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Chong Chen
E-mail: cchen@yamaguchi-u.ac.jp Depressive and anxiety disorders often comorbid, which causes more severe impairments. The high comor-

bidity and shared genetic and psychological factors between the 2 disorders have brought arguments about

;g:edd'e':g rseodurces whether they represent a common construct, and whether the current classification is meaningful. In this
editorial, a state-of-the-art overview of recent studies on the underlying mechanism of such comorbidity, and
Conflict of interest the association between and differentiation of the 2 disorders is provided. Recent studies employing data-
None dedlared driven approaches such as latent class analysis (LCA) and network analysis to investigate the symptomatology
of depression and anxiety have indicated unique characteristics and bridging symptoms of their comorbidity.
Whereas previous neurobiological and neuroendocrinological studies reported common alterations in pre-
Received on February 24, 2022 frontal—limbic pathways, serotonergic projections and the hypothalamic—pituitary—adrenal (HPA) axis,
Accepted on March 17,2022 - - . - )
recent research suggests that distinct neural circuits and heterogeneous changes in HPA activity may exist
Published online on April 8, 2022 in depression when compared to anxiety. Lastly, both depression and anxiety have been long associated with

decision-making deficits; however, emerging evidence from computational psychiatry demonstrate that there
may be unique neurocognitive and computational alterations in each disorder. By investigating the common
and unique symptomatic characteristics and underlying neurobiological and neurocomputational mechanisms
of the 2 disorders as well as their comorbidity, it can be concluded that recent studies have greatly advanced
our understanding of the etiology and neuropathophysiology of these disorders.
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Introduction

Depressive and anxiety disorders are 2 common mental
disorders and affect 4.4% and 3.6% of the world population,
respectively.! The 2 disorders, however, often comorbid.2~”
For instance, it has been reported that 42% of people with
12-month major depressive disorder (MDD) also have
12-month anxiety disorders, and that 46% of people with
lifetime MDD also have lifetime anxiety disorders.> Im-
portantly, comorbid depression and anxiety causes more
severe functional impairment, slower recovery and higher
rate of suicidal ideation than each disorder alone.?”” Anx-
iety symptoms, even those not meeting the diagnostic
criteria, often cause serious clinical concerns when they
co-occur with depressive disorders: over half of patients
with MDD have anxious depression, and these patients
experience poorer treatment outcomes than those with
non-anxious depression.® Given this high comorbidity and
shared genetic and psychological risk factors (e.g., early
life stress), it has been argued that the 2 disorders may
represent a single, common construct of negative affect
or psychological distress.” Therefore, a full understanding
of the underlying mechanism of such comorbidity and
the association between and differentiation of the 2 dis-
orders is an urgent issue. In this editorial, an overview
of recent studies focused on the symptomatology and
neurobiological and neurocomputational mechanisms
of the 2 disorders and their comorbidity is provided.

Symptomatology

Recent research has employed data-driven approaches
such as latent class analysis (LCA) to investigate the typol-
ogies of depression and anxiety. Latent class analysis uses
the full range of symptoms to classify individuals into ho-
mogeneous subtypes or the so-called latent classes, based
on the patterns of symptom occurrence. So far, by employ-
ing LCA, a class of individuals with comorbid depression
and anxiety has been consistently identified in samples
from the general population at different ages and from
different countries.’!3 In several studies, the comorbidity
occurs at multiple levels of symptom severity, for instance,
low, moderate and high.1%!! In some®!2 but not other!®113
studies, a depression or anxiety class only was also iden-
tified. Importantly, these studies have reported unique
demographic and psychological characteristics of the co-
morbid class compared to other classes, for instance, being
female, younger age, having fewer years of education, and
experiencing more negative life events.

Another technique, the network approach, proposes
that individual symptoms play a causal role in the psy-
chopathology (by causing the onset of other symptoms)
and seeks to clarify the connected network of symptoms
which constitutes a disorder." Network analysis of symp-
toms in patients with depressive and anxiety disorders has

C. Chen. Comorbid depression and anxiety

identified psychomotor agitation/retardation and irritabil-
ity as the most important bridge symptoms connecting
the 2 disorders and underlying the comorbidity.'>!¢ Symp-
toms such as appetite change and suicidality are found
to be unique to depression.'

Neurobiological mechanism

At the neurobiological level, the alterations in prefrontal-
limbic pathways!”!® and serotonergic projections arising
from the raphe nuclei’®-2! have been proposed to underlie
both depression and anxiety, which also explains why anti-
depressants such as selective serotonin reuptake inhibitors
and serotonin noradrenaline reuptake inhibitors are effec-
tive for anxiety disorders. Nevertheless, a recent transcra-
nial magnetic stimulation (TMS) was able to identify 2 dis-
tinct circuit targets for symptom clusters of depression
(e.g., sadness) and anxiety (e.g., irritability). Specifically,
TMS targeting the dorsomedial prefrontal cortex relieves
anxiety symptoms, while TMS targeting the dorsolateral
prefrontal cortex reduces depressive symptoms.??

From the neuroendocrinological point of view, dysfunc-
tional hypothalamic—pituitary—adrenal (HPA) axis and
elevated cortisol have been considered common to both
depression and anxiety.?>?* Nevertheless, comorbid de-
pression and anxiety compared to each disorder alone?®
and anxious depression compared to non-anxious depres-
sion?® may have more emphasized abnormalities in HPA
axis and cortisol activity. It has to be noted that hypercor-
tisolemia has also been reported in anxiety disorders,?"8
which calls for a closer look at the potential heterogeneity
of HPA abnormalities within the subtypes of anxiety dis-
orders, as well as a reconsideration of the functional role
of cortisol.??

Neurocomputational mechanism

Another recent trend is the neurocomputational ap-
proach known as computational psychiatry.?*-3! This ap-
proach builds mathematical models to simulate the neural
and/or cognitive processes underlying behaviors including
decision-making, which allows for the precise assay of fun-
damental neurocomputational constructs. Therefore,
the parameters of these neural and cognitive processes
may serve as useful biomarkers.??-3!

Although both depression and anxiety have long been
associated with decision-making deficits, emerging evi-
dence from computational psychiatry suggest unique neu-
rocomputational alterations in each disorder. Whereas
depression is associated with reduced reward-seeking be-
haviors, including slower learning of reward contingencies
and increased estimation of effort required to pursue re-
wards,*3* anxiety is associated with heightened sensitiv-
ity to threat and increased threat avoidance behaviors.3*
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For instance, 1 study reported that patients with general-
ized anxiety disorder have elevated risk aversion as indi-
cated by a more concave utility function.?! Furthermore,
symptoms of anxiety are correlated with elevated risk
aversion after controlling depression; however, symptoms
of depression are not correlated with elevated risk aver-
sion after controlling anxiety, suggesting a unique link
between anxiety and risk aversion.3®* Somewhat contradic-
torily, a subsequent study with healthy adults employing
3 different methods to tease apart the comorbidity of de-
pression and anxiety showed that neither depression nor
anxiety is associated with risk aversion, while depression
but not anxiety is associated with probability weighting
of reward outcomes.?¢ As the symptoms of depression in-
crease, people’s tendency to overweight small probabilities
and underweight large probabilities is attenuated or even
reversed. While these studies advance our understand-
ing of the neurocomputational changes of the disorders,
future research is required to address the inconsistencies
and further clarify potential sex differences.?”

