transgastric approach. Two different needle devices 
were used: Expect™  Slimline (n = 35, 55.6%) and Echo-
Tip® Ultra (n = 28, 44.4%). The median number of needle 
passes was 2 (range 1–3), and the mean needle depth was 
15.6 ±4.1 mm. Two suction techniques were used: negative 
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suction with a 10-mL syringe (n = 29, 46.0%) and the slow-
pull technique (n = 34, 54.0%). The mean specimen weight 
was 183.5 ±120.0 mg.

Positive results were seen in 47 cytologic samples and 
44 histologic samples, and 55 patients showed positive 
results on the final diagnosis. For evaluation, 96.8% of cy-
tology samples, 85.7% of histology samples and 98.4% 
of the overall samples were adequate. Most diagnostic 
discrimination values for the  cytologic analysis were 
slightly higher than those for the histologic analysis: 
sensitivity 73.8% compared to 68.9%; specificity 100% 
compared to 100%; accuracy 74.6% compared to 69.8%; 
PPV 100% compared to 100%; and NPV 11.1% compared 
to 9.5%. Overall results were the combined cytologic and 
histologic analyses showing: sensitivity 86.9%; specific-
ity 100%; accuracy 87.3%; PPV 100%; and NPV 20.0% 
(Table 3).

Table 4 summarizes the comparison of the diagnostic 
accuracies; the overall accuracy was significantly higher 
than the accuracy of cytology (p = 0.031) and that of his-
tology (p = 0.001). The accuracy of cytology was higher 
than the accuracy of histology, but the difference was not 
significant (p = 0.332).

Univariate analysis was performed to evaluate the fac-
tors affecting the  results in  different specimen types 
(Table 5). With cytology, the positive group was signifi-
cantly larger than the negative group (p = 0.02), and there 
were differences related to the location (p = 0.02), such 
that the diagnostic accuracy was in the following order: 
body (86.4%), tail (75.5%), and head (52.4%). The approach 
method was also significant (p = 0.00). With histology, 
specimens that showed positive results tended to weigh 
more than those with negative results (199.8 ±129.6 mg 
compared to 145.7 ±85.5 mg; p = 0.04). Overall, the size 
and location of the lesion significantly affected obtaining 
positive results from EUS-FNA (both p = 0.04).

Discussion

Because pancreatic cancer has a dismal prognosis, accu
rate diagnosis is crucial for patients to receive adequate 
treatment without delay. The EUS-FNA is a safe, accurate 

Table 1. Baseline characteristics of the participants

Variables FNA (n = 63)

Age [years], mean ±SD 70.2 ±10.7

Lesion size [cm], mean ±SD 3.9 ±1.6

Sex

Male, n (%) 33 (52.4)

Female, n (%) 30 (47.6)

Location

Head, n (%) 21 (35.9)

Body, n (%) 22 (30.8)

Tail, n (%) 20 (33.3)

Final diagnosis

Benign, n (%) 2 (3.2)

Adenocarcinoma, n (%) 61 (96.8)

FNA – fine-needle aspiration; SD – standard deviation.

Table 2. Procedure-related characteristics

Variables FNA (n = 63)

Approach method

Transduodenal, n (%) 21 (33.3)

Transgastric, n (%) 42 (66.7)

Needle device

ExpectTM Slimline, n (%) 35 (55.6)

EchoTip® Ultra, n (%) 28 (44.4)

Needle passes, n 2.4 ±0.5

Needle depth [mm], mean ±SD 15.6 ±4.1

Suction technique

Syringe, n (%) 29 (46.0)

Slow-pull, n (%) 34 (54.0)

Specimen weight [mg], mean ±SD 183.5 ±120.0

FNA – fine-needle aspiration; SD – standard deviation.

Table 3. Cytology, histology and overall outcomes of endoscopic ultrasound-guided fine-needle aspiration (EUS-FNA)

Samples Positive, n Negative, n Adequacy (%) Sensitivity (%) Specificity (%) Accuracy (%) PPV (%) NPV (%)

Cytology 47 16 96.8 (61/63) 73.8 (45/61) 100.0 (2/2) 74.6 (47/63) 100.0 (45/45) 11.1 (2/18)

Histology 44 19 85.7 (54/63) 68.9 (42/61) 100.0 (2/2) 69.8 (44/63) 100.0 (42/42) 9.5 (2/21)

Overall 55 8 98.4 (62/63) 86.9 (55/61) 100.0 (2/2) 87.3 (55/63) 100.0 (53/53) 20.0 (2/10)

PPV – positive predictive value; NPV– negative predictive value.

Table 4. Comparison of the diagnostic yield of cytology and histology with overall result

Result
Cytology

p-value Result
Histology

p-value
positive, n negative, n positive, n negative, n

Overall
positive 47 8

0.031*
positive 44 11

0.001*
negative 0 8 negative 0 8

* statistically significant (McNemar’s test).
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and cost-effective diagnostic modality for pancreatic tu-
mors, especially in providing specimens for cytological 
evaluation. However, it is sometimes difficult to distin-
guish adenocarcinoma from reactive changes on cyto-
logic evaluation because of their overlapping features.13 
It  is widely accepted that the presence of ROSE during 
EUS-FNA improves diagnostic yield, but the total proce-
dure time and costs increase, and more importantly, this 
method is not available in many centers.14 Special needles 
for biopsy were developed and they showed promising 
results in many studies by obtaining adequate histologic 
cores. Yet, they have limitations, including the tip hard-
ness, cost and the  lack of any set standard technique. 
We conducted a prospective observational study of EUS-
FNA to evaluate the effects of cytological and histological 
examination on diagnostic accuracy, and the factors that 
affected each sample.

In our study, the diagnostic accuracy of cytology was 
higher than that of histology but the difference was not 
significant (74.6% compared to 69.8%), and the diagnos-
tic accuracy of the final result of combined cytology and 
histology was significantly higher than that of cytology 
or histology alone. Even though the histologic evalua-
tion alone yielded fewer results than cytologic evaluation, 
both cytology and histology specimens were important 
in EUS-FNA, as their results were complementary towards 
the diagnosis of the lesion. These results are consistent 
with those of previous studies.15,16

Because acquiring cytohistologic specimens is  criti-
cal for diagnosis, many studies have been performed 
to evaluate the factors that affect the diagnostic accuracy 
of EUS-FNA. Though there is a  lack of consensus over 

the findings of the reports, the presence of ROSE and size 
and location of the tumor are widely accepted factors that 
influence diagnostic accuracy.2,9,17–20 In our study, tumor 
size, location and the approach method were significant 
factors that affected the rendering of positive cytologic 
results, and the specimen weight was a significant factor 
for positive histologic results. With combined analysis, 
the tumor size and location of the lesion were significant 
factors for a positive diagnosis.

Even though the tumor size was important, the mean 
needle depth from the margin of the lesion was not sig-
nificantly greater in  the  positive group, and was even 
slightly lesser. The larger the tumor size, the more pos-
sible it is to insert the needle from various angles avoiding 
nearby vascular structures. Alternatively, more vigorous 
fanning techniques could be applied, and these factors 
might be the cause of  this result. Regardless of  speci-
men, in our study, diagnostic accuracy was the highest 
in the body, followed by the tail and then, the head. This 
was largely affected by the approach method. The trans-
duodenal approach showed a  significantly lower posi-
tive rate for cytology, and this may be due to disruption 
of the needle from its original arrangement.21 Further re-
search is needed in this regard.

Among the 16 and 19 negative results from cytology and 
histology, respectively, the ratio of atypical cells was higher 
with histology (n = 15, 78.9%) than cytology (n = 10, 62.5%). 
Atypical cells do not contribute to a definite diagnosis 
for malignancy; however, they can help clinicians suspect 
malignancy in false-negative cases and plan further more 
aggressive diagnostic procedures or approaches, rather 
than observation.12

Table 5. Univariate analysis of factors affecting the results in different types of specimen

Variables
Cytology Biopsy Overall

positive 
(n = 47)

negative 
(n = 16) p-value positive 

(n = 44)
negative 
(n = 19) p-value positive 

(n = 5)
negative 

(n = 8) p-value

Sex
   male, n
   female, n

25
22

8
8

0.83
23
21

10
9

0.98
29
26

4
4

0.89

Age [years], mean ±SD 70.7 ±9.3 68.9 ±12.8 0.53 69.6 ±11.1 71.8 ±7.8 0.43 70.1 ±10.3 71.5 ±10.0 0.72

Size [mm], mean ±SD 40.7 ±16.4 31.3 ±9.7 0.03 37.9 ±16.1 39.4 ±14.3 0.71 39.8 ±15.8 28.3 ±8.4 0.04

Location, n (head/body/tail) 11/19/17 10/3/3 0.02* 12/17/15 9/5/5 0.34* 15/21/19 6/1/1 0.04*

Approach method, n 
(transduodenal/transgastric)

11/36 10/6 0.00 12/32 9/10 0.15 15/40 6/2 0.05

Needle device, n
(ExpectTM/EchoTip®)

28/19 7/9 0.28 23/21 12/7 0.43 30/25 5/3 0.76

Needle passes, n,  
median (range)

2 (1–5) 2 (1–5) 1.00 2 (1–5) 2 (1–5) 1.00 2 (1–5) 2 (1–5) 1.00

Needle depth [mm], 
mean ±SD

15.6 ±4.7 16.1 ±2.8 0.64 15.2 ±4.5 16.7 ±3.4 0.24 15.5 ±4.2 16.5 ±3.0 0.40

Suction technique, n
(syringe/slow-pull)

22/25 7/9 0.84 19/25 10/9 0.50 25/30 4/4 0.81

Specimen weight [mg], 
mean ±SD

189.6 ±103.9 181.4 ±126.0 0.82 199.8 ±129.6 145.7 ±85.5 0.04 180.0 ±120.3 202.0 ±122.8 0.55

SD – standard deviation; * statistically significant.
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The length of the tissue core is reported to be a signifi-
cant factor for diagnosis in several studies, and our study 
is the first to analyze the sample weight and its correla-
tion with diagnostic accuracy.11,22 The weight of cyto-
logic samples might not be accurate because of factors 
such as blood contamination or tissue fragments, and 
the result was not significant. The weight of  the his-
tologic core was also measured and was significantly 
higher in the positive group (p = 0.04). In particular, pa-
tients who underwent the slow-pull technique for suc-
tion showed significantly higher histologic core weight 
compared to those who underwent the negative syringe 
technique (201.3 ±138.6 mg compared to 130.1 ±61.8 mg; 
p = 0.04). This result suggests that although the slow-
pull technique does not significantly improve the accu-
racy of EUS-FNA, positivity of histologic results can be 
predicted in advance through the weight of the sample 
in cases of EUS-FNA with the slow-pull technique. Fur-
ther validation and study of thresholds are needed to con-
firm our suggestion.

Our study evaluated cytology with LBP and cellblock-
processed samples. In our institute, the entire specimen 
is placed in cellular preservative fluid for better visual-
ization of the core after rinsing. Although the diagnostic 
outcome of the conventional smear method is reported 
to be better than that of LBP cytology, it is not applicable 
in some hospitals because of pathologists’ preferences 
and hospital settings.23,24 However, our study results 
were similar to those of a previous study using the smear 
method.15 To exclude the effects of various factors that 
are still controversial in  their influence on  the diag-
nostic accuracy of EUS-FNA, variables such as needle 
caliber (22-gauge), tissue acquisition method (fanning 
technique) and presence of stylet were controlled in our 
study.

Our study suggests that vigorous collection of tissue core 
and its analysis would be a method of increasing the di-
agnostic yield in cases of pancreatic head lesions without 
ROSE. In addition, EUS-FNA for collecting tissue samples 
may be helpful, but further studies are needed, considering 
the poor maneuverability of the needle in a bent, torqued 
position.

Limitations

Our study has several limitations. First, the  study 
was performed in a  single tertiary center. In addition, 
the weight of the specimen may not exactly correlate with 
the quantity of the specimen because of blood contamina-
tion or fibrosis, that may have been included. Other solid 
pancreatic lesions, such as neuroendocrine tumors or cys-
tic pancreatic lesions were not evaluated. Also, the number 
of true-negative lesions was small, resulting in a low NPV. 
A larger prospective multicenter study is needed to provide 
more evidence for our results.

Conclusions

Our findings suggest that histologic evaluation of core 
material obtained from EUS-FNA improved diagnostic 
sensitivity, accuracy and NPV. Previous studies have fo-
cused on improving diagnostic accuracy by analyzing its 
factors, but our study shows that the factors influencing 
the results of cytology and histology are slightly different. 
Thus, overall diagnostic accuracy can be improved by im-
proving each factor. Measuring the weight of the sample 
could be a method of obtaining sufficient samples during 
EUS-FNA, along with the slow-pull technique to increase 
histologic accuracy and, thus, the overall accuracy. Follow-
up studies with prospective randomized trials are recom-
mended to support our data.
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Abstract
Background. The pathogenesis of myopia remains unclear. Both genetic and environmental factors play 
a role in the disease progression. Reasons including reduced physical activity (PA) and low-grade intraocular 
inflammation may be involved in the development of myopia.

Objectives. To analyze the levels of irisin, brain-derived neurotrophic factor (BDNF) and other intraocular 
cytokines in aqueous humor of high myopia patients, and to evaluate the roles of PA and inflammation in 
developing myopia.

Materials and methods. We collected aqueous humor samples from patients with axial length (AL) over 
26 mm (n = 35) or shorter than 25 mm (n = 38) during cataract extraction surgery. Samples were assayed 
using the enzyme-linked immunosorbent assay (ELISA) kit for irisin and a multiplex immunoassay kit for 
BDNF, interleukin (IL)-6, IL-8 and IL-10, and tumor necrosis factor alpha (TNF-α).

Results. Irisin levels in the aqueous samples of the highly myopic eyes were significantly higher than 
in the control group (p = 0.027). The BDNF levels of the highly myopic group were significantly lower than 
in the control group (p = 0.043). Median level of leukemia inhibitory factor (LIF) for highly myopic group 
(2.035 pg/mL) was statistically significantly higher than in the control group (0.750 pg/mL) (U = 210.5, 
Z = −4.495, p < 0.001). Interleukin 1 receptor antagonist (IL-1ra) level in the aqueous samples of the highly 
myopic group was significantly lower than in the shorter AL group (p = 0.049). Interleukin 6, IL-8 and IL-10 
levels were not significantly different between the 2 groups (p = 0.501, p = 0.059 and p = 0.192, respectively). 
Tumor necrosis factor α levels could only be detected in 30 samples and median levels in the 2 groups were not 
statistically significantly different (U = 99, Z = −0.482, p = 0.650). No correlation was found between IL-6, 
IL-8, IL-10 and TNF-α, and the AL (p > 0.05). Irisin was positively correlated with AL (p = 0.028, r = 0.287). 
The BDNF was negatively correlated with AL (p = 0.040, r = −0.246). Interleukin 1ra was negatively correlated 
with AL (p = 0.038, r = −0.276). There was also a correlation between LIF and AL (p < 0.001, r = 0.486).

Conclusions. Higher irisin level in high myopia group opens a new direction to discover the relationship 
between PA and myopia. The decreased BDNF in high myopia group probably demonstrates the connection 
between myopia and neurodegenerative disease.
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Original papers

High irisin and low BDNF levels in aqueous humor of high myopia

Xijuan Wang1,2,3,A–F, Mingwu Li2,B,C,E,F, Ruimao Zheng4,B,C,E,F, Ting Cui2,B,C,F, Jiayin Qin2,B,C,F, Zhijie Su4,C,F, Meng Shang2,F, Yongzhen Bao1,3,B,F

1	 Department of Ophthalmology, Peking University People’s Hospital, China
2	 Department of Ophthalmology, Peking University International Hospital, China
3	 Beijing Key Laboratory of Diagnosis and Therapy of Retinal and Choroid Diseases, China
4	Department of Anatomy, Histology and Embryology, Health Science Center, Peking University, China

A – research concept and design; B – collection and/or assembly of data; C – data analysis and interpretation; 
D – writing the article; E – critical revision of the article; F – final approval of the article

Advances in Clinical and Experimental Medicine, ISSN 1899–5276 (print), ISSN 2451–2680 (online)� Adv Clin Exp Med. 2021;30(9):893–904



X. Wang et al. High irisin and low BDNF levels high myopia894

Background

Myopia is one of the leading causes of visual impair-
ment worldwide. There are many patients with myopia 
who experience a progressive change over their entire life-
time, including elongation of the axial length (AL), and 
degenerative changes of  the  retina and choroid. Many 
population-based studies have shown that high myopia 
is the 2nd reason for visual disability in Asia.1,2 The preva-
lence of myopia is predicted to increase to 49.8% by 2050, 
with 9.8% suffering from high myopia.3 The risk increases 
along with the increased diopters of myopia.4

Currently, the pathogenesis of this disorder remains un-
clear. Both genetic and environmental factors play a role 
in the disease progression. It has been speculated that 
lifestyle changes such as reduced physical activity (PA), 
reduced time spend outdoors and more indoor work might 
be the reason of myopia progression.5 Irisin,6 as an ex-
ercise-induced myokine, is secreted into the circulation 
after proteolytic cleavage from fibronectin-type III do-
main containing 5 (FNDC5). The physiological function 
of irisin is to convert white adipose tissue to brown, which 
increases energy expenditure.6 Physical activity is well-
known as  a  protective lifestyle feature against type  2 
diabetes mellitus (T2DM), cardiovascular diseases, can-
cer, dementia, and depression.7 The protective role of PA 
against myopia has also been an area of interest in recent 
years. The mechanism of the positive effect of PA has not 
been discovered, but theories include increased choroidal 
blood flow and thickness.8 We hypothesized that irisin, 
as an exercise-induced myokine, may be involved in the re-
lationship of PA and myopia progression.

Although irisin was first found in skeletal muscles,6 re-
cent studies have proved it exists in various tissues, includ-
ing smooth muscle tissue.9 As early as the 1980s, close-up 
work was considered to be one of the important risk fac-
tors for the development of myopia. The ciliary muscle 
is related to the occurrence and development of myopia 
according to the ocular accommodation mechanism. Study 
of the relationship between irisin level and axial myopia 
may help to understand whether the ciliary muscle is in-
volved in this pathological process and its mechanism.

Physical activity has also been shown to improve brain-
related outcomes, in particular neurodegenerative disor-
ders, such as Parkinson’s disease (PD)10 and Alzheimer’s dis-
ease (AD).11 High myopia-related retinal atrophy is known 
as a type of neurodegenerative change. Neurotrophins play 
a major role in the growth and development of neurons. One 
of these neurotrophic factors is brain-derived neurotrophic 
factor (BDNF). In addition, Young et al.12 identified FNDC5 
as an important regulator of BDNF. The goal of our study 
was to shed light on FNDC5/irisin and its role in the benefi-
cial effects of PA on myopia prevention and its potential ap-
plication in neurodegenerative disorders deregulating BDNF.

On the other hand, several studies showed that sclera 
stretching or staphyloma development can be monitored 

during treatment and follow-up of some inflammatory 
ocular disease such as Vogt–Koyanagi–Harada disease.13 
According to those studies, it is possible that chronic in-
flammation in the retina or choroid could induce stretch-
ing of the sclera and axial elongation. It has been demon-
strated that the levels of drugs or cytokines are positively 
correlated between the aqueous and vitreous fluid.14,15 
In order to prove that there is a connection among myopia, 
PA and subclinical inflammation, we decided to collect 
aqueous humor from senile cataract extracts in normal and 
long AL eyes in our hospital from March to October 2019.

Objectives

To  analyze the  levels of  irisin, brain-derived neuro-
trophic factor (BDNF) and other intraocular cytokines 
in aqueous humor of high myopia patients, and to evaluate 
the roles of PA and inflammation in developing myopia.

Materials and methods

Study design

Seventy-three eyes from 73 senile patients with cataract 
were studied from March to October 2019. The inclusion 
criterion was an uneventful cataract surgery. Eyes with 
glaucoma, uveitis, zonular weakness, previous trauma, 
previous intraocular surgery, or fundus pathology were 
excluded from the study. Patients with diabetes mellitus, 
using glucocorticoids and patients with autoimmune dis-
eases were excluded. We used the IolMaster 500 (Carl Zeiss 
AG, Jena, Germany) to exam the AL, so that we could re-
cruit patients and divide them into 2 groups (longer AL 
group with AL > 26 mm (35 eyes, 35 patients) and shorter 
AL group with AL < 25 mm (38 eyes, 38 patients)).

Sample collection

We administered to the patients Oxybuprocaine Hydro-
chloride Eye Drop (Santen Pharmaceutical Co., Ltd., Osaka, 
Japan) 4 times every 5 min before the surgery for local anes-
thesia. Eyelids and the surrounding skin were swabbed with 
povidone iodine. Samples of aqueous humor (90–120 μL) were 
aspirated by inserting a 29-gauge needle through the corneal 
paracentesis into the anterior chamber before surgery. Sam-
ples were immediately stored at −80°C until sample analysis.

Irisin analysis

Samples were harvested and assayed using enzyme-linked 
immunosorbent assay (ELISA) kit for irisin (Irisin ELISA 
Kit; Beijing Dongge Boye Biotechnology Co. Ltd., Beijing, 
China), and were measured according to the manufactur-
er’s instructions. The stop solution changes the color from 
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blue to yellow and the intensity of the color is measured 
at 450 nm using a spectrophotometer. In order to measure 
the concentration of irisin in the sample, the Irisin ELISA Kit 
includes a set of calibration standards. The calibration stan-
dards are assayed at the same time as the samples and allow 
the operator to produce a standard curve of optical density 
(OD) compared to irisin concentration (Fig. 1). The concen-
tration of irisin in the samples is then determined by com-
paring the OD of the samples to the standard curve.

Other cytokines analysis

We simultaneously analyzed a selection of 7 cytokines 
(BDNF, interleukin (IL)-10, IL-8, IL-6, leukemia inhibitory 
factor (LIF), interleukin 1 receptor antagonist (IL-1ra), and 
tumor necrosis factor alpha (TNF-α)), using a multiplex 

immunoassay kit (ProcartaPlex; Thermo Fisher Scientific, 
Waltham, USA). ProcartaPlex immunoassays are based 
on the principles of a ELISA, using 2 highly specific anti-
bodies binding to different epitopes of 1 protein to quan-
titate all protein targets simultaneously using a Luminex 
200™ System instrument (Luminex Corp., Austin, USA). 
The assays were performed according to the manufac-
turer’s instructions. The standard curve was based on five-
parameter nonlinear regression (Fig. 1). Each cytokine 
concentration was then calculated by the curve.

Statistical analysis

The data was processed and statistically analyzed using 
IBM SPSS Statistics for Mac, v. 26.0 (IBM Corp., Armonk, 
USA). All data are presented as means ± standard deviations 

Fig. 1. Standard curve of cytokines. A. Standard curve of irisin based on linear regression; B–F. Standard curve of BDNF, IL-6, IL-8, IL-10, and TNF-α
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(SD). Categorical data was compared between groups using 
χ2 test. Student’s t-test and Mann–Whitney U test were used 
to detect differences between the long AL group and normal 
group. Pearson’s correlation analysis was adopted to analyze 
the relations among the cytokines and the AL in our study. 
Values of p < 0.05 were considered statistically significant.

Results

Baseline characteristics of the participants

The preoperative distributions of age, gender and AL 
are summarized in Table 1. There was a significant differ-
ence of gender and no significant difference of age in the 2 
groups. The globe AL of highly myopic eyes was significant 
longer (5.6 mm longer) than the control eyes (28.4 ±2.4 mm 
compared to 22.8 ±1.0 mm, p < 0.0001 (t-test)).

Irisin levels in the aqueous humor 
of the study eyes

Student’s t-test revealed that irisin level in the aqueous 
samples of the highly myopic eyes was significantly higher 
than in the control group (p = 0.027). Mean values of irisin 
in the samples were 118.76 ±9.6 pg/mL in the AL > 26 mm 
group compared to 113.45 ±8.99 pg/mL in the AL < 25 mm 
group (Table 2). Furthermore, positive correlation was 
found between irisin and the AL (p = 0.028, r = 0.287) 
(Fig. 2).

BDNF levels in the aqueous humor 
of the study eyes

Student’s t-test revealed that BDNF level in the aqueous 
samples of the highly myopic eyes was significantly lower 
than in the control group (p = 0.043). Mean values of BDNF 
in the samples were 1.42 ±0.80 pg/mL in the AL > 26 mm 
group compared to 1.88 ±1.02 pg/mL in the AL < 25 mm 
group (Table 2). In addition, negative correlation was found 
between BDNF level and the AL (p = 0.040, r = −0.246) (Fig. 3).

Interleukin 6 levels in the aqueous humor 
of the study eyes

Median level of IL-6 for AL > 26 mm group (21.94 pg/mL) 
and AL < 25 mm group (14.29 pg/mL) was not statisti-
cally significantly different (U = 338, Z = −0.674, p = 0.501) 
(Table 3). No correlation was found between IL-6 level and 
the AL (p = 0.209, r = 0.172) (Fig. 4).

Interleukin 8 levels in the aqueous humor 
of the study eyes

Student’s t-test showed that IL-8 level in the aqueous 
samples of the 2 groups presented no significant differ-
ence (p = 0.059). Mean values of IL-8 in the samples were 
4.32 ±1.78 pg/mL in the AL > 26 mm group compared 
to 5.21 ±1.87 pg/mL in the AL < 25 mm group (Table 2). 
No correlation was found between IL-8 level and the AL 
(p = 0.235, r = −0.153) (Fig. 5).

Fig. 2. Correlation between the irisin level and the axial length (AL)
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Interleukin 10 levels in the aqueous humor 
of the study eyes

Student’s t-test revealed that IL-10 level in the aque-
ous samples of the highly myopic eyes was not signifi-
cantly different than in the control eyes (p = 0.192). Mean 
values of  IL-10 in  the  samples were 1.21 ±0.54 pg/mL 
in the AL > 26 mm group compared to 1.41 ±0.57 pg/mL 
in the AL < 25 mm group (Table 2). In addition, no cor-
relation was found between IL-10 and the AL (p = 0.351, 
r = −0.125) (Fig. 6).

Leukemia inhibitory factor levels 
in the aqueous humor of the study eyes

Median level of LIF for longer AL group (2.035 pg/mL) 
was statistically significantly higher than in the shorter 
AL group (0.750 pg/mL) (U = 210.5, Z = −4.495, p < 0.001; 
Table 3). There was a correlation between LIF and AL 
(p < 0.001, r = 0.486) (Fig. 7).

Interleukin 1ra levels in the aqueous 
humor of the study eyes

Mean values of IL-1ra level were 111.01 ±46.51 pg/mL 
in the longer AL group compared to 147.22 ±86.60 pg/mL 
in the shorter AL group. Interleukin 1ra level in the aque-
ous samples of  the  longer AL group was significantly 
lower than in the shorter AL group (p = 0.049). Interleu-
kin 1ra level was negatively correlated with AL (p = 0.038, 
r = −0.276) (Fig. 8).

Tumor necrosis factor α levels 
in the aqueous humor of the study eyes

Tumor necrosis factor α levels could only be detected 
in  30 samples (n  =  30, nAL  >  26 group  =  13, nAL  <  25 
group = 17). Its median level for AL > 26 group (13.28 pg/mL) 
and AL < 25 group (16.86 pg/mL) was not statistically sig-
nificantly different (U = 99, Z = −0.482, p = 0.650; Table 3). 
No correlation was found between TNF-α level and the AL 
(p = 0.687, r = −0.077) (Fig. 9).

Table 1. Baseline characteristics of the patients in respective groups

Group
(n = 73) Age Gender AL

[mm]
Postoperative BCVA

[logMAR]

AL > 26 mm  
(n = 35)

68.7 ±8.0
male (n = 14) 40%

female (n = 21) 60%
28.4 ±2.4 0.34 ±0.24

AL < 25 mm  
(n = 38)

70.0 ±7.9
male (n = 4) 10.5%

female (n = 34) 89.5%
22.8 ±1.0 0.15 ±0.12

p-value 0.48 0.004 <0.0001 <0.0001

AL – axial length of the eye globe; BCVA – best corrected visual acuity. The differences of age and AL between the 2 groups were tested using Student’s 
t-test. The difference of the gender distribution between the 2 groups was tested using χ2 test.

Table 2. The levels of irisin, BDNF, IL-8, IL-10 and IL-1ra in 2 groups

Group Irisin BDNF IL-8 IL-10 IL-1ra

AL > 26 mm  
(n = 35)

118.76 ±9.68 1.42 ±0.80 4.32 ±1.78 1.21 ±0.54 111.01 ±46.51

Al < 25 mm  
(n = 38)

113.45 ±8.99 1.88 ±1.02 5.21 ±1.87 1.41 ±0.57 147.22 ±86.60

p-value* p = 0.027 p = 0.043 p = 0.059 p = 0.192 p = 0.049

BDNF – brain-derived neurotrophic factor; IL – interleukin; IL-1ra – interleukin 1 receptor agonist; AL – axial length. Data is expressed 
as the means ± standard deviations (SD), in pg/mL. The differences of cytokines between the 2 groups were tested using Student’s t-test.

Table 3. The levels of IL-6, LIF and TNF-α in 2 groups

Group IL-6 LIF TNF-α

AL > 26 mm 
(n = 35)

21.94 (3.29–90.84) 2.035 (0.01–19.39) 13.28 (1.10–88.90)

Al < 25 mm
(n = 38)

14.29 (3.02–85.10) 0.750 (0.01–4.47) 16.86 (0.19–74.83)

p-value p = 0.501 p < 0.001 p = 0.650

U-value 338 210.5 99

Z-value −0.674 −4.495 −0.482

IL – interleukin; LIF – leukemia inhibitory factor; TNF-α – tumor necrosis factor alpha. The differences of cytokines between the 2 groups were tested using 
Mann–Whitney U test.
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Fig. 4. Correlation between interleukin 6 (IL-6) level and the axial length (AL)

Fig. 3. Correlation between brain-derived neurotrophic factor (BDNF) and the axial length (AL)
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Fig. 6. Correlation between interleukin 10 (IL-10) level and the axial length (AL)

Fig. 5. Correlation between interleukin 8 (IL-8) level and the axial length (AL)
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Fig. 7. Correlation between leukemia inhibitory factor (LIF) level and the axial length (AL)

Fig. 8. Correlation between interleukin 1 receptor antagonist (IL-1ra) level and the axial length (AL)
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Discussion

In 2012, Bostrom et al. identified an exercise-induced 
hormone irisin,6 which is synthesized in several tissues 
of different species.16 Irisin6 is secreted into the circulation 
after proteolytic cleavage from its cellular form, FNDC5. 
Irisin can be found not only in the skeletal muscles, but 
also in brain regions, such as Purkinje cells, paraventric-
ular nucleus and cerebrospinal fluid.17–19 A few studies 
investigated irisin immunoreactivity in the eye of dwarf 
hamsters (Phodopus roborovskii). In  the  retina, irisin 
was found almost in all layers, except outer nuclear layer. 
Also, irisin immunoreactivity was observed in the cornea.9 
Moreover, irisin immunoreactivity was found in the neural 
retina of the crested porcupine (Hystrix cristata).20 To our 
knowledge, this is the only study showing that irisin exists 
in the human aqueous humor.

We are all aware that PA has many benefits, including 
reducing the risk of developing heart disease, stroke and 
diabetes. It has been speculated that lifestyle changes such 
as reduced PA, reduced time spend outdoors and more 
close-up work might be the driving force behind the rapid 
increase in myopia.5 Confusion has arisen, because some 
studies have not distinguished between PA and time spent 
outdoors. As exercise induces myokine, we decided to ana
lyze irisin in  the myopia patients’ eyes compared with 
the control group.

It is difficult to collect the vitreous fluid of these patients, 
so we tried the analysis of the aqueous humor and found 
that irisin level in high myopia group is significantly higher 
than in the controls. In addition, the positive relation-
ship has been found between irisin level and AL. Given 
the positive result of our study, irisin may be a new re-
search direction in the future. It is worth considering that 
if physical exercise is good for myopia, the level of irisin 
produced in consequence of the exercise should be reduced 
in the long AL group rather than increased. The ideal time 
to test if PA and myopia are related to each other would be 
in childhood. This approach, however, will be difficult due 
to ethical considerations and harvest method. Our samples 
are from elder people, which may create a selection bias. 
Another limitation is the lack of serum level of irisin from 
the subjects. Further experiments are needed to clarify 
the detailed mechanisms underlying the relationship be-
tween PA, myopia and irisin.