By investigating the common and unique symptomatic
characteristics and underlying neurobiological and neu-
rocomputational mechanisms of the 2 disorders and their
comorbidity, it can be concluded that recent studies have
greatly advanced our understanding of the etiology and neu-
ropathophysiology of these disorders. The insights provided
by these studies also shed light on several treatment targets
that may be of particular clinical interest, including bridge
symptoms, distinct brain circuit targets and distinct neuro-
computational alterations. We believe that future research
will propel us towards a better, more refined understanding
of depression, anxiety and their comorbidity, and bring us
closer to personalized precision psychiatry.
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Abstract

Background. During minimally invasive spine surgery, nerve root decompression is challenging due
to the anatomical division and uncertainty in lumbar lateral recess (LLR).

Objectives. To evaluate the outcome and safety of foraminoplasty using percutaneous transforaminal
endoscopic decompression (PTED) (performed with an aid of a trephine) in the treatment of lumbar lateral
recess stenosis (LLRS).

Materials and methods. All operations were performed under local anesthesia and in prone position.
The puncture point was 1014 cm away from the midline of the spinous process. One hundred eight in-
dividuals with LLRS who underwent PTED from September 2016 to December 2020 in our hospital were
enrolled in the study. Visual Analog Scale (VAS) and Oswestry Disability Index (ODI) scores were collected
preoperatively after 1 day, 7 days, 1 month and at the final follow-up (June 2021). Low back pain and leg pain
were measured using VAS score. Functional outcomes were assessed with ODI and modified Macnab criteria.

Results. After the surgery, the VAS score and ODI were statistically significant at all follow-up points com-
pared with the pre-surgery (both p < 0.05). Based on the modified Macnab scores at the final follow-up,
the satisfaction rate at postoperative 1 month was 96.3% and the satisfaction rate at postoperative 7 days
was 70.38%. A significant difference was observed between the 2 groups (p < 0.05).

Conclusions. Foraminoplasty using PTED performed with a trephine is one of the safe and effective,
minimally invasive methods to treat LLRS.

Key words: trephine, percutaneous transforaminal endoscopic decompression, lumbar lateral recess stenosis,
foraminoplasty
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Background

In 1954, Dutch neurosurgeon Henk Verbiest first de-
fined lumbar spinal stenosis (LSS), bony canal stenosis
and neurogenic claudication.! Lumbar lateral recess ste-
nosis (LLRS) is a type of LSS. Based on the anatomical
types, LLRS can occur in the retrodiscal space, upper part
of bony lateral recess and lower part of bony lateral recess
(Fig. 1).%3 Lumbar lateral recess stenosis indicates that
the sagittal diameter of the bone canal is less than 3.0 mm
and the diameter of the soft tissue tube is less than 1.0 mm,
with varying degrees of lower limb pain, numbness and
intermittent claudication.*

Fig. 1. Schematic diagram of A. retrodiscal space; B. upper part of bony
lateral recess; C. lower part of bony lateral recess; D. intervertebral foramen

Several surgical options exist for the treatment of LLRS
— foraminotomy, partial facetectomy, total laminectomy,
posterior lumbar interbody fusion (PLIF), and transforami-
nal lumbar interbody fusion (TLIF).> However, these surgi-
cal approaches cause several complications such as muscle
trauma, severe bleeding, high hospitalization costs, and
fracture of internal fixator, which influence the stability
of the spine.®~?

Schreiber et al. first applied endoscopic technology for
percutaneous nucleus pulposus removal in 1989.1° With
the development of endoscopic theory and equipment,
Hoogland designed Transforaminal Endoscopic Spine
System (TESSYS), which positions the tip of the superior
articular process (SAP) using multistage trephine to grind
the tip of SAP (Fig. 2).1 Yuan et al.!? applied this technique
to treat 48 cases of lumbar disc herniation (LDH) and ob-
tained good results. However, for LLRS, the base of SAP
blocked the working channel; LLR decompression was not
complete. Therefore, the operation of foraminoplasty under
the working channel is limited and the decompression takes

Fig. 2. Schematic diagram of A. the tip of the superior articular
process (SAP); B. the bottom of the SAP

longer. The exiting root is easily injured by compression
of working tube. The base of SAP is far away from exiting
root, which is closer to the bony part of LLR. The 7.6 mm-
diameter trephine rather than multistage trephine is easier
to remove the base of SAP for foraminoplasty. This method
is economical and effective, as well as it reduces the number
of radiation leakage. In this study, percutaneous transfo-
raminal endoscopic decompression (PTED) was applied
with an aid of trephine to treat patients with LLRS, and
the clinical outcomes were analyzed.

Objectives

The aim of this study was to evaluate the outcome and
safety of foraminoplasty using percutaneous transforami-
nal endoscopic decompression (PTED) (performed with
an aid of a trephine) to treat lumbar lateral recess stenosis.

Materials and methods
General information

This is a retrospective study. A total of 108 individuals
with LLRS were assessed by 2 spine surgeons between Sep-
tember 2016 and December 2020. Those who were selected
to undergo PTED with an aid of trephine for LLRS were
invited to participate in the study. The inclusion criteria
were as follows: (1) the imaging data were complete, con-
sistent with clinical symptoms and signs, and the diagnosis
of single-segment LLRS was clear; (2) some patients present
with worse symptoms after receiving conservative treat-
ment, which severely affects the quality of life; (3) patients
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with coronary artery insufficiency, heart failure, diabetes,
respiratory failure, etc. Exclusion criteria were as follows:
(1) preoperative imaging data showed spinal instability such
as spondylolisthesis and spondylolysis; (2) neurogenic dis-
eases, such as cauda equina syndrome; (3) spinal deformity,
spinal tumor or other diseases; (4) the iliac crest for L5-S1
segment was too high (the X-ray suggested that the theo-
retical puncture passage was blocked by ilium); (5) surgical
contraindications (such as important organ dysfunction
and bleeding tendency).

The present study followed the principles outlined
in the Declaration of Helsinki, received an approval (No.
KY2021-260) from our local hospital ethics committee
(the Second Affliated Hospital of Harbin Medical Uni-
versity, China) and patients provided informed consent
regarding the publication of their data.

Surgical technique

All operations were performed under local anesthesia
and in prone position. Puncture point was 10—14 cm away
from the midline of the spinous process. The vertical dis-
tance of the head side was 2—5 c¢m, and the puncture needle
was inclined at approx. 25° to the horizontal. The average
abduction angle of the puncture needle was 30-50°. Un-
der anteroposterior and lateral fluoroscopy, the puncture
needle reaches the base of SAP of the inferior vertebral
body of the target intervertebral space.

Besides, the procedure was performed under local infil-
tration anesthesia induced with 0.7% lidocaine. The punc-
ture needle was inserted and located at the bottom of SAP
of the diseased segment, and the facet joint was anesthe-
tized on the surface. Next, we removed the needle core,
inserted the guidewire, made an 8.0 mm skin incision
along with the needle entry point, and placed a four-stage
dilatation catheter (Spinendos, Munich, Germany) step
by step along the guidewire. These devices were placed
at the inner edge of the pedicle under the anteroposteric
X-ray, and at the anterior and lower edge of the superior
articular process under the lateral X-ray. A 7.6 mm-di-
ameter trephine (Spinendos) was introduced at the base
of the SAP, so as to form the SAP.

The trephine was used to remove the partial base of SAP
under fluoroscopic guidance. The space formed in this way
can be more conducive for the subsequent work tube to ac-
cess LLR. The procedure is performed in the working tube
through the deformed SAP, and targeted decompression
is conducted according to the LLRS type, including soft
tissue and bony compression. If LLRS is biased to inter-
vertebral foramen and retrodiscal space, the medial and
ventral SAP are mainly removed; if the stenosis is partial
to bony stenosis, the partial bottom of the SAP is largely
removed. Therefore, the plastic scheme is in most cases
designed in advance based on the preoperative magnetic
resonance imaging (MRI) and computed tomography (CT)
image data. Then, it is adjusted according to the specific
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conditions during the operation. A representative case
treated with trephine foraminoplasty is illustrated
in Fig. 3,4.

Evaluation of the curative effect

All patients were followed up (including outpatient and
telephone follow-up), and the relevant indexes were re-
corded preoperatively, 1 day, 7 days, 1 month after the op-
eration, and at the final follow-up. In this process, Visual
Analogue Scale (VAS) was used to evaluate low back pain
before and after the operation; Oswestry Disablity In-
dex (ODI) was applied to evaluate the functional recov-
ery of lumbar vertebrae before and after the operation;
the modified Macnab standard was employed to evaluate
the curative effect of the operation.

Statistical analyses

The data were processed using IMB SPSS v. 23.0 statisti-
cal software (IBM Corp., Armonk, USA), in which the mea-
surement data such as VAS and ODI were presented with
median (M), lower quartile (Qp) and upper quartile (Qu).
All the data were analyzed with Shapiro—Wilk normal-
ity test and homogeneity of variance test. Comparisons
of the continuous parameters were performed using the re-
peated measures analysis of variance (ANOVA) test when
anormal distribution was present, and using the Kruskal—
Wallis test when a normal distribution was absent. The nu-
merical data were compared with the x? test. The value
of p < 0.05 reflects statistical significance. In this study,
operation time, intraoperative bleeding volume, ODI, and
VAS did not meet normal distribution.

Results

All operations were successfully completed and were
followed up postoperatively after 1 day, 7 days, 1 month,
and at the final follow-up 1 year after the operation, in June
2021. The operation time ranged from 60 min to 125 min,
with an average of 88.74 min. The intraoperative bleed-
ing volume ranged from 5 mL to 18 mL, with an average
of 9.49 mL (Table 1). There were no related complications
such as spinal instability, dural leakage or vascular or nerve
injury. The VAS score and ODI of low back pain before
the operation, on day 1, day 7, after 1 month, and at the fi-
nal postoperative follow-up were compared. The postop-
erative scores were higher than those at the preoperative
stage (Table 2, Fig. 5-7).

All the indexes improved, and the difference was statisti-
cally significant (p < 0.05). The symptom efficacy of the pa-
tients was evaluated with modified Macnab standard.
Particularly, according to the Macnab standard, 1 month
after the operation, 88 cases were excellent, 16 cases were
good, and 4 cases were fair; the excellent and good rates
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were 96.30%. Seven days after the operation, 65 cases
were excellent, 11 cases were good and 32 cases were fair;
the excellent rate was 70.38%. The excellent and good rates
at 1 month after the operation were significantly higher
than at 7 days after the operation, and the difference was
statistically significant (p < 0.05) (Table 3).

Discussion

Since Verbiest,! a Dutch neurosurgeon, first defined LSS
in 1954, the international understanding of the definition
and partition of the lateral region of the lumbar spinal
canal has not been unified. Among them, experts such

Fig. 3. AB,C. A 57-year-old male who has experienced modified
percutaneous transforaminal endoscopic decompression (PTED) for
L4-L5 lateral recess stenosis (arrow); D,E. To make sure that the guide
wire and working tube reach the aim area under anteroposterior and
lateral fluoroscopy, they were located at the inner edge of the pedicle
under the anteroposteric X-ray, and at the anterior and lower edge

of the superior articular process under the lateral X-ray; F. Completed
decompression; G. The nerve root was fully decompressed; H. The bottom
of the superior articular process (SAP) was excised (arrow); I,J. Two days
after the surgery, magnetic resonance imaging (MRI) showed that

the nerve root has been decompressed completely (arrow)

Table 1. Baseline characteristics

Patient data | Modified PTED (n = 108)

Age 46.81 £16.90
Gender

male 58

female 50
Segment

[2-13 1

[3-L4 7

L4-L5 67

[5-S1 33
Operation time [min] 90.000 (80.000, 95.000)
Intraoperative bleeding volume [mL] 9.000 (7.000, 12.000)

PTED - percutaneous transforaminal endoscopic decompression.
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Fig. 4. A,B,C. A 63-year-old female who has experienced modified percutaneous transforaminal endoscopic
decompression (PTED) for L4-L5 lateral recess stenosis (arrow); D,E. To make sure that the guide wire

and working tube reach the aim area under anteroposterior and lateral fluoroscopy, they were located

at the inner edge of the pedicle under the anteroposteric X-ray, and located at the anterior and lower edge

of the superior articular process under the lateral X-ray; F. Completed decompression; G. The nerve root was
fully decompressed; H,I. Two days after the surgery, computed tomography (CT) showed that the nerve root

has been decompressed completely (arrow)

as Lee et al.? and Vital et al.® have proposed their views
on the partition of lateral region of the lumbar spinal canal,
and their concept became the most widely used partition
basis: retrodiscal space, upper part of bony lateral recess,
lower part of bony lateral recess, and intervertebral fora-
men. Regardless of the types, Mikhael et al.* defined LLRS
as the sagittal diameter of the bony canal of LLR smaller
than 3.0 mm or the diameter of soft tissue canal smaller
than 1.0 mm.