Many researchers believe that close-up work is an in-
dependent risk factor for myopia.21–24 However, unlike 
the role of lack of outdoor activities, this viewpoint still 
needs to be proved in the future. As people’s education level 
improves, reduced time spent outdoors and more close-up 
work might be the driving force behind the rapid increase 
in myopia prevalence. The joint effect of the 2 aspects 
may be one of the reasons for the increasing incidence 
of myopia. Our research shows that the intraocular irisin 

Fig. 9. Correlation between tumor necrosis factor alpha (TNF-α) level and the axial length (AL)
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level increases with the growth of the AL. Current animal 
experiments have confirmed that irisin can be produced 
by smooth muscle cells. In other words, the ciliary muscle 
may also be the main source of irisin in the eye. Therefore, 
we speculate that the ciliary muscle, which is an impor-
tant effector of the ocular accommodation mechanism, 
increases its activity after long-term close-up work, result-
ing in increased production of irisin in the eye. Therefore, 
the ocular level of myokine irisin in patients with axial 
myopia is significantly increased.

On the other hand, few studies have tested the possible 
relationship between the chronic inflammation and myo-
pia progression.25–27 One study assumed that inflamma-
tion promotes the breakdown of the extracellular matrix 
(ECM) of the sclera and results in axial elongation. They 
found a strong association between AL and IL-6: the longer 
the AL, the higher IL-6 in the aqueous humor.27 Interleu-
kin 6 is released from the lymphocytes and macrophages, 
as well as from the skeletal muscle cells, and acts both 
as a pro-inflammatory cytokine and an anti-inflammatory 
myokine, depending on the stimuli.28 In our study, there 
was no significant difference between 2 groups; the same 
result was achieved in 1 other study with a smaller sample 
collection.29

Interleukin 6 is related to the increased matrix metal-
loproteinase 2 (MMP-2) production, especially in neurode-
generative and neuroinflammatory states in human patho-
physiology.30 High myopia-related retinal atrophy, either 
diffuse or patchy, is a type of neurodegenerative change. 
The location of the retina is an evagination of the brain and 
also part of the central nervous system (CNS). Recent stud-
ies have shown that the thinning of both the retinal nerve 
fiber layer and choroid, which are the hallmarks of high 
myopia, were present in AD,31–33 which is a neuroinflam-
matory and neurodegenerative disease. Although we were 
unable to prove that IL-6 was increased in high myopia 
patients’ eyes, we found a decreased BDNF level compared 
to control group. The BDNF is a critical regulator of neural 
plasticity, is known as a widely distributed neurotroph-
ine and plays an important role in synaptic function and 
neuronal survival.34 Decreased levels of BDNF have been 
identified in serum, as well as in hippocampal and cortex 
samples of AD and PD patients.35–37 Our result demon-
strates the same change in high myopia patients’ aqueous 
humor, which also shows the possible connection between 
myopia and neurodegenerative diseases.

Leukemia inhibitory factor is a member of the IL-6 cy-
tokine family. The basic expression of LIF is low; however, 
it has been confirmed to be upregulated at the inflam-
mation site and the serum is elevated systemically after 
septic shock.38,39 Leukemia inhibitory factor is expressed 
in the CNS; it is also a protective cytokine during inflam-
matory stress40–44 and a potential neuroprotective cyto-
kine.45 Studies have reported that LIF plays an important 
role in the process of retinal degeneration protection via 
JAK-STAT3 and Akt signaling pathways in animal models 

of retinal ischemia induced by acute ocular hypertension.46 
The result of our study showed that the LIF level in the long 
AL group was significantly higher than in the control, and 
LIF was significantly positively correlated with the AL 
(r = 0.486), indicating that this protective factor was con-
nected with axial myopia progression.

Interleukin 8 is a main chemoattractant for neutrophils. 
It has been shown that intraocular IL-8 level is higher 
in age-related macular degeneration (AMD), retinitis pig-
mentosa (RP) and glaucoma patients.47–51 Until recently, no 
study has suggested that IL-8 is related to myopia. We were 
also unable to find any such association in our samples. In-
terleukin 10 is an anti-inflammatory cytokine that reduces 
activation of T cells. A previous study has also shown that 
IL-10 promotes ocular neovascularization (NV) through 
macrophage response to retina ischemia.52 No significant 
difference of  IL-10 level between RP, AMD, glaucoma, 
and cataract patients has been found by Ten Berge et al.53 
The same result has been shown in our study of IL-10 level, 
which compared high myopia and control group.

Interleukin 1 receptor antagonist is a natural IL-1ra that 
has a high affinity for IL-1 receptors.54 Studies have shown 
that IL-1ra can reduce various inflammatory reactions 
caused by IL-1, such as arthritis55 and graft-versus-host 
response.56 Previous animal studies have found that af-
ter corneal transplantation, IL-1ra inhibits IL-1 in cor-
neal grafts, and a greater dose of IL-1ra is correlated with 
a lower expression of interleukin 1 receptor I (IL-1RI) and 
a lighter inflammatory response in corneal grafts.57 Our 
study confirmed that the IL-1ra level in the aqueous humor 
of the long AL group was significantly lower than that 
in the other group. Moreover, the longer the AL, the lower 
the IL-1ra level. Based on the negative correlation, we as-
sumed that higher IL-1ra in the control group suppresses 
a part of the inflammatory response, and therefore slows 
the progression of axial myopia. Our result is consistent 
with previous studies and further confirmed the correla-
tion between myopia and inflammation.

Increased TNF-α levels have been reported in glaucoma 
patients’ intraocular fluid, the trabecular meshwork, op-
tic head, and the retina58,59; however, we could not detect 
TNF-α in most of our samples. As a result, we were unable 
compare the level in our groups. Cytokines act at concen-
trations from 10–10 mol/L to 10–15 mol/L to stimulate 
target cell functions, and such a low concentration range 
aggravates the detection problems, for instance, causing 
insufficient assay sensitivity. Different laboratory tech-
niques and diverse patients may be a reason.

Limitations

Our samples are from elder people, which may create 
a selection bias. Another limitation is the lack of serum 
level of irisin from the subjects. Further experiments are 
needed to clarify the detailed mechanisms underlying 
the relationship between PA, myopia and irisin.
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Conclusions

Irisin levels in the aqueous humor are elevated in high 
myopia patients, which opens a new direction to discover 
the relationship between PA and myopia. We also found 
BDNF decreased in high myopia patients’ eye, which dem-
onstrated the connection between myopia and neurode-
generative diseases, for instance, AD. The mechanisms 
of how they influence the myopia progression still need 
to be clarified.
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Abstract
Background. Heart diseases are currently a significant cause of morbidity and mortality in newborns. 
The existing diagnostic methods are often not sufficient or, in many cases, cannot be used. Great advances have 
been achieved in medical knowledge concerning biomarkers for the diagnosis of circulatory system disorders 
in adult patients. Among these biomarkers, N-terminal pro-brain type natriuretic peptide (NT-proBNP) plays 
a main role. However, in the existing literature, there is not enough data concerning the physiological features 
of this biomarker in newborns and its potential use in neonatal cardiac diagnostics.

Objectives. To evaluate the diagnostic usefulness of NT-proBNP measurements in correlation with other 
markers of circulatory failure and myocardial damage in newborns with heart defects.

Materials and methods. This study involved 126 newborns. Patients were divided into 2 main groups: 
group I included infants with congenital heart defects (CHD) and group II (control) included healthy neonates. 
Newborns with CHD were further divided into 2 subgroups: group Ia with simple shunts and group Ib with 
combined heart defects. Patients in group I were further divided according to the hemodynamic significance 
of CHD. The NT-proBNP level was evaluated using the CARDIAC proBNP immunologic test (Cobas h232; Roche 
Diagnostics, Basel, Switzerland).

Results. The NT-proBNP concentrations were significantly higher in newborns with CHD compared to healthy 
ones. Newborns with combined heart defects had higher levels of NT-proBNP than newborns with simple 
shunts. The NT-proBNP concentrations in newborns with CHD correlated with echocardiographic parameters 
of hemodynamic significance and with left ventricular ejection fraction (LVEF). Additionally, NT-proBNP cor-
related with clinical symptoms of heart failure (HF; Ross classification, Reithmann’s score).

Conclusions. Statistically significant differences in NT-proBNP level between newborns with heart defects 
and healthy controls were shown. In newborns with heart diseases, significant correlations were found be-
tween NT-proBNP level and the type of heart defect (simple shunt or combined defects), the hemodynamic 
significance of the defect, LVEF, and the clinical intensity of HF.

Key words: congenital heart defects, biomarkers, newborns, NT-proBNP
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Background

Congenital heart defects (CHD) continue to represent 
a significant diagnostic and therapeutic challenge in new-
borns.1 Regarding the specificity of hemodynamic changes 
during the neonatal period, even serious life-threatening 
defects may initially appear as non-characteristic, oligo-
symptomatic diseases. The diagnostic methods currently 
available are often insufficient or cannot be used in infants 
due to the limited approach.2

Regarding the  diagnostic procedures for circulatory 
system disorders in adults, biochemical markers of heart 
failure (HF) represent an important tool of unquestion-
able significance. Among them, brain natriuretic peptide 
(BNP) and its N-terminal prohormone (NT-proBNP) play 
key roles.3 The abovementioned biomarkers might prove 
to be highly useful in neonatal patients as well.4–6 However, 
data concerning adult patients cannot be directly applied 
to pediatric populations. The clinical value of these mark-
ers must be evaluated separately for every age group before 
applying them in practice.5

The BNP is a neurohormone of cardiac origin secreted 
by the ventricular myocardium in response to increased 
heart wall tension due to volume and pressure overload, en-
hanced left ventricle (LV) mass, and a decreased shortening 
and ejection fraction (SF and EF).4,6 Natriuretic hormones 
are synthesized as preprohormones, and both BNP and 
NT-proBNP can be found in serum. Comparative studies 
show good correlation of the serum concentrations of both 
of these hormones.7

Concentrations of BNP and NT-proBNP depend on ven-
tricle overload and increase together with the degree of LV 
dysfunction. At the same time, elevated NT-proBNP may 
indicate a preclinical stage of HF.8

Serum NT-proBNP is strictly connected with left ven-
tricular ejection fraction (LVEF) and SF, and thus enables 
detection of their decreases with high diagnostic sensi-
tivity and specificity.8 In patients with CHD, NT-proBNP 
is assumed to depend on pressure and volume overload.9 
As of yet, no other serum biomarkers are known to indi-
cate HF.

The essence of our project was to search for the least 
invasive, yet the most sensitive and specific, biomarker 
that will enable a more complete diagnosis of circulatory 
system conditions in newborns with cardiac problems. 
No biochemical markers of neonatal circulatory failure 
are in routine use yet, and the only potential marker cur-
rently known is BNF.

Objectives

The aim of this study was to evaluate the diagnostic use-
fulness of NT-proBNP measurements in correlation with 
other markers of circulatory failure in newborns with heart 
defects. We hope that, in the end, the obtained results and 

conclusions drawn will allow us to state whether the as-
sessed markers are good diagnostic tools for the abovemen-
tioned cardiological problems of the neonatal period and 
whether they should be routinely used for the assessment 
of circulatory failure in newborns with heart defects.

Materials and methods

Study design

This study was designed to determine whether the con-
centration of NT-proBNP in the serum of newborns with 
CHD is statistically significantly higher than in the con-
trol group, and whether the concentration of NT-proBNP 
is significantly related to the following factors: the type and 
severity of the defect, the stage of HF assessed on the basis 
of clinical symptoms, and echocardiographic exponents.

Based on the obtained results, an attempt was made 
to initially assess whether this indicator is sensitive and 
specific enough to be used for the detection of pre-symp-
tomatic circulatory failure in newborns.

The study group included patients born in  the Lub-
lin Voivodeship (a province of Poland) and hospitalized 
in the Department of Neonate and Infant Pathology (con-
trol group) and in the Department of Pediatric Cardiology 
(patients with CHD) of the University Children’s Hospital 
of Lublin, Poland.

The study included a total of 126 infants divided into 
2 main groups: group I (67 patients with CHD) and group II 
(control group, 59 healthy infants). As some of the patients 
were preterm infants, we used both chronological and 
postmenstrual age for the analysis. The characteristics 
of the included infants are shown in Table 1.

Patients with a history of perinatal asphyxia or with 
severe conditions other than CHD were not included 
in the study.

The study protocol was approved by the Ethics Commit-
tee of Medical University of Lublin. All participants’ legal 
guardians have signed the informed consent.

Variables and data sources

All included infants underwent echocardiographic eval-
uation with LV SF assessment with flow assessment (con-
tinuous wave Doppler) and flow visualization using color 

Table 1. Characteristics of the studied group. Number of patients: 126 
(69 boys and 57 girls)

Variable Minimum Maximum Mean

Gestational age 25 weeks 42 weeks 38 weeks

Chronological age  6 days 135 days 21 days

Postmenstrual age 34 weeks 46 weeks 41 weeks

Birth weight 585 g 5400 g 3137 g
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Doppler. Echocardiographic examination was performed 
according to standard protocol with the use of a SEQUOIA 
C256 device and Acuson 7v3c probe (frequency 3–7 MHz) 
(Siemens AG, Munich, Germany). The SF was calculated 
on the basis of the following formula:

SF = [(LVDd – LVSd) / LVDd] × 100%,

where LVSd – LV systolic diameter and LVDd – LV dia-
stolic diameter, both measured in one-dimensional M-
mode registration. Newborns from group I were subse-
quently divided in 2 ways. First, 2 subgroups were formed 
according to the type of heart defect: group Ia with simple 
shunts and group IIb with combined heart defects. Group Ia 
consisted of 49 patients. The following defects were diag-
nosed in this group: atrial septum defect (ASD, 13 cases), 
persistent ductus arteriosus (PDA, 1 case), or coexistence 
of 2 or 3 shunts, 35 cases: (ASD+VSD, 17 cases), (ASD+PA, 
11 cases), (ASD+VSD+PDA, 7 cases). Eighteen newborns 
were assigned to group IIb. The following defects were diag-
nosed in this group: common atrioventricular canal (CAVC, 
6 cases), tetralogy of Fallot (TOF, 3 cases), pulmonary ste-
nosis (PS) with ASD (3 cases), aortic coarctation (CoA, 
2 cases), truncus arteriosus (PTA, 1 case), levo-transposition 
of the great arteries (L-TGA) with PS and VSD (1 case), 
double outlet right ventricle (DORV) with ASD (1 case), 
and aortic stenosis (SA) with PS, ASD, and PDA (1 case).

Another subdivision was formed based on echocardio-
graphic parameters of hemodynamic significance: group Ii 

included patients with hemodynamically significant CHD, 
while group In included patients presenting with hemody-
namically non-significant heart defects. Group Ii consisted 
of 38 patients and group In consisted of 29 patients.

The results of the echocardiographic assessment are 
summarized in Table 2.

Additionally, all patients underwent clinical evaluation 
for the presence and severity of HF signs and symptoms. 
Both Ross classification for heart failure in children11,12 and 
Reithmann’s pediatric heart failure score13 were applied 
independently for each studied newborn. The comparison 
of echocardiographic evaluation and clinical HF scoring 
results is presented in Table 3.

The NT-proBNP concentrations were evaluated with 
the Roche CARDIAC proBNP immunologic test using 
a Cobas h232 system (Roche Diagnostics, Basel, Switzer-
land). The newborns in the control group were considered 
healthy; however, some might have clinically silent CHD. 

Table 2. Characteristics of heart defects in group I

Division of heart defects Type of defect Number of patients

Patients with 
congenital heart 
defects
(group I)
n = 67

significant 
hemodynamic 

defects (group Ii)
n = 38

simple shunts
(group Ia)

n = 21

ASD+VSD 12

ASD+VSD+PDA 4

ASD+PDA 3

PDA 1

ASD 1

combined heart defects
(group Ib)

n = 17

CAVC 6

FT4 3

PS+ASD 2

CoA+ASD 2

TA 1

L-TGA+VSD+PS 1

DORV+ASD 1

SA+PS+ASD+PDA 1

defects without 
hemodynamic 

significance 
(group In)

n = 29

simple shunts
(group Ia)

n = 28

ASD 12

ASD+PDA 8

ASD+VSD 5

ASD+VSD+PDA 3

combined heart defects
(group Ib)

n = 1
PS+ASD 1

n – number of patients; ASD – atrial septum defect; VSD – ventricular septum defect; PDA – persistent ductus arteriosus; CoA – aortic coarctation; 
PS – pulmonary stenosis; DORV – double outlet right ventricle; TA – truncus arteriosus; TGA – transposition of great arteries; SA – aortic stenosis.

Table 3. Comparison of echocardiographic evaluation and clinical heart 
failure scoring in group I

Hemodynamic 
significance of CHD 

(evaluated with ECHO)

The Ross 
classification score

(mean and SD)

The Reithmann 
classification score 

(mean and SD)

Significant (n = 38) 1.53 ±1.01 1.34 ±2.22

Nonsignificant (n = 29) 1 ±0 0.11 ±0.42

CHD – congenital heart defect; SD – standard deviation.
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To eliminate this potential bias, all patients from the con-
trol group underwent echocardiographic evaluation.

The number of relevant patients hospitalized in the de-
partments during the study period determined the sample 
size.

We examined the association of clinical signs of HF in in-
fants evaluated using 2 different classifications with the re-
sults of echocardiographic evaluation and NT-proBNP 
concentrations.

Statistical analyses

The  obtained results, after checking the  normality 
of the distribution, were statistically analyzed using the ap-
propriate tests with STATISTICA v. 9.0 software (StatSoft 
Inc., Tulsa, USA). The right-handed asymmetry of cer-
tain distributions was eliminated by means of logarithmic 
transformation. Dependency analysis was performed based 
on Pearson’s linear correlation coefficient (r) or Spear-
man’s (R) rank correlation test and t-tests of the signifi-
cance of the correlation coefficient in the studied groups. 
The strength of association between 2 nominal variables 
was evaluated by the use of the Cramer’s V coefficient. 
A p-value less than 0.05 (p < 0.05) was considered statisti-
cally significant.

Results

The analyses revealed that NT-proBNP levels in new-
borns with heart pathology were significantly higher than 
those in healthy infants. In the control group, the percentage 
of newborns with a NT-proBNP level <1500 pg/mL was sig-
nificantly higher than in the CHD group (p = 0.0001). More-
over, there were no patients with NT-proBNP > 3000 pg/mL 
in group II. In group I, 37% of patients presented such high 
levels (p < 0.0001; Fig. 1, Table 4).

Among the CHD group, a significant correlation was 
observed concerning NT-proBNP and the type of heart 
defect: newborns with combined defects presented with 

higher NT-proBNP levels than those with simple shunts 
(p = 0.0004; Table 5).

A significant correlation was also noted between NT-
proBNP and CHD hemodynamic significance evalu-
ated with echocardiographic parameters (p < 0.00001, 
Cramer’s V coefficient: V = 0.72). The percentage of new-
borns with hemodynamically significant CHD increased 
with a higher NT-proBNP concentration (Table 6).

Moreover, a strong positive correlation was found between 
NT-proBNP concentration and severity of HF evaluated us-
ing the Ross classification for heart failure in children and 
Reithmann’s pediatric heart failure score. Spearman’s rank 
correlation coefficient for the Ross classification score and 
serum NT-proBNP was statistically significant (R = 0.347, 
p = 0.005). An even stronger positive correlation was observed 
between Reithmann’s heart failure score and NT-pro BNP 
concentration (R = 0.448, p = 0.0002). Therefore, the more 
severe the HF, the higher the NT-proBNP concentration.

Discussion

The BNP and NT-proBNP show high diagnostic ac-
curacy for HF in  adults.14–16 Moreover, they might be 
used as screening tools as well as markers of response 

Fig. 1. NT-proBNP concentration ranges in the study groups. CHD – congen-
ital heart defect; NT-pro BNP – N-terminal pro-brain type natriuretic peptide
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Table 4. NT-proBNP concentration ranges in studied groups

NT-proBNP 
[pg/mL]

Newborns with CHD 
(group I) (n = 67)

Control group (group II) 
(n = 59)

<1500 26 47

1500–3000 15 12

>3000 26 0

CHD – congenital heart defect; NT-pro BNP – N-terminal pro-brain type 
natriuretic peptide.

Table 5. NT-proBNP concentration in relationship to the type of heart 
defect (p = 0.0004)

NT-proBNP 
[pg/mL]

Simple shuts  
(n = 49)

Combined CHD  
(n = 18)

<1500 25 (50%) 2 (12%)

1500–3000 13 (27%) 2 (12%)

>3000 11 (23%) 14 (76%)

CHD – congenital heart defect; NT-pro BNP – N-terminal pro-brain type 
natriuretic peptide.

Table 6. NT-proBNP concentration in relationship to heart defect 
hemodynamic significance

NT-proBNP 
(pg/mL)

Significant CHD 
group Ii (n = 38)

Non-significant CHD 
group In (n = 29)

<1500 4 23

1500–3000 10 5

>3000 24 1

CHD – congenital heart defect; NT-pro BNP – N-terminal pro-brain type 
natriuretic peptide.
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to treatment and prognosis in asymptomatic adult pa-
tients with subclinical heart dysfunction.15,17,18 Accord-
ing to the literature, BNP and NT-proBNP levels are also 
elevated in children with heart diseases and can reflect 
functional efficiency in pediatric chronic HF.4,10,19,20

Geiger et  al. evaluated 102  pediatric patients aged 
0–18 years with CHD and a control group of 65 healthy 
children. Their study revealed significant differences 
in  NT-proBNP concentrations between children with 
heart diseases and healthy ones. Additionally, NT-proBNP 
level is influenced by the presence of clinical symptoms 
of HF.20 Similar results were obtained in a study by Mir 
et al. that aimed to evaluate NT-proBNP serum concen-
trations in healthy children as well as 31 children aged 
1–14 months with clinical signs of HF. The NT-proBNP 
level was again significantly higher in children with HF 
than in healthy ones. Moreover, a positive correlation was 
observed between NT-proBNP level and scoring of clinical 
HF symptoms. However, the statistical significance de-
pended on the type of pathology (shunts compared to com-
bined defects and cardiomyopathies).4 A study by Nir et al. 
confirmed that the mean NT-proBNP serum concentration 
was higher in patients with hemodynamically significant 
heart pathologies compared to the control group.10 Their 
study compared NT-proBNP concentrations in 55 sick 
and 58 healthy children aged from 4 months to 15 years. 
The results were consistent with those of other studies.4,20 
However, the abovementioned studies were conducted 
in older infants and children, and did not include a neo-
natal population. Our study revealed that, in newborns 
with CHD, NT-proBNP serum concentrations were sig-
nificantly higher than in the control group. Our results are 
consistent with the data from the literature and confirm 
the findings of other researchers.21,22

Another study concerning newborns with CHD was 
published by  Cantinotti et  al.22 They evaluated BNP 
in 152 patients with CHD in the 1st month of life (including 
6 preterm infants) and 154 healthy neonates as the control 
group. Patients with CHD showed significantly higher BNP 
concentrations than healthy ones. Significant differences 
in  BNP concentrations were also observed depending 
on heart disease characterization: the lowest BNP values 
were found in patients with right ventricle volume over-
load, whereas heart defects with LV overload were usu-
ally accompanied by higher BNP values. Although some 
generalizations were possible, BNP did not enable pre-
cise distinction between particular heart defects because 
of the high level of individual variation in concentrations, 
regardless of pathology type. The conclusion was that 
BNP could be a cardio-specific marker but is not specific 
to particular disease entities, which is in accordance with 
another study.23 However, our study revealed significant 
relationships between NT-proBNP and cardiac pathol-
ogy type in newborns with heart defects. The difference 
between our results and previous studies probably results 
from the considerable homogeneity in our patient group. 

Our study did not include patients with cardiomyopathies 
or structural disorders other than CHD. This enabled sim-
ple division into 2 groups: patients with isolated shunts and 
patients with combined heart defects. Among newborns 
with NT-proBNP level >3000 pg/mL, the percentage of pa-
tients with combined heart defects was significantly higher 
than the percentage of newborns with simple shunts. This 
result may have practical importance, as combined heart 
defects in newborns usually lead to serious clinical com-
plications and a need for urgent cardiosurgical treatment.

Other researchers have reported elevated serum NT-
proBNP levels in  children with CHD leading to  a  left 
to right shunt.4,10 In their study, Nir et al. included pediatric 
patients with heart defects resulting in significant hemo-
dynamic effects.10 In the studied group, there were 13 pa-
tients with a left-to-right shunt. On the basis of this group, 
the authors revealed that patients with a high pressure 
leakage (VSD or PDA) presented higher NT-proBNP con-
centrations than patients with a low-pressure shunt (ASD). 
Kunii et al. estimated the possibility of using BNP to evalu-
ate leakage significance in a group of 154 children with 
one of the following abnormalities: VSD, PDA or ASD.24 
The  BNP showed a  correlation with the  Qp:Qs ratio 
(Qp – pulmonary flow, Qs – systemic flow) for all 3 types 
of defects. In our study, no correlation was found between 
left-to-right shunt flow velocity and NT-proBNP concen-
tration in patients with shunts. Similarly, no correlation 
was found concerning the defect diameter and NT-proBNP 
concentration. The lack of correlation was probably caused 
by allocating patients with high and low pressure defects 
to the same group. The second probable explanation is that 
some of the defects were hemodynamically insignificant. 
This explanation seems to be supported by another result 
– the highly significant correlation between NT-proBNP 
and hemodynamic significance of the shunt (evaluated 
on the basis of echocardiographic parameters).

The results of our study may have practical clinical sig-
nificance, as newborns with inborn heart defects causing 
serious hemodynamic disturbances typically need urgent 
cardiologic consultation and treatment. Moreover, serial 
NT-proBNP measurements in newborns with heart defects 
may be useful for monitoring hemodynamic disturbances, 
which quite often increase rapidly in the adaptive period.

In the existing literature, there is limited data concerning 
the usefulness of the above peptides as markers of cyanotic 
and other combined heart defects.25 A study by Hopkins 
et al. revealed elevated NT-proBNP in 10 adults with cya-
notic heart defects (including Eisenmenger’s syndrome), 
despite the lack of increased pressure overload.26 A study 
by Koch et al., including 288 children with CHD (33 with 
TOF) and 152 healthy children in the control group, re-
ported that BNP was not elevated in patients with TOF.5 
The same study showed higher BNP levels in patients with 
a functional single ventricle compared to healthy chil-
dren. To date, only a few studies have focused on new-
borns with severe combined heart defects. Lechner et al. 
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conducted an interesting study to check if NT-proBNP 
levels in the cord blood of newborns with CHD were el-
evated compared to healthy neonates.27 The study included 
60 newborns in which CHD was diagnosed in the prenatal 
period on the basis of fetal echocardiography. The con-
trol group consisted of 200 healthy newborns. All patients 
from the study group suffered from severe combined heart 
defects, most of which needed urgent cardiosurgical treat-
ment. However, significant differences in the gestational 
age and birth weight between the groups were a weak point 
of the study. On the basis of the NT-proBNP cord blood 
assay, the authors showed significantly higher concentra-
tions of the marker in newborns with CHD. Additionally, 
NT-proBNP concentrations in cord blood were signifi-
cantly higher in patients with a functional single ventricle. 
Although there were statistically significant differences 
in NT-proBNP concentrations between healthy newborns 
and those with CHD, the results in both groups overlapped 
considerably, which meant that the single cord blood as-
say did not enable clear identification of sick newborns. 
The NT-proBNP level was evaluated again in 54 patients 
between the 3rd and 10th day of life, and NT-proBNP was 
found to increase compared to cord blood levels in all pa-
tients with heart defects.

In our study, clearly elevated NT-proBNP concentra-
tions were observed in newborns with combined heart 
defects compared to both the control group and new-
borns with simple shunts. None of the healthy newborns 
had a NT-proBNP concentration >3000 pg/mL, whereas 
26 of the newborns with CHD did.

Both BNP and NT-proBNP have been studied in the con-
text of the identification and evaluation of degree of HF 
in several pediatric studies.4,10,20,28–31 Although the studies 
encompass a small number of patients and include variable 
heart diseases in children, the results seem to be the same: 
Regardless of etiology (congenital defect, metabolic disor-
der, inflammation, ischemia, or primary heart muscle dis-
ease), natriuretic peptide concentrations increase in direct 
proportion to the severity of HF symptoms. In a retrospec-
tive study including 36 children with dilated cardiomy-
opathy, Rusconi et al. evaluated the relationship between 
HF symptom intensity and NT-proBNP serum concen-
trations.32 For each patient, there was a clear relationship 
between the changes in NT-proBNP and their functional 
class assessed using New York Heart Association (NYHA)/
Ross classification. Similar results were obtained by Man-
gat et al. in a study of 48 children with HF secondary to left 
ventricle systolic dysfunction.31 A progressive increase 
of NT-proBNP together with an increase in functional 
NYHA/Ross classification scores was observed.

The abovementioned studies focused on infants and chil-
dren. However, none of the studies evaluated the correla-
tion between natriuretic peptides and clinical HF scoring 
in newborns with heart diseases. Furthermore, different 
researchers used different scales and classification systems 
to evaluate the severity of HF in infants and children since 

there is no consensus on which scale best reflects the condi-
tion of the circulatory system in pediatric patients.33 Taking 
these facts into consideration, in our study, patients were 
evaluated independently according to 2 different classifi-
cations, which seem to be used most often in the existing 
literature. Each newborn in the study group was evaluated 
according to the Ross classification score for heart failure 
in children11 and the Reithmann’s pediatric heart failure 
score.13 In order to ensure that both classification systems 
reliably evaluated heart efficiency, we compared their re-
sults with echocardiographic hemodynamic significance 
evaluation. In the study group, both the Ross classification 
and Reithmann’s score correctly reflected the hemody-
namic disturbances established with echocardiographic 
examination. Subsequently, we evaluated the correlation 
between NT-proBNP level and HF degree estimated ac-
cording to each of the 2 classifications. A significant cor-
relation was revealed between NT-proBNP level and HF 
degree evaluated according to the Ross classification score, 
and an even stronger significant positive correlation was 
observed using Reithmann’s score. The vNT-proBNP level 
showed good correlation with clinical parameters of HF 
in newborns with CHD, similar to other age groups.

According to recently conducted studies, the diagnostic 
usefulness of BNP and NT-proBNP levels in newborns and 
infants with CHD might be significant. However, this has 
not been definitively confirmed, as only a few studies have 
evaluated natriuretic peptides as cardiovascular markers 
in this age group. From a theoretical point of view, BNP 
and NT-proBNP appear promising, especially in the field 
of neonatal intensive care.22 The idea of using BNP and 
NT-proBNP levels as a screening tool to identify newborns 
with heart defects has received recognition.21,22,34,35 Par-
ents or legal guardians of newborns showing elevated BNP 
or NT-proBNP levels would then receive consultation with 
a cardiologist, and the newborns would undergo additional 
tests (i.e., echocardiography), in accordance with interna-
tional guidelines for adult patients.3

There are also a  few recent studies worth mention-
ing that have reported a role of NT-proBNP in PDA and 
bronchopulmonary dysplasia (BPD). Weisz et al. published 
a broad review on the utility of this biomarker in dealing 
with PDA in infants; however, they acknowledge that fu-
ture investigation is still needed.36 The latest idea is to use 
NT-proBNP level not only for diagnosis, but also as a pre-
dictive marker of therapeutic response in PDA.37 As for 
BPD, Xiong et al. published a systematic review concluding 
that NT-proBNP and BNP levels may be useful for the di-
agnosis and management of infants with BPD-pulmonary 
hypertension.38

Limitations

The  serum concentration of  NT-proBNP was de-
termined using the  CARDIAC proBNP immunoassay 
on a Cobas h232 analyzer, and the main limitation of this 
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study is the relatively narrow measurement range of this 
device. The device can precisely determine NT-proBNP 
values only in the range of 60–3000 pg/mL; results outside 
this range are only shown as <60 pg/mL or >3000 pg/mL. 
Therefore, it is not possible to determine the mean or me-
dian of the results obtained.

Conclusions

There are statistically significant differences in  NT-
proBNP concentrations in newborns with heart defects 
compared to healthy subjects. In newborns with heart dis-
eases, NT-proBNP concentration is associated with the type 
of heart defect (simple shunt or combined defects), hemody-
namic significance of the defect, LVEF, and clinical intensity 
of the disease. Evaluation of NT-proBNP level might be 
useful as a screening tool for the identification of newborns 
at risk of a heart disease and for identifying the need for ur-
gent cardiologic consultation. Serial measurements of NT-
proBNP level could be useful for monitoring hemodynamic 
disturbances in newborns with heart diseases. However, 
future investigations are needed to confirm this.
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Abstract
Background. The results of radioactive iodine (RAI) treatment for Graves’ disease (GD) are related to 
the choice of diagnostic and dosimetry protocols, the steroid protection used, and the subsequent 131I dose.  
The effect of a high tissue-absorbed dose on the level of anti-thyroid antibodies (ATA) has been rarely 
considered.

Objectives. To estimate the effect of the first RAI therapy with a dose of 250 Gy on anti-thyreoperoxidase 
(anti-TPO) and anti-thyroid-stimulating hormone (TSH) receptor thyrotropin receptor antibody – TRAb 
levels in GD patients.

Materials and methods. The analysis encompassed 46 consecutive patients with clinical presentation 
of GD. We examined the serum levels of TSH, free thyroxine (FT4), anti-TPO, TRAb, thyroid volume (ThV), 
131I effective half-life (EHL), introduction of steroid protection, levothyroxine dose used in thyroid replacement 
therapy – TRT, and effectiveness of treatment.