The LLRS is often induced by sedentary work or fatigue,
when the lumbar spine is overloaded, leading to the dehy-
dration and denaturation of the intervertebral disc. This
increases the stress of the tissue around the intervertebral
disc, the range motion of the adjacent intervertebral joint,
the hyperplasia and hypertrophy of ligament in lumbar spinal,
and the formation of osteophyte. Finally, these pathological
changes will eventually encroach LLR to reduce the diameter,
resulting in nerve root compression and repeated friction
by surrounding tissues, as well as nerve root ischemia and
edema.l Therefore, patients with LLRS not only show varying
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Fig. 5. Presentation of Oswestry Disability Index (ODI) value alteration
before and after the operation (1 — before the operation; 2 — 1 day

post operation; 3 - 7 days post operation; 4 — 1 month post operation;

5 - final follow-up). The M (Q,, Q) of preoperative Oswestry Disability
Index (ODI) score was 80.0700 (72.7500, 90.7800), while the values of this
score 1 day after the operation, 7 days after the operation, 1 month after
the operation, and at the final follow-up were 35.1300 (30.2100, 40.7800),
28.9950 (24.0400, 32.0600), 23.0200 (21.0000, 25.8525), and 20.1300
(18.4500, 21.0750), respectively

M — median; QL - lower quartile; QU — upper quartile.
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Table 2. Comparison of back pain, leg pain, VAS and ODI before and after
operation

Parameter | M (Q., Qu)
oDl
preoperative 80.070 (72.750, 90.780)
postoperative (1 day) 35.130 (30.210, 40.780)
postoperative (7 days) 28.995 (24.040, 32.060)
postoperative (1 month) 23.020 (21.000, 25.853)
postoperative (final follow-up) 20.130 (18450, 21.075)
H 436.333
p-value 0.000*
VAS (back pain)
preoperative 7.00 (6.00, 8.00)
postoperative (1 day) 3.00 (3.00, 4.00)
postoperative (7 days) 2.00 (2.00, 3.00)
postoperative (1 month) 2.00 (2.00, 3.00)
postoperative (final follow-up) 2.00 (2.00, 2.00)
H 351.958
p-value 0.000%
VAS (leg pain)
preoperative 8.00 (7.00, 9.00)
postoperative (1 day) 3.00 (3.00, 4.00)
postoperative (7 days) 2.00 (2.00, 3.00)
postoperative (1 month) 2.00 (2.00, 2.00)
postoperative (final follow-up) 2.00 (2.00, 2.00)
H 370405
p-value 0.000"

VAS - Visual Analog Scale; ODI - Oswestry Disability Index. * Kruskal-Wallis
test results are as follows: H = 436.333, p < 0.001. According to the test stan-
dard a=0.05,ifHO is rejected, ODI differences can be considered statistically
significant before the surgery and after 1 day, 7 days, 1 month and at final
follow-up 4 time nodes after the surgery). & Kruskal-Wallis test results are

as follows: H = 351,958, p < 0.001. According to the test standard a = 0.05,

if HO is rejected, VAS (back pain) differences can be considered statistically
significant before the surgery and after 1 day, 7 days, 1 month and at final
follow-up (4 time nodes after the surgery). * Kruskal-Wallis test results are

as follows: H = 370405, p < 0.001. According to the test standard a = 0.05, if HO
is rejected, VAS (leg pain) differences can be considered statistically significant
before the surgery and after 1 day, 7 days, 1 month and at final follow-up

(4 time nodes after the surgery).

degrees of low back pain but also show lower limb pain,
numbness and intermittent claudication caused by LLRS.

For LLRS, nonoperative treatment is ineffective, and
surgery is often needed. The traditional treatment of LLRS
has always been PLIF, because it provides a way to directly
contact the diseased vertebral body, relieving waist and
leg pain and other discomforts, mainly through decom-
pression and fusion. However, the operation is traumatic
and destroys much tissue structure around the lumbar
vertebrae. With time, the incidence of complications re-
lated to surgery is high, contributing to an increasing risk
of the perioperative surgery. There is also a risk of the im-
planted internal fixator to fracture, loosen, and other com-
plications to appear.!* The trend of surgical treatment has
turned to minimally invasive surgery, and many experts
and scholars have presented new solutions.*!>

In 1989, Schreiber et al. first applied the endoscopic tech-
nique to percutaneous nucleus pulposus removal.'® With
the updating endoscopic theory and equipment, TESSYS
technique has been one of the most reliable minimally
invasive spinal surgery techniques and is widely used
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Fig. 6. Visual Analog Scale (VAS) for low back pain (VASback) value
alteration before and after the operation (1 - before the operation;

2 -1 day post operation; 3 - 7 days post operation; 4 — 1 month post
operation; 5 - final follow-up). The M (Q, Qy) of preoperative VASback was
7.00 (6.00, 8.00), while the values of this score 1 day after the operation,

7 days after the operation, 1T month after the operation, and at the final
follow-up were 3.00 (3.00, 4.00), 2.00 (2.00, 3.00), 2.00 (2.00, 3.00), and 2.00
(2.00, 2.00), respectively

M —median; Q, - lower quartile; Qu — upper quartile.
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Fig. 7. Visual Analog Scale (VAS) for leg pain (VASleg) value alteration
before and after operation (1 — before the operation; 2 - 1 day post
operation; 3 — 7 days post operation; 4 — 1 month post operation; 5 - final
follow-up). The M (Q,, Qu) of preoperative VASleg was 8.00 (7.00, 9.00),
while the values of this score 1 day after the operation, 7 days after

the operation, 1 month after the operation, and at the final follow-up
were 3.00 (3.00, 4.00), 2.00 (2.00, 3.00), 2.00 (2.00, 2.00), and 2.00 (2.00, 2.00),
respectively. In summary, it can be seen from the box plots of score that,
except for the scores of individual research subjects which are quite
different from those of others, the score values of almost all research
subjects are getting closer and closer to each other, which can more
intuitively express the effect of a surgical intervention

M —median; Q, — lower quartile; Qu — upper quartile.

in the clinic. Due to SAP being an obstacle to the working
channel and the anterolateral dura mater, foraminoplasty
by removing part of SAP is the key to TESSYS.
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Table 3. Comparison of efficacy 7 days and 1 month after the operation (n (%))

Variable

Excellent

365

Excellent rate

65 (60.19)
88 (81.48)

Postoperative efficacy (7 days)
Postoperative efficacy (1 month)
X value -

p-value -

11(10.19)
16 (14.82)

32(29.62) 0 (0.00) 76 (70.38)
4(3.70) 0(0.00) 104 (96.30)
= = 26.13
- - <0.05

For TESSYS, the failure rate of nonforaminal surgery
is as high as 60%.'° The traditional TESSYS technique
involves removing the tip of SAP. The TESSYS technique
uses a multistage trephine outside the guide rod. The sur-
geon gradually resects the tip of the superior articular pro-
cess under X-ray fluoroscopy, enlarges the intervertebral
foramen, and sends the endoscope into the spinal canal.
First, the herniation in the spinal canal is removed. Then,
the intervertebral disc is cleaned. The TESSYS technique
significantly improves the curative effect of percutane-
ous endoscopic surgery by intervertebral foramen ap-
proach and expands the surgical indications. Neverthe-
less, the surgery site is at the tip of the superior articular
process, the space is narrow, the range of surgery is limited,
and the treatment of contralateral recess stenosis is still
unsatisfactory.l” In the past, Yang et al. have proposed that
the base had more advantages than the tip.!® At the same
time, Li et al.' improved the existing foraminoplasty and
changed the position of the foraminoplasty from the tip
of SAP to the bottom of SAP. Since the site of foramino-
plasty is far away from the exiting nerve root, theoretically,
the incidence of dysfunction is low.