Results. As a result of RAI treatment, hypothyroidism was found in 35 patients (76.1%), euthyroidism 
in 7 patients (15.2%) and hyperthyroidism in 4 patients (8.7%). After RAI, we observed ThV reduction and 
increased anti-TPO (p = 0.001 and p = 0.001, respectively). It was found that a shorter EHL correlated 
with a higher baseline TRAb concentration and lower final anti-TPO serum concentration (p = 0.03 and 
p = 0.01, respectively). Lower final TRAb was found in patients with steroid protection (p = 0.049). Intergroup 
comparison of patients without steroid protection showed significantly higher final anti-TPO concentation 
(p = 0.02). Intergroup comparison of patients with TRT revealed significantly higher final anti-TPO concen-
tration (p = 0.04).

Conclusions. The application of a high absorbed dose of 250 Gy in GD resulted in high efficacy of RAI therapy 
at 1-year follow-up. An increased ATA level and its relationships with EHL and ThV reduction were observed 
at 1-year follow-up. There is a possible relationship between steroid protection and anti-TPO concentration.

Key words: hypothyroidism, Graves’ disease, radioiodine therapy, thyrotropin receptor antibody (TRAb), 
thyroid peroxidase antibody (TPOAb)
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Background

While numerous aspects of radioactive iodine (RAI) 
treatment, such as its efficacy, its relation to a high ab-
sorbed dose, and its impact on  clinical outcome and 
the  shrinkage of  thyroid volume (ThV) have been de-
scribed in the literature, there are still some issues to be 
addressed.1 In view of a significant reduction of ThV after 
RAI therapy, one question worth considering is the influ-
ence of the therapy on the final level of anti-thyroid anti-
bodies (ATA).2,3 Another issue to examine is the possible 
relationship between the level of ATA and radioiodine 
turnover, specifically the tracer uptake, radioactive iodine 
uptake – RAIU and thyroidal 131I effective half-life (EHL).4 
The connection of these factors with the use of steroid 
protection and the potential subsequent dose of thyroid 
replacement therapy (TRT) due to post-therapeutic hypo-
thyroidism is another issue to be explored.5

We believe that knowledge about the final level of ATA 
in patients treated with RAI due to Graves’ disease (GD) 
is  important in their follow-up. It  is especially relevant 
in specific groups of patients, such as those with previous 
ophthalmopathy, of advanced age, with a history of breast 
cancer, or women planning a pregnancy.6 The question 
is whether the final evaluation of ATA after RAI ther-
apy in patients with GD should be routinely performed.7 
This paper investigates the practical aspects of using pre-
therapy measurements of ATA levels and the obtained 
dosimetric data to adjust the applied tissue-absorbed dose 
in case of rapid turnover. We aim to explore these factors 
as potentially clinically valuable information.

There are few publications describing baseline results and 
detailed follow-up data after RAI therapy with dosimetry 
data and TRT.8,9 There is also a growing interest in achiev-
ing optimal quality of life for patients after RAI.10,11

Objectives

The aim of this study was to estimate the effect of first 
RAI therapy with a dose of 250 Gy on anti-thyreoperox-
idase (anti-TPO) and anti-thyroid-stimulating hormone 
(TSH) receptor (thyrotropin receptor antibody – TRAb) 
levels in GD patients.

Materials and methods

We present a prospective study based on data collected 
in 2010. The study included 46 consecutive patients (mean 
age: 47.4 ±13 years; range: 17–72 years, median (Me) value 
of 49.5 years with interquartile range Q1–Q3 of 38.0–58.3 
years with clinical presentation of GD and an elevated 
serum concentration of TRAb, admitted to the Depart-
ment of Nuclear Medicine at Pomeranian Medical Uni-
versity, Szczecin, Poland. They were individually evaluated 

by a nuclear medicine specialist and received first RAI ther-
apy. The study group comprised of 38 women (82.6%; mean 
age: 47.1 ±13.4 years, Me: 48.5 (37.25–57.5) years, range: 
17–72 years) and 8 men (7.4%; mean age: 48.9 ±11.3 years, 
Me: 51 (38.5–59.5) years, range: 31–62 years).

Assessment of thyroid function

Thyroid function tests, including TSH level (reference 
range: 0.4–4 mIU/L), free thyroxine (FT4) level (reference 
range: 10–25 pmol/L), anti-TPO (reference range: below 
60 IU/mL), and TRAb (reference range: below 1.5 IU/L), 
were performed before and 12 months after RAI therapy. 
The TSH level was assessed using an immunoradiomet-
ric assay, while FT4, anti-TPO and TRAb were assessed 
with a radioimmunoassay (TSH 1 RIA, FT4 RIA, anti-
TPOn RIA, TRAb Human RIA; Thermo Fisher Scientific, 
Waltham, USA). The laboratory criterion for recognized 
GD was a TRAb serum concentration level above 1.5 IU/L.

Patient data

The radioimmunoassay was applied as a first-line therapy 
in 2 (4.3%) patients, as a second-line therapy in 42 patients 
(91.4%) and as a third-line therapy in 2 patients (4.3%). 
Anti-thyroid drugs were used in pre-treatment of 44 pa-
tients (95.7%). In 10 of them, the withdrawal period was 
90–360 days. In the remaining 34 patients, the withdrawal 
period was 17.4 ±16.9 days (Me: 13 (6–60) days). No signifi-
cant difference was found for ATA levels before and after 
RAI treatment (Mann–Whitney test for baseline anti-TPO 
and TRAb: U = 152, p = 0.63 and U = 161, p = 0.82, respec-
tively; for final anti-TPO and TRAb: U = 160, p = 0.79 and 
U = 123, p = 0.71, respectively).

Aside from GD, 5 patients (10.9%) had a comorbid autoim-
mune disease, including 3 (6.5%) with rheumatoid arthritis 
and lupus erythematosus and 2 (4.4%) with type 2 diabetes.

Prior to RAI therapy, all patients underwent a standard 
assessment of RAIU after 4 h, 24 h and 48 h, and a thyroid 
scan with 131I after 24 h. Thyroid volume was estimated 
at baseline and final assessment using planimetry phan-
toms. A final thyroid scan with 99mTc was performed after 
10–12 months.

Pretherapeutic thyroid sonography was performed for all 
patients. A nodular pattern was found in 20 cases (43.5%). 
In 4 patients (8.7%), a complementary fine-needle aspira-
tion biopsy was performed in selected thyroid lesions and 
revealed a benign origin.

Eight patients (17.4%) were orally administered 30 mg pred-
nisone to prevent the exacerbation of GD orbitopathy as a rou-
tine practice, starting 1 day prior to RAI therapy. The treat-
ment was continued for 56 consecutive days with tapering 
by 5 mg every 4–5 days according to the in-house protocol.

The inclusion criteria for steroid therapy were as fol-
lows: previous history of ophthalmopathy, younger age; 
and presence of a large-volume goiter. Steroid protection 
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was not applied if there were comorbidities with contra-
indications to prednisone.

Adjuvant anti-thyroid drug therapy during follow-up was 
used for 5 patients (10.9%). Within this group, 2 patients 
received protective corticosteroid therapy.

The 131I dose was calculated using the Marinelli formula 
and administered as a single oral dose in an outpatient set-
ting.12 The radioiodine dose used was calculated according 
to the following formula13:

A = 25 × m × AD/RAIU × EHL

where: A – 131I therapeutic activity [MBq]; 25 – unit con-
version coefficient; m – volume of thyroid gland using pla-
nimetry phantoms [mL]; AD – absorbed dose of 131I [Gy]; 
RAIU – 24-hour 131I uptake [%], and EHL – 131I effective 
half-life in the thyroid gland [days].

Patients were administered a dose of 463.6 ±188.3 MBq 
(median: 400.3 (326.7–588.3) MBq, range: 177.6–969.4 MBq). 
According to the in-house protocol, EHL estimation was 
based on the difference in RAIU between 24 h and 48 h. 
The  131I EHL in  the  thyroid is 6 days. To explain how 
EHL was established, we provide the following examples: 
if RAIU at 48 h and 24 h was 53% and 65%, respectively, 
the difference (53% and 65%) was 12%. In this case, we as-
sessed EHL to be 4.8 days (6 − 1.2). If RAIU at 48 h and 
24 h was both 45%, then the difference was 0 (45% − 45%) 
and EHL was 6 days. For patients with a RAIU of 61% 
at 48 h and 60% at 24 h, we assessed EHL as 6.1 days (61% 
− 60%). In practice, 6 days was used as the longest EHL.

A successful outcome of RAI therapy was defined as nor-
mal thyroid function or hypothyroidism. Patients with 
post-therapeutic hypothyroidism were treated with a daily 
dose of levothyroxine sufficient to normalize TSH serum 
level as soon as possible. Persistent hyperthyroidism was 
identified as failure of radioiodine treatment.

No serious complications in thyroid eye disease were 
observed apart from persistent eye tearing in 3 (6.5%) pa-
tients, who underwent corticosteroid therapy.

The study received a waiver of consent from the Bio-
ethical Committee of the Pomeranian Medical University 
in Szczecin, Poland (decision No. KB-0012/202/06/17). All 
procedures involving human participants were in accor-
dance with the ethical standards of the institutional and/or 
national research committee, and with the 1964 Declara-
tion of Helsinki and its later amendments or comparable 
ethical standards.

Statistical analyses

To evaluate the normality of the distribution of the stud-
ied variables, we used the Shapiro–Wilk test. The data are 
reported as mean ± standard deviation (M ±SD), range 
(min–max) and, due to skewed distributions, the median 
value with the interquartile range (Me (Q1–Q3)).

For each categorical variable, the descriptive statistics in-
cluded the frequency distribution for categorical variables. 

The direction and strength of association between vari-
ables were measured with Spearman’s rho. We  used 
the Mann–Whitney U two-tailed test to compare 2 inde-
pendent groups and the Kruskal–Wallis H two-tailed test 
to compare 3 groups. Dunn’s test of multiple comparisons 
following the Kruskal–Wallis test was used for post hoc 
analysis.

Two related matched samples were examined with 
the Wilcoxon signed-rank test. For categorical variables, 
we applied Fisher’s exact test with degrees of freedom (df). 
All data were analyzed using STATISTICA v. 13.3 software 
(StatSoft, Inc, Tulsa, USA). A p-value <0.05 was regarded 
as statistically significant.

Results

Out of  46  patients, the  treatment was successful 
in 42 patients (91.3%). Normal thyroid function was ob-
served in 7 patients (15.2%) and hypothyroidism occurred 
in 35 patients (76.1%). Persistent hyperthyroidism was con-
firmed in 4 patients (8.7%). In the referred group, no sig-
nificant difference in the mean age between females and 
males was found (U = 139.5, p = 0.72).

The rate of average reduction of ThV after RAI therapy 
was 34.9%. In 7 cases (15.2%), no reduction was observed. 
The age and the therapeutic doses of radioiodine were 
comparable between patients treated with TRT and those 
who did not receive TRT (U = 223.5, p = 0.83 and U = 218, 
p = 0.73, respectively).

The presence of nodules did not affect the rate of hypo-
thyroidism after RAI (df = 1, p = 0.49). It was noted that 
patients in the group with thyroid nodules were older and 
their final TRAb levels were higher as compared to those 
without nodules (53.2 ±11.5 years, Me: 55.5 (46.5–59) 
years compared to 42.9 ±12.5 years, Me: 43 (34–52) years, 
U = 142.5, p = 0.008; 19.3 ±16.6 IU/L, Me: 13.3 (4.3–40) IU/L 
compared to 8.2 ±9.5 IU/L, Me: 3.6 (1.6–12.2) IU/L, U = 116, 
p = 0.03). In the group with thyroid nodules, the final anti-
TPO level was significantly higher than that at baseline 
(2270.7 ±1130.6 IU/mL, Me: 2896 (2182.3−3000.0) IU/mL 
compared to 1554.2 ±1213.2 IU/mL, Me: 2741.5 (308.2–
3000) IU/mL, Z = 2.29, p = 0.02).

No correlation between baseline ThV and anti-TPO 
(rho = 0.05, p = 0.74) or TRAb concentration (rho = −0.07, 
p = 0.63) was observed. At final evaluation, there was no 
correlation between post-therapeutic ThV and anti-TPO 
(rho = 0.11, p = 0.48) or TRAb concentration (rho = −0.19, 
p = 0.26).

After RAI therapy, an increase in anti-TPO and a de-
crease in ThV level were found, but there were no signifi-
cant differences for TRAb. A significant reduction of ThV 
after therapy was confirmed (Table 1).

The moderate positive correlation between the fold change 
of final to baseline anti-TPO and the fold change of final 
to baseline TRAb were both statistically significant (Fig. 1).
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Dosimetry considerations

There was a statistically significant but weak correlation 
between baseline TRAb levels and 4 h, 24 h and 48 h RAIU 
(rho = 0.38, p = 0.01; rho = 0.36, p = 0.01; and rho = 0.3, 
p = 0.04, respectively). No relationship between baseline 
anti-TPO levels and RAIU was found.

We found a weak correlation between EHL and baseline 
TRAb, and between EHL and final anti-TPO (Fig. 2).

The total value for EHL was 5.71 ±0.38 (4.8–6) days. 
The  results of  EHL assessment were categorized into 
3 groups (A, B, C) based on the difference between 48 h and 
24 h RAIU (range from −12 to 0).

Fig. 1. Correlation between the fold change 
of anti-thyreoperoxidase (anti-TPO) and thyrotropin 
receptor antibody (TRAb) levels

Table 1. Biochemical parameters and thyroid volume (ThV) measurements at baseline and final assessment. The data are reported as mean ± standard 
deviation (M ±SD), range (min–max) and median with interquartile range (Me (Q1–Q3))

Parameter Baseline assessment Final assessment Z-value p-value

TSH [mIU/L]
0.3 ±0.5 (0.001–2.3)

0.1 (0.02–0.2)
6.0 ±14.9 (0.001–86.7)

1.5 (0.5–6.4)
5.1 <0.001

FT4 [pmol/L]
27.2 ±15.7 (8.4–66.1)

20.5 (15.5–38.3)
16.5 ±4.8 (8–25)
17.8 (12.2–18.8)

1.7 0.09

TRAb [IU/L]
9.1 ±9.8 (1.6–40)

5.3 (3.6–9.8)
13.2 ±14.1 (0.2–40)

6.5 (2.2–21.9)
0.9 0.34

Anti-TPO [IU/mL]
1455.4 ±1258.3 (11.3–3000)

939.5 (209.1–3000)
1984 ±1259.1 (8.4–3000)

2790.4 (432.2–3000)
2.5 <0.001

ThV [mL]
26 ±10.5 (10–77)

23.5 (19.8–32)
15.1 ±5.7 (8–31)

13 (10–20)
4.8 <0.001

TSH – thyroid-stimulating hormone; FT4 – free thyroxine; TRAb – thyrotropin receptor antibody; Anti-TPO – anti-thyreoperoxidase; ThV – thyroid volume.

Fig. 2. Correlation between thyroidal turnover 
expressed as effective half-life (EHL) and final  
anti-thyreoperoxidase (anti-TPO) and baseline 
thyrotropin receptor antibody (TRAb)
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For groups A, B and C, EHL was established as 5.09 ±0.26 
(4.8–5.4) days, 5.75 ±0.15 (5.5–5.9) days and 6 (6−6) days, 
respectively (Table 2A, Table 2B).

The  categorization presented above had no impact 
on the final outcome (df = 2, p = 0.25). There were statisti-
cally significant differences between all groups for baseline 
TRAb (H = 7.1, p = 0.03). More specifically, the significant 
difference was found between group A and C, with higher 
baseline TRAb level for group A (p = 0.03).

There were statistically significant differences between 
all groups for final anti-TPO level (H  =  8.7, p  =  0.01). 
In this case, the significant difference was found between 
groups A and B and between groups A and C, group with 
the lowest final anti-TPO level for group A (p = 0.04 and 
p = 0.03, respectively). The implementation of steroid pro-
tection or lack of it  in all 3 EHL groups had no impact 
on the final assessment of (RAI) therapy (whether the pa-
tients were cured or not) (df = 2, p = 0.61).

Steroid protection

No differences in hypothyroidism frequency after RAI 
therapy were observed between patients who did (n = 8) 
or  did not (n  =  38) receive steroid protection (df  =  1, 
p = 0.66), as assessed with Fisher’s exact test. Patients with 
steroid protection were younger and their baseline volume 
and administered therapeutic activity of 131I were higher, but 
their final TRAb was lower, compared to patients without 
glucocorticoids. Patients without glucocorticoids showed 
a significantly higher final anti-TPO serum concentration 
in the intragroup comparison (Table 3).

Thyroid replacement therapy 

Out of 35 patients (76.1%) with hypothyroidism, thyroid 
replacement therapy (TRT) was used in 31 (67.4%) cases. 
The daily average dose of levothyroxine was 85.7 ±36.2 µg 
(Me: 75 (62.5–112) µg) with a range of 25–200 µg.

Both groups showed significant differences in ThV be-
fore and after RAI. Final ThV was higher for patients with-
out TRT. Comparing baseline to final data in patients with 
TRT, the serum concentration of anti-TPO increased. For 
TRAb, no differences were observed. In our study, neither 
baseline nor final concentrations of ATA were different 
between patients, irrespective of TRT (Table 4).

Discussion

The presented analysis of data on RAI therapy using 
a high tissue-absorbed dose of 250 Gy for 46 consecu-
tive patients with GD, previously pretreated with an anti-
thyroid drug indicates the need to monitor antibody levels 
after RAI therapy.

The study group was homogeneous in terms of both 
the applied absorbed dose and ATA baseline and final 

measurements. Although the study comprised a relatively 
small group of patients, many topical issues have been 
raised. We considered the influence of RAI on ATA with 
respect to ThV reduction, the usage of steroid protection, 
and TRT due to post-therapeutic hypothyroidism.

An absorbed dose of 250 Gy is regarded as ablative and 
can be increased up to 350 Gy according to the European 
Association of Nuclear Medicine (EANM) guidelines.14 
It should be noted that some publications give the final 
administered 131I activity value rather than the absorbed 
dose.15–20 Common usage of Gy (grays) to express the ab-
sorbed dose to thyroid tissue would be helpful for compar-
ing treatment effects and analyzing the influence of par-
ticular factors.21

In our patient group, where RAI was generally a second-
line therapy, 67.4% of patients had TRT at 1-year follow-up. 
We found no differences in baseline TRAb concentration 
between patients with or without subsequent TRT.

A recent long-term study by  Sjölin et  al. was based 
on a group of 1186 patients with hyperthyroidism, of whom 
324 (27.3%) had received RAI as first-line treatment, most 
often with an absorbed dose of 120 Gy.11 In the RAI therapy 
group, 83% of patients had hypothyroidism and 77.3% re-
ceived TRT at 8 ±0.9 years follow-up. Lack of dosimetry 
details and different choices regarding treatment make 
comparison impossible, but the rates of patients with TRT 
are slightly different, as we had 76.1% patients with hy-
pothyroidism and 67.4% patients under TRT. However, 
longer follow-up could increase the rate of hypothyroid-
ism. The rate percentage of patients with TRT (not only 
the total rate of hypothyroidism) is rarely taken into con-
sideration in the literature.

The results presented in the current study are differ-
ent from those of previous research, especially in terms 
of the rate of persistent hyperthyroidism. Aung et al. re-
ported that 17% of patients had persistent hyperthyroid-
ism 1 year after RAI therapy.16 Fanning et al. reported 
that 20.7% of patients required further treatment.19 In our 
group, 8.7% of patients had persistent hyperthyroidism 
1 year after RAI. The achieved low failure rate proves 
the efficacy of RAI treatment with the use of ablative doses.

The mean patient age of 47.4 (17–72) years in our pa-
per is almost identical to that reported in a meta-analy-
sis by Törring et al. – a mean age of 47 (35–57) years.10 
An older age might be an independent factor for an in-
creased level of antibodies, especially anti-TPO.22

In our group of patients, 20 (43.5%) had nodular changes. 
Some authors have described the co-existence of thyroid 
nodules in GD and ATA in patients treated with RAI. 
Stoynova et al. reported a similar frequency of thyroid 
nodularity regardless of the TRAb level in a group pre-
viously treated with anti-thyroid drugs.23 In our group, 
a significant difference in TRAb levels after RAI was noted.

Mekova and Boyanov found an increased concentration 
of anti-TPO in 71.4% of patients without nodules among 
patients with newly diagnosed GD.24 In contrast to their 
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results, no differences were found in our study at baseline 
in nodularity and anti-TPO levels. Additionally, we ex-
amined the TRAb level in relation to the anti-TPO level. 
Similar to Lindgren et al.,9 a positive correlation between 
the fold change of anti-TPO and TRAb was found. However, 
the absorbed dose of 120–300 Gy used by Lindgren et al. 
makes it difficult to compare the 2 patient groups.

Laurberg et al. also found that TRAb serum concentra-
tions were significantly higher for RAI when compared 
with medical or surgical therapy, even 5 years after radio-
iodine therapy.8 However, Laurberg et al. applied 120 Gy 
to the thyroid. Similar to Laurberg et al., we observed an in-
creased level of TRAb after 1 year. The question arises 
whether higher absorbed radioiodine doses, as used in our 
group, may cause a decrease in ATA to diminish with lon-
ger follow-up. This issue is worth investigating in the fu-
ture. We also underline the importance of ATA in the case 
of young women planning pregnancy after RAI therapy, 
who should receive careful surveillance in their follow-up.

Sawicka and Sowiński reported a correlation between 
ThV and humoral thyroid autoimmunity after RAI therapy 
in GD patients.18 The majority of patients (24/36) under-
went 2 RAI therapies with 12–18 months of follow-up. 
The authors found a significant decrease in TRAb levels, 
whereas our results showed no reduction in TRAb levels 
after RAI treatment. This difference in results may be at-
tributed to the fact that subsequent RAI therapy may evoke 
a different immunological response.2

In the present paper, TRAb at baseline level correlated 
with 4 h, 24 h and 48 h RAIU, confirming the  immu-
nological origin of GD. This finding proves that RAIU 
and thyroid scanning still enable a definitive assessment 
of thyroid physiology.25 No such correlation was found for 
baseline anti-TPO. The group of patients with the high-
est TRAb level and the highest RAIU was characterized 
by the shortest EHL and the lowest anti-TPO level. In this 
group, the final anti-TPO level was low and stable after RAI 
therapy. No significant differences in the TRAb level were 
observed with regard to steroid protection. Additionally, 
volume shrinkage was noted in all groups independently 
of the EHL value. The mechanism of the anti-TPO reac-
tion relies on the access of immune cells to antigens after 
thyrocyte destruction, whereas TRAb does not trigger such 
action.6 We found no explanation for this phenomenon 
in the literature. We hypothesize that the possible reason 
for the stable anti-TPO level could be the shortest EHL and 
the consequent shortest exposition to therapy. That is po-
tentially why the destruction of thyroid cells was limited 
and, consequently, the level of anti-TPO did not increase.

Our study is not concordant with the data obtained 
by Aung et al.16 They showed that one of the reasons for 
treatment failure was higher TRAb at baseline. However, 
we found no impact of the baseline TRAb concentration 
on the success rate.

Additionally, it  is known from our everyday practice 
that patients with the shortest EHL seem to have worse 

results than those with an average value of EHL.4 The study 
showed that, in  cases of  a  high tissue-absorbed dose, 
no such effect was observed. We also found no impact 
of the EHL value on the success rate.

Our study also confirmed the finding reported by Jensen 
et al. that glucocorticoids do not have an impact on the ef-
fect of RAI therapy in GD.26 In our group of patients, those 
without glucocorticoid protection showed a significantly 
increased baseline anti-TPO level compared to the final 
concentration (Z = 2.25, p = 0.02). Although the volume 
reaction was similar, glucocorticoids did not attenuate 
the immunologic reaction in anti-TPO. The reaction was 
similar to the one noted by Lindgren et al., who did not 
use glucocorticoids, but observed an increase in anti-TPO.9

With regard to TRAb, we found no significant difference 
in relation to a lack of steroid protection (Z = 1.59, p = 0.11). 
Jensen et al., who examined the influence of glucocorti-
coids, found no changes in the TRAb level in patients with 
steroid protection.26 However, it  is difficult to compare 
the 2 datasets due to the shorter protocol time, lower dose 
of steroid protection and dissimilar dosimetry. Inciden-
tally, our patients tolerated steroid protection very well 
and their thyroid eye disease did not deteriorate.

Differences in ATA levels after RAI therapy depend-
ing on the levothyroxine have not been widely researched 
in the literature.3,10,11 While the rate of hypothyroid patients 
after radioiodine is generally noted, authors do not usually 
report the fraction of patients treated with TRT. Interest-
ingly, Sjölin et al. underlined that patients undergoing TRT 
were more likely to report non-recovery (as a subjective 
perception) than those without TRT.11 Incidentally, in our 
group, patients with TRT showed intragroup differences 
in  the anti-TPO level after RAI, compared to baseline. 
No intergroup differences in anti-TPO and TRAb were 
found when the final concentrations were compared.

Damage of the thyroid parenchyma reflects the dose 
of RAI therapy.27 However, many factors (such as weight 
and age of patients, drug interactions, etc.) may determine 
the final dose of TRT needed. This matter requires further 
investigation.

The publication by Dong et al., which is based on a group 
of newly diagnosed patients with GD treated with RAI, 
is the closest to the present study.3 The patients were di-
vided into 2 groups: those with early and non-early diag-
nosed post-treatment hypothyroidism. The authors came 
to the conclusion that serum TRAb and anti-TPO were 
closely related to the occurrence of early hypothyroidism 
and played an important role in predicting prognosis after 
radioiodine treatment in GD.

In nuclear medicine departments, patients are usually 
followed up for only 1 year. We were concerned about 
the  observed increases in  anti-TPO and TRAb levels 
in GD patients at discharge and decided to analyze this 
subject. Knowing about elevated TRAb and anti-TPO lev-
els may help endocrinologists with patient management. 
Patients with increased anti-TPO and TRAb have specific 



Adv Clin Exp Med. 2021;30(9):913–921 921

immunological features that might occur for years. Such 
patients may require additional testing. Recent research 
suggests the protective influence of anti-TPO, for example, 
for extra-thyroidal pathologies in women with breast can-
cer.6 Despite the fact that our study was based on a small 
group of patients, we have identified some trends and fur-
ther work on the subject is needed.

It would be interesting to design a prospective long-term 
study encompassing patients treated with RAI due to GD, 
to assess relationships between ATA and clinical and bio-
chemical data and patient quality of life after RAI.

Limitations

Lack of information on smoking habits before and after 
RAI. Small number of patients. Any concentration of ATA 
above 40  IU/L for TRAb and above 3000  IU/mL for 
anti-TPO was regarded as the maximum concentration 
on the standard curve.

Conclusions

The  application of  a  high absorbed dose of  250  Gy 
in patients with GD resulted in high RAI therapy efficacy 
at 1-year follow-up. An increase ATA and its relationship 
with EHL and ThV reduction were observed at 1-year fol-
low-up. There is a possible relationship between steroid 
protection and the anti-TPO concentration.
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Abstract
Background. Frailty syndrome and cardiovascular diseases are closely related because of  the shared 
physiological pathway of chronic, low-intensity inflammation. Frailty syndrome may be an adverse factor 
in the prognosis of patients with cardiovascular disease (CVD).

Objectives. To assess the influence of frailty syndrome on patient prognosis after coronary artery bypass 
grafting (CABG).

Materials and methods. The study was conducted at the Clinic of Cardiac Surgery in Katowice and 
involved 180 patients (56 women, 31.11%) over 60 years of age who qualified for CABG surgery. The Tilburg 
Frailty Indicator (TFI) was used to assess frailty syndrome and the The World Health Organization Quality 
of Life Brief Version (WHOQOL-BREF) questionnaire was used to assess quality of life. Statistical analysis was 
performed using R software.

Results. Frailty syndrome was diagnosed in 42 patients (23.3%), including 24 men and 18 women. More 
than 1/3 of patients had complications during or after surgery, including 34.6% of patients without frailty 
syndrome and 28.6% of patients with frailty features. All of the complications occurred in 57 (31.6%) patients. 
Early complications accounted for 89.5% of all events – 93.3% of which occurred in patients without frailty 
syndrome and 75% in patients with frailty features (p = 0.289).

Conclusions. More than 1/3 of patients experienced complications during or after the CABG procedure. Early 
postoperative complications accounted for almost all of the adverse events in patients with frailty. However, 
frailty syndrome was a poor predictor of rehospitalization.

Key words: quality of life, coronary artery bypass grafting, frailty syndrome
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Background

The most common group of diseases in elderly patients 
is  cardiovascular system diseases (CVDs). According 
to data from the National Registry of Cardiac Surgery 
Procedures (KROK), about 12,000 coronary artery bypass 
grafting (CABG) procedures were performed in cardiac 
clinics throughout Poland in 2016.1

The classical CABG method uses extracorporeal circu-
lation to provide optimal operating conditions; however, 
this method may cause complications such as ischemic 
stroke, myocardial ischemia, deterioration of kidney func-
tion, and respiratory failure. Cannulating the myocardium 
and aorta and clamping the ascending aorta could result 
in the release of embolic material, potentially endangering 
the patient’s life. Extracorporeal circulation also signifi-
cantly burdens maintenance of the blood–brain barrier, 
which can lead to early neurological complications.2

Frailty syndrome is characterized by a decrease in im-
mune reserves, resulting from the reduced capacity of vari-
ous systems and organs, ultimately leading to the collapse 
of homeostasis, disturbances in organ function, and in-
creased morbidity and mortality in older people. Factors 
known to contribute to the occurrence of frailty syndrome 
include old age, visual impairment, impairment of cog-
nitive functions, impaired gait and balance, weakness 
of the limbs, and the occurrence of comorbidities.3

Although frailty syndrome is not synonymous with old 
age, which is often accompanied by multiple diseases, any 
bodily dysfunction is a risk factor for frailty syndrome and 
may lead to disability. Insufficient physiological reserves 
of the organs increase the likelihood of adverse conse-
quences, such as complications resulting from minor in-
juries and surgery, which can lead to death.3–5

Frailty syndrome and CVD are pathophysiologically 
closely related because of the common biological path-
way of chronic, low-intensity inflammation. A diagnosis 
of frailty syndrome among patients who are qualified for 
CABG may quicken the healing process. Implementing 
appropriate measures customized to a patient’s condition, 
including comprehensive geriatric and psychological care 
and rehabilitation, can improve the recovery period and 
reduce the number of adverse events.6

A significant problem in frailty syndrome is the coex-
istence of other diseases such as diabetes, hypertension, 
diseases of the genitourinary and digestive systems, and 
neurological diseases. These comorbidities have a large 
impact on the treatment process and patient recovery.

Elderly patients with a high surgical risk may experi-
ence improvement in their condition and quality of life 
after the procedure; however, there is always the possibility 
of complications, such as bleeding, stroke and respiratory 
or renal failure.7

The occurrence of frailty syndrome may be an adverse 
factor for the  prognosis of  patients with CVD. Mortal-
ity, a prolonged length of hospitalization and difficulties 

in postoperative wound healing are the most common com-
plications after coronary artery bypass procedures. Appropri-
ate diagnosis and therapy for treating frailty syndrome in el-
derly patients can influence the therapeutic team’s actions 
and selection of the most beneficial treatment for the patient.8

Objectives

The aim of this study was to assess the impact of frailty 
syndrome on the prognosis of patients after coronary by-
pass surgery.

Materials and methods

Study design and settings

This observational, prospective, cross-sectional study 
was conducted at the Clinic of Cardiac Surgery in Kato-
wice, Poland, from November 1, 2018 to January 30, 2020. 
The patient group consisted of 180 patients, 56 of which 
were women (31.1%).

The mean patient age was 69.34 years (standard devia-
tion (SD) ±6.16) and the age range 60–84 years. All patients 
met the requirements for CABG in extracorporeal circula-
tion and had undergone 2 or more bypasses.

Study participants and selection

The inclusion criteria were being over the age of 60, quali-
fying for CABG, consenting to participate in the study, and 
having a mental state that enabled contact with the team 
and understanding the questionnaire items. The exclusion 
criteria were simultaneous qualification for CABG and 
another procedure such as valve replacement, active cancer 
and refusal to participate in the follow-up visit.

Stages of the study

This study was conducted in 2 stages. The first stage 
consisted of  a  clinical interview, collection of  demo-
graphic data, anthropometric measurements, and comple-
tion of standardized questionnaires. The second stage, 
which occurred 6 months ±2 weeks after the procedure, 
involved a follow-up visit that included a clinical history 
of the occurrence of any postoperative complications with 
a breakdown into cardiac and non-cardiac causes, repeated 
hospitalization, death, or other adverse events. The survey 
questionnaires were also repeated.