Our technique is improved based on the TESSYS tech-
nique. The 7.6 mm-diameter trephine is used to shape
the base of the articular process under the protection
of the casing of the trephine. Consequently, there is suf-
ficient room for shaping, far away from the exit nerve root
to avoid its injury.?’ The modified TESSYS technique can
directly enlarge the lateral recess, remove the cohesive os-
seous structure of the articular process, the hypertrophic
ligamentum flavum and the protruding nucleus pulposus,
and complete more effective nerve root decompression.

It is essential for LLRS patients to enlarge the width
of the intervertebral foramen during PTED treatment.?!
Spinal foraminoplasty can completely decompress the ven-
tral and dorsal structures by cutting the SAP base part and
removing the intervertebral foraminal ligament to expand
the orifice, contributing to visually displaying the epidural
space. The tools currently used for foraminoplasty include
endoscopic burr, multistage trephine, and reamers.??-2*
Most of the SAP is removed under the working channel
endoscope to ensure the safety of the operation. Nonethe-
less, it is limited by the working channel, the foramina
efficiency is low and the expansion of the lateral recess
is restricted. Besides, the microscopic drill will release
heat while in use, damaging the nerve roots and causing
temporary nerve stimulation, postoperative sensory dis-
turbance and iatrogenic injury.?®

Compared with reamer and laser, the 7.6 mm-diam-
eter trephine is an economical and time-saving device
for abrading part of the SAP base under fluoroscopy
guidance to perform foraminoplasty. Nevertheless, there
is also the risk of damaging the SAP covering ligaments.
Additionally, the working channel has enough space after
cutting a part of the SAP. When using a trephine, perspec-
tive must be used in order to ensure an acceptable in-
strument angle and depth, and confirm that the trephine
has penetrated the inner edge of the SAP. However, part
of the nerve root in lateral recess stenosis is compressed
by the hyperplastic osteophyte of the bony channel, and
the risk of damaging the nerve root during decompres-
sion is extremely high. Therefore, the extensive surgical
experience is required to fully control the trephine depth
during vertebroplasty.?® Moreover, several fluoroscopic
examinations are required, increasing the exposure of pa-
tients and medical staff to radiation.?”

The technical advantage of the surgical method used
in this study is that the intervertebral foramen is located
at the bottom of the SAP rather than at the tip of it. Dur-
ing the operation, the direction and angle of decompres-
sion can be flexibly adjusted according to the specific
location of the nerve root canal stenosis. If the stenosis
of the LLRS is on the inner side of the intervertebral fo-
ramina and the yellow space of the intervertebral disc,
the medial part of the SAP is mainly removed; if the ste-
nosis is biased to the bony recess, the bottom of the SAP
is mainly removed. Meanwhile, the hypertrophy that hin-
ders the operation of the surgical field can be removed.
The ligamentum flavum and the posterior longitudinal
ligament can also remove the hyperplastic osteophytes,
and the decompression can be maximized to the back
of the intervertebral disc.

The 108 patients in our study population had good
postoperative results without related complications
such as spinal instability, dural leakage and vascular
nerve damage. The indexes of this group of patients
3 months and 2 days after operation were significantly
better than those 1 day before the operation, indicat-
ing the statistically significant difference (p < 0.05).
However, there was no significant difference between
the 2 groups in the average of the indicators on the 2"
day after the surgery due to incision pain and soft tissue
spasm (p > 0.05). Most patients felt apparent relief after
the surgery. Regarding some patients with residual nerve
symptoms, such as numbness and pain in the lower
limbs, it is believed that the edema and inflammation
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caused by the disturbance of the nerve roots appeared
during the operation. Satisfactory results were obtained
after 2—-3 weeks of treatment with dehydration, low-
dose hormones and non-steroidal anti-inflammatory
drugs. Although there was a certain complication rate
reported in the past, a certain treatment was given
in time, such as rehabilitation physiotherapy, hormone
shock, and others, and the follow-up treatment effect
was satisfactory.

Limitations

There are some limitations that need to be acknowl-
edged and addressed regarding the present study. The first
one concerns the small number of study group. Although
our approach might not have been optimal, it enabled us
to objectively evaluate the effectiveness of PTED in pa-
tients with LLRS. Because the results of the study were
very consistent and showed a small standard deviation,
this study might have scientific meaning despite the small
number of participants. Second, due to the heterogene-
ity of the surgical techniques used and the experience
of the surgeons, the findings could not have been simply
generalized beyond the study group.

Conclusion

To sum up, PTED (performed with the aid of 7.6 mm-
diameter trephine) has a satisfactory clinical effect
in the treatment of LLRS. The use of a 7.6 mm trephine
for foraminoplasty can improve the efficiency of forami-
noplasty without reducing the stability of the lumbar
spine. The PTED (performed with the aid of 7.6 mm tre-
phine) is one of the safe and effective surgical methods
in the treatment of LLRS.
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Abstract

Background. Polycythemia vera (PV) is characterized by increased proliferation and accumulation of ery-
throid and mature myeloid cells and megakaryocyte in the bone marrow and peripheral blood. The JAK2V617F
mutation is present in most PV patients. Deubiquitinase (DUB) genes, including TNFAIP3 (A20), CYLD and
(ezanne, function as negative requlators of inflammatory reaction through nuclear factor kappa-light-chain-
enhancer of activated B cells (NF-kB) signaling.

Objectives. To determine single nucleotide polymorphisms (SNPs) profiling and gene expression of the DUB
genes as well as the immunophenotype of PV cells.

Material and methods. Seventy-seven patients with PV and 55 healthy individuals with well-characterized
clinical profiles were enrolled. Gene expression profile was determined using quantitative real-time poly-
merase chain reaction (qRT-PCR), the immunophenotype with flow cytometry, secretion of cytokines using
enzyme-linked immunosorbent assay (ELISA), and gene polymorphisms using direct DNA sequencing.