Ethical considerations

The  study was approved by  the  Bioethics Commit-
tee of the Medical University of Silesia in Katowice (ap-
proval No. KNW/0022/KB/22518) on October 16, 2018. 
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Before joining the  study, participants were informed 
about the confidentiality of the study, their anonymity, 
the study goals, and the methodology. Patients were also 
informed that they had the option to withdraw at any stage 
of the study. Data collection and analysis were performed 
based on the ethical principles in the Helsinki Declaration. 
The research was not funded.

Research instruments

The Tilburg Frailty Indicator (TFI) was used to assess 
frailty syndrome which, in addition to physical dysfunc-
tions, includes psychological and social determinants. 
The scale consists of two parts, A and B. The first part 
concerns sociodemographic information such as age, gen-
der, marital status, education level, and country of origin. 
The second part consists of 15 questions relating to the oc-
currence of the main components of frailty. It is divided 
into 3 domains: physical, psychological and social. The to-
tal score range is 0–15 points. Frailty syndrome is recog-
nized as a TFI score ≥5. The tool was developed by Gobbens 
et al. and is based on the concept of the frailty model.9,10 
Quality of life was assessed using the World Health Orga-
nization Quality of Life Brief Version (WHOQOL-BREF) 
questionnaire for the following domains: physical func-
tioning (domain 1), psychological functioning (domain 2), 
social relations (domain 3), and environmental functioning 
(domain 4). The questionnaire comprises of 26 questions 
that enable the 4 above-mentioned domains to be analyzed, 
a self-assessment of a patient’s health condition and a de-
termination of a patient’s perception of their quality of life. 
Each item in each domain is scored between 1 and 5 points. 
The maximum score is 20 points. The WHOQOL-BREF 
also includes items that are analyzed separately: question 
1 (WHO1): an individual’s general perception of their qual-
ity of life; and question 2 (WHO2): an individual’s gen-
eral perception of their own health. The scores for these 
individual items are in a positive direction (i.e., a higher 
number of points indicates a higher quality of life).11

Statistical analyses

Quantitative variables (i.e., expressed with numbers) 
were analyzed by  calculating the  mean, SD, median, 
quartiles, minimum, and maximum. Qualitative (i.e., 
non-numerical) variables were analyzed by calculating 
the number and percentage of each value.

Qualitative variables were compared between groups using 
the χ2 test (with Yates’s correction for 2 × 2 tables) or Fisher’s 
exact test. The values of quantitative variables were com-
pared between 2 groups using the Mann–Whitney test. 
The quantitative variables for the 2 repeated measurements 
were compared using the Wilcoxon test for paired data. 
The Kaplan–Meier curves were compared using the log-
rank (LR) test. A receiver operating characteristic (ROC) 
curve analysis was used to compare the predictive value 

for patients with frailty syndrome as well as the occurrence 
of complications and rehospitalization. Results were consid-
ered to be significant at p-value <0.05. All of the presented 
statistical analyses were performed using R software, v. 4.0 
(R Foundation for Statistical Computing, Vienna, Austria).12

Results

The mean patient age was 69.34 years. Most patients 
(74.4%) were married or  in a partnership. The majority 
(61.1%) of patients had a secondary education, and the next 
largest group consisted of patients with a postsecondary 
education (29.4%). The mean annual household income was 
21.612–25.200 PLN in 47.2% of patients. Although more 
than 50% of patients had 2 or more diseases, 73.9% of them 
assessed their lifestyle positively in terms of their health. 
On the New York Heart Association (NYHA) scale, most 
of the patients were in the first class of disability. Additional 
details of patient characteristics are presented in Table 1.

Frailty syndrome was diagnosed in 42 patients (23.3%); 
54.8% of patients in this subgroup were men and 42.9% 
were women. The mean age of women with frailty syn-
drome was 73.5 ±6.4 years; for men, it was 70.17 ±5.3 years. 
Most patients (80%) with frailty syndrome were widows 
or widowers. Almost 75% of patients considered themselves 
to be healthy (73.9%). The mean overall TFI score was 
2.79 ±1.97 for women and 2.15 ±1.91 for men. There were 
statistically significant differences in the total TFI score 
and in the social components between the sexes (p = 0.025 
and p = 0.002, respectively), with higher scores for women. 
There were no significant differences in the remaining 
domains. Table 2 presents the mean score for each subscale 
of the TFI scale for the overall patient group.

The  logistic regression model (Table 3) showed that 
important independent predictors of  frailty syndrome 
included separation or divorce (the chance of frailty syn-
drome increased 10.416 times compared to living with 
a spouse/partner) or widowhood (the chance of  frailty 
syndrome increased 6.678 times compared to living with 
a spouse/partner) and an unhealthy lifestyle (the chance 
of  frailty syndrome increased 10.982  times compared 
to having a healthy lifestyle).

Before the procedure, all patients had coexisting dis-
eases. The most frequent diseases were arterial hyperten-
sion at 60% (69% of patients with frailty and 57% of patients 
without frailty syndrome), diabetes mellitus at 30.6% (38.1% 
of patients without frailty syndrome and 28.5% of patients 
with frailty syndrome) and gastrointestinal diseases 
at 15.6% (21.4% of patients without frailty syndrome and 
13% of patients with frailty syndrome). No statistically sig-
nificant differences were observed between the groups.

A follow-up visit took place 6 months after the procedure. 
Follow-up was performed for 170 of the patients from the pre-
vious group (8 (4.4%) did not attend and 2 (1.1%) died). More 
than 1/3 of patients (34.6% of patients without the frailty 
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syndrome and 28.6% of patients with frailty features) had 
complications during or after the procedure. All of the docu-
mented complications occurred in 57 (31.6%) respondents. 
There were no statistically significant differences between 
the groups (p = 0.1). Early complications accounted for 89.5% 
of all events, including 93.3% in patients without frailty syn-
drome and 83.3% in patients with frailty syndrome (p = 0.289). 
Table 4 presents the different types of complications.

Twenty-three patients (13.5%) were rehospitalized, which 
included 4 patients with frailty syndrome and 19 healthy people 
(p = 0.737). Eight patients were rehospitalized for cardiac is-
sues (36.5% of all hospitalizations, including 2 patients with 
frailty syndrome). There were no statistically significant dif-
ferences between the occurrence of complications and hospi-
talization and the gender of the patients. On average, patients 
were discharged 1 week after the surgery. The complication-free 
survival rates between patients presenting with and without 

the symptoms of frailty syndrome showed no statistically sig-
nificant difference (p = 0.734). The results are presented in Fig. 1.

Similar results were observed for patients in both groups 
who were not rehospitalized. The p-value of the log-rank 
test was >0.05, indicating that the survival curves for the 2 
groups did not differ significantly (p = 0.472). These data 
are presented in Fig. 2.

In the subjective evaluation of satisfaction with the pro-
cedure and hospitalization, patients without frailty syn-
drome reported higher satisfaction compared to those with 
frailty syndrome (78% compared to 65%, p = 0.002). Dissat-
isfaction and moderate satisfaction were expressed by 35% 
of patients with frailty syndrome who were surveyed.

Frailty syndrome diagnosed in patients before surgery 
was not a significant predictor of complications: the area 
under the ROC curve (AUC) was 0.526. The optimal cut-
off score for the TFI before surgery was 2 points. When 

Table 1. Characteristics of the individuals included in the study

Variable Total group Women Men p-value

Number of subjects 180 56 (31.1%) 124 (68.9%) –

Age [years] 69.3 ±6.1 71.3 68.4 0.003

Height [cm] 168.4 ±8.9 159.4 172.5 0.000

Body weight [kg] 79.5 ±14.0 73.0 82.4 0.000

Marital status

widow/widower 34 (18.9%) 25 (73.5%) 9 (26.5%)

0.000
married/unmarried/living with a partner 134 (74.4%) 28 (20.9%) 106 (79.1%)

separated/divorced 7 (3.9%) 1 (14.3%) 6 (85.7%)

unmarried 5 (2.8%) 2 (40%) 3 (60%)

Net annual income [PLN]

7.200–10.800 1 (0.6%) 0 (0%) 1 (100%)

0.308

10.801–14.400 3 (1.8%) 1 (33%) 2 (66.7%)

14.401–18.000 9 (5%) 2 (22.2%) 7 (77.8%)

18.001–21.600 38 (21.1%) 17 (44.7%) 21 (55.3%)

21.601–25.200 85 (47.4%) 22 (25.9%) 63 (74.1%)

25.201 or more 44 (24.4%) 14 (31.8%) 30 (68.2%)

Education

no or primary 12 (6.7%) 5 (41.7%) 7 (58.3%)

0.526secondary 110 (61.1%) 36 (32.7%) 79 (71.8%)

higher 53 (29.4%) 15 (28.3%) 38 (71.7%)

NYHA

I 63 (35%) 8 (12.7%) 55 (87.3%)

0.000
II 69 (38.3%) 26 (37.7%) 43 (62.3%)

III 34 (18.9%) 17 (50%) 17 (50%)

IV 14 (7.8%) 5 (35.7%) 9 (64.3%)

BMI – body mass index; NYHA – New York Heart Association classes of heart failure. The p-value of according to Mann–Whitney U test.

Table 2. Mean scores in individual domains of the Tilburg Frailty Indicator

TFI Range 
of values n Mean SD Median Min Max Q1 Q3

General TFI result 0–15 180 2.34 1.95 2 0 8 1 4

Physical components 0–8 180 1.43 1.43 1 0 6 0 2

Psychological components 0–4 180 0.45 0.64 0 0 4 0 1

Social components 0–3 180 0.46 0.69 0 0 3 0 1

TFI – the Tilburg Frailty Indicator; SD – standard deviation; Q1 – first quartile; Q3 – third quartile.
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it was more than 2 points, complications could be ex-
pected. The sensitivity was 41.1% and the specificity was 
61.3%. The ROC curve is shown in Fig. 3.

The AUC was 0.487 for TFI before the procedure, which 
means it was a very weak predictor of the occurrence of re-
hospitalization. The optimal cutoff point for the TFI before 
surgery in this case was 3 points.

For patients with more than 3 points, rehospitalization 
was required. The sensitivity was 78.3% and the specificity 
was 31.9%. The data are presented in Fig. 4.

After the surgery, there were statistically significant 
changes in nearly every dimension of the patients’ mental 
and physical health. The physical components of frailty 
were more intense after CABG (p = 0.007).

In patients with diagnosed frailty syndrome, in addition 
to deterioration in independence in performing everyday 
activities, there were significant changes in their qual-
ity of life. In all areas of life, as well as in the perception 
of quality of  life, these patients reported lower scores. 
The data are presented Table 5.

Table 3. Logistic regression

Characteristic OR 95% CI p-value

Sex
women

men
1

0.555
ref.

0.21
1.465 0.234

Marital status

married/unmarried/living with a partner 1 ref. – –

unmarried 1.902 0.155 23.418 0.616

separated/divorced 10.416 1.7 63.831 0.011 *

widow/widower 6.678 1.259 35.413 0.026 *

Education

no or primary 1 ref. – –

secondary 1.773 0.346 9.072 0.492

higher 2.881 0.381 21.79 0.305

Net annual income [PLN]

7.200–10.800 1 ref. – –

10.801–14.400 0.133 0.026 0.693 0.017 *

14.401–18.000 0.124 0.026 0.591 0.009 *

18.001–21.600 0.076 0.011 0.529 0.009 *

How do you evaluate your lifestyle 
in terms of health?

healthy 1 ref. – –

neutral 1.751 0.687 4.458 0.24

unhealthy 10.982 1.328 90.788 0.026 *

Do you have 2 or more diseases 
and/or chronic disorders?

no
yes

1
1.67

ref.
0.665

–
4.188

–
0.275

Are you satisfied with your home 
environment?

no
yes

1
0.64

ref.
0.167

–
2.456

–
0.515

Age [years] 1.049 0.972 1.132 0.218

BMI [kg/m2] 0.983 0.891 1.084 0.725

Death of a loved one
no
yes

1
0.201

ref.
0.033

–
1.223

–
0.082

Diagnosed severe disease
no
yes

1
4.216

ref.
0.66

–
26.944

–
0.128

BMI – body mass index; OR – odds ratio; 95% CI – 95% confidence interval.

Table 4. Types of postoperative complications for the patients with frailty syndrome

Type of complication Patients with frailty syndrome 
(n of complications = 12)

Patients without frailty syndrome 
(n of complications = 45)

Death (n = 2) 0 (0%) 2 (4.4%)

Lower limb wound (n = 10) 2 (16.7%) 8 (17.8%)

Chest wound (n = 9) 0 (0%) 9 (20%)

Painfulness (n = 4) 0 (0%) 4 (8.9%)

Neurological (n = 8) 2 (16.7%) 6 (13.3%)

Respiratory (n = 5) 1 (8.3%) 4 (8.9%)

Bleeding, heart tamponade (n = 7) 3 (25%) 4 (8.9%)

Another (n = 12) 4 (33.3%) 8 (17.8%)
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Discussion

Frailty syndrome can cause many complications. 
A meta-analysis conducted by Rockwood et al., which 
included more than 68,000 individuals, showed that pa-
tients with frailty and pre-frailty are at risk for a higher 
number of  falls, frequent hospitalizations, longer stays 
in the hospital, and more postoperative complications. 
The authors also demonstrated links between frailty syn-
drome and imbalance, inferior lower limb muscle control, 

difficulties in self-service activities, and higher mortality 
rates. In our research, patients with frailty syndrome did 
not show prolonged hospital stays. The results revealed 
that frailty syndrome is a weak predictor of the incidence 
of hospitalization among this group of patients.13

In  a  three-year prospective cohort study of  pa-
tients  ≥65  years of  age undergoing general surgery, 
the authors drew the following conclusions. In the group 
of 326 hospitalized patients, frailty syndrome was diag-
nosed in 38.9% of patients. On admission, frailty patients 

Fig. 1. Complication-free survival for patients with and without frailty 
syndrome

Fig. 4. Receiver operating characteristic (ROC) analysis for rehospitalization. 
AUC – area under the curve.

Fig. 3. Receiver operating characteristic (ROC)  analysis for complications. 
AUC – area under the curve.

Fig. 2. Hospitalization-free survival of patients with and without frailty 
syndrome
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received higher American Association of Anesthesiologist 
(ASA) grades, with grade 1 (ASA I) indicating a healthy 
patient and grade 4 (ASA IV) indicating a patient with 
a severe systemic disease that is life-threatening. Hospital 
complications occurred in 26.7% of patients in this group 
and the mortality rate was 30%. Patients with frailty syn-
drome also had higher Failure to Rescue (FTR) results; 
the higher the rate, the lower the chance of a successful op-
eration. It was determined that frailty syndrome was also 
a predictor of FTR. The researchers stated that an impor-
tant element in patient case is the use of indicators to assess 
frailty syndrome. According to the analysis, frailty syn-
drome increases the risk of intraoperative complications 
and patient’s death three-fold among elderly patients.14

Similar conclusions were drawn by Han et al. in a study 
of 2278 patients. They assessed the risk of adverse events 
after surgery with regard to the presence of frailty syn-
drome features. It was revealed that the risk of postop-
erative complications was higher in patients with frailty 
syndrome than in those with no frailty symptoms. Our 
results are generally consistent with those of Khan and 
Han: although frailty syndrome did not cause increased 
mortality or rehospitalization, almost all patients with 
frailty had early hospital complications.15

Birkelbach et al. evaluated the impact of frailty syndrome 
on the risk of postsurgical complications. Patients were clas-
sified according to their frailty using the five-point Fried 
Frailty Index, where a score of 3 or more points indicates 
frailty and 2 or fewer points indicates pre-frailty. The oc-
currence of postoperative complications was evaluated until 
patients’ discharge from the hospital. Of the 1186 partici-
pants, almost half (46.9%) were in the pre-frailty group and 
11.4% were diagnosed with frailty syndrome. In both groups, 
there was a higher risk of complications and the postopera-
tive hospital stay was longer compared to patients without 

frailty. The incidence of adverse events was twice as high 
in patients with diagnosed frailty syndrome and pre-frailty 
features. In our research, frailty syndrome was diagnosed 
in 23% of the patients and the mean TFI score was about 
3 points, which suggests that most of the patients were clas-
sified as pre-frailty, although we did not test or evaluate this 
group. There were no statistically significant differences 
between the groups with and without frailty syndrome and 
the incidence of postoperative complications.16

In their work, Rothenberg et al. examined the effect 
of frailty syndrome in patients after scheduled surgery 
after unplanned readmission. Frailty was assessed using 
Risk Analysis Index (RAI), including physical dysfunc-
tions (renal failure, dyspnea, etc.) and cognitive status. 
The TFI was also used, which included additional so-
cial and psychological domains. They evaluated the data 
of 417,840 patients using a retrospective cohort design. 
More than half of patients that were hospitalized (59.2%) 
after surgery were readmitted to  the  hospital within 
30 days due to complications. Most often, these patients 
were women or had diagnosed frailty syndrome. When 
the frailty data were analyzed, the risk of unplanned re-
admission doubled. The results demonstrated that frailty 
syndrome is an important risk factor for readmission af-
ter a planned outpatient procedure due to complications. 
Screening for frailty syndrome may affect the development 
of interventions to reduce unplanned readmissions and 
treatments. In contrast to our studies, 1/3 of patients had 
postoperative complications and there were no significant 
differences between gender groups regarding the occur-
rence of unplanned events.17

This is important because it concerns the same study group 
as in their own research. After cardiac surgery, patients with 
frailty syndrome stayed in the intensive care unit (ICU) longer 
and were more likely to have complications compared to those 

Table 5. Comparison of quality of life before and after surgery for patients with frailty syndrome

WHOQoL BREF
Patients with frailty syndrome Patients without frailty syndrome

before surgery after surgery Wilcoxon 
paired test before surgery after surgery Wilcoxon 

paired test

Perception of quality 
of life

mean ±SD 3.76 ±0.58 3.71 ±0.61 V = 1  
p = 1

3.95 ±0.49 3.87 ±0.56 V = 67.5 
p = 0.021median 4 4 4 4

Perception of one‘s 
health

mean ±SD 3.45 ±0.77 3.39 ±0.72 V = 27  
p = 0.608

3.7 ±0.57 3.56 ±0.7 V = 228.5 
p = 0.004median 4 3 4 4

Physical domain
mean ±SD 13.62 ±1.56 13.32 ±1.86 V = 224.5  

p = 0.183
14.2 ±1.12 13.86 ±1.41 V = 1626 

p < 0.001median 14 13 14 14

Psychological domain
mean ±SD 13 ±1.61 12.32 ±1.97 V = 165  

p = 0.005
12.84 ±1.19 12.64 ±1.37 V = 1580 

p = 0.01median 13 12.5 13 13

Social domain
mean ±SD 14.36 ±2.08 14 ±2.38 V = 54.5  

p = 0.059
14.15 ±1.72 14.14 ±1.85 V = 369.5 

p = 0.994median 15 15 15 15

Environmental domain
mean ±SD 15.21 ±1.44 14.76 ±1.63 V = 207.5  

p = 0.032
15.09 ±1.25 14.57 ±1.29 V = 1542 

p < 0.001median 16 14.5 15 14

WHOQoL BREF – The World Health Organization Quality of Life Brief Version; SD – standard deviation.
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without frailty syndrome. On average, the stay in the ICU was 
prolonged from 28 h to 54 h. There were no significant differ-
ences in hospitalizations between the groups of patients with and 
without frailty syndrome. The average hospital stay was 1 week.18

Tran et al. performed four-year follow-up of patients with 
increased mortality. Frailty syndrome, which was diagnosed 
in 22% of patients (n = 40,083) at four-year follow-up, was 
associated with higher postoperative mortality compared 
to healthy individuals. In this group, there were greater dif-
ferences in the survival of patients between 40 and 74 years 
of age than in patients over 85 years of age. In our research, 
the follow-up visit took place 6 months after the surgery and 
the mortality rate was very low.19

In a Brazilian study, the research on frailty syndrome 
was included in the holistic nursing care of a patient. Of all 
of the patients included in this study, 93.6% had memory 
impairment, 93.6% had physical mobility problems, 82.1% 
showed general fatigue and weakness, and more than 50% 
were diagnosed with self-care deficits.20

Similar conclusions to our own research were drawn 
by Uchmanowicz et al. Frailty syndrome was diagnosed 
in 64.8% of patients with heart diseases who were predis-
posed to rehospitalization. It was also noted that physical 
and psychological aspects were important components.21

Different conclusions were drawn by Lupon et al. In their 
study based on 622 patients, 39.9% of whom had diagnosed 
frailty syndrome, frailty was not a prognostic factor for 
rehospitalization, but it was for higher mortality in patients 
with heart failure. In our study, frailty syndrome was not 
a prognostic factor for mortality or rehospitalization. This 
could be due to the lower mean age of the patients enrolled 
in our study compared to those in previous studies by dif-
ferent authors.22

Limitations

The  population in  this study exhibited a  relatively 
low burden of  frailty and was relatively young (mean 
age = 69 years old). The prevalence of frailty syndrome 
is generally higher in people over the age of 80. This could 
represent a bias in the present study and may have influ-
enced the findings. This study did not investigate the im-
pact of comorbidities on prognosis.

Conclusions

More than 1/3 of patients had complications during 
or after the procedure. There were more early postopera-
tive complications in patients with frailty syndrome. There 
were no statistically significant relationships between 
the occurrence of complications and hospitalization and 
the gender of patients. Frailty syndrome was a poor predic-
tor of rehospitalization. Patients without frailty syndrome 
expressed higher satisfaction in the subjective evaluation 
of the procedure and hospitalization.
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Abstract
Background. Radiotherapy has been proven to be an effective treatment strategy for inhibiting head-and-
neck cancer. However, side effects are common when using high-dosage irradiation, and the mechanism 
of action of this therapy has not been fully clarified.

Objectives. To discover targeting molecules involved in an electron radiation-induced xerostomia murine 
model.

Materials and methods. The xerostomia model mice were divided into Gy-3 (n = 5), Gy-7 (n = 5), and 
Gy-21 (n = 5) groups, and were compared to a negative control (NC) group. Drinking water amount, saliva 
volume, submandibular gland weight, and body weight were recorded. Real-time polymerase chain reaction 
(RT-PCR) was performed to amplify gene transcription. Hematoxylin and eosin (H&E) staining was used 
to identify submandibular gland damage. The dual-luciferase assay was used to observe the interaction 
between the Cdkn1a gene and miR-486a-3p.

Results. Electron radiation significantly increased the drinking water amount, and decreased saliva volume 
and body weight compared to mice without radiation treatment (p < 0.05). The H&E staining showed that 
electron radiation damaged the submandibular gland. Electron radiation also triggered significantly higher 
transcription of the Cdkn1a gene in the submandibular gland of xerostomia mice compared to those without 
radiation treatment (p < 0.05). The dual-luciferase assay demonstrated that miR-486a-3p interacted with 
the Cdkn1a gene (miRNA-mRNA).

Conclusions. Radiation was found to induce damage of the submandibular gland and affect Cdkn1a expres-
sion by regulating the expression of miR-486a-3p in a xerostomia murine model. Therefore, modulation 
of miR-486a-3p and the Cdkn1a gene in a xerostomia murine model might improve damage of the sub-
mandibular gland.

Key words: xerostomia, electron radiation, miRNA-mRNA targeting interaction, miR-486a-3p, Cdkn1a
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Background

Annually worldwide, about 500,000 patients are diag-
nosed with head-and-neck malignancies, and this tendency 
is increasing.1,2 Radiotherapy has proven to be an effective 
strategy for treating head-and-neck cancer. However, side 
effects are common when using high-dosage irradiation3 
and include xerostomia (a dry mouth caused by salivary 
gland damage). Usually, xerostomia influences life quality 
in patients with head-and-neck malignancy.4 However, 
no effective therapeutic regimens have been discovered 
for xerostomia until now.

In previous studies, plenty of specific mechanisms focus-
ing on dysfunction of salivary glands in xerostomia animal 
models have been explored, such as necrosis and apopto-
sis.5,6 To date, many studies have discovered that extracel-
lular microRNAs (miRNAs) are involved in the pathogenic 
process of head-and-neck malignancy and the associated 
radiotherapy resistance.7,8 Lamichhane et al. reported that 
circulating miRNAs act as prognostic molecular biomark-
ers for head-and-neck cancer.9 Fadhil et al. also proved 
that miRNAs could act as potential diagnostic biomark-
ers for human head-and-neck cancer.10 A previous study  
also reported that miR-486-5p is involved in the process 
of  neurogenesis and neovascularization.11 Meanwhile, 
miR-486-5p is also correlated with pyroptosis or apop-
tosis, and involved in inflammatory diseases.12 Moreover, 
the  Cdkn1a-encoded p21  molecule can interact with 
a series of molecules involved in many key biological pro-
cesses.13 Thus, we speculated that Cdkn1a might interact 
with miR-486-5p.

Objectives

In this study, we hypothesized that miR-486-5p might 
participate in the pathogenesis of radiotherapy-induced 
xerostomia in  an  animal model. Therefore, this study 
aimed to discover targeting molecule involved in an elec-
tron radiation-induced xerostomia animal model.

Materials and methods

Animals and cells

A total of 20 specific-pathogen-free (SPF) C57BL/6J mice 
(Ensiweier Biotechnology Co. Ltd., Chongqing, China) were 
fed with ad libitum food and water, and housed in condi-
tions with a light/dark cycle of 12 h/12 h at 23–25°C.

The Ethical Committee of Chongqing University Can-
cer Hospital (China) approved this study (approval No. 
CZLS2021077-A). All of the experiments were conducted 
in accordance with the Guidance of Care and Use of Labo-
ratory Animals of the National Institutes of Health (NIH).

Xerostomia model generation 
and grouping

The mice were divided into a normal control (NC) group 
(n = 5) and an X-ray irradiation injury xerostomia model 
group (n = 15). Mice in the xerostomia model group were 
further subdivided into a 3-day electron radiation group 
(Gy-3 group, n = 5), a 7-day electron radiation group (Gy-7 
group, n = 5) and a 21-day electron radiation group (Gy-21 
group, n = 5). Mice in the irradiation injury xerostomia 
model groups were weighed, anesthetized and placed 
on a linear accelerator in a supine position (with energy 
of 9 mV and dosage of 3 Gy/min). The submandibular gland 
of mice was irradiated with a single dose of 18 Gy elec-
tron radiation. Mice in the NC group were treated with 
the same method as the radiation model groups, except 
for the irradiation.

Measurement of parameters

The drinking water amount was recorded. Saliva was 
collected and its volume was recorded. The submandibular 
gland was isolated from xerostomia mice and weighed. 
The  submandibular gland index was calculated using 
the following formula (Eq. 1):

submandibular
 gland index [mg/g]

submandibular gland mass [mg]
body weight of mice [g]

= .

RT-PCR assay

RNAs were extracted from submandibular gland tis-
sues of xerostomia mice using the MiniBEST Universal 
RNA Extraction Kit (cat. No. 9767; TaKaRa, Tokyo, Japan) 
and cDNAs were synthesized with the PrimeScript™ II 
1st Strand cDNA Synthesis Kit (cat. No. 6210A; TaKaRa) 
following the manufacturer’s instructions. Transcription 
of the Cdkn1a gene was examined with AceQ® qPCR SYBR 
Green Master Mix (cat. No. Q111-02; Vazyme, Shanghai, 
China) using the generated polymerase chain reaction 
(PCR) primers (Table 1). The gene transcriptional prod-
ucts were analyzed using a Tanon-1600 gel-scanning sys-
tem (Tanon, Beijing, China) depending on the protocol 
of the scanning equipment. Finally, the relative gene tran-
scriptions were evaluated using the previously described 
2−ΔΔct method.14

Table 1. Specific primers for the real-time polymerase chain reaction 
(RT-PCR) assay

Genes Sequences (5’-3’)

GAPDH – forward CAGAAGGGGCGGAGATGAT

GAPDH – reverse AGGCCGGTGCTGAGTATGTC

Cdkn1a – forward CCCGTGGACAGTGAGCAGTT

Cdkn1a – reverse GCAGCAGGGCAGAGGAAGTA
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Hematoxylin and eosin staining

Submandibular glands were fixed using 4% paraformal-
dehyde, dehydrated in ethanol at different gradients for 
transparency, embedded in paraffin, cut into 5-μm thick 
sections, and then stained with hematoxylin and eosin 
(H&E) as described by Zhou et al.15 

Dual-luciferase reporter assay

293T cells were cultured in 24-well plates for 24 h and 
co-transfected using pmir-Glo-WtCdkn1a+pTK-NC 
and pmir-Glo-WtCdkn1a+pTK+mmu-miR-486a-3p 
or  pmir-Glo-MuCdkn1a+pTK-NC and pmir-Glo-
MuCdkn1a+pTK+mmu-miR-486a-3p. The  transfec-
tions were carried out using LipofectamineTM 2000 
(Thermo Fisher Scientific, Waltham, USA) as instructed 
by  the  manufacturer. About 48  h  post-transfection, 
the dual-luciferase reporter assay system (Promega, Madi-
son, USA) was applied to verify firefly luciferase normal-
ized to Renilla luciferase (ratio).

Statistical analyses

Data are reported as mean ± standard deviation (SD) and 
analyzed using IBM SPSS Statistics for Windows v. 19.0 
software (IBM Corp., Armonk, USA). The Mann–Whitney 
U test was used to analyze the differences between 2 groups. 
A value of p < 0.05 was considered to be a statistically sig-
nificant difference.

Results

Electron radiation increased  
the drinking amounts of xerostomia mice

Electron radiation greatly increased the drinking water 
amount in xerostomia mice compared to those in the NC 
group at 0 days (Fig. 1A), 3 days (Fig. 1B), 7 days (Fig. 1C), 
and 21 days (Fig. 1D) after radiation injury. These re-
sults suggest that electron radiation obviously increased 
the drinking water amount in xerostomia mice.

Fig. 1. Effects of electron radiation on drinking water amount (mean ±SD) 0 days (A), 3 days (B), 7 days (C), and 21 days (D) after the radiation treatment 
(n = 5 for each group). The white and black bar charts represent the negative control (NC) group and Gy-treated groups, respectively. The p-values for 
comparisons between groups are shown in the images. df – degrees of freedom
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Electron radiation reduced  
the body weight of xerostomia mice

At 3 days (Gy-3 group, Fig. 2A, p = 0.016), 7 days (Gy-7 
group, Fig. 2B, p = 0.000) and 21 days (Gy-21 group, Fig. 2C, 
p = 0.000) after the administration of electron radiation, 
the body weight of mice was significantly decreased compared 
to mice in the NC group. These results suggest that electron 
radiation reduced the body weight of xerostomia mice.

Electron radiation reduced 
the submandibular gland weight 
in xerostomia mice

The submandibular gland weight of xerostomia mice 
in  the  Gy-3, Gy-7 and Gy-21 groups was significantly 
reduced compared to the submandibular gland weight 
of mice in the NC group (Fig. 3A, all p = 0.001) in a time-
dependent manner. In addition, the submandibular gland 
index of xerostomia mice in the Gy-21 group was markedly 
decreased compared to the index in the NC group (Fig. 3B, 
p  =  0.000). However, there were no obvious changes 
in the submandibular gland index in the Gy-3 and Gy-7 
groups compared with the NC group (Fig. 3B, p = 0.963 

and p = 0.357, respectively). Furthermore, the saliva volume 
of electron radiation-treated mice (Gy-3, Gy-7 and Gy-21 
groups) was significantly lower compared to xerostomia 
mice in the NC group (Fig. 3C, all p = 0.001).

Electron radiation damaged 
the submandibular gland structure 
in xerostomia mice

In the NC group, the glands could be seen, the nucleus 
was close to  the base, arranged in an orderly manner, 
and blood vessels could be seen in the stroma (Fig. 4). 
In the electron radiation-treated groups, the submandibu-
lar gland was atrophied, the number of cells was decreased, 
the structure of the gland tissue was loose, and the space 
between glandular lobules was enlarged (Fig. 4).