Results. Inactivation of A20, CYLD and Cezanne, and increases in interleukin 6 (IL-6) and tumor necrosis
factoralpha (TNF-a) levels, as well as the enhanced number of CD25*CD4 T, Th1 and requlatory T cells were
observed in PV patients. The genetic analysis of the (YLD gene identified 11 SNPs, in which a novel W736G
nsSNP in exon 15 and a SNP ¢.2483+6 T>G in intron 15 were observed in PV cases with the frequencies
0f 18.2% and 5.2%, respectively. The W736G non-synonymous SNP (nsSNP) was found to be most likely
to exert deleterious effect and the intronic SNP ¢.2483+6 T>G was identified as aberrant splicing. Sequencing
of Cezanne gene identified 7 SNPs in intron 10 and PV carriers of the SNPs had at least 2 SNPs in this gene.
Importantly, PV carriers of the W736G nsSNP had multiple SNPsin CYLD, but not in A20 or Cezanne gene.

Conclusions. Two identified SNPs, including the W736G nsSNP and the SNP ¢.2483+6 T>G, in (YLD gene
might be associated with a risk of PV disease, in which the deleterious effect of the W736G nsSNP in (YLD
gene could contribute to the pathogenesis of PV.

Key words: JAK2, CYLD, A20, Cezanne, polycythemia vera
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Background

Polycythemia vera (PV) is one of the classic Philadelphia
chromosome/BCR-ABLI negative myeloproliferative neo-
plasms (MPNs) characterized by increased proliferation
and accumulation of erythroid and mature myeloid cells
and megakaryocyte in the bone marrow and peripheral
blood, with subsequent increases in hematocrit and hemo-
globin, and overproduction of red blood cells."> The most
serious complication of PV are the symptoms of thrombosis
and cardiovascular disease (CVD), which are major causes
of the morbidity and mortality in these patients. The V617F
activating mutation in exon 12 of the tyrosine kinase JAK2
gene frequently occurs in PV patients® and constitutively
induces persistent activation of Janus kinase and signal
transducer and activator of transcription (JAK-STAT) path-
way in hematopoietic cell precursors to promote multiple
cellular processes, including survival, differentiation and
proliferation.* In addition to the common JAK2V617F mu-
tation, the MPLWS515L/K and calreticulin (CALR) exon 9
indel mutations within the JAK/STAT signaling pathway
were also shown to increase the risk of the disease.’

Deubiquitinases (DUB) genes, which include tumor ne-
crosis factor alpha (TNF-a)-induced protein 3 (TNFAIP3,
A20), tumor suppressor cylindromatosis (CYLD) and
Cezanne, play important roles in deubiquitinating target
proteins by cleaving their polyubiquitin chains to suppress
activation of downstream signaling pathways. Lack of A20
or CYLD in mouse immune cells results in constitutive ac-
tivity of several pathways, including nuclear factor kappa-
light-chain-enhancer of activated B cells (NF-«B) and sig-
nal transducer and activator of transcriptions (STATSs).*”
In humans, inactivation of A20 leads to the progression
of lymphomas by inducing the proliferation of lymphoma
cells.® Mutations in exon 3 of A20 gene cause the risk
of malignant T-cell acute lymphoblastic leukemia (T-
ALL)!® and chronic lymphocytic leukemia (CLL).!! Ge-
netic aberration and reduced expression of CYLD gene are
related to solid cancers and lymphoblastic leukemia.!?-1>
The presence of CYLD is known to promote cell death
in ALL and CLL cells.’®!” Patients having a 9 nucleotide
deletion in exon 7 and a single nucleotide substitution
in exon 10 of CYLD gene are at risk of B-cell acute lympho-
blastic leukemia (B-ALL).!? The CYLD expression is inhib-
ited by miR-19 in T-ALL, while miR-19 is highly expressed
in leukemia and several tumor cell lines.!® Similar to A20
and CYLD, Cezanne inhibits NF-kB signaling by deconju-
gating K63-polyubiquitin chain,' and Cezanne inactiva-
tion is associated with the progression and poor prognosis
in hepatocellular carcinoma.?’ In contrast, Cezanne en-
hances tumor progression in lung squamous carcinoma
and adenocarcinoma.?

Several investigations on immune features indicated that
A20 and CYLD participate in suppressing inflammatory
reaction and accumulation of leukocytes in systemic or-
gans,®” which is associated with risk for the development
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of cancers.?? The A20-deficient mice develop severe in-
flammation and cachexia by recruitment of activated
lymphocytes, granulocytes and macrophages into liver
and spleen.?®> The CYLD-knockout mice exhibit abnor-
malities in the activation and development of T cells and
B cells.?%?> In PV patients, regulatory T (Treg) cells are
expanded to suppress function of immune effector cells,
therefore contributing to the pathogenesis of PV.26

Objectives

In this study, single nucleotide polymorphisms (SNPs)
profiling and gene expression of A20, CYLD and Cezanne
genes in 77 patients with PV and 55 healthy individuals
using direct DNA sequencing and quantitative real-time
polymerase chain reaction (QRT-PCR) were performed
to determine disease-associated SNPs in the DUB genes.
Besides, immunophenotypic property of PV cells was also
assessed with flow cytometry.

Materials and methods
Patients and control subjects

Total peripheral blood samples from 77 untreated PV
patients with a median age of 58.7 (19-81) years and
55 normal healthy volunteers used as controls were taken
at the 103 Hospital, Military Medical University, Hanoi,
Vietnam. The diagnosis of PV was based on the 2016
WHO criteria.? The presence of JAKV®!”F mutation in PV
patients was determined according to Baxter et al.?” No
individuals in the control population took any medication
or suffered from any known acute or chronic disease. All
patients and volunteers gave a written consent to par-
ticipate in the study. All care and experimental proce-
dures were performed according to the Vietnamese law
on the welfare of patients and were approved by the Ethi-
cal Committee of Institute of Genome Research, Vietnam
Academy of Science and Technology, Hanoi, Vietnam.
All experimental protocols on human subjects were in ac-
cordance with 1975 Declaration of Helsinki, as revised
in 2008.

Isolation of PV cells and PBMCs

The PV cells from PV patients and peripheral blood
mononuclear cells (PBMCs) from healthy donors were
collected by venipuncture and transferred to sterile tubes
containing ethylenediaminetetraacetic acid (EDTA)
as an anticoagulant and isolated using density gradient
centrifugation (Ficoll-Paque Plus; GE Healthcare Life
Sciences, Chicago, USA). The cells were next counted
in a Neubauer chamber, washed with phosphate-buffered
saline (PBS) and analyzed for further experiments.
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Cytokine quantification

Sera were isolated from the blood samples of PV pa-
tients and healthy subjects and stored at -20°C until being
used for enzyme-linked immunosorbent assay (ELISA).
The TNF-q, interleukin 6 (IL-6) and IL-1B concentrations
were determined using ELISA kits (Thermo Fisher Sci-
entific, Waltham, USA) according to the manufacturer’s
protocol.