Electron radiation triggered an increase 
in Cdkn1a gene transcription

The results of the bioinformatics and miRNA/mRNA 
association analysis (Kyoto Encyclopedia of Genes and 
Genomes (KEGG) information analysis) (http://www.
genome.ad.jp/kegg/) showed that the  targeting gene, 

Fig. 2. Electron radiation decreased the body weight (mean ±SD) of xerostomia mice 3 days (A), 7 days (B) and 21 days (C) after the radiation treatment 
(n = 5 for each group). The white and black bar charts represent the negative control (NC) group and Gy-treated groups, respectively. The p-values for 
comparisons between groups are shown in the images. df – degrees of freedom

n = 5, df = 4

NC Gy-3 Gy-7 Gy-21

23

21

19

17

15

w
ei

gh
t a

t d
ay

 3
 [g

]

28

26

24

22

20

w
ei

gh
t a

t d
ay

 2
1 

[g
]

NC Gy-21

z = 2.307, p = 0.021

z = 2.401, p = 0.016

z = 2.120, p = 0.034

n = 5, df = 4

z = 10.267, p = 0.000

A n = 5, df = 4

NC Gy-7 Gy-21

25

23

21

19

17

15

w
ei

gh
t a

t d
ay

 7
 [g

]

z = 5.444, p = 0.000

z = 6.214, p = 0.000

B

C



Adv Clin Exp Med. 2021;30(9):933–939 937

Fig. 4. Electron radiation damaged the structure 
of the submandibular gland, as determined with 
hematoxylin and eosin (H&E) staining (n = 5 for 
each group). NC – negative control

Fig. 3. Effects of electron radiation on the submandibular gland weight (A), submandibular gland index (B), and saliva volume (C) of xerostomia mice (n = 5 
for each group). All data are illustrated as mean ±SD. The white and black bar charts represent the negative control (NC) group and Gy-treated groups, 
respectively. The p-values for comparisons between groups are shown in the images. df – degrees of freedom
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ENSMUSG00000023067 (Cdkn1a), related to xerosto-
mia, was enriched in the p53 signaling pathway. Accord-
ing to the real-time PCR (RT-PCR) findings, Cdkn1a gene 
transcription was significantly increased in mice in the ra-
diation groups compared to mice in the NC group 3 days 
(p = 0.000), 7 days (p = 0.000) and 21 days (p = 0.000) 
after the electron radiation treatment (Fig. 5). Therefore, 
we speculate that Cdkn1a might be involved in the patho-
genesis of xerostomia.

miR-486a-3p interacted  
with the Cdkn1a gene

As can be observed in Fig. 6, mmu-miR-486a-3p regu-
lated expression of  luciferase in 3’-UTR of the Cdkn1a 
gene (p = 0.001). Therefore, mmu-miR-486a-3p effectively 
regulated the expression of  luciferase through binding 
at 3’-UTR of the Cdkn1a gene.

Discussion

Head-and-neck cancer patients usually suffer from ra-
diotherapy-induced dysfunction of the salivary glands.16 
The submandibular gland secretes about 2/3 of the amount 
of unstimulated saliva.4,17 Therefore, this study mainly 
focused on investigating the functions of the subman-
dibular gland in xerostomia mice. Previous studies have 
reported that head-and-neck cancer patients undergoing 
radiotherapy treatment usually demonstrate decreased 
salivary secretion and damaged submandibular glands.18,19 
Thus, it is crucial to discover the specific mechanisms for 
radiation-induced submandibular gland dysfunction and 
identify the associated molecules.

In this study, we found that electron radiation markedly 
increased the drinking water amount, decreased saliva vol-
ume and body weight, and reduced submandibular gland 
weight and submandibular gland index of mice compared 
to those without electron radiation treatment. As shown 
by these results, the electron radiation-induced symptoms 
in mice are consistent with those in radiation-treated can-
cer patients.20 Based on the H&E staining results, it can 
be stated that electron radiation damaged the structure 
of  the submandibular gland, resulting in an atrophied 
gland, decreased cell amounts, loose gland tissues, and 
enlarged spaces between glandular lobules. We believe 
that electron radiation might induce the death of cells 
in the submandibular gland tissues of mice.

According to  the  KEGG bioinformatics analysis, 
the Cdkn1a gene is highly expressed in submandibular 
gland tissues. Therefore, it was selected for the dual-
luciferase reporter assay to  observe the  potential in-
teraction with miR-486. As  previous studies have 
documented, plenty of miRNAs have been discovered 
in the submandibular glands.21,22 The miR-486 has been 
proven to participate in the apoptosis process of cells 
in different disorders. Luo et al. found that miR-486-5p 
promoted apoptosis in  an  acute lung injury animal 
model.23 Fan et al. reported that miR-486 reduction could 
protect cardiomyocytes against cell injury by inducing 
apoptosis.24 The  miRNA/mRNA association analysis 
identified that, taking Cdkn1a as  the  targeting gene, 
miR-486 demonstrated the  most remarkable change. 
Therefore, we analyzed the relationship between Cdkn1a 
and miR-486a-3p and found that miR-486a-3p interacts 
with Cdkn1a, which is a typical miRNA–mRNA target-
ing interaction.25

Limitations

Firstly, this study only clarified the interaction between 
miR-486a-3p and Cdkn1a in a xerostomia murine model. 
The downstream molecules involved in  the pathologi-
cal process have not been determined. Secondly, there 
might be other miRNAs or  miRNA–mRNA targeting 
interactions that participate in the xerostomia process, 

Fig. 6. miR-486a-3p interacted with the Cdkn1a gene, as shown using 
the dual-luciferase assay. The p-values for comparisons between groups 
are shown in the images. df – degrees of freedom

Fig. 5. Electron radiation triggered transcription changes of the Cdkn1a 
gene (n = 5 for each group). All data are illustrated as mean ±SD. 
The white and black bar charts represent the negative control (NC) 
group and Gy-treated groups, respectively. The p-values for comparisons 
between groups are shown in the images. df – degrees of freedom
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which need to be investigated in future studies. Thirdly, 
this study mainly clarified the miRNA–mRNA targeting 
interaction between miR-486a-3p and the Cdkn1a gene. 
However, the endogenous expression of miR-486a-3p and 
the effects of radiation on miR-486a-3p expression have 
not been determined. Fourthly, this study is only a prelimi-
nary investigation of the effects of radiation on xerostomia 
and proved that miR-486a-3p is  involved in the effects 
of radiation. However, whether a deficiency of miR-486a-
3p could affect Cdkn1a expression has not been deter-
mined. Lastly, the sample size of this study is small (n = 5 
for each group). Therefore, in a follow-up study, we plan 
to further clarify the specific mechanism for radiation-
caused xerostomia in animal models.

Conclusions

Radiation induces damage of the submandibular gland 
and affects Cdkn1a expression by regulating the expression 
of miR-486a-3p in a xerostomia mouse model. Therefore, 
modulating miR-486a-3p and the Cdkn1a gene in a xero-
stomia murine model might reverse damage of the sub-
mandibular gland.
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Abstract
Background. Desflurane is a mainstay of general inhaled anesthetics with a methyl ethyl ether structure 
and is widely used in clinical practice. It has been reported to induce inflammation and lipid peroxidation 
in rat pulmonary parenchyma, to increase alveolar macrophages, and to cause peribronchial infiltration and 
edema. Rutin, a flavonoid vitamin P1, is known to have biological properties including acting as an antioxidant, 
an anti-inflammatory, and an inhibitor of bronchoalveolar polymorphonuclear leukocyte (PNL) infiltration.

Objectives. The aim of this study is to examine the effects of rutin on desflurane-induced pulmonary injury 
using biochemical and histopathological methods.

Materials and methods. The  rats were divided into 3 groups (n  =  6 each): healthy control (HC), 
rutin+desflurane-treated (DRT) and desflurane-only (DSF). Briefly, 50 mg/kg of rutin was given orally 
to the DRT group and an equal volume of normal saline was given to the DSF and HC groups. After 1 h, 
anesthesia was induced and maintained in the DRT and DSF groups for 2 h. After the rats had been sacrificed, 
the lungs were removed. Malondialdehyde (MDA), total glutathione (GSH), tumor necrosis factor alpha 
(TNF-α), and nuclear factor kappa B (NF-κB) levels were measured in the excised lung tissue. The removed 
tissues were also fixed in 10% formalin, and the obtained sections were stained with hematoxylin and eosin 
(H&E) and evaluated under light microscopy. The biochemical and histopathological results of the DRT group 
were compared with those obtained from the DSF and HC groups.

Results. Desflurane increased MDA, TNF-α and NF-κB, and decreased GSH in lung tissue. The PNL infiltration, 
alveolar macrophages, hemorrhage, alveolar damage, and edema were observed in the lung tissue of the DSF 
group. Rutin was histopathologically shown to protect lung tissue from oxidative stress by preventing an in-
crease in oxidant parameters and a decrease in antioxidants.

Conclusions. The results suggest that rutin may be useful in the treatment of desflurane-associated lung 
injury.

Key words: oxidative stress, desflurane, lung injury, rutin
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Background

Desflurane is one of the modern inhaled anesthetic drugs 
commonly used today that has a methyl ethyl ether struc-
ture.1 This anesthetic gas was first synthesized in the USA 
in the 1960s and entered into service in 1990.2 Desflurane 
has been widely used because of its safety and effective-
ness, as well as promoting a rapid recovery and extubation.1,3 
However, like other inhalation anesthetics, desflurane af-
fects respiration.4 The irritant effect of desflurane on the air-
ways is much more pronounced than sevoflurane and halo-
thane.5,6 Allaouchiche et al. have evaluated bronchoalveolar 
and systemic oxidative stress in animals exposed to desflu-
rane. In their study, it was shown that desflurane accelerates 
the lipid peroxidation (LPO) reaction in bronchoalveolar 
tissue, increases the production of malondialdehyde (MDA), 
and induces systemic oxidative stress.7 It has also been re-
ported that desflurane induces inflammation and LPO in rat 
pulmonary parenchyma, and causes peribronchial infiltra-
tion, alveolar septal infiltration and edema, and increases al-
veolar macrophages.8 However, the role of pro-inflammatory 
cytokines, such as tumor necrosis factor alpha (TNF-α) and 
nuclear factor kappa B (NF-κB), in desflurane-induced lung 
toxicity has not yet been examined.

Desflurane has not only been reported to cause lung 
injury but also severe liver injury resulting in death.9 Stud-
ies have shown that oxidative stress plays an important 
role in the pathogenesis of the toxic effects of desflurane 
in the liver.10 To date, there has not been any research ex-
amining the effects of desflurane on glutathione (GSH), 
which acts as a total antioxidant in lung tissue. However, 
while desflurane causes MDA to increase in liver tissue, 
the amount of total GSH decreases.11 These findings indi-
cate that desflurane may cause oxidative and inflammatory 
damage in lung tissue. In addition, it can be proposed that 
agents that have both antioxidant and anti-inflammatory 
activity can protect the lungs from desflurane toxicity.

In  this study, the effects of  rutin (3,3,4,5,7-pentahy-
droxyflavone-3-rhamnoglucoside), a vitamin P1 flavonoid, 
on desflurane-induced lung injury were examined.12 Rutin 
is known to have various biological properties such as an-
tioxidant, anti-inflammatory, antibacterial, and anti-hy-
perglycemic activity, cytokine inhibition, bronchoalveolar 
polymorphonuclear granulocyte infiltration inhibition, 
and immunomodulation.13–15 Rutin has also been reported 
to reduce lipopolysaccharide-induced oxidative acute lung 
injury.16 These findings indicate that rutin may be effec-
tive in reducing the lung damage induced by desflurane. 
At present, there are no studies that have examined the ef-
fects of rutin on desflurane-induced lung injury.

Objectives

The  current study aimed to  determine the  harmful 
effects of desflurane on the lung using biochemical and 

histopathological methods, and to measure the protective 
effects of rutin, a significant antioxidant.

Materials and methods

Animals

Experimental animals were obtained from the Atatürk 
University Medical Experimental Application and Research 
Center. A total of 18 male albino Wistar rats weighing 
235–248 g were used in the experiments. All of the animals 
were kept and fed in groups in the laboratory environ-
ment (22°C) before the experiment. Animal experiments 
were performed according to the National Guidelines for 
the Use and Care of Laboratory Animals, and were ap-
proved by the local animal ethics committee of Atatürk 
University (Erzurum, Turkey) with a decision No. 5/117, 
dated April 27, 2018.

This study conformed to the ethical standards laid down 
in the 1964 Declaration of Helsinki. The manuscript does 
not contain clinical studies or patient data.

Chemicals

Desflurane (Suprane 100% inhalation steam, 240 mL) 
was obtained from Eczacıbaşı-Baxter Hospital Supply In-
dustry (Istanbul, Turkey) and rutin was obtained from 
Solgar (Leonia, USA). Each tablet contained 500 mg of ru-
tin (>94% purity).

Experimental groups

The rats were divided into 3 groups with 6 rats each: 
1) healthy control (HC) group, 2) desflurane (DSF), and 
3) 50 mg/kg rutin and desflurane (DRT).

Preparation of rutin suspension

In order to administer rutin at a dosage of 50 mg/kg 
to each animal whose average weight was 241.5 g, the calcu-
lated dosage was found to be 12.075 mg (241.5 g × 50/1000 
= 12.075 mg). The 12.075 mg rutin dosage was prepared 
for each animal as a suspension in 0.5 mL of a 0.9% NaCl 
solution.

Experimental procedure

The  anesthesia gas vaporizer was calibrated prior 
to the experiment. The anesthetic gas was adjusted ac-
cording to the recommendations of Eger–Johnson and 
Haelwyn with a minimum alveolar concentration of 1% 
and a desflurane concentration of 6%.17 Briefly, 50 mg/kg 
of rutin was orally administered to the DRT group (n = 6). 
The DSF (n = 6) and HC (n = 6) groups were treated orally 
with the  same volume of  normal saline (0.5  mL 0.9% 
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NaCl). One hour after rutin and 0.9% NaCl administra-
tion to the DRT and DSF groups, anesthesia was induced 
and maintained for 2 h in a 40 × 40 × 70 cm transparent 
plastic box. The box was connected to the semi-open anes-
thesia machine with fixed hoses. At five-minute intervals, 
preoxygenation was applied to the cages with 100% oxygen. 
Anesthesia maintenance was provided by a mixture of 2 L 
of oxygen and 2 L of nitrous oxide with 6% desflurane. 
Following this, the animals were sacrificed by decapitation 
and their lungs were removed. Malondialdehyde, GSH, 
TNF-α, and NF-κB levels were measured in the excised 
lung tissue, and the tissues were evaluated histopatho-
logically. The biochemical and histopathological results 
of the DRT group were compared with those obtained 
from the DSF and HC groups.

Biochemical analyses

Sample preparation

Homogenates were prepared from the lung tissues for bio-
chemical analysis. The GSH and MDA levels in the super-
natants obtained from these homogenates were determined 
using appropriate methods based on the literature. Briefly, 
0.2 g was weighed from each tissue sample and removed 
at this stage of the study. The level of MDA in the lung 
tissue was determined using 1.15% potassium chloride so-
lution, and the other measurements were carried out with 
phosphate buffer at pH 7.5. The tissue was homogenized 
in ice and mixed with an appropriate solution, completed 
to a total of 2 mL.17,18 The samples were then centrifuged 
at 4°C for 10 min at 10,000 rpm. The supernatant portion 
was used as the analysis sample for MDA, GSH, TNF-α, 
NF-κB, and protein concentration measurements.

MDA analysis

The MDA measurement was based on a spectropho-
tometric measurement (at  532  nm) of  the  absorbance 
of a pink colored complex formed by thiobarbituric acid 
(TBA) and MDA at a high temperature (95°C).18 Briefly, 
250 μL of homogenate, 100 μL of 8% sodium dodecyl sulfate 
(SDS), 750 μL of 20% acetic acid, 750 μL of 0.08% TBA, and 
150 μL of distilled water were mixed in Eppendorf tubes 
and vortexed. The mixture was then incubated at 100°C for 
60 min and, once cooled down, 2.5 mL of n-Butanol was 
added. Spectrophotometric measurements were then made. 
The resulting red color was read using 3 mL cuvettes whose 
light path is 1 cm at 532 nm. The MDA level of the samples 
was determined by taking the dilution coefficients into 
consideration and using a standard graph derived from pre-
viously prepared MDA stock solutions. The stock standard 
solution with a 200 μmol/L concentration was prepared 
using standard: 1.1.3.3-tetraethoxypropane. Standard solu-
tions with different concentrations were achieved through 
serial dilution of the prepared stock standard.

GSH analysis

The DTNB (5,5’-Dithiobis (2-nitrobenzoic acid)), a di-
sulfide chromogen used in  the measurement medium, 
is decreased by compounds with sulfhydryl groups. The re-
sulting yellow color was spectrophotometrically measured 
at 412 nm.20 Before measurement, 0.5 mL of meta-phos-
phoric acid was added to 0.5 mL of the prepared super-
natant and centrifuged for 2 min at 2000 rpm for depro-
teinization. Then, 1500 μL of measuring buffer (200 mM 
Tris-HCl containing 0.2 mM EDTA, pH = 8.2), 500 μL 
of supernatant, 100 μL of DTNB, and 7900 μL of methanol 
were mixed in Eppendorf tubes and vortexed. The mixture 
was incubated at 37°C for 30 min and then measured with 
the spectrophotometer. The amount of yellow color was 
read using 3 mL quartz cuvettes at 412 nm, and the GSH 
levels in the samples were determined by taking the di-
lution coefficients into consideration and using a stan-
dard graph derived from a GSH stock solution prepared 
previously.

TNF-α and NF-κB analysis

Tissue-homogenate NF-κB and TNF-α concentrations 
were measured using rat-specific sandwich enzyme-linked 
immunosorbent assay kits (Rat Nuclear Factor-kappa 
B  ELISA kit, cat. No: 201-11-0288; SunRed Biological 
Technology, Shangai, China; and Rat Tumor Necrosis 
Factor α ELISA kit, cat No: YHB1098Ra, Shanghai LZ, 
Shanghai, China). Analyses were performed according 
to  the  manufacturers’ instructions. Briefly, monoclo-
nal antibodies specific for rat NF-κB and TNF-α were 
coated onto the wells of micro plates. The tissue homog-
enate, standards, biotinylated monoclonal antibody, and 
streptavidin-horseradish peroxidase (HRP) were pipetted 
into these wells and then incubated at 37°C for 60 min. 
After washing, chromogen reagent A and chromogen re-
agent B were added, which is acted upon by the bound 
enzyme to produce a color. The samples were then incu-
bated at 37°C for 10 min and a stop solution was added. 
The intensity of the colored product is directly propor-
tional to the concentration of rat NF-κB and TNF-α pres-
ent in the original specimen. At the end of the course, 
the well plates were read at 450 nm. The concentration 
of the samples was calculated from formulas derived from 
standard graphs.

Histopathological examination

The removed tissues were fixed in a 10% formalin solu-
tion for 24 h. Four micron-thick sections were obtained 
from the paraffin blocks using routine techniques and 
stained with hematoxylin and eosin (H&E). All sections 
were evaluated using light microscopy (Olympus BX 52; 
Olympus Corp., Tokyo, Japan) by a pathologist who was 
not aware of the treatment protocols.
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Statistical analyses

The  results for continuous variables are presented 
as  means  ±  standard deviation (SD). The  normality 
of  the distributions for continuous variables was con-
firmed with the Kolmogorov–Smirnov test. For the com-
parison of groups, one-way analysis of variance (ANOVA) 
was used. The homogeneity of variances was confirmed 
with Levene’s test, and post hoc Tukey’s honest signifi-
cant difference (HSD) or Games–Howell tests were used 
according to the homogeneity of the variances. The sta-
tistical level of significance for all tests was considered 
to be 0.05. Statistical analyses were performed using IBM 
SPSS Statistics for Windows v. 19.0 software (IBM Corp., 
Armonk, USA).

Results

MDA and GSH analysis

Malondialdehyde levels in the lung tissues were differ-
ent across the study groups (F(2, 15) = 292.7, p < 0.001). 
Levels of MDA in the DSF group were significantly higher 
than the levels of healthy animals (7.3 ±0.7 μmol/g pro-
tein compared to  1.3  ±0.4  μmol/g protein, p  <  0.001). 
In the DRT group, MDA levels were similar to the HC ani-
mals (1.7 ±0.1 μmol/g protein compared to 1.3 ±0.4 μmol/g 
protein, p > 0.05; Fig. 1). In addition, GSH levels in the lung 
tissues were statistically different across the  study 
groups (F(2, 15) = 247.9, p < 0.001). Glutathione levels 
in the lung tissues of the HC animals were statistically 
higher than in the DSF rats (5.5 ±0.4 nmol/g compared 
to 1.5 ± 0.2 nmol/g (p < 0.001). Rutin allowed GSH levels 
to be maintained at 5.2 ±0.4 nmol/g and there was no 
significant difference between GSH levels in the HC and 
DRT groups (p > 0.05; Fig. 2).

TNF-α and NF-κB analysis

The TNF-α and NF-κB levels in the lung tissues were dif-
ferent across the study groups (F(2, 15) = 250.9, p < 0.001; 
F(2, 15) = 554.3, p < 0.001, respectively). The TNF-α and 
NF-κB levels in the lung tissues of the DSF animals were 
both significantly higher than in the HC rats (6.7 ±0.6 pg/mL 
compared to 1.8 ±0.3 pg/mL for TNF-α and 8.8 ±0.5 pg/mL 
compared to 2.7 ±0.3 pg/mL for NF-κB). However, rutin 
administration prevented the TNF-α and NF-κB levels in-
crease induced by desflurane (p > 0.05; Fig. 3,4). In the DRT 
group, TNF-α and NF-κB levels were similar to the HC 
animals (2.2 ±0.2 pg/mL compared to 1.8 ±0.3 pg/mL for 
TNF-α and 3.0 ±0.3 pg/mL compared to 2.7 ±0.3 pg/mL 
for NF-κB).

Fig. 1. Malondialdehyde (MDA)  levels in the study groups; * p < 0.001 
when compared with healthy control group (HC). DRT – rutin+desflurane-
treated group; DSF – desflurane-only group

Fig. 3. Tumor necrosis factor alpha (TNF-α) levels in the study groups; 
* p < 0.001 when compared with healthy control group (HC). 
DRT – rutin+desflurane-treated group; DSF – desflurane-only group

Fig. 2. Glutathione (GSH)  levels in the study groups; * p < 0.001 when 
compared with healthy control group (HC). DRT – rutin+desflurane-treated 
group; DSF – desflurane-only group
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Histopathological findings

As can be seen in Fig. 5, normal pleural mesothelium, 
bronchioles pulmonary arterioles and alveolar canals 
were observed in  the  lung tissues of healthy animals. 
On the other hand, polymorphonuclear leucocyte (PNL) 
infiltration, alveolar macrophages, hemorrhage, alveo-
lar damage, and edema were observed in the lung tis-
sue of the DSF group (Fig. 6). However, no pathological 
findings were reported in  the  lung tissue of  the DRT 
group, with the exception of dilated conjunctival blood 
vessels (Fig. 7).

Discussion

In this study, the effect of rutin on desflurane inhalation 
induced lung injury in rats was investigated biochemically 
and histopathologically. The biochemical results showed 
that, in lung tissues of the DSF animals, the levels of MDA, 
TNF-α and NF-κB increased, and the  level of GSH de-
creased significantly, compared to HC and DRT groups. 
Desflurane is a drug that provides rapid awakening when 
discontinued and shortens the duration of patients’ stay 
in the recovery room. For this reason, it is one of the most 
commonly used modern inhaled anesthetic agents. How-
ever, when desflurane is used alone for induction of anes-
thesia, it irritates the respiratory tract, increases secretion, 
and triggers coughing and laryngospasm.1,2 Desflurane has 
been compared with other inhaled anesthetics in various 

Fig. 7. Histopathological examination of the rutin+desflurane-treated 
group (DRT). No pathological findings except dilated conjunctival 
blood vessels were detected in the lung tissue of the DRT group 
(H&E staining, ×200 magnification)

Fig. 6. Histopathological examination of the desflurane-only group 
(DSF). Polymorphonuclear leucocyte infiltration (straight arrow), alveolar 
macrophages (straight arrow), hemorrhage (round arrow), alveolar 
damage (double square arrow), and edema (single square) were observed 
in the DSF group inhaling desflurane (H&E staining, ×200 magnification)

Fig. 5. Histopathological examination of the healthy control group (HC). 
Normal pleural mesothelium (straight arrow), bronchioles (striped arrow), 
pulmonary arterioles (round arrow), alveoli (square arrow), and alveolar 
channels (double arrow) were observed in lung tissues of healthy animals 
(H&E staining, ×100 magnification)

Fig. 4. Nuclear factor kappa B (NF-κB) levels in the study groups;  
* p < 0.001 when compared with healthy control group (HC). 
DRT – rutin+desflurane-treated group; DSF – desflurane-only group
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studies and it has been reported that it increases oxidative 
stress in the lung, and causes inflammation and more lung 
damage than other anesthetics.7,21–24 The high MDA and 
low GSH levels in the lung tissues of the DSF group indicate 
that the oxidant/antioxidant balance changes in favor of ox-
idants. Under normal physiological conditions, the oxidant/
antioxidant balance is maintained in favor of antioxidants. 
Any change in this balance in favor of oxidants is called 
oxidative stress.25 Reactive oxygen species (ROS) leading 
to oxidative stress oxidize cell membrane lipids, facilitate 
the production of toxic products such as MDA from lipids, 
and exacerbate cellular damage.26,27 Many studies have 
reported that desflurane increases MDA levels and plays 
a role in oxidative stress.8,28,29 In the current study, MDA 
levels were similar between the HC group and the DRT 
group, but significantly elevated in the DSF group. Similar 
to these results, a recent study conducted by Adefegha et al. 
reported that rutin suppresses oxidative damage mediated 
by acute inflammation in rats by its anti-inflammatory 
activity.30

In addition, it has been shown that rutin prevents leakage 
of polymorphonuclear granulocytes into the bronchoal-
veolar lavage (BAL) fluid in LPS-induced acute lung in-
jury (ALI).13,31 Furthermore, rutin has been shown to play 
a preventive role in the development of acute respiratory 
distress syndrome (ARDS) by  increasing the secretion 
of pro-inflammatory cytokines and by a concentration-
dependent inhibition of LPS-induced inflammatory re-
actions, including lipid peroxidation.32 It has also been 
shown that decreased superoxide dismutase, catalase and 
glutathione peroxidase caused by LPS, and the activities 
of antioxidant enzymes, such as oxygenase-1, can be re-
versed by rutin.16

One of the most important non-enzymatic endogenous 
antioxidants in cellular defense against oxidative damage 
is GSH. It protects the cell from ROS damage by chemi-
cally detoxifying hydrogen peroxide or organic oxides.33,34 
In the current study, it was observed that GSH levels de-
creased in the desflurane group, whereas they were similar 
and maintained in the HC and DRT groups. Based on these 
results, it is likely that rutin, by increasing GSH levels, has 
preventive effects against oxidative stress.. A high GSH 
level is accepted as an indicator of normal cell function 
and viability, whereas a decrease in the GSH level is con-
sidered as a weakness of the intracellular defense system 
and a marker of damage.35

Furthermore, in  the  current study, TNF-α levels 
in the lung tissues of the DSF animals were found to be 
higher than that of the HC and DRT groups. The TNF-α, 
which is the first detectable cytokine in the blood after tis-
sue damage, is a glycoprotein synthesized mainly by mono-
cytes and macrophages that can cause inflammation and 
tissue damage at high concentrations.36 Free oxygen radicals 
induced by TNF-α also cause edema by increasing vascular 
permeability,37 and pulmonary edema during septic shock 
occurs with this mechanism.38 It has also been reported 

that TNF-α was elevated in a patient who underwent des-
flurane anesthesia for ear surgery, and a systemic and in-
trapulmonary pro-inflammatory response developed.39 
When we evaluated NF-κB levels, it was found that NF-κB 
levels were increased in the DSF group, and that the HC 
and DRT groups showed similar levels of TNF-α. Increased 
NF-κB in the DSF group and similar levels in the HC and 
DRT groups can be considered an indicator of the anti-
inflammatory effects of flavonoids. Studies have also shown 
that abnormal activation and inhibition of NF-κB plays 
a role in the pathophysiological processes of many diseases 
such as metabolic, inflammatory and neurodegenerative 
diseases, and cancer.40 Resveratrol, a flavonoid in red wine, 
also inhibits NF-κB activity. Accordingly, it is thought that 
resveratrol can reduce the mortality rates of coronary heart 
diseases and some types of cancer.41 Lee et al. reported that 
TNF-α released from endothelial cells stimulated by LPS 
and subsequently activated NF-κB are suppressed by rutin 
in a dose-dependent manner, suggesting that rutin may be 
useful in vascular inflammatory diseases.42

In  the  current study, the  biochemical results were 
also supported by histopathological findings. In a study 
by Aldemir et al. evaluating the effects of desflurane and 
isoflurane on  the  lung histopathologically, the  degree 
of peribronchial inflammatory infiltration and the num-
ber of  alveolar macrophages were significantly higher 
in the desflurane group. In addition, alveolar septal infil-
tration and edema were detected together with high MDA 
levels.8 Others have examined changes in the rabits’ lungs 
after human recombinant TNF-α injection, and increased 
vascular permeability, granulocyte infiltration and edema 
were found.37 In this study, PNL infiltration, alveolar mac-
rophages, hemorrhage, alveolar damage, and edema were 
observed in lung tissues of the DSF group. It is likely that 
these findings are due to the increase in TNF-α, NF-κB 
and MDA levels in lung tissue. Many studies have been 
conducted on the preventive effect of rutin against lung 
injury caused by LPS.31,43 Histopathological examination 
in LPS-induced ALI revealed that rutin prevented PNL in-
filtration, which is expected to be the dominant cell in BAL 
fluid, and had a protective effect against ALI.43 Others have 
shown that rutin has a preventive effect against ARDS 
by inhibiting lipid peroxidation.32 Similar to these studies, 
no histopathologic findings, except for dilated conjunc-
tival blood vessels, were found in the DRT group in our 
study. We believe that this is proof of the protective effect 
of rutin.

Limitations

In order to explain the mechanisms of  lung damage 
caused by desflurane in more detail, total oxidant, total 
antioxidant and anti-inflammatory cytokine levels should 
be measured, and the effect of rutin on these parameters 
should be investigated. In addition, it will be important 
to examine the molecular histopathology of the tissues.



Adv Clin Exp Med. 2021;30(9):941–948 947

Conclusions

The results indicate that desflurane inhalation increases 
MDA, TNF-α and NF-κB, factors associated with inflamma-
tion and oxidative stress, and decreases GSH, a strong antiox-
idant, in lung tissues of rats. Administration of rutin reversed 
the effects of desflurane on these parameters and eliminated 
oxidative stress, showing a protective effect on lung tissue. 
Our experimental results showed that the biochemical and 
histopathological effects were consistent. We consider that 
these results will shed light on future studies investigating 
the protective effect of rutin on the lungs.
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Abstract
Background. Effects of osteoarthritis (OA) are observed in experimental animal models using different 
gait analysis systems.

Objectives. The aim of this study was to determine whether the Noldus CatWalk XT v. 10.9 gait analysis sys-
tem (CatWalk) device can be used effectively in a chemically induced rat OA model and to reveal the strengths 
and weaknesses of the system compared to manual gait analysis.

Materials and methods. Ten Wistar rats were run on a manual walking platform as well as on the CatWalk 
and the basal values were recorded. For OA induction, monosodium iodoacetate (MIA) was injected into 
the left knee of all rats under anesthesia. After a period of 4 weeks for OA development, the rats were again 
run on both the manual and CatWalk gait platforms. For manual gait analysis, the stride length, paw print 
width and paw print length were measured on both knees. In addition to these parameters, the average 
run speed, run duration, maximum contact intensity, paw print area, mean stance, and swing speed were 
measured on the left knee (affected knee) using the CatWalk device.

Results. Significant differences were observed in the stride width (p = 0.0272), left stride length (p = 0.0344), 
and left paw print length (p = 0.0233) recorded before and after OA via the manual walking platform. For 
CatWalk, a significant difference was detected in the left knee’s average run speed (p = 0.0010), maximum 
contact intensity (p = 0.0155), paw print length (p = 0.0058), paw print width (p = 0.0324), and swing 
speed (p = 0.0066) based on data obtained before and after OA.

Conclusions. The CatWalk gait analysis system is suitable for the evaluation of OA rat models and related 
interventions. It also provides additional parameters compared to the manual system and minimizes human-
related variation.

Key words: CatWalk, osteoarthritis, rat model, gait analysis, monosodium iodoacetate
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Background

Animal models, especially those involving rodents, play 
an important role in drug development studies. For in-
stance, molecules are used in preclinical studies involv-
ing animals to assess their effects on a specific disease 
to minimize the associated risks for humans before clinical 
studies.1 In this context, gait analysis in animal models that 
respond to a specific treatment and behavioral models are 
highly important.2

Osteoarthritis (OA) is the most frequently seen form 
of arthritis and its prevalence increases with age.3 Old 
age and obesity are particularly significant risk factors 
for OA.4,5 Although OA most frequently affects the knee 
joints, it can be seen in any joint in the body, including 
hip, waist and finger joints.6 The main symptoms include 
joint pain, joint stiffness and swelling.7 Currently, clini-
cians consider OA as a failure of the entire joint structure, 
such that OA not only affects articular cartilage but also 
affects the subchondral bone, ligaments, joint capsule, 
synovial membrane, and periarticular muscles. By another 
definition, OA starts as a result of the mechanical failure 
of the joint, during which the joint makes an effort to repair 
the defect area and fix the abnormal joint biomechan-
ics.8 For OA treatment, pharmacological, non-pharmaco-
logical and surgical options are available. However, none 
of the available treatments provide an absolute solution 
for OA. Thus, there have been continuous efforts to re-
veal the complete pathobiology of OA and develop better 
treatment options. The response of animal models to OA 
treatments is measured using various kinds of in vivo tech-
niques and through postmortem evaluations.

In previous studies, various chemicals have been used 
for the induction of OA in animals.9 In the present study, 
monosodium iodoacetate (MIA) is used. Intraarticular 
injection of MIA is one of the animal models of chemically 
induced OA. As a metabolic inhibitor, MIA causes disrup-
tion of glycolysis in cells by inhibiting the glyceraldehyde-
3-phosphate dehydrogenase enzyme.10 Subsequently, this 
leads to an increase in oxidative stress in the environment 
that induces loss of chondrocytes, resulting in reduction 
of cartilage thickness and osteolysis.11–13 This mechanism 
of action governs the basis of MIA-induced OA. These 
changes bring about histological and morphological mod-
ifications in the joint cartilage similar to the prognosis 
of OA patients.14,15 Many studies have been conducted 
using MIA-induced OA rat models.16–19

There are several methods of rodent spatiotemporal gait 
analysis, and these systems have significant advantages com-
pared to the main inkpad methods used earlier. Unfortu-
nately, the system array and reporting of multiple parameters 
frequently make gait analysis more difficult. The CatWalk 
XT v. 10.9 gait analysis system (CatWalk; Noldus Company, 
Wageningen, the Netherlands) is a gait analysis device suit-
able for rodents, especially rats and mice. The data obtained 
by walking a rat on a platform are automatically saved.

Objectives

The purpose of this study is to evaluate the gait analy-
sis patterns of rats before and after onset of OA induced 
by MIA. Using the values before induction of OA, the rat 
model was evaluated in terms of how the gait parameters 
changed after OA induction using the CatWalk device, 
which is one of the most powerful gait analysis systems 
available for rats and mice. In addition, data collected using 
the CatWalk software were compared to those obtained 
manually on graph paper. Evaluation of this rat model 
of OA will provide a basis for future OA studies involving 
gait analysis.

Materials and methods

Animals

Our research was approved by the Research Ethics Com-
mittee for Animal Experiments of Kırıkkale University, 
Turkey. The study was carried out with 10 male conven-
tional Wistar rats weighing approx. 300 ±31.3 g and aged 
12–24 weeks. The rats were kept in individual cages and 
fed ad libitum. A pellet diet was used for food and refined 
tap water was provided in an autoclavable Makrolon bottle. 
Sawdust was used as the bedding material and cleaned 
4 times per week. The rat holding room was maintained 
at 23°C with 60% humidity and a 12 h/12 h light/dark cycle. 
The air was completely replaced 15 times per hour. Prior 
to the gait procedures and injections, food was restricted 
for 24 h and water was restricted for 6 h. Rats were regularly 
run on the CatWalk platform prior to the study and were 
thus adapted to the device. The animals were numbered 
by marking their tails.

Knee osteoarthritis pain model

Anesthesia was achieved by injection of 100 mg/kg in-
tramuscular ketamine (Alfamine®; Egevet, Izmir, Turkey; 
100 mg/mL) and 8 mg/kg intramuscular xylazine (Alfa-
zyne®; Egevet; 2%) through a 30-gauge needle. Under gen-
eral anesthesia, the left knees of the rats were shaved and 
0.2 mg of MIA (Sigma-Aldrich, St. Louis, USA) in 10 µL 
of sterile saline was injected. The solution was injected 
through the patellar ligament using a 27-gauge needle 
with the leg flexed at a 90° angle at the knee. After sur-
gery, we waited 4 weeks for the formation of chemically 
induced OA.

Gait analysis

We selected 2 different systems for gait analysis. The 1st gait 
analysis system was a manual walking platform. Analysis 
with a manual platform involves the movement of the ani-
mal along a single inkpad followed by the measurement 
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of the pattern of the ink prints on graph paper. Bait was 
placed at the end of the manual walking platform to encour-
age the rats. The rats walked in a dark room until they were 
accustomed to the manual walking platform (Fig. 1A,B). 
Once the rats were completely used to the platform and 
started walking, their hind paws were painted with ink. 
The rats were walked on graph paper and the values were 
recorded. The main data, such as stride length, stride width, 
paw print length, paw print width, and paw print area, are 
then measured from this paper. Variables such as the angle 
between the paws may also be assessed, but it should be 
kept in mind that these are not independent measurements 
and are derived from step length and width.20,21 Of note, 
the amount of ink is inconsistent between steps and trials 
and, therefore, the paw print areas are highly variable. Thus, 
modern high-speed videography has a higher probability 
of enabling robust analysis of spatial parameters.

The present study also used the CatWalk device for 
analysis using a machine learning-based approach. Cat-
Walk is a gait analysis system for mice and rats that al-
lows voluntary diagonal passage toward a target box over 
a  glass surface in  a  darkened room, with the  animals 
allowed to walk freely.22 A  light from a  lamp is aimed 
through the glass surface. When an animal’s paw touches 
the glass surface, the light beams are reflected downward. 
The entire run is recorded with a video camera. When 
the rat walks, the paw prints are automatically captured, 
recorded and analyzed.23 This system has been explained 
in detail elsewhere.24 The animals walked on graph paper 
on the manual walking platform (Fig. 2) and the CatWalk 
device (Fig. 3A,B) in sequence before injection. All base 

BA

Fig. 1. A. Top view of the platform used for manual gait analysis and the graph paper placed inside; B. Side view 
of the manual walking platform

Fig. 2. Paw print 
paper used 
in manual testing
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values were recorded for both platforms after this first 
walk. At  this stage, the  rats were administered MIA 
as mentioned above and 4 weeks were allowed for the for-
mation of OA.

Four weeks after induction of OA, the animals were 
forced to  walk again on  the  manual walking platform 
as well as the walking platform of the CatWalk device. 
Data collected both manually and via the CatWalk system 
before and after OA induction were categorized and ana-
lyzed. Data collected before and after OA induction were 
compared, and data collected manually and via CatWalk 
were analyzed for the presence of correlations.

With the analysis conducted using the CatWalk device, 
several parameters such as pre-treatment walking veloc-
ity, usage of the treated knee, comparisons with the other 
knees, run duration and average run speed, maximum con-
tact area and intensity, stride length, paw print length, paw 
print width, paw print area, mean stance, and swing speed 
were analyzed by recording both baseline and OA values.

Histological analysis

All animals were euthanized by cervical dislocation after 
the second walk. The complete knee joint was collected. 
The joint samples were fixed in 10% phosphate-buffered 
formalin and then decalcified in 5% formic acid. Decalci-
fication was confirmed by radiography. Sections were then 
processed with routine histological techniques. The joints 
in paraffin blocks were cut to a thickness of 7 µm and 
finally stained with toluidine blue (Fig. 4A,B) which en-
abled the researchers to evaluate loss of glycosaminogly-
cans in addition to morphology. The samples were then 
examined under a light microscope. The most severely 
affected regions of the joints were scored using the modi-
fied scoring system shown in Table 1. A total score for left 
knee joints was obtained and used in statistical analyses. 
Histological score data were expressed as median (mini-
mum–maximum) scores.

Fig. 3. A. The CatWalk hardware for gait analysis used for rats; B. A rat walking on the CatWalk platform

Table 1. Rat osteoarthritis scoring system (0–25)25

Morphology (0–7)

0 = normal
1 = slight surface erosion or flaking of superficial zone
2 = erosion no deeper than superficial zone
3 = erosion into middle zone with or without fissuring
4 = erosion into deep zone with or without fissuring
5 = erosion into calcified zone
6 = erosion into the subchondral bone (eburnation)
7 = fibrous tissue on eburnated areas

Tidemark (0–2)

0 = normal
1 = touched by blood vessels
2 = crossed by blood vessels

Doubling of tidemark

0 = normal (a basophilic line)
1 = doubled

Glycosaminoglycan loss (0–5)

0 = normal
1 = increased in all layers of articular cartilage
2 = significantly decreased or no deeper than superficial zone
3 = significantly decreased or absent, no deeper than middle zone
4 = significantly decreased or absent, no deeper than tidemark
5 = no staining at all

Chondrocyte morphology (0–5)

0 = normal
1 = enlarged cells close to the surface of articular cartilage
2 = hypercellular with or without small clones
3 = noticeable hypocellularity with or without clones
4 = significant hypocellularity with or without clones
5 = severe hypocellularity

Osteophyte formation (0–2)

0 = none
1 = extensive mix tissue formation and remodeling at joint margin
2 = osteophyte

Synovitis (0–4)

0 = �normal (1- to 3-cell-thick synovium and few mononuclear cells in 
subintima)

1 = slight increase in number of synoviocytes and mononuclear cells
2 = mononuclear cell infiltration and hyperemic blood vessels
3 = hyperplastic synovium
4 = extensive hyperplasia with pannus formation

BA



Adv Clin Exp Med. 2021;30(9):949–956 953

Statistical analyses

Data are presented as median (minimum–maximum) 
values. The Wilcoxon rank-sum test, which is a non-para-
metric test, was used to assess whether or not there was 
a significant difference between both the base and after 
OA values of distance and histological OA scores between 
control and MIA-injected knees. The analyses were car-
ried out using IBM SPSS Statistics for Windows v. 21 (IBM 
Corp., Armonk, USA). A value of p < 0.05 was accepted 
as significant in all statistical test.

Results

In histological sections, MIA-injected knees exhibited 
signs of OA. Surface erosion, fibrillation, clone formation, 
eburnation, tidemark invasion, and synovitis were com-
mon findings. The OA scoring system used for the rats 
in this study is shown in Table 1. While the average OA 
score in the MIA-injected knee was 21.4 (18–25), the OA 
score in the control knee was 0.7 (0–3). The OA scores 
in the MIA-injected knees were significantly higher com-
pared to those in the control knees (p < 0.05).

Seven parameters were evaluated with the manual walk-
ing platform. The calculated values are shown in Table 2. 
After induction of OA, the) stride length of the left (affected) 
knee and the left paw print width and length values de-
creased; at the same time, the stride length of the right 
(unaffected) knee, right paw print width and length, and 
stride width increased. Among the data recorded from 
the manual walking platform, the values of stride width, 
left stride length and left paw print length were statisti-
cally significant.

The CatWalk software provided data for 9 different pa-
rameters. As the injections were administered to the left 
knee in all animals, values pertaining to the  left hind 
limb were prioritized for analysis. The recorded values 
from the CatWalk device are shown in Table 3. After in-
duction of OA, the run duration and mean stance values 
of  the  left knee increased; at  the same time, the aver-
age run speed, maximum contact intensity, paw print 
length, paw print width, paw print area, stride length, 
and swing speed of  the same knee decreased. Among 
the data recorded with the CatWalk device, the average 
run speed, maximum contact intensity, paw print length, 
paw print width, and swing speed values were statisti-
cally significant.

Fig. 4. A. Microscopic view of a cross-section of a toluidine-stained knee joint of a rat before the induction of osteoarthritis; B. Microscopic view of a cross-
section of a toluidine-stained knee joint of a rat after the induction of osteoarthritis. Note the severe cartilage damage in the femorotibial joint

Table 2. Values of the rats’ left (affected) and right (unaffected) knees measured from manual walking platform plotting paper

Parameter Base values, median (min–max) After OA values, median (min–max) p-value*

Stride width [cm] 3.35 (3.00–4.10) 4.20 (3.90–4.70) 0.0272

Right stride length [cm] 11.10 (9.70–12.30) 12.85 (11.20–14.10) 0.3288

Left stride length [cm] 11.90 (10.20–14.0) 10.35 (9.30–12.90) 0.0344

Right paw print width [cm] 0.85 (0.70–1.0) 1.25 (1.0–1.40) 0.4267

Left paw print width [cm] 1.05 (0.90–1.20) 0.90 (0.70–0.90) 0.1241

Right paw print length [cm] 0.95 (0.80–1.20) 1.25 (1.0–1.5) 0.2230

Left paw print length [cm] 1.30 (1.30–1.40) 1.10 (1.0–1.10) 0.0233

* Wilcoxon rank-sum test; n (number of rats): 10; df (degrees of freedom): 9; p < 0.05 statistically significant; OA – osteoarthritis

A B
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Discussion

There are many different systems that can be used for au-
tomatic gait analysis.26 These include DigiGait, TreadScan, 
the open-source Experimental Dynamic Gait Arena for 
Rodents, and CatWalk. In a study by Xu et al., the DigiGait 
and CatWalk gait analysis systems were compared and 
the advantages of each were reported.27 Five different au-
tomatic gait analysis systems were compared in a study 
by Jacobs et al., who mentioned that these devices play 
an important role in rodent OA models.28 In the present 
study, we compared manual platform data analysis and 
automated CatWalk gait data analysis.

The CatWalk gait analysis system allows simultaneous 
analysis of several factors by recording the steps of rats 
walking on a band, categorizing these steps and creat-
ing dozens of parameters.29 Data regarding all of the pa-
rameters, which are collected by  the  software, were 
statistically analyzed in this study. Upon the detection 
of significant differences, data were compared between 
groups. The CatWalk device can provide many more types 
of data, and the software is fast and easy to use. In this 
sense, it was observed that the CatWalk device has clear 
advantages over the manual platform method in terms 
of gait analysis. In addition to the parameters measured 
by classical methods, CatWalk can evaluate parameters 
that we think are important for OA within the walking 
analysis system.30

The MIA administration is an important method for 
chemical induction of OA.16 Other methods of chemical 
OA described in the literature include anterior cruciate 
ligament transection, destabilization of the medial me-
niscus and the use of collagenase.31 For example, Adães 
et al. used collagenase to create a rat model of OA,32 while 
Jacobs et al. used surgical medial meniscus and anterior 
cruciate ligament transection to  create a  similar OA 
model.33 Most importantly, the MIA OA model progresses 

with a pathology similar to that of degenerative OA.13,34,35 
Thus, we preferred the MIA model for OA induction. Signs 
of OA were observed in the left hind limbs of all rats fol-
lowing MIA administration in our study.

In the analysis, the first marked evidence was the pres-
ence of differences between data collected prior to and 
after OA induction. Such differences were obtained from 
both the CatWalk and the manual platform. Therefore, 
the parameters used in the CatWalk gait analysis system 
can be considered to detect gait changes in  the MIA-
induced rat OA model, a successful and well-established 
OA model documented in the literature.36

In the measurements after OA induction, it was observed 
that the rats deliberately avoided putting weight on their 
left hind limbs and possibly felt pain.37 The average run 
speed and swing speed decreased and, secondarily to this, 
the run duration and main stance increased. Moreover, 
the decrease in the length, width, and area of the paw prints 
and stride length after OA induction suggest that the rats 
stepped on the platform less widely to reduce the pressure 
on the foot of the affected limb. This hypothesis is also 
supported by decreases in the maximum contact density 
values. Whereas paw print measurements on the manual 
walking platform are performed manually with the help 
of a ruler, paw print measurements in the CatWalk system 
are automatically analyzed and provided by the software. 
Thus, the CatWalk system is more convenient and more 
objective than the manual walking platform. Gabriel et al. 
used the CatWalk software to assess acute inflammatory 
pain model rats and reported that they obtained objective 
and detailed data.38 In another study, rats with complete 
Freund’s adjuvant-induced monoarthritis were analyzed 
using CatWalk software and clearer and non-biased re-
sults were also obtained.39 All of these results support that 
the parameters used by the CatWalk software are valuable 
for monitoring in vivo OA progression as well as responses 
to any intervention in OA.

Table 3. Values of the left (affected) knee of rats obtained base and post OA parameters in CatWalk gait analysis system

Parameter Base values, median (min–max) After OA values, median (min–max) p-value*

¹Run duration [s] 2.55 (1.75–3.38) 3.00 (2.45–4.10) 0.1077

²Run average speed [cm/s] 35.25 (29.85–41.15) 32.28 (25.78–38.46) 0.0010

³Mean stance [s] 0.15 (0.11–0.20) 0.21 (0.14–0.27) 0.4054

⁴Maximal contact intensity [%] 97.00 (92.50–100.00) 75.00 (68.50–81.00) 0.0155

⁵Paw print length [cm] 1.00 (0.88–1.17) 0.75 (0.62–0.85) 0.0058

⁶Paw print width [cm] 0.90 (0.82–0.95) 0.70 (0.60–0.75) 0.0324

⁷Paw print area [cm²] 0.40 (0.35–0.48) 0.32 (0.25–0.40) 0.3895

⁸Stride length [cm] 9.80 (8.92–10.47) 8.95 (8.20–9.45) 0.3333

⁹Swing speed [cm/s] 148.40 (119.10–176.20) 95.30 (72.40–102.70) 0.0066

Data are presented as median (min–max); * Wilcoxon rank-sum test; n (number of rats): 10; df (degrees of freedom): 9; p < 0.05 statistically significant;  
OA –osteoarthritis. 1. The time in which the rat crosses the walking platform. 2. The speed of the rat on the walking platform. 3. The contact time 
of the paw on the plate while walking. 4. The degree of contact with the glass plate. 5. The length that the paw occupied when it touched the walkway. 
6. The width that the paw occupied when it touched the walkway. 7. The space that the paw occupied when it touched the walkway. 8. The distance 
between steps of the same paw. 9. The speed of a paw while it was in the air.



Adv Clin Exp Med. 2021;30(9):949–956 955

Limitations

Our study has some limitations. First, the measurements 
from the manual walking platforms were obtained using 
a completely hand-held manner and may thus contain 
intra-observer and inter-observer measurement errors. 
One disadvantage of  the CatWalk gait analysis system 
is that only rats and mice can be used. Also, rodents need 
a certain amount of time to adjust to the walking platform. 
Since the study was carried out in a dark room, the rodents 
behaved shyly in the environment and required a period 
of serious acclimatization.

Conclusions

In conclusion, the CatWalk gait analysis system is a use-
ful, reliable and convenient method for monitoring gait 
changes in rat knee OA models. The CatWalk gait analy-
sis system and its associated parameters, such as stride 
length, paw print width, paw print length, average run 
speed, run duration, maximum contact intensity, paw print 
area, mean stance, and swing speed, are appropriate for 
the evaluation of rat knee OA models.
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Abstract
Background. Gastric cancer (GC) is a common malignant tumor with a high morbidity and mortality 
worldwide. It has been reported that V-Myb avian myeloblastosis viral oncogene homolog-like 2 (MYBL2) 
could be a promising prognostic biomarker for GC. However, the specific role of MYBL2 in GC progression 
remains unclear.

Objectives. To examine the role of MYBL2 in GC progression and investigate the underlying mechanisms.

Materials and methods. The mRNA levels of target genes were detected using quantitative real-time 
polymerase chain reaction (RT-qPCR) and protein expression was measured with western blot analysis. Cell 
Counting Kit-8 (CCK-8) and colony formation assays were employed to inspect HGC-27 cell proliferation, and 
cellular apoptosis was determined with TUNEL staining. Finally, the interaction of MYBL2 and cell division 
cycle 20 (CDC20) was verified with immunoprecipitation.

Results. MYBL2 was confirmed to be overexpressed in GC cells. MYBL2 knockdown inhibited HGC-27 cell 
proliferation and promoted cellular apoptosis, and these effects were reversed by CDC20 overexpression. 
Interestingly, MYBL2 interacted with CDC20 and regulated its expression. MYBL2 knockdown also inhibited 
activation of the Wnt/β-catenin signaling pathway, while CDC20 overexpression showed the opposite effect.

Conclusions. In summary, the synergy between MYBL2 and CDC20 induced the proliferation of GC cells 
and inhibited cell apoptosis; these effects may have involved the Wnt/β-catenin signaling pathway. Thus, 
MYBL2 may be a promising target for GC treatment.

Key words: apoptosis, gastric cancer, proliferation, cell division cycle 20 (CDC20), V-Myb avian myeloblastosis 
viral oncogene homolog-like 2 (MYBL2)
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Background

Gastric cancer (GC) is the 5th most common malignant tu-
mor and the associated mortality rate is 3rd globally.1,2 There 
are more than one million new GC cases diagnosed world-
wide each year and this disease has become a major burden 
on human health.3 Since patients with early GC have no 
obvious symptoms, the majority are already at an advanced 
stage at the time of diagnosis.4,5 While great progress has 
been achieved through the development of new diagnostic 
methods and treatment strategies, the five-year survival rate 
in advanced patients has not exceeded 15%.6 Due to the com-
plex molecular mechanisms involved in the onset and de-
velopment of GC, the specifics of GC pathogenesis are still 
unclear. Hence, it is important to explore novel and effective 
biomarkers for the diagnosis, treatment and prognosis of GC.

V-Myb avian myeloblastosis viral oncogene homolog-
like 2 (MYBL2) is a member of the MYB family of tran-
scription factors and is involved in the regulation of infinite 
replicative potential, evasion from apoptosis, tissue infil-
tration, and metastasis.7 Expression of MYBL2 is ubiqui-
tous and can be observed in almost every proliferating cell.8 
Overexpression of this gene is also associated with a poor 
prognosis in multiple cancers.7 Upregulation of MYBL2, 
a key downstream effect of Akt/FoxM1 signaling, facili-
tates the progression of glioma.9 Recently, MYBL2 over-
expression has been also observed in malignant tumors 
including colorectal cancer,10 acute myeloid leukemia11 and 
breast cancer,12 suggesting that this gene plays an essential 
role in tumor cell growth and carcinogenesis. A search 
of the CCLE database (https://portals.broadinstitute.org/
ccle) suggests that MYBL2 is generally upregulated in nu-
merous tumor cell lines. Interestingly, it has been reported 
that MYBL2 is relevant to cancer cell differentiation and 
lymph node metastasis. Studies have shown that its expres-
sion is negatively correlated with the survival rate of GC 
patients, suggesting that this gene could be a promising 
prognostic biomarker for gastric adenocarcinoma.6 How-
ever, the specific role of MYBL2 in the occurrence and 
progression of GC remains unclear.

Cell division cycle 20 (CDC20), a gene first discovered 
in yeast, plays an essential role in the progress of cell cycle.13 
CDC20 is an indispensable developmental gene as its inhibi-
tion in mice leads to chromosome condensation and embry-
onic death, partly due to abnormal mitosis.14 CDC20 ablation 
can also effectively inhibit the invasiveness of mouse skin tu-
mors, mainly due to increased apoptosis.15 In addition, a ret-
rospective study identified CDC20 expression as a useful 
biomarker for the prognosis of pancreatic cancer.16 This gene 
has also been studied in a great diversity of other tumors.17

Objectives

The results cited above suggest that MYBL2 is very prom-
ising as a biomarker for the prognosis of GC. Thus, the aim 

of this study is to verify the role of MYBL2 in GC progres-
sion, and more importantly, to investigate the underlying 
mechanisms.

Materials and methods

Cell culture and transfection

Human GC cell lines, including MKN-45, MKN-74, AGS 
and HGC-27, and a normal gastric GES-1 cell line were pur-
chased from the Type Culture Collection of the Chinese 
Academy of Sciences (Shanghai, China). All of these cell lines 
were cultured in RPMI-1640 medium (Gibco, Thermo Fisher 
Scientific, Waltham, USA) containing 10% fetal bovine se-
rum (FBS; Thermo Fisher Scientific), 100 U/mL of peni-
cillin-G, and 100 µg/mL of streptomycin. The cells were 
maintained in a 37°C humidified atmosphere with 5% CO2.

Small interfering (si)-MYBL2 (si-MYBL2-1 5′-CCAAGAG-
CACACCTGTTAA-3′; si-MYBL2-2  5′-CCAGAAACAT-
GCTGCGTTT-3′), and the scramble siRNA (si-NC, 5′-AC-
GTGACACGTTCGGAGAATT-3′) as a negative control 
(NC), were obtained from Shanghai GenePharma Co., 
Ltd. (Shanghai, China). The si-MYBL2 (50 nM) and si-NC 
(50 nM) were transfected into HGC-27 cells (5 × 105 cells/
well) using Lipofectamine 2000 (Invitrogen, Carlsbad, USA) 
according to the manufacturer’s instructions. In addition, 
CDC20 transcript cDNA was inserted into the pCDNA3.1 
by Lederer Biological Technology (Guangdong, China), and 
then transfected into HGC-27 cells (20 µg) to achieve CDC20 
overexpression (Ov-CDC20). An  empty vector without 
CDC20 sequence was used as the negative control (OV-NC).

RT-qPCR

Total RNA from HGC-27 cells was extracted using TRIzol® 
reagent (Invitrogen; Thermo Fisher Scientific) following 
the manufacturer’s protocol. Complementary DNA (cDNA) 
was synthesized using a Reverse Transcription kit (Thermo 
Fisher Scientific) according to manufacturer’s instruc-
tions. Real-time quantitative polymerase chain reaction 
(RT-qPCR) was performed using Roche SYBR Green PCR 
kits (Roche Diagnostics, Basel, Switzerland) and carried out 
using the Opticon Real-Time PCR Detection System (ABI 
7500; Life Technologies, Carlsbad, USA). The GAPDH gene 
was used as an internal gene for normalization. The cycling 
conditions were as follows: 1 cycle of 95°C for 2 min and 
40 cycles of 95°C for 15 s, with a final extension at 60°C 
for 60 s. The relative mRNA quantity was calculated using 
the 2−ΔΔCq method.18 The primer sequences were as follows: 
MYBL2 forward, 5’-AAAACAGTGAGGAGGAAC-3’ and 
reverse, 5’-CAGGGAGGTCAAATTTAC-3’; CDC20 for-
ward, 5’-GGCACCAGTGATCGACACATTCGCAT-3’ and 
reverse, 5’-GCCATAGCCTCAGGGTCTCATCTGCT-3’; 
and GAPDH forward, 5’-CTGGGCTACACTGAGCACC-3’ 
and reverse, 5’-AAGTGGTCGTTGAGGGCAATG-3’.
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Western blot analysis

The cells were washed with cold phosphate-buffered sa-
line (PBS) and then lysed in a lysis buffer supplemented with 
phenylmethylsulfonyl fluoride (1 mM), trypsin (10 µg/mL), 
aprotinin (10 µg/mL), and leupeptin (10 µg/mL). A bicin-
choninic acid (BCA) protein assay was used to quantify 
the protein concentration. Proteins (25 µg/lane) were sepa-
rated in a 10% sodium dodecyl sulphate-polyacrylamide gel 
electrophoresis (SDS-PAGE) gel and then transferred onto 
polyvinylidene difluoride PVDF membranes. The mem-
branes were then blocked with skim milk for 2 h at room 
temperature and subsequently incubated with primary an-
tibodies against MYBL2 (#PA5-79713; 1 : 1000), PCNA (#13-
3900; 1 : 1000), Ki-67 (#14-5698-82; 1 : 1000), Bcl-2 (#MA5-
11757; 1 : 1000), Bax (#33-6400; 1 : 1000), cleaved caspase-3 
(#ab2302; 1 : 500; Abcam, Cambridge, UK), caspase-3 
(#MA5-11521; 1 : 1000), CDC20 (#PA5-63103; 1 : 1000), c-
Myc (#MA1-980; 1 : 1000), β-catenin (#MA1-301; 1 : 1000), 
p-GSK-3β (#MA5-14873; 1 : 500), and GSK-3β (#39-9500; 
1 : 1000) at 37°C overnight. GAPDH (#39-8600; 1 : 1000) was 
used as a loading control. After washing with PBS 3 times, 
the polyvinylidene difluoride (PVDF) membranes were in-
cubated with horseradish peroxidase (HRP)-goat anti-rabbit 
secondary antibody (#G-21234; 1 : 50000; Invitrogen) for 2 h 
at room temperature, and the intensities of the bands were 
analyzed using ImageJ software v. 1.6 (National Institutes 
of Health, Bethesda, USA). Antibodies that are not branded 
were obtained from Thermo Fisher Scientific.

CCK-8 assay

A Cell Counting Kit-8 (CCK-8) assay (Beyotime Institute 
of Biotechnology, Haimen, China) was used to investigate 
the effects of MYBL2 knockdown and CDC20 overexpres-
sion on the viability of HGC-27 cells. Cells were seeded 
in 3 independent 96-well plates (5 × 103 cells/well) and 
incubated for 24 and 48 h at 37°C. Following this, CCK-8 
reagent (10 µL) was added into each well and the plates 
were subsequently incubated at  37°C for another 2  h. 
The absorbance at 450 nm was detected using an enzyme-
linked immunosorbent assay (ELISA) plate reader (Bio-
Rad, Hercules, USA).

Colony formation assay

The colony formation assay was performed to detect 
the effect of MYBL2 knockdown and CDC20 overexpression 
on cell proliferation. After transfection, cells (1 × 103/well) 
were seeded in  a  35-mm petri dish and incubated for 
10 days at 37°C to form colonies. Subsequently, HGC-27 
cells were fixed with 4% paraformaldehyde for 5 min and 
stained with 0.1% crystal violet solution for 20 min at room 
temperature. The number of colonies (diameters >0.5 mm) 
within a field was counted using a digital camera (Nikon 
Corp., Tokyo, Japan).

TUNEL staining

HGC-27 cells (1 × 105 cells/mL) were seeded in six-
well plates and then fixed in 4% paraformaldehyde for 
5  min at  room temperature. After permeabilization 
with 0.1% Triton X-100 (Sigma-Aldrich, Merck KGaA, 
St. Louis, USA) for 5 min, HGC-27 cells were stained 
according to the protocol of  the ApopTag Fluorescein 
In Situ Apoptosis Detection kit (Chemicon International 
Inc., Temecula, USA). Nuclei were labeled with 4′,6-di-
amidino-2-phenylindole (DAPI) and quantified under 
a fluorescence microscope at ×200 magnification (Leica 
Microsystems GmbH, Wetzlar, Germany).

Immunoprecipitation

Cells were collected and lysed with immunoprecipita-
tion (IP) lysis buffer containing protease inhibitors. After 
centrifugation at  12,000  ×  g  at  4°C, MYBL2 antibody 
(1 µg) was added into the supernatant and the samples 
were placed on a rotating platform overnight at 4°C. Sub-
sequently, 50 µL of SureBeads™ protein G magnetic beads 
(No. 1614023; Bio-Rad) were added into the above mixture 
at 4°C with gentle rotation for 4 h. The pellets were dis-
solved in 60 µL ×1 electrophoresis sample buffer and boiled 
for 5 min. Samples (30 µL) were analyzed using western 
blot analysis as outlined above.

Statistical analyses

Data are presented as  the  mean  ±  standard error 
of mean (SEM) of at least 3 experiments. Statistical analy-
ses was performed using SPSS v. 17.0 software (SPSS Inc., 
Chicago, USA). Analysis of variance (ANOVA) followed 
by Bonferroni’s post hoc test were used to determine 
the  differences in  the  means among multiple groups. 
P-value <0.05 was considered to indicate a statistically 
significant difference.

Results

MYBL2 is highly expressed in GC cells

A search of the CCLE database suggested that MYBL2 
is generally upregulated in numerous tumor cell lines, 
including GC cell lines (Fig. 1A). To explore the effect 
of MYBL2 on GC progression, the mRNA and protein 
expression of MYBL2 were detected using RT-qPCR and 
western blot analysis, respectively. The mRNA and protein 
expression of MYBL2 is significantly upregulated in GC 
cell lines, including MKN-45, MKN-74, AGS, and HGC-27, 
compared to the GES-1 cell line, suggesting that MYBL2 
may play an oncogenic role in the onset and development 
of GC (Fig. 1B,C).
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MYBL2 silencing inhibits  
HGC-27 cell growth

To examine the specific effect of MYBL2 on GC progres-
sion, cell growth was analyzed with CCK-8 and colony 
formation assays. The  si-MYBL2 was used to  achieve 
MYBL2 knockdown. As  shown in  Fig.  2A, si-MYBL2 
caused a significant reduction in the MYBL2 mRNA level, 
especially in the si-MYBL2-1 group. Hence, si-MYBL2-1 
was selected for the subsequent experiments. Moreover, 
the results of the CCK-8 assay showed that viability was 

significantly depressed by MYBL2 knockdown at the in-
dicated time (24 h and 48 h), as compared to the control 
(Fig. 2B). The results of the western blot analysis demon-
strated that the expression levels of proliferative markers, 
including proliferating cell nuclear antigen (PCNA) and 
Ki-67, were decreased in HGC-27 cells from the si-MYBL2 
group (Fig. 2C,D). Finally, the results of the colony forma-
tion assay showed that MYBL2 silencing remarkably sup-
pressed the proliferation of HGC-27 cells (Fig. 2E). These 
results indicate that MYBL2 silencing inhibits HGC-27 
cell growth.

Fig. 1. MYBL2 is highly expressed in gastric cancer (GC) cells. A. The MYBL2 expression in multiple cancer cell lines in the CCLE database; B. The MYBL2 
protein expression was determined with western blot analysis and quantification; C. The MYBL2 mRNA level was analyzed with quantitative real-time 
polymerase chain reaction (RT-qPCR). Error bars represent the mean ±standard error of mean (SEM) from 3 independent experiments

***p < 0.001.
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MYBL2 silencing promotes  
the apoptosis of HGC-27 cells

Apoptosis was analyzed by TUNEL staining to de-
tect the specific effect of MYBL2 on GC progression. 
The HGC-27 cell apoptosis rate in the si-MYBL2-1 group 
was higher than that in the control group (Fig. 2F,G). 