RNA extraction and RT-PCR

Total mRNA was isolated using the QIAshredder and
RNeasy Mini Kit from Qiagen (Hilden, Germany), accord-
ing to the manufacturer’s instructions. For cDNA first
strand synthesis, 1 pg of total RNA in 12.5 pL of diethyl py-
rocarbonate (DEPC)-H,O was mixed with 1 pL of oligo-dT
primer (500 pg/mL; Invitrogen, Waltham, USA) and heated
for 2 min at 70°C. To determine transcript levels of A20,
Cezanne, CYLD, OTUB-1, OTUB-2,and GAPDH, qRT-PCR
with the LightCycler System (Roche, Basel, Switzerland) was
applied. The following primers were used: A20 primers:
5-TCCTCAGGCTTTGTATTTGA-3’ (forward) and 5-TGT-
GTATCGGTGCATGGTTTT-3 (reverse); OTUB-1 prim-
ers: 5-ACAGAAGATCAAGGACCTCCA-3’ (forward) and
5-CAACTCCTTGCTGTCATCCA-3’ (reverse); OTUB-2
primers: 5-CTCACGTCGGCCTTCATCA-3’ (forward)
and 5-GCCATGGGCTCTACTTCGT-3’ (reverse); Cezanne
primers: 5~ACAATGTCCGATTGGCCAGT-3’ (forward)
and 5-ACAGTGGGATCCACTTCACATTC-3’ (reverse);
CYLD primers: 5-TGCCTTCCAACTCTCGTCTTG-3
(forward) and 5-AATCCGCTCTTCCCAGTAGG-3’ (re-
verse), and GAPDH primers: 5-GGAGCGAGATCCCTC-
CAAA-3 (forward) and 5-GGCTGTTGTCATACTTCT-
CAT-3’ (reverse). The qRT-PCR reactions were performed
in a final volume of 20 pL containing 2 pL of cDNA, 2.4 uL
of MgCl, (3 uM), 1 uL of primer mix (0.5 uM of both prim-
ers), 2 uL of cDNA SYBR Green I Master mix (Roche), and
12.6 pL of DEPC-treated water. The target DNA was ampli-
fied during 40 cycles of 95°C for 10s, 62°C for 10 s and 72°C
for 16 s, each with a temperature transition rate of 20°C/s,
a secondary target temperature of 50°C and a step size
of 0.5°C. Melting curve analysis was performed at 95°C
(0's), 60°C (10 s) and 95°C (0 s) to determine the melting
temperature of primer dimers and the specific qRT-PCR
products. The ratio between the respective gene and cor-
responding GAPDH was calculated per sample according
to the AA cycle threshold method.?®

DNA sequencing of JAK2
and the DUB genes

Genomic DNA was isolated from peripheral blood sam-
ples using a DNeasy blood and tissue kit (Qiagen). To deter-
mine the polymorphisms of the JAK2, A20, CYLD, and Ce-
zanne genes, qRT-PCR and DNA sequencing (3500 Genetic

3N

Analyzers; Thermo Fisher Scientific) were performed
as previously described.?” The GenBank accession num-
bers NM_004972.4, NM_00137874.1, NM_001270508.2
and NM_020205.4 were used for DNA sequence analysis
of JAK2, CYLD, A20 and Cezanne, respectively, by using
primers: JAK2-F: 5-TCCTCAGAACGTTGATGGCAG-3’
and JAK2-R: 5-ATTGCTTTCCTTTTTCACAAGAT-3}
CYLD-F: 5-TAAGGTCTTGTGCCTGAGCA-3’;
CYLD-R: 5-TTCTTTGGCAGCAGAAATCC-3; A20-
F: 5" TGAGCTAATGATGTAAAATCTTGTG-3" and
A20-R: 5-AGGAGGCCTCTGCTGTAGTC-3’; Cezanne-
F: 5-GCCTCCTGCATCAACTTCCT-3 and Cezanne-R:
5-TCAGAGGACAGTGGGATCCA-3. The amplification
product lengths of JAK2, CYLD, A20, and Cezanne were
453 bp, 546 bp, 731 bp, and 600 bp, respectively. All ob-
tained PCR fragments were purified with a GeneJET PCR
purification kit (Thermo Fisher Scientific). The PCR prod-
ucts were sequenced on both strands with the same prim-
ers as the ones used for the PCR.

Immunostaining and flow cytometry

Immunophenotypic features of PV cells and PBMCs were
determined with flow cytometry (FACSAria Fusion; Becton
Dickinson Biosciences, Franklin Lakes, USA), as previously
described.® Cells (2 x 10°) were incubated in 100 pL of flow
cytometry staining (FACS) buffer (PBS plus 0.1% func-
tion control sequence (FCS)) containing fluorochrome-
coupled antibodies to CD45, CD3, CD4, CD8a, CD11b,
CD25, CD44, and FoxP3 (all from eBioscience; Thermo
Fisher Scientific) at a concentration of 10 pg/mL. For in-
tracellular cytokine staining of IL-4, IL-17 and interferon
gamma (IFN-y), cells were stimulated with phorbol 12-my-
ristate 13-acetate (50 ng/mL; Sigma-Aldrich, St. Louis,
USA) and ionomycin (500 ng/mL; Sigma-Aldrich) for 3 h,
followed by addition of brefeldin A (10 pg/mL; Sigma-
Aldrich) for another 4 h. The cells were then stained with
anti-human IL-4, IL-17 and IFN-y antibodies (Thermo
Fisher Scientific). After incubating with the antibodies for
60 min at 4°C, the cells were washed twice and resuspended
in FACS buffer for flow cytometry analysis.

Data analysis

Data related to the human JAK2, A20, CYLD, and Ce-
zanne genes were collected from National Center for Bio-
technology Information (NCBI; https://www.ncbi.nlm.
nih.gov/). The information for SNP ID of these genes was
retrieved from the NCBI SNP database (https://www.ncbi.
nlm.nih.gov/snp/). BioEdit 7.2 software (https://bioedit.
software.informer.com/7.2/) was used for the initial analy-
sis of the sequences.

To analyze the functional consequence of deleterious
SNPs of the DUB genes, the PolyPhen2 program (http://
genetics.bwh.harvard.edu/pph2/index.shtml) was used.
The PolyPhen-2 score varies from 0.0 (tolerated) to 1.0
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(deleterious), in which the SNPs were designated “prob-
ably damaging”, “potentially damaging”, “benign”, or “un-
known”. In addition, the possible impact of intronic SNPs
on slicing was predicted using SD-Score (https:/www.med.
nagoya-u.ac.jp/neurogenetics/SD_Score/sd_score.html)*!
or MaxEntScan (http://hollywood.mit.edu/burgelab/max-

ent/Xmaxentscan_scoreseq.html)?? predictor programs.
Statistical analyses

The IBM SPSS v. 20 software (IBM Corp., Armonk, USA)
was used for statistical analysis. The x? test was used to test
whether allele distribution of each SNP follows the Hardy—
Weinberg equilibrium (HWE). To examine the genotype
association of control and PV groups, the Fisher’s exact
test was used for SNPs with expected sample sizes less
than 20 and x? test for those with larger expected sample
sizes. Differences between control and PV groups or SNP
relevance were tested for significance using Mann—Whit-
ney U test or Kruskal-Wallis test (for many comparisons).
All of the statistical tests were two-sided and represented
the number of independent experiments. In all statisti-
cal analyses, the significance was determined at the level
of p <0.05.

Results

Analysis of gene expression and
immunophenotypic profiles in PV patients

For expression of the DUB genes, we observed that
mRNA levels of A20, CYLD and Cezanne were signifi-
cantly downregulated in PV cells as compared to the con-
trol group; however, no difference in transcript expression
of the other DUB genes, including OTUB-1 and OTUB-2,
between patient and control groups was detected (Fig. 1A).
The inactivated expression of A20, CYLD and Cezanne
is predicted to be caused by their genetic alterations in PV.

Inactivation of the DUBs may lead to constitutive ac-
tivation and recruitment of immune cells into systemic
organs®’; therefore, changes in the number and activation
of myeloid (CD11b*) and CD4 T cells present in PV cells
were examined. In our results, CD45* cells considered
as leukocytes were gated in all experiments. Flow cytome-
try analysis showed that the percentage of CD11b* myeloid
and CD3* T cells were increased in blood circulation of PV
patients (Fig. 1B,E). However, the activation of CD11b*
myeloid cells in PV cases was found to be similar to that
in healthy individuals, as the number of CD11b*CD86*
and CD11b*CD40* expressing cells remained unaltered
in these patients (Fig. 1B,C). Unlike CD11b* myeloid cells,
the activation of CD3*CD4* T cells was partially enhanced,
as the number of CD3*CD4+CD25* (CD25*CD4 T cells),
but not CD3*CD4+CD44* (CD44*CD4 T cells) was signifi-
cantly increased in PV cases (Fig. 1D,E).
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Next, analysis of CD4 T cells subsets showed that
the CD3*CD4+*CD25* FoxP3" (Treg) and CD3*CD4*IFN-y*
(Th1) expressing cells were recruited into the circula-
tion, whereas the number of CD3*CD4*IL-4* (Th2) and
CD3*CD4*IL-17* (Th17) expressing cells was unaltered
in PV cases (Fig. 1F,G). In agreement with a previous study,
Treg cells are recruited to circulatory system to facilitate
the development of PV,?° suggesting that the inactivated
expression of A20, CYLD and Cezanne genes in PV patients
could be involved in the recruitment of CD25* CD4 T,
T regulatory and Th1 cells into blood.

The A20 and CYLD are also known as inhibitors of in-
flammatory reaction”??; thus, cytokine production in sera
of PV patients was examined. Similar to a recent study,*
we also observed that levels of IL-6 and TNF-« in PV pa-
tients were found to be higher than in control individuals;
however, these patients showed no change in the serum
level of IL-1p (Fig. 1H).

Mutational analysis of JAK2
and DUB genes in PV patients

Firstly, the p.V617F (c.1849 G>T) mutation of JAK2
gene is well known to be pathogenic, has been identified
in about 90% PV cases® and is used as an important diag-
nostic marker of PV. In this study, the results indicated
that 51 out of 77 (66.23%) untreated PV cases were positive
with the JAK2V617F (Fig. 2A and Table 1,2).

Sequencing of the CYLD gene identified 6 nucleotide
changes in exon 15 (Fig. 2B), in which 5 out of the 6 SNPs,
including p.A705P (c.2355 G>C), p.Q731H (c.2435 G>C),
p-E735K (c.2445 G>A), p.W736G (c.2448 T>G), and
p.E747K (c.2481 G>A), were non-synonymous SNPs (ns-
SNPs), causing changes in the amino acid residues, and
the remaining SNP p.E723E (c.2411 G>A) was silent. Five
intronic nucleotide changes, including 2 SNPs c.2351-
118delA and c.2351-31 T>G in intron 14 and 3 SNPs
€.2483+6 T>G, c. 2483+39 T>G and c. 2483+53 G>A in in-
tron 15, were found (Fig. 2C). The genotype distribution
of the observed SNPs, except for the 2 SNPs p.E747K and
c.2483+53 G>A in CYLD gene, were in agreement with
HWE. Importantly, we noted that the minor allele fre-
quency (MAF) of the W736G nsSNP was significantly
higher in PV group compared to control group (p = 0.022),
and the difference in the MAFs for the 10 remaining SNPs
between the 2 groups was not observed (Table 1).

For determination of susceptibility to PV by evaluating
the deleterious effect of the nsSNPs in CYLD gene, the re-
sults indicated that among the 5 nsSNPs, only the W736G
nsSNP was predicted to be probably damaging by Poly-
Phen-2 with a score of 0.9456 (score range: 0—1; sensitivity:
0.8; specificity: 0.95) (Fig. 2D). Accordingly, the W736G
nsSNP might be one of the most deleterious nsSNPs
in CYLD gene. Moreover, TG genotype of the W736G
nsSNP showed higher frequency in PV patients (18.2%)
compared to healthy individuals (1.81%; p = 0.018, Table 2),
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Fig. 1. Gene expression and immunophenotypic feature in polycythemia vera (PV) patients and controls. A. Box plot graphs of transcript levels of A20, CYLD,
OTUBI, OTUB2, and Cezanne are shown for control and PV cells; ** (p < 0.01) indicates significant difference from healthy individuals (Mann-Whitney U test,

n = 15). The box plots denote the median, interquartile range (IQR) and minimum and maximum values; B. Box plot graphs of percentages of CD45*CD11b*,
CD11b*CD40* and CD11b*CD86™ expressing cells are shown for control and PV cells; ** (p < 0.01) indicates significant difference from healthy individuals
(Mann-Whitney U test, n = 5-7). The box plots denote the median, IQR and minimum and maximum values; C,D. Original dot plots of CD45*CD11b* (C),
CD45%CD3*, CD3*CD4*CD44" and CD3*CD4*CD25* (D) expressing cells are shown for control (upper panels) and PV cells (lower panels). All samples were
gated with CD45* live cells; E. Box plot graphs of percentages of CD457CD3*, CD3*CD4*CD44* and CD3*CD4+CD25* expressing cells are shown for control
and PV cells; * (p < 0.05) indicates significant difference from healthy individuals (Mann-Whitney U test, n = 5-7). The box plots denote the median, IQR and
minimum and maximum values; F. Original dot plots of CD3*CD4*IFN-y* (Th1), CD3*CD4*IL-4* (Th2) and CD3*CD4*IL-17* (Th17) (gated with CD45*CD3")
and CD3*CD4*CD25*FoxP3* (Treg) (gated with CD45*CD3*CD25%) expressing cells are shown for control (upper panels) and PV cells (lower panels); G. Box
plot graphs of percentages of CD3*CD4*IFN-y* (Th1), CD3*CD4"IL-4* (Th2) and CD3*CD4*IL-17+ (Th17) and CD3* CD4*CD25*FoxP3* (Treg) expressing cells
are shown for control and PV cells; * (p < 0.05) and *** (p < 0.001) indicate significant