Additionally, the expression levels of Bax (pro-apoptotic), 
Bcl-2 (anti-apoptotic) and cleaved caspase-3/caspase-3 
were assessed using western blot analysis. MYBL2 si-
lencing led to the loss of Bcl-2 and upregulation of Bax 
and cleaved caspase-3 (Fig. 2H,I). These results imply 
that MYBL2 silencing promotes the apoptosis of HGC-27 
cells.

Fig. 2. MYBL2 silencing inhibits cells growth and promotes cell apoptosis of HGC-27 cells. A. The MYBL2 mRNA level was analyzed with quantitative real-
time polymerase chain reaction (RT-qPCR); B. The HGC-27 cell viability was detected using the Cell Counting Kit-8 (CCK-8) assay; C and D. The proliferating 
cell nuclear antigen (PCNA) and Ki-67 protein expressions were determined with western blot analysis and quantification; E. HGC-27 cell proliferation was 
analyzed using colony formation assay; F and G. The HGC-27 cell apoptosis was determined with TUNEL staining; H and I. Bax, Bcl-2, cleaved caspase-3, and 
caspase-3 protein expressions were determined using western blot analysis and quantification. Error bars represent the mean ±standard error of mean 
(SEM) from 3 independent experiments

*p < 0.05; **p < 0.01; ***p < 0.001.
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MYBL2 interacts with CDC20  
and regulates its expression

To investigate the underlying mechanism of MYBL2 
in GC progression, studies were carried out to explore 
its downstream targets. Based on the LinkedOmics web-
site (www.linkedomics.org), the correlation between 
the  MYBL2 and CDC20 in  GC was analyzed. It  was 
found that MYBL2 expression is positively correlated 
with most genes (Fig. 3A,B), and is highly correlated 
with CDC20 (p < 0.0001; Fig. 3C). Furthermore, the co-
expression of MYBL2 and CDC20 in the Gene Expres-
sion Omnibus (GEO) database was analyzed using 
COEXPEDIA (https://www.coexpedia.org/), as shown 
in Fig. 3D.

The role of CDC20 in GC progression and its expres-
sion in GC cells was assessed by RT-qPCR and western 
blot analysis. The mRNA and protein expression levels 
of CDC20 were significantly increased in GC cell lines, 
including MKN-45, MKN-74, AGS, and HGC-27, as com-
pared to the GES-1 cell line (Fig. 3E,F). Moreover, MYBL2 
knockdown inhibited protein and mRNA expression 
of CDC20 (Fig. 3G,H). Consistently with the search re-
sults outlined above, the IP assay showed that endogenous 
CDC20 and MYBL2 formed a complex in HGC-27 cells 
(Fig. 3I). Collectively, these results suggest that MYBL2 
interacts with CDC20 in vitro.

MYBL2 knockdown inhibits the proliferation 
and promotes apoptosis of HGC-27 cells 
through the regulation of CDC20 expression

To confirm the mechanism by which MYBL2 regulates 
GC cell growth, the biological significance of the interac-
tion between MYBL2 and CDC20 was examined. First, 
an Ov-CDC20 plasmid was constructed, and its transfec-
tion efficiency was confirmed using RT-qPCR and west-
ern blot analysis (Fig. 4A,B). The results from the CCK-8 
assay demonstrated that CDC20 overexpression partly 
abolished the  inhibitive effects of MYBL2 knockdown 
on HGC-27 cell viability (Fig. 4C) and proliferative mark-
ers expressions (Fig. 4D). Consistent with these observa-
tions, the results from the colony formation assay showed 
that CDC20 overexpression reversed the inhibitive effect 
of MYBL2 silencing on HGC-27 cell proliferation (Fig. 4E). 
Furthermore, the results from TUNEL staining showed 
that the cell apoptosis rate was significantly decreased 
in HGC-27 cells co-transfected with si-MYBL2 and Ov-
CDC20 compared to cells transfected with si-MYBL2 
alone (Fig. 4F,G). The Bcl-2 expression level in HGC-27 
cells from the si-MYBL2+Ov-CDC20 group was higher, 
while the expression levels of Bax and cleaved caspase-3 
was lower, than that in si-MYBL2 group (Fig. 4H,I). These 
results indicate that MYBL2 knockdown inhibits the pro-
liferation and promotes the apoptosis of HGC-27 cells 
through the regulation of CDC20 expression.

Effects of MYBL2  
on the Wnt/β-catenin signaling pathway

To further clarify the underlying mechanisms of MYBL2 
in GC progression, the effects of MYBL2 on the Wnt/β-
catenin signaling pathway were analyzed. As  shown 
in Fig. 5, MYBL2 knockdown led to a reduction in the ex-
pression of β-catenin, p-GSK-3β and mc-Myc, which was 
reversed by CDC20 overexpression. These results suggest 
that MYBL2 knockdown induces inactivation of Wnt/β-
catenin signaling pathway.

Discussion

Gastric cancer is  a  common malignant tumor with 
a high morbidity and mortality globally. Nowadays, due 
to risk factors such as changes in diet and lifestyle, the in-
cidence of GC is increasing.19 It is a disease that is highly 
heterogeneous in terms of molecular and cellular pheno-
type, and is diagnosed histologically through endoscopic 
biopsy. Endoscopic resection is mainly used for early-stage 
GC, and surgery is mainly used for advanced GC.1 Despite 
the advances that have been achieved in diagnosis and 
therapy, the outcome for GC patients remains poor. There 
are great limitations in the understanding of the etiology 
of GC, which involves a multifaceted process and complex 
molecular mechanisms. Hence, it is important to explore 
promising targets for GC treatment.

The MYB family of proteins contains numerous subtypes 
with diverse functions, the majority of which act as tran-
scription factors and have different numbers of MYB do-
main repeats. This latter feature endows these proteins 
with the ability to bind DNA.20 Rapidly accumulating evi-
dence now suggests that the MYB family regulates the cell 
cycle to maintain DNA replication, cell survival and pro-
liferation.9,21,22 It has also been reported that MYBL2 ex-
pression is significantly increased in numerous cancer 
tissues as compared to adjacent tissue, and is negatively 
associated with the survival rate of cancer patients.7 In ad-
dition, MYBL2 downregulation inhibits the proliferation 
and DNA replication of gallbladder cancer cells in vitro,23 
which is consistent with the current findings. Specifically, 
in the current study, it was observed that MYBL2 is over-
expressed in GC cell lines (MKN-45, MKN-74, AGS, and 
HGC-27) compared to a normal gastric cell line (GES-1). 
Hence, MYBL2 may be an oncogene in GC progression. 
To confirm the role of MYBL2 in GC progression, MYBL2 
downregulation was induced by the transfection of si-
MYBL2, and the survival and apoptosis of HGC-27 cells 
were detected using CCK-8, colony formation and TUNEL 
assays. The results suggested that MYBL2 downregula-
tion inhibits the proliferation and promotes the apoptosis 
of HGC-27 cells.

In order to explore the underlying mechanisms by which 
MYBL2 regulates GC progression, the molecules that can 
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interact with this protein were searched on the Linked
Omics and COEXPEDIA websites. The results suggested 
that MYBL2 expression is  positively correlated with 
CDC20. Consistent with these search results, an IP assay 

indicated that MYBL2 interacts with CDC20 in vitro. It has 
been reported that CDC20 possesses regulatory potential 
at multiple points of the cell cycle and plays a carcinogenic 
role in various types of tumor.24 For example, 445 breast 

Fig. 3. MYBL2 interacts with CDC20 and regulates its expression. A–C. The correlation between MYBL2 and CDC20 in gastric cancer (GC) was analyzed using 
the LinkedOmics website; D. The co-expression of MYBL2 and CDC20 in the Gene Expression Omnibus (GEO) database was analyzed using the COEXPEDIA 
website; E and G. The CDC20 protein expression was determined with western blot analysis and quantification; F and H. The CDC20 mRNA level was 
analyzed with quantitative real-time polymerase chain reaction (RT-qPCR); I. The interaction between MYBL2 and CDC20 was determined using IP. Error bars 
represent the mean ±standard error of mean (SEM) from 3 independent experiments

*p < 0.05; **p < 0.01; ***p < 0.001.
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cancer patients were followed up for 20 years to detect 
the  expression of  CDC20, which verified that CDC20 
is highly expressed in breast cancer patients. In addition, 
the overexpression of CDC20 was related to the aggressive 

course of breast cancer.25 CDC20 is also overexpressed 
in colorectal cancer cell lines and primary cancer tissues. 
It is worth noting that the expression of CDC20 is relevant 
to clinical stage, metastasis and short-term overall survival, 

Fig. 4. MYBL2 knockdown inhibits the proliferation and promotes apoptosis of HGC-27 cells via the regulation of CDC20 expression. A. The CDC20 
protein expression was determined with western blot analysis and quantification; B. The CDC20 mRNA level was analyzed with quantitative real-time 
polymerase chain reaction (RT-qPCR); C. HGC-27 cell viability was detected using the Cell Counting Kit-8 (CCK-8); D. The proliferating cell nuclear antigen 
(PCNA) and Ki-67 protein expressions were determined with western blot analysis and quantification; E. HGC-27 cell proliferation was analyzed with 
the colony formation assay; F and G. HGC-27 cell apoptosis was determined with TUNEL staining; H and I. Bax, Bcl-2, cleaved caspase-3, and caspase-3, and 
protein expressions were determined using western blot analysis and quantification. Error bars represent the mean ±standard error of mean (SEM) from 
3 independent experiments

**p < 0.01; ***p < 0.001.
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which indicates that CDC20 can be regarded as an inde-
pendent prognostic biomarker for human colorectal can-
cer.26 Importantly, a previous study has demonstrated that 
CDC20 expression is significantly increased in GC tumor 
tissues compared noncancerous tissues, and its overexpres-
sion is closely related to aggressive progression and poor 
prognosis in GC patients.27 On the basis of the result that 
MYBL2 silencing depressed CDC20 expression, the bio-
logical significance of the interaction between MYBL2 and 
CDC20 was subsequently examined. The findings revealed 
that CDC20 overexpression partly abolished the effect 
of MYBL2 downregulation on HGC-27 cell proliferation 
and apoptosis, suggesting that MYBL2 works in synergy 
with CDC20 to  promote the  proliferation and inhibit 
the apoptosis of GC cells.

The Wnt signal transduction cascade is a key driving 
factor for a variety of tissue stem cells. The Wnt pathway 
can participate in and can cause a variety of growth-related 
pathologies and cancers.28 In breast, lung and hemato-
poietic malignancies, activation of  the  Wnt/β-catenin 
signaling pathway has been found and it mediates tumor 
recurrence.29,30 It has been reported that CDC20 silenc-
ing not only suppresses prostate cancer growth, but also 
enhances chemosensitivity to  docetaxel via inhibition 
of Wnt/β-catenin signaling.31 In this study, it was found 
that MYBL2 knockdown induced inactivation of the Wnt/
β-catenin signaling pathway, while CDC20 upregulation 
had the opposite effect. Thus, MYBL2, in synergy with 

CDC20, promotes the proliferation and inhibits the apop-
tosis of GC cells, and these effects may involve the Wnt/β-
catenin signaling pathway.

The purpose of this study was to investigate the under-
lying mechanisms of MYBL2 in the progression of GC. 
However, the current experiments were carried out in vitro 
and thus require further investigation in vivo.

Conclusions

Taken together, the current results indicate that the syn-
ergy between MYBL2 and CDC20 induces the proliferation 
of GC cells and inhibits cell apoptosis, and that these pro-
cesses may involve the Wnt/β-catenin signaling pathway. 
Thus, MYBL2, as a promising target, is of great significance 
for advancing the treatment of GC.
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Abstract
Background. Nicotinamide phosphoribosyltransferase (Nampt/visfatin/PBEF) acts both as an enzyme 
in the nicotinamide adenine dinucleotide (NAD) synthesis pathway as well as an extracellular hormone 
(eNampt). Among its effects, eNampt exerts potent pro-inflammatory effects. We have recently shown 
that, in rats, eNampt stimulates corticosterone secretion by acting through the pituitary rather than the hy-
pothalamus.

Objectives. To investigate the mechanism of action of eNampt on the secretion of adrenocorticotropic 
hormone (ACTH) and chemokine (C-C motif) ligand 2 (CCL2), which are cytokines secreted by pituitary 
neuroendocrine tumors.

Materials and methods. The research was carried out on the AtT-20 murine cell line, primary rat pituitary 
cell culture, isolated pituitary corticotropes, and in vivo. The effects of the performed experiments were 
examined using the following methods: gene expression profiling using microarrays, quantitative polymerase 
chain reaction (qPCR) and enzyme-linked immunosorbent assay (ELISA).

Results. The results suggest that eNampt stimulates ACTH secretion from rat corticotropes both directly 
and indirectly. Indirect action most likely occurs through interleukin (IL)-6 secreted by folliculostellate cells 
of the pituitary gland. In isolated ACTH cells of the rat pituitary gland, eNampt stimulates the expression 
of genes involved in the immune response. Among them, the protein encoded by the CCL2 gene seems 
to also be involved in the regulation of corticotropin-releasing hormone (CRH)-dependent metabolism. Un-
like rat corticotropes, murine AtT-20 corticotropic cells do not react to either eNampt or Fk866 (the inhibitor 
of Nampt enzymatic action).

Conclusions. The eNampt stimulates the secretion of ACTH from rat corticotropes indirectly and directly, likely 
by stimulating IL-6 secretion from folliculostellate cells of the pituitary gland. This effect was not observed 
in the AtT-20 corticotropic cell cancer cell line.

Key words: ACTH, Nampt, pituitary gland, CCL2, IL-6
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Background

Nicotinamide phosphoribosyltransferase (Nampt) 
is the rate-limiting enzyme for nicotinamide adenine di-
nucleotide (NAD) salvage synthesis in mammals, thereby 
influencing NAD-dependent enzymes and constitut-
ing a strong endogenous defense system against various 
stresses. Nampt, apart from its intracellular function 
(iNampt), is secreted outside the cells where it circulates 
in the bloodstream as a hormone (eNampt), also called 
visfatin or pre-B cell colony-enhancing factor (PBEF).1–3 
eNampt is secreted mainly by adipose tissue, but has also 
been proven to be secreted by many other types of cells.4 
eNampt can be detected in the human bloodstream and 
other extracellular fluids, where it exerts pro-inflammatory, 
prochemotactic (promoting migration of the cells), proan-
giogenic, and insulin-like effects. The exact mechanism 
of action of eNampt is still unclear.4 In the literature, there 
are 3 not necessarily mutually exclusive theories: 1) eNampt 
binds to toll-like receptor 4 (TLR4), C-C motif chemokin 
receptor 5 (CCR5) or a yet unidentified receptor; 2) eNampt 
is enzymatically active in the extracellular matrix; and/or 
3) eNampt is carried in the systemic circulation in extra-
cellular vesicles (EV) and liberated upon internalization, 
enhancing NAD+ biosynthesis.4–7

Our earlier studies demonstrated that intraperitoneal (i.p.) 
administration of eNampt within 1 h significantly increased 
levels of corticosterone, but not aldosterone and adrenocor-
ticotropic hormone (ACTH), in rat serum.8 Under experi-
mental conditions, proopiomelanocortin (POMC) mRNA 
levels in the pituitary glands of the examined rats increased. 
Moreover, eNampt protein did not affect the  secretion 
of corticotropin-releasing hormone (CRH) from rat hypo-
thalamic explants and inhibited the release of CRH, induced 
by potassium ions. In anterior pituitary fragments, eNampt 
did not stimulate ACTH but did increase POMC mRNA 
expression. The obtained results suggest that the stimulating 
effect of eNampt protein on corticosterone secretion in rats 
is dependent on the pituitary gland. However, the mecha-
nism of action of eNampt on changes in the pituitary gland 
of rats described above remains unexplained.

The anterior lobe of the pituitary gland (adenohypophy-
sis) is a complex structure composed of many different 
hormone-secreting cells, such as  corticotropes, thyro-
tropes, gonadotropes, somatotropes, lactotropes, a small 
population of mammosomatotropes, and hormonally non-
active folliculostellate cells, as well, as blood vessels and 
fibroblasts.9,10 Under the influence of hypothalamic CRH, 
the corticotropes of the adenohypophysis secrete ACTH, 
the main hormone regulating the growth, differentiation 
and secretory activity of adrenocortical cells.11 Stimulation 
of pituitary secretion of ACTH also occurs in response 
to inflammatory factors, such as interleukin (IL)-1 or tumor 
necrosis factor alpha (TNF-α).12 However, these factors do 
not act directly on corticotropes, but rather exert their 
biological effect through folliculostellate cells.13,14 Under 

the influence of these inflammatory factors, folliculostel-
late cells secrete a variety of pro- and anti-inflammatory 
factors, including interleukin(IL)-6.15,16 There are experi-
ments showing that secreted IL-6 exerts a stimulating effect 
on ACTH secretion by corticotropes. It is suggested that, 
due to this mechanism, CRH gene silencing in mice does 
not prevent pituitary secretion of ACTH.17 It appears that 
only neutralization of IL-6 with specific antibodies com-
pletely inhibits activation of the hypothalamo–pituitary–
adrenal (HPA) axis in mice with CRH gene knockout.18,19

As mentioned above, the stimulating effect of eNampt 
protein on corticosterone secretion in rats most likely oc-
curs at the pituitary level.8 In this respect, it should be 
stressed that pituitary folliculostellate cells, in response 
to stimulation of CD14 and TLR4 receptors, secrete IL-6.13,14 
It has also been shown that eNampt has the ability to bind 
to TLR4 receptors.6 Moreover, there are reports that eNampt 
protein stimulates IL-6 secretion by human leukocytes.20 
In view of these studies, it seems that the stimulating ef-
fect of eNampt on corticotropes may be mediated by pitu-
itary folliculostellate cells. To investigate this hypothesis, 
we performed several experiments with the AtT-20 murine 
corticotropic cell line as well as with isolated rat cortico-
tropes. These cells were exposed to eNampt as well as CRH, 
IL-6 and Fk866 – an inhibitor of Nampt enzymatic action 
– and their effects were determined using enzyme-linked 
immunosorbent assay (ELISA), microarray analysis of gene 
expression and quantitative polymerase chain reaction 
(qPCR). Considering the fact that pituitary neuroendocrine 
tumors secrete numerous cytokines, including CCL2,21 
in isolated ACTH cells of the rat pituitary gland exposed 
to eNampt or ACTH, the expression of various cytokines 
with particular attention to CCL2 was characterized.

Objectives

To verify the main research hypothesis presented above, 
we formulated several specific objectives. The 1st objective 
was to investigate the effect of eNampt on ACTH secretion 
in the AtT-20 cell line, rat primary pituitary cell culture 
and isolated corticotropes. The 2nd objective was to de-
termine the effect of eNampt CRH and IL-6 on the tran-
scriptome profiling of isolated rat corticotropes. The last 
objective was to investigate the effect of eNampt on CCL2 
biosynthesis in rat primary pituitary cell culture, isolated 
corticotropes and a rat in vivo study.

Materials and methods

Reagents

If not stated otherwise, all reagents were obtained from 
Sigma-Aldrich (Merck KGaA, Darmstadt, Germany) or Avan-
tor Performance Materials Poland S.A. (Gliwice, Poland).
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AtT-20 murine cell line

The mouse pituitary corticotrope AtT-20/D16v-F2 tu-
mor cell line was bought from Sigma-Aldrich (94050406). 
The cells were cultured within Dulbecco’s Modified Eagle 
Medium (DMEM)/F12 (without phenol red) medium sup-
plemented with 10% fetal bovine serum (FBS) and 1× AA 
solution (Sigma‑Aldrich; A5955). The cells were cultured 
in 96-well plates at ~10,000 cells/well.

Primary rat pituitary cell culture

The 21-day old Wistar rats were obtained from the Animal 
House of Wielkopolska Centre for Advanced Technologies 
(Poznań, Poland). The brains of the rats were removed di-
rectly after decapitation and the adenohypophyses were iso-
lated using sterile surgical tools and transferred to DMEM/
F12 (no phenol red) medium supplemented with 10% FBS and 
1× AA solution. Subsequently, the glands were fragmented 
with scissors and treated with 0.9 mg/mL collagenase I (col-
lagenase type I; Sigma‑Aldrich) in phosphate-buffered saline 
(PBS) solution for 20 min at 37°C. Subsequently, the cells 
were centrifuged (1000 × g for 7 min), suspended in 15 mM 
ethylenediaminetetraacetic acid (EDTA) (Sigma‑Aldrich) 
in phosphate-buffered saline (PBS) solution, and incubated 
for 10 min at 37°C. After such treatment, the cells were fil-
tered with a Corning® 70-µm cell strainer nylon membrane 
(Sigma-Aldrich ref. No. 431751). The cells were then cen-
trifuged (1000 × g for 7 min) and resuspended in DMEM/
F12 with 1× AA solution, 10% FBS and 0.05 µg/L fibroblast 
growth factor (FGF) solution (Thermo Fisher Scientific, 
Waltham, USA; cat. No. 1263344C). The described proce-
dure delivered the isolated rat pituitary cells, of which ~60% 
were alive. The living cells percentage was estimated using 
a Countess II FL Automated Cell Counter (Thermo Fisher 
Scientific; cat. No. A27974) in the presence of trypan blue. 
The cells were cultured in 96-well plates at ~10,000 cells/well.

Isolation of corticotropes

After 2 days of isolated rat pituitary cell culture, the cells 
were treated with 1× trypsin solution (Sigma-Aldrich; 59427C) 
and collected from culture plates. The corticotropic cells were 
separated from culture using CELLection™ Biotin Binder Kit 
(Thermo Fisher Scientific – Invitrogen; lot: 11533D). For cell 
separation, the anti CRHR1 antibody was used (Alomone 
Labs, Jerusalem, Israel; ACR050AN0150) with secondary 
biotin-labeled antibody (Abcam, Cambridge, UK; anti-IgG 
ab6720). After separation, the  cells were cultured with 
DMEM/F12 with 1× AA solution, 10% FBS and 0.05 µg/L FGF. 
The cells were cultured in 96-well plates at ~10,000 cells/well.

Animals

As an additional observation, we measured CCL2 lev-
els in animal blood plasma obtained from experiments 

described in  our previous publication.8 Briefly, experi-
ments were performed on 15 adult (3–4 months old, 250–
300 g body weight) male rats. The eNampt protein was 
administered by  ip. injection at  a  dose of  4  μg/100  g, 
while ACTH (Cortrosyn®; Organon Pharmaceuticals, 
Merck KGaA, Darmstadt, Germany) was given at a dose 
of 2.5 μg/100 g. Rats in the control group were administered 
0.2 mL physiological saline. Each group (control, eNampt 
and ACTH) consisted of 5 animals. Rats were decapitated 
1 h after injection. Trunk blood was collected on EDTA 
(150 mM, pH 8, 300 μL/5 mL) and centrifuged at 1000 × g 
for 10 min at 4°C. The serum was collected in fresh tubes 
and stored at −20°C until analysis. The study protocol was 
approved by the independent Local Ethics Committee for 
Animal Studies in Poznań (protocol No. 75/2016).

Hormone administration

If not stated otherwise, the studied substances were admin-
istered in medium at final concentrations of 10−8 M for Nampt 
(BioVendor R&D Products, Brno, Czech Republic), 10−6 μM 
for CRH (CRH Ferring®; Ferring Pharmaceuticals, Saint‑Prex, 
Switzerland) and 50 pg/mL of IL-6 (Sino Biological, Beijing, 
China). The culture media were collected 24 h after adminis-
tration of the tested substances and frozen at −20°C. The cells 
were subsequently subjected to RNA isolation.

Hormone level detection

The culture media were analyzed using ELISA to deter-
mine the concentration of ACTH (Phoenix Europe GmbH, 
Karlsruhe, Germany; cat. No. EK‑001‑21), IL-6 (Invitro-
gen; BM5625) and CCL2 – MCP1 (CCL2) Rat ELISA Kit 
(Abcam; ab100778). All determinations were performed 
according to the manufacturers’ protocols.

RNA isolation

After incubation, the cells were washed with PBS. Total 
RNA was extracted from 96-well plates using 100 µL of TRIzol 
Reagent (Thermo Fisher Scientific; cat. No. 15596026). 
Further isolation was carried out according to the proto-
col and reagent proportions stated in the manufacturer’s 
protocol. The amount of  total mRNA was determined 
by optical density at 260 nm and its purity was estimated 
by  the  260/280  nm absorption ratio (>1.8; NanoDrop 
ND‑1000 spectrophotometer; Thermo Fisher Scientific).

Microarray assay

The microarray study was carried out as described else-
where.22–24 A 5 ng/sample of total RNA from isolated corti-
cotropic cells was subjected to microarray analysis. The mi-
croarray procedure was performed using GeneChip™ WT 
Pico Kit (Thermo Fisher Scientific; cat. No. 902622) and 
GeneChip™ Hybridization, Wash and Stain Kit (Thermo 
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Fisher Scientific; cat. No. 900720). Biotin-labeled fragments 
of cDNA were hybridized to the GeneChip™ Rat Gene 2.1 
ST Array Strip (Thermo Fisher Scientific; cat. No. 902126, 
48°C/20 h). Next, the microarrays were washed and stained 
according to the technical protocol using the Affymetrix 
GeneAtlas™ Fluidics Station. Subsequently, the array strips 
were scanned using the Imaging Station of GeneAtlas Sys-
tem. Preliminary analysis of the scanned chips was per-
formed using Affymetrix GeneAtlas™ Operating Software. 
The quality of gene expression data was checked accord-
ing to quality control criteria provided by the software. 
The obtained CEL files were imported into downstream 
data analysis software. All of the presented analyses and 
graphs were performed using Bioconductor and the R pro-
gramming language (R Foundation for Statistical Com-
puting, Vienna, Austria). For analysis we used following 
bioconductor packages pd.ragene.2.1.st (3.14.1) (a), limma 
(3.48.1) (b) and arrayQualityMetrics (3.48.0) (c). Each CEL 
file was merged with a description file. In order to correct 
the background, and normalize and summarize results, 
we used the robust multiarray averaging (RMA) algorithm.

Statistical significance of  the analyzed genes was as-
sessed with moderated t-statistics using the empirical Bayes 
method. The obtained p-values were corrected for multiple 
comparisons using the Benjamini–Hochberg false discov-
ery rate (1995). The selection of significantly changed gene 
expression was based on p-values <0.05, a false discovery 
ratio <20% and an expression fold change higher than 2.

Finally, interactions between differentially expressed 
genes and their protein products were investigated us-
ing STRING10 software (Search Tool for the Retrieval 
of  Interacting Genes; https://string-db.org/).25 The  list 
of gene names was used as a query for an interaction pre-
diction. The search criteria were based on the co-occur-
rences of genes/proteins in scientific texts (text mining), 
co-expression and experimentally observed interactions. 
The results of such analyses generated a gene/protein in-
teraction network, where the intensity of the edges reflects 
the strength of the interaction score.

RT-qPCR

The  reverse transcription (RT) was performed using 
the Transcriptor First Strand cDNA Synthesis Kit (Roche 
Diagnostics, Basel, Switzerland; cat. No. 04379012001). 
It was performed according to the manufacturer’s proto-
col. The primers used for qPCR (Table 1) were designed 
by Primer 3 software v. 0.4.0 (Whitehead Institute for Bio-
medical Research, Cambridge, USA) and purchased from 
the Laboratory of DNA Sequencing and Oligonucleotide 
Synthesis, Institute of Biochemistry and Biophysics, Polish 
Academy of Sciences (Warszawa, Poland). The qPCR was 
performed using a CFX96 Deep Well Real-Time System (Bio-
Rad, Hercules, USA).

Using the aforementioned primers, a SYBR Green detec-
tion system was applied, as described previously.8,23,26–28 
Every 20 μL of reaction mixture contained 2 μL template 
cDNA (standard or control), 0.5 μM specific primers and 
a previously determined optimum concentration of MgCl2 
(3.5 μM per reaction). LightCycler FastStart DNA Mas-
ter SYBR‑Green I mix (Roche Applied Science, Penzberg, 
Germany) was used. The qPCR program included a 10-
min denaturation step at 95°C to activate the Taq DNA 
polymerase, followed by 45 cycles of a three‑step amplifi-
cation program: denaturation at 95°C for 10 s; annealing 
at 56°C for 5 s; and extension at 72°C for 10 s. The specific-
ity of the reaction products was checked by determination 
of the melting points (0.1°C/s transition rate). The gene 
expression was normalized to the HPRT and B2M genes 
using the Pfaffl ratio method.29

Statistical analyses

Statistical analyses of the microarray experiments are 
described above. For the ELISA assay and qPCR analysis, 
we used the Kruskal–Wallis test with Dunnett’s post hoc 
test for comparison of multiple experimental groups and 
the Wilcoxon test for comparison of 2 groups.

Table 1. The quantitative polymerase chain reaction (qPCR) starters sequences

Gene Forward Reverse Accession Product size

CCL2 ATGCAGTTAATGCCCCACTC TTCCTTATTGGGGTCAGCAC  NM_031530.1 167

C3 TGCTTCATGCATCAGTCACA TTTAGGGCGTTTCTGCACTT  NM_016994.2 233

Cp CAGTTGCTCCAACGTTACCA TTCCGACAAACAATCAATGG  NM_001270961.1 172

Sod2 AAGGAGCAAGGTCGCTTACA GGGCTTCACTTCTTGCAAAC  NM_017051.2 215

Lcn2 TCACCCTGTACGGAAGAACC CAGGTGATTCTCTGGCAACA  NM_130741.1 237

Tlr4 CCCTGGTGTTGGATTTTACG TCGTTTCTCACCCAGTCCTC  NM_019178.1 223

Cd14 GGCTGGAGCACGTACCTAAA GAGCAAAGCCAAAGTTCCTG  NM_021744.1 236

Pomc CATGACGTACTTCCGGGGAT TCACCACGGAAAGCAACCTG XM_017594033 192

IL-6 TGATGGATGCTTCCAAACTG GAGCATTGGAAGTTGGGGTA  NM_012589.2 230

Nampt TGATCCCAACAAAAGGTCGAA CCCACTCACACAAAAGCCTA NM_177928 238

B2m  CTTGCAGAGTTAAACACGTCA  CTTGATTACATGTCTCGGTC  NM_012512.2  70

Hprt ATAGAAATAGTGATAGGTCCA TCTGCATTGTTTTACCAGT XM_008773659 177
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Results

AtT-20 cells

When planning our research, we intended to perform 
experiments on the AtT-20 cell line. However, for these 
cells, 24-h eNampt exposure at concentrations of 10−10 M 
to 10−7 M did not change the basal secretion of ACTH 
(Fig. 1). Similarly, 24-h exposure of AtT-20 cells to the iN-
ampt inhibitor Fk866 did not affect the basal output of cor-
ticotrophin. It is interesting that the combined addition 

of Fk866 and CRH to the  incubation medium reduced 
ACTH secretion by the examined cells (Fig. 2).

Isolated rat corticotropes

Since the experiments with AtT-20 mouse cancer cells 
did not show any effect of eNampt on ACTH secretion, 
we decided to change the experimental model to use rat 
pituitary cells. In this case, we used 2 models: primary rat 
pituitary cell culture and isolated rat corticotropes. It ap-
peared that eNampt, CRH and IL-6 stimulated ACTH 
output by cultured isolated rat corticotropes. Although 
eNampt stimulated IL-6 production in primary rat pitu-
itary cell culture, no such effect was observed in cultured 
isolated rat corticotropes (Fig. 3).

Gene expression profiling using 
microarrays

In the 2nd series of experiments, we performed micro-
array analysis on isolated rat corticotropes cultured for 
24 h in the presence of CRH, eNampt or IL-6. As shown 
in Fig. 4, under these conditions, the expression level of only 
a small number of genes was upregulated: CRH upregulated 

Fig. 1. The concentration of adrenocorticotropic hormone (ACTH) [pg/mL] 
in the incubation medium of cultured murine AtT-20 cells exposed to 
different concentrations of eNampt (10,000 cells/well). Each circle indicates 
an individual measurement. Data are presented as mean ± standard error 
of the mean (SEM)

Fig. 3. The response of primary pituitary cell cultures to eNampt, CRH and IL-6. The data are presented as median and quartiles. A. All 3 studied compounds 
stimulated adrenocorticotropic hormone (ACTH) production of isolated rat corticotropes. Significant differences were observed between the control and 
corticotropin-releasing hormone (CRH)  groups (p = 0.016); control and eNampt groups (p = 0.012); and control and IL-6 groups (p = 0.0043); B. eNampt 
stimulated IL-6 production in primary rat pituitary cell culture. A significant difference was observed between the control and eNampt groups (p = 0.0028). 
There was no significant difference between the control and CRH groups (p = 0.18); C. eNampt did not stimulate IL-6 secretion in isolated rat corticotropes 
culture (p = 0.45)

Fig. 2. The concentration of adrenocorticotropic 
hormone (ACTH) [pg/mL] in the incubation 
medium of cultured murine AtT-20 cells exposed 
for 24 h to corticotropin-releasing hormone 
(CRH), eNampt, Fk866, and their combinations. 
The figure shows the median and quartiles. Each 
symbol indicates an individual measurement 
(10,000 cells/well). Significant differences were 
observed between the control and CRH groups 
(p = 0.00031) as well as between the control and 
CRH+Fk866 groups (p = 0.00067). No significant 
differences between other experimental groups 
were observed
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2 genes, eNampt upregulated 18 genes and IL-6 did not af-
fect the expression of any of the genes studied.

The results obtained for the microarray analysis were 
validated with the  qPCR method. Only corticotropes 

treated with eNampt were subjected to  these studies. 
The  results of  this analysis are presented as  heatmap 
graphs. As Fig. 5 shows, the results of gene expression 
level determination with qPCR of isolated corticotropes 

Fig. 5. Heatmap presenting the differences in gene expression between control and eNampt-treated isolated corticotropic cells. Gene expression 
is presented as a color gradient where red symbolizes the lowest expression level and green symbolizes the highest expression level. This gradient 
is presented separately for each gene. The histogram on the left shows the clusterization pattern. The genes with the most similar expression patterns 
are grouped together

Fig. 4. Volcano plot. Each dot represents 1 gene. Genes with a fold ratio >2 and false discovery rate below 20% are marked in cyan. The names 
of the 10 most upregulated and downregulated genes are show in the figure
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cultured in the presence of eNampt are consistent with 
the results obtained using microarray analysis.

These genes were then subjected to  analysis with 
STRING-db software via its browser API. The STRING-
generated interaction network provides information about 
molecular interactions formed between the protein prod-
ucts of the studied genes (Fig. 6). The STRING analysis 
showed that genes such as CCL2 (chemokine (C-C mo-
tif) ligand 2), Sod2 (superoxide dismutase 2), LCN2 (lipo-
calin-2), C3 (complement component 3), and CP (cerulo-
plasmin) are functionally connected. They were mostly 
shown to be co-expressed. Most of these genes seem to be 
involved in inflammatory processes.

In the next stage of the study, we compared the expres-
sion levels of selected genes in primary rat pituitary cell 
culture, with those observed in cultured isolated rat cor-
ticotropes. Cultured cells were exposed for 24 h to CRH, 
eNampt or IL-6, and the expression levels of the stud-
ied genes were evaluated using qPCR. For these studies, 
we chose genes for which the level of expression changed 
significantly after exposure to  eNampt. As  presented 
in Fig. 7, in the primary rat pituitary cell culture, the in-
fluence of the investigated substances on the expression 
level of the studied genes was negligible. In both experi-
mental models, eNampt did not change the expression 
level of the Nampt and IL-6 genes. Similarly, no effect was 

observed for the genes Cd14 (cluster of differentiation 14) 
and Tlr4 (toll-like receptor 4) (results not shown). In con-
trast, in isolated corticotropes, eNampt increased the ex-
pression levels of the Sod2, LCN2, CCL2, and C3 genes. 
In the employed experimental models, CRH increased 
the expression level of the POMC (proopiomelanocortin) 
gene only in  isolated corticotropes, whereas exposure 
of the tested cells to IL-6 did not change the expression 
level of any of the studied genes (in both experimental 
models).

CCL2 protein secretion in vivo and in vitro

In our study, both the microarray and qPCR analy-
sis data indicated that, under the applied experimental 
conditions and after cell exposure to eNampt, the CCL2 
gene expression level increased significantly. In this re-
gard, the literature shows that CCL2 protein is secreted 
from human mammary epithelial cells after eNampt 
stimulation.30,31 Moreover, CCL2 is  secreted by  pitu-
itary neuroendocrine tumors.21 Based on the literature 
data, we decided to investigate CCL2 protein secretion 
both in vivo and in vitro. As shown in Fig. 8, 60 min 
after the injection of eNampt, the level of CCL2 protein 
in rat blood serum increased significantly, while admin-
istration of CRH did not change the CCL2 protein level. 

Fig. 6. STRING-generated interaction network with differently expressed genes of the eNampt-treated isolated corticotropes. The color of the edges 
reflects the type of interaction
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Fig. 7. Comparison of relative gene expression levels between isolated 
corticotropes and primary pituitary cell culture. There was no difference 
in Nampt gene expression in all studied experimental groups. eNampt 
elevated the expression of the Sod2 gene in isolated corticotropes 
(p = 0.029); no other significant difference was observed in the expression 
of Sod2. corticotropin-releasing hormone (CRH)  elevated the expression 
level of the POMC gene in isolated corticotropes. (p = 0.029); no other 
significant difference was observed in the expression of POMC. eNampt 
elevated the expression of the LCN2 gene in isolated corticotropes 
(p = 0.029); no other significant difference was observed in the expression 
of LCN2. eNampt elevated the expression of the CCL2 gene in isolated 
corticotropes (p = 0.029); no other significant difference was observed 
in the expression of CCL2. eNampt elevated the expression of the C3 
gene in isolated corticotropes (p = 0.029); no other significant difference 
was observed in the expression of C3. No significant differences were 
observed in the expression level of IL-6
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eNampt also increased the CCL2 protein concentration 
in the incubation medium of the primary pituitary cell 
culture and cultured isolated corticotropes. It is interest-
ing that, in case of the isolated corticotrope culture, both 
CRH and IL-6 decreased the secretion of the analyzed 
protein.

Discussion

It is well known that ACTH secreted by corticotropic 
cells of the anterior pituitary lobe plays an essential role 
in the regulation of differentiation, growth, and function 
of the adrenal cortex. In turn, secretion of ACTH depends 
on the hypothalamic hormone CRH.32–35

As we showed in an earlier publication, one of the factors 
regulating pituitary secretion of ACTH is eNampt.8 Our 
in vitro experiments showed that in the anterior pituitary 
lobe fragments, eNampt increases POMC gene expres-
sion and ACTH secretion into the incubation medium. 
However, the mechanism of eNampt action on pituitary 
ACTH cells is not known. Therefore, the aim of the present 
study was to explain the mechanism of action of eNampt 
on the secretory function of rat corticotropic cells.

Initially, we planned to perform the projected studies 
in the AtT-20 mouse pituitary tumor cell line, which se-
cretes a huge amount of ACTH. However, under a wide 
range of eNampt concentrations, these cells did not change 
the level of secretion of ACTH in response to eNampt, nor 
did they react to CRH and Fk866 added to the medium. 
The lack of reaction of AtT-20 cells to the applied com-
pounds forced us to use another experimental models. These 

experimental models included primary rat pituitary cell 
culture and cultured isolated rat corticotropes. In the pri-
mary rat pituitary cell culture, all of the cells of the anterior 
pituitary lobe are present, which likely retains the ability 
for possible functional interactions of all gland cells. Such 
interactions take place in the pituitary, and the pituitary 
folliculostellate cells play an essential role in this process.9

The classical pathway of HPA axis activation, i.e., via 
CRH secreted by the hypothalamus, is not the only path-
way leading to ACTH secretion. ACTH might also be 
secreted after IL-6 stimulation, which is secreted by fol-
liculostellate cells.9,12,15–19,36 In this respect, it should be 
noted that eNampt also stimulates the secretion of IL-6 
in isolated human leukocytes.20 Moreover, Nampt gene 
expression positively correlates with serum levels of IL-6 
and CRP.37

Based on these observations, we decided to check whether 
eNampt affects the secretion of ACTH by the paracrine 
route through IL-6 secreted by pituitary folliculostellate 
cells. To test this hypothesis, we isolated corticotropic 
cells from the primary pituitary cell culture and com-
pared the effects of eNampt and IL-6 on ACTH secre-
tion in both experimental systems. It appeared that both 
eNampt and IL-6 increased ACTH secretion by isolated 
rat corticotropes. It also appeared that eNampt increased 
the secretion of IL-6 in primary pituitary cell culture, but 
did not show such an effect in the case of isolated rat pi-
tuitary ACTH cells. These results suggest that eNampt 
may have an indirect effect (via IL-6) on ACTH secretion 
by isolated rat corticotropes. However, we have also shown 
that eNampt can directly stimulate corticotropin secretion 
from the examined cells. These observations suggest that 

Fig. 8. CCL2 levels measured in rat blood serum, culture 
medium of primary pituitary cell culture and rat isolated 
corticotropes. A. Intraperitoneal administration of eNampt 
elevated CCL2 levels in rat serum (p = 0.0092); B. eNampt 
administration increased secretion of CCL2 in primary 
pituitary cell culture (p = 0.0043); C. CRH and IL-6 
decreased secretion of CCL2 in isolated rat corticotropes 
(p = 0.028 and p = 0.028, respectively), while eNampt 
elevated secretion level by these cells (p = 0.028)
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the stimulating effect of IL-6 on the secretion of ACTH 
by rat corticotropes may occur both directly and indirectly, 
mediated by the studied interleukin.

The lack of  influence of eNampt on ACTH secretion 
in the case of the AtT-20 mouse pituitary tumor cell line 
is noteworthy, yet there was a clear stimulating effect 
on corticotropin secretion by isolated rat corticotropes. 
Differences in the effect of eNampt on normal and tumor 
cells were also observed in our previous studies.38 In these 
studies, in primary culture, eNampt did not affect the rate 
of proliferation of rat adrenocortical cells, but it did stimu-
late proliferation of the H295R adrenocortical cancer cell 
line. It  is difficult to explain the causes of the different 
effects of eNampt on normal and neoplastic cells.

It  is well known that Nampt is a protein essential for 
the life of cells and organisms. For example, whole body de-
letion of the Nampt gene results in embryonic lethality, and 
muscle-specific Nampt deficient mice exhibit progressive 
muscle degeneration.39,40 Moreover, retina-specific Nampt 
deficient mice exhibit severe vision loss.41,42 In humans and 
mice, the level of eNampt in circulation decreases signifi-
cantly with age. On the other hand, increasing the eNampt 
level in the blood of aged mice by adipose tissue-specific 
overexpression of Nampt increases NAD+ levels in mul-
tiple tissues, thereby enhancing their functions and ex-
tending the lifespan in female mice.5 However, beyond its 
physiological function, Nampt has been indicated as one 
of the most important factors in cancer malignances.43–45 
Its expression was found to be higher in tumor cells than 
in normal cells.43,46–55 It should be noted that eNampt se-
rum concentrations in various types of cancer are usually 
elevated,4,56–63 and at least part of the circulating protein 
is derived from the tumor itself.64

In  this regard, it  can be suggested that in  the  case 
of AtT-20 cells where the level of Nampt is most likely 
to  be elevated (maximal stimulation), eNampt added 
to the culture may no longer increase ACTH secretion. 
The  AtT-20 cell line is  characterized by  autonomous 
ACTH secretion; therefore, it might be difficult to fur-
ther increase its ACTH secretion. Moreover, various fac-
tors, such as an inhibitor of the Jak2 signaling pathway 
(Lapatinib),65 somatostatin analog (SOM230)66 and DNA 
replication inhibitor (Aphidiloclin),67 have been proven 
to decrease ACTH secretion of this cell line. It  is also 
surprising and incomprehensible to note that Fk866 added 
to the AtT-20 cell culture also did not change ACTH se-
cretion by these cells.

It is also worth mentioning that eNampt has been proven 
to promote stemness and dedifferentiation of cancer cells, 
which is critical for tumor initiation, progression, therapy 
resistance, and metastasis.45,68–72 Moreover, previous stud-
ies strongly suggest that the effects of eNampt, as a cyto-
kine, are independent of iNampt enzymatic activity.45,70–73 
Since eNampt has a strong and dedifferentiating effect 
on cancer cells, it is possible that the molecular mechanism 
of eNampt-induced secretion of ACTH was lost or altered 

in AtT-20. However, the reasons behind the observed dif-
ferences between AtT-20 and primary corticotropes re-
main unknown and require further study.

In the next stage of the study, we attempted to explain 
the changes in gene expression levels that accompany 
the actions of CRH, eNampt and IL-6 on isolated rat cor-
ticotropes. We used microarray analysis for this purpose, 
which revealed changes in the expression level of only a few 
genes of the studied corticotropes, among which there 
were no Pomc and Nampt genes. It should be noted that, 
under the applied conditions, all examined substances 
increased ACTH secretion of  isolated corticotropes. 
In our previous work,8 we reported that 2 h of exposure 
to eNampt stimulated POMC and Nampt gene expression 
levels in isolated rat pituitary explants. It seems that after 
24 h of culture, the expression levels of these genes were 
already normalized.

However, under these experimental conditions, 17 genes 
still showed elevated expression levels after administration 
of eNampt (24-h exposure). In further research, we fo-
cused on  these genes. This group includes genes such 
as CCL2 (chemokine (C-C motif) ligand 2), Sod2 (super-
oxide dismutase 2), LCN2 (lipocalin-2), C3 (complement 
component 3), and CP (ceruloplasmin). This group of genes 
is functionally connected and the proteins they encode 
take part in the immune response. For example, CCL2 
recruits monocytes, memory T cells, and dendritic cells 
to the sites of inflammation evoked by either tissue injury 
or infection.74,75 Sod2 protein plays an antiapoptotic role 
against oxidative stress, ionizing radiation and inflam-
matory cytokines.76 LCN2 is involved in innate immunity 
by sequestrating iron, thus limiting bacterial growth,77 
and C3 plays a central role in the complement system and 
contributes to innate immunity.

It should be noted that eNampt affects inflammatory 
processes and it is commonly recognized as a pro-inflam-
matory cytokine.4,78–81 Therefore, among the genes that are 
controlled by eNampt in isolated corticotropes, the stimu-
lation of CCL2 gene expression seems interesting.

Previous data indicate that pituitary neuroendocrine 
tumors secrete numerous cytokines, including CCL2.21 
Since we  observed an  elevated CCL2 gene expression 
level in isolated rat corticotropes after eNampt exposure, 
we decided to measured level of secreted CCL2 protein 
in the in vitro model as well as in rat serum from an in vivo 
experiment described earlier.8 It appears that, in all cases 
(in vivo as well as in vitro), eNampt leads to an increase 
in CCL2 protein secretion. This observation indicates that 
part of the CCL2 protein found in rat serum originates 
from pituitary ACTH cells.

CCL2 is implicated in the pathogenesis of several dis-
eases characterized by monocytic infiltrates, such as pso-
riasis, rheumatoid arthritis and atherosclerosis,82 as well 
as various diseases of the central nervous system (CNS) 
characterized by neuronal degeneration.83–89 Moreover, 
gene and protein expression of  CCL2 is  significantly 
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increased in the blood and tumors of renal cell carcinoma 
patients.90 Some studies have indicated that CCL2 protein 
is also involved in regulating metabolism. CCL2 impairs 
insulin signaling in skeletal muscle cells and significantly 
reduces insulin-stimulated glucose uptake in myocytes.91 
In parallel, the CCL2 protein regulates liver and muscle 
metabolism and mitochondrial biogenesis, and participates 
directly or indirectly in the progression of obesity-related 
metabolic complications or aging.92,93

In  light of  these observations, it  seems reasonable 
to  suggest that stimulated eNampt secretion of  CCL2 
protein by isolated rat corticotropes is not only related 
to the regulation of immune response, but may also be 
related to  the  regulation of  metabolism.94 This is  fur-
ther suggested by the inhibition of CCL2 protein secre-
tion by CRH, which we observed in isolated ACTH cells. 
It  is well documented that the synthesis and secretion 
of CRH are regulated by various neuropeptides that regu-
late, among others, feeding and appetite, thus regulating 
metabolism.95–100 Therefore, the results obtained suggest 
that crosstalk between CRH and CCL2 may be involved 
in regulating metabolism.

Limitations

A main limitation of this study is the lack of experiments 
involving isolated folliculostellate cells. The rat pituitary 
primary cell culture model used in the current study con-
tained many different cell types derived from the pituitary 
gland. Therefore, it is possible that the observed eNampt-
dependent stimulation of IL-6 secretion may occur via 
other cell types than folliculostellate cells. Unfortunately, 
to the best of our knowledge, folliculostellate cells do not 
possess any specific surface marker that would allow their 
isolation and thus the establishment of a specific cell cul-
ture model.

The results of our findings suggest that eNampt is in-
volved in the stimulation of ACTH, IL-6 and CCL2 se-
cretion, but do not clarify the  molecular mechanism 
of eNampt action. Regarding IL-6 secretion, it is known 
that eNampt binds to the TLR4 receptor of human cell 
lines. It is also known that eNampt administration results 
in IL-6 secretion from human lymphocytes. In the present 
study, we did not examine whether a similar mechanism 
occurs in folliculostellate cells or primary corticotropes. 
This aspect requires further studies.

Conclusions

The results of this study suggest that eNampt stimu-
lates ACTH secretion from rat corticotropes both directly 
and indirectly. Indirect action most likely occurs through 
IL-6 secreted by folliculostellate cells of the pituitary gland. 
In isolated ACTH cells of the rat pituitary gland, eNampt 
stimulates the expression of genes involved in the immune 

response. Among them, the protein encoded by the CCL2 
gene seems to also be involved in the regulation of CRH-
dependent metabolism. Unlike rat corticotropes, murine 
AtT-20 corticotropic cells do not react to either eNampt 
or Fk866 (the inhibitor of Nampt enzymatic action).
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Abstract
Background. Erysipelas is an acute skin infection caused by group A and G streptococci. This infection 
is associated with many comorbidities and often requires hospitalization.

Objectives. The aim of this study was to identify the factors related to the length of hospitalization in pa-
tients with erysipelas.

Materials and methods. This retrospective study included 153 admissions of 135 patients (63 women 
and 72 men) hospitalized due to erysipelas from January 2010 to December 2019. Clinical symptoms, test 
results, comorbidities, and antibiotic treatments were taken into consideration as factors affecting the length 
of hospital stay.

Results. The median length of hospitalization was 10 days (interquartile range (IQR) = 7–14). Women 
spent less time in the ward, but the difference was not significant. Features such as tinea pedis (15.5 days, 
IQR = 13.5–20; p = 0.002), anemia (11 days, IQR = 9–15; p = 0.02), chills (12 days, IQR = 9–15; p = 0.03), 
elevated serum C-reactive protein (CRP) level over 100 mg/L (11 days, IQR = 8–17; p = 0.02), and leukocytosis 
(11 days, IQR = 8–15, p = 0.005) were identified as prolonged hospitalization factors. Moreover, patients 
with erysipelas localized to the legs (p = 0.01) and with a gangrenous variant of erysipelas (p = 0.03) were 
hospitalized longer. The first-choice antibiotic was not significant in terms of prolonged hospitalization. Pa-
tients treated with clindamycin during hospitalization, regardless of whether it was a first-line or subsequent 
antibiotic, stayed in the ward significantly longer (p = 0.005).

Conclusions. Patients suffering from erysipelas with the features identified above, have a higher risk 
of a prolonged stay in the hospital. Significantly increased inflammatory factors, anemia and tinea pedis 
contributed to prolonged hospitalization.

Key words: therapy, hospitalization, antibiotics, erysipelas, clindamycin
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Background

Erysipelas is an acute infection of the dermis and the sub-
cutaneous tissues, most commonly localized to the lower 
limbs and the face.1–3 This infection mainly affects adults 
and older people, has a repetitive nature, and is associated 
with certain comorbidities, including tinea pedis and dia-
betes.1–4 The acute infection is primarily caused by group 
A  (Streptococcus pyogenes) and group G  β-hemolytic 
streptococci.1–7 Diagnosis is usually made based on clini-
cal features including local erythema with a clearly de-
marcated margin that is associated with pain and edema, 
as well as general symptoms (fever, chills, nausea, and mal-
aise).1–4,7–9 Guidelines for the management of skin and soft 
tissue infections are typically based on expert opinion 
and pathophysiological considerations. However, antibiotic 
therapy for erysipelas is most often empirical and depends 
on the clinical experience of the treating physician.10–13 
Erysipelas is a common cause of hospitalization, including 
prolonged and repetitive hospitalizations that generate 
high costs for the healthcare system.

Objectives

This study aimed to  identify the  factors affect-
ing the  length of  hospitalization in  patients admitted 
to the dermatology department due to erysipelas.

Materials and methods

Study design

The study was based on an analysis of clinical data from 
patients hospitalized due to erysipelas in the department 
of dermatology. Patients admitted for erysipelas treat-
ment from January 2010 to December 2019 were enrolled 
in the study. Data analyses included identified risk fac-
tors for erysipelas development, inflammatory parameters 
measured upon admission to the hospital (C-reactive pro-
tein (CRP), procalcitonin, erythrocyte sedimentation rate 
(ESR), leukocytosis), the results of microbiological swabs, 
and applied antibiotic treatments. The obtained data were 
compared in order to examine their impact on the length 
of hospitalization (Table 1).

Setting and participants

The study was conducted in the Department of Derma-
tology, Venereology and Allergology at Wroclaw Medi-
cal University. Patients admitted for erysipelas treatment 
during the period of time from January 1, 2010 to De-
cember 31, 2019 were identified in  the  hospital elec-
tronic database using the  International Classification 
of Diseases, 10th revision (ICD-10) code A46 (erysipelas). 

In the analyzed period, 153 hospitalizations were identi-
fied. This corresponded to 135 patients (63 women and 
72 men, mean age 61.2 ±16.8 years) who were included 
in the study. The number of admissions exceeded the num-
ber of patients due to repeated hospitalizations of patients 
with relapses. The demographics and clinical character-
istics of the study population are summarized in Table 1.

Statistical analyses

Statistical analyses were performed using STATISTICA 
v. 13 software (StatSoft Inc., Tulsa, USA). The quantitative 
variables were described using median, range, interquar-
tile range (IQR), and means ± standard deviations (SD). 
The relationships between the length of hospitalization 
and the factors were examined using the Mann–Whitney 
U test. To compare more than 2 groups the Kruskal–Wallis 
one-way analysis of variance (ANOVA) was used. Values 
of p < 0.05 were considered statistically significant.

Results

The median length of hospitalization was 10 (IQR = 7–14) 
days. Regarding sex, the median length of hospitalization 
in women was slightly shorter than in men, but the dif-
ference was not significant (9 days, IQR = 7–14 compared 
to 10 days, IQR = 7–14, respectively; p > 0.05). Neither age 
nor the number of episodes were associated with prolonged 
stay in the hospital.

Patients suffering from tinea pedis stayed in the hospi-
tal significantly longer than those without this condition 
(15.5 days, IQR = 13.5–20 compared to 9 days, IQR = 7–14, 
respectively; p = 0.002). In addition, anemia was associated 
with prolonged hospitalization (p = 0.03; Table 2). Diabetes 
mellitus, venous insufficiency, cardiac diseases, hyper-
cholesterolemia, malignancy, and post-lymphadenectomy 
status did not influence the length of the hospitalization 
(Table 2).

Chills at the time of admission were associated with sig-
nificantly longer hospitalization (p = 0.02). Moreover, pa-
tients with lymphadenopathy stayed in the hospital longer 
than those without lymphadenopathy, but the difference 
did not reach statistical significance (17 days compared 
to 9.5 days, respectively; p = 0.06; Table 2).

The hospitalization duration varied with the clinical 
subtype of erysipelas (p = 0.009). The post hoc tests re-
vealed that patients with a gangrenous variant of erysipelas 
stayed in the hospital significantly longer than patients 
with an erythematous subtype (p = 0.03; Table 2). Fur-
thermore, patients with disease localized to the lower ex-
tremities were hospitalized significantly longer than pa-
tients with erysipelas on other parts of the body (p = 0.01; 
Table 2).

During hospitalization, a cutaneous swab was taken 
from 16 patients. A positive culture result was associated 
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Table 2. Length of hospitalization according to different variables. Localiza-
tion in the lower extremities, erysipelas gangrenous, the presence of chills, 
tinea pedis, anemia, positive swab culture, elevated CRP, and leukocytosis 
were determined as factors associated with prolonged hospitalization

Variable
The median 

length of stay in 
the hospital (IQR)

p-value

Sex

Female 9 (7–14)
0.8

Male 10 (7–14)

Localization of erysipelas

Face 7 (6–8.5)

0.01

Upper extremity 7 (6–18)

Trunk 9 (7–10)

Lower extremity 11 (7–15)

More than 1 part of the body 10 (7–14)

Subtype

Erythematous 9 (6.5–12.5)

0.009* 0.03**

Bullous 11.5 (8–19)

Hemorrhagic 13.5 (9.5–15)

Gangrenous 25 (19–28)

Bullous-hemorrhagic 14 (10–20)

General symptoms

Fever
No fever

9 (7–14)
10 (7–14)

0.9

Chills
No chills

12 (9–15)
9 (7–14)

0.02

Malaise
No malaise

9.5 (8–15)
10 (7–14)

0.3

Nausea
No nausea

9 (9–15)
10 (7–14)

0.5

Lymphadenopathy
No lymphadenopathy

17 (7–21)
9.5 (7–14)

0.06

Comorbidities

Tinea pedis 15.5 (13.5–20) 0.002

Diabetes mellitus 10 (7–13.5) 0.9

Hypertension 10 (7–15) 0.1

Hypercholesterolemia 10 (7–14) 0.9

Chronic venous insufficiency 11 (7–14) 0.7

Anemia 11 (9–15) 0.03

Cardiac disease 10 (7–14) 0.9

Malignancy 9 (5–10) 0.07

Post-lymphadenectomy status 10 (9–11) 0.9

Chronic renal disease obesity 9.5 (7–11) 0.5

Obesity 11 (8–15) 0.3

Laboratory tests

Positive swab culture 17.5 (9.5–21) 0.007

Elevated ERS 10 (7–15) 0.3

Elevated CRP (>100 mg/L) 11 (8–17) 0.02

Leukocytosis 11 (8–15) 0.005

Elevated procalcitonin 13 (7–15) 0.97

IQR – interquartile range; ERS – erythrocyte sedimentation rate; CRP – C-reactive 
protein; * p-value obtained with the Kruskal–Wallis test; ** p-value 
obtained with post hoc test. Values in bold are statistically significant.

Table 1. Demographic and clinical characteristics of the patients

Variable Number of patients (%)

Sex

Female 63 (46.7%)

Male 72 (53.3%)

Age

<20 years 1 (0.7%)

21–30 years 5 (3.7%)

31–40 years 12 (8.9%)

41–50 years 15 (11.1%)

51–60 years 32 (23.7%)

61–70 years 31 (23.0%)

71–80 years 24 (17.8%)

>80 years 15 (11.1%)

Localization of erysipelas

Face 16 (10.5%)

Upper extremity 3 (2.0%)

Trunk 9 (5.9%)

Lower extremity 121 (79.1%)

More than 1 part of the body 4 (2.6%)

Subtype

Erythematous 108 (70.6%)

Bullous 26 (17.0%)

Hemorrhagic 8 (5.2%)

Gangrenous 3 (2.0%)

Bullo-hemorrhagic 8 (5.2%)

General symptoms

Fever 100 (65.4%)

Chills 32 (20.9%)

Weakness 42 (27.5%)

Nausea 9 (5.9%)

Lymphadenopathy 11 (7.2%)

Comorbidities

Tinea pedis 8 (5.2%)

Diabetes mellitus 40 (26.1%)

Hypertension 79 (51.6%)

Hypercholesterolemia 19 (12.4%)

Chronic venous insufficiency of lower legs 30 (19.6%)

Anemia 54 (35.3%)

Cardiac disease 50 (32.7%)

Malignancy 22 (14.4%)

Post-lymphadenectomy status 10 (6.5%)

Chronic renal disease 14 (9.2%)

Obesity 19 (12.4%)

Antibiotic therapy before admission

Yes 67 (43.8%)

No 86 (56.2%)
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with longer hospitalization (17.5  days, IQR  =  9.5–21; 
p = 0.007). Regarding markers of  inflammation on ad-
mission, 87  (56.9%) patients had leukocytosis (median 
10.89 × 103 cells/μL, IQR = 8.3–14.3; range 3.04–37.8 × 103 
cells/μL), 140 (91.5%) had elevated serum CRP levels (me-
dian 82.9 mg/L, IQR = 35.5–158.8; range 0.4–530.0 mg/L), 
112  (73.2%) had increased ESR (median 67  mm/h, 
IQR = 35–86; range 4–125 mm/h), and 73 (47.7%) had ele-
vated procalcitonin values (median 0.2 ng/mL, IQR = 0.07–
0.83; range 0.01–14.7 ng/mL). Patients with leukocytosis 
were hospitalized significantly longer than patients with 
a normal white blood cell range (p = 0.005), and an elevated 
CRP level over 100 mg/L significantly increased the length 
of stay in the ward (p = 0.02; Table 2).

Before the admission, 67 (43.8%) patients used an oral 
antibiotic treatment. Antibiotic therapy before hospital-
ization did not affect the length of stay (p = 0.8; Table 2). 
As the first-line treatment during hospitalization, the most 
commonly chosen antibiotic was clindamycin (n = 41; 
26.8%), followed by  amoxicillin with clavulanic acid 
(n = 34; 22.2%). Twenty-six (17.0%) patients were treated 
with cephalosporins, 23 (15.0%) with penicillin, and 20 
(13.1%) with lincomycin. Eight (5.2%) were treated with 
combination antibiotic therapy since day 1. There were 
no statistically significant differences between the length 
of stay and the first-line antimicrobial therapy (p = 0.1). 
However, patients treated with clindamycin during their 
hospitalization, regardless of whether it was a first-line 
or subsequent antibiotic, spent significantly more time 
in the ward than patients treated with other antimicrobial 
medications (p = 0.005).

Discussion

Prolonged hospitalization of patients with erysipelas 
is a significant financial burden for the healthcare sys-
tem. Higher costs are associated with additional tests and 
examinations, long antibiotic therapy courses, and a delay 
in patient’s return to activities and work.

The current results did not demonstrate the superior-
ity of any of  the antibiotics in  terms of hospitalization 
time. However, it was observed that patients treated with 
clindamycin were hospitalized longer than patients treated 
with other antibiotics. Brindle et al.14 analyzed 43 studies 
with 5999 patients to examine the optimum antibiotic treat-
ment for erysipelas and cellulitis. This review also did not 
determine an advantage for using any group of antibiotics 
or antibiotic combination therapy. The German guidelines 
recommend intravenous treatment with crystalline penicil-
lin G for 7–10 days. In the case of penicillin allergy, treat-
ment with clindamycin for 7–10 days is recommended.13 
Since the bacterial sensitivity to a particular antibiotic 
may change over time and the treatment is often empiri-
cal, knowledge of the most common local pathogens causing 
erysipelas may help in choosing the right therapeutic option.

In the current research, it was observed that tinea pe-
dis is one of the factors associated with a prolonged stay 
in the hospital. Pavlotski et al.15 also identified tinea pedis 
as a contributing factor for recurrent episodes of erysipelas. 
Moreover, obesity, venous insufficiency, and lymphedema 
were mentioned as recurrence risk factors.15 A recent pub-
lication by Korecka et al.16 also found tinea pedis as an im-
portant risk factor for the disease, not only for the first 
episode, but also for recurrent erysipelas.

Another factor identified in the current study that sig-
nificantly affected prolonged stay in the ward was anemia. 
While there is less evidence in the literature to support 
the association between these variables, the relationship 
may be due to a lower oxygen supply, ischemia and more se-
vere erysipelas caused by a low hemoglobin concentration.

Roda et al.17 found that positive culture results, CRP and 
leukocytosis were characteristics associated with a pro-
longed stay in the hospital. In the current study, it was also 
observed that these factors were associated with longer 
hospitalization. Other factors affecting prolonged hospital-
ization were advanced age, previous episodes of erysipelas/
cellulitis, and the presence of complications.17

It was also found that localization to the lower extremities 
and increased levels of inflammatory markers were risk fac-
tors for a prolonged hospital stay. These findings are in line 
with other studies.18 In  contrast, correlations between 
the length of hospitalization and fever on admission, ab-
scesses, obesity, diabetes mellitus, and thrombosis, that have 
been reported in other studies, were not observed here.18

Limitations

We realize that our research carries the risk of bias. 
The main limitation of  the present study is  the possi-
ble exclusion of potential confounding factors for pro-
longed hospitalization, such as the adverse social context 
or  the  occurrence of  other complications not directly 
related to erysipelas. Another limitation is the possible 
misclassification of a certain number of cases. Most cases 
were classified as erysipelas on clinical grounds only and 
this condition cannot always be clearly distinguished from 
cellulitis. Due to these limitations, further prospective 
research should be carried out to verify our conclusions.

Conclusions

Erysipelas is an infectious disease that, due to its severe 
course, often requires hospitalization. Prolonged hospital-
ization is a burden for the healthcare system and an ad-
ditional risk for patients. Here, we revealed that some fac-
tors, such as the clinical features of the disease, laboratory 
test results, and the choice of treatment, have an impact 
on the length of hospitalization of patients with erysipelas. 
In clinical practice, patients with the above risk factors 
should receive special care.
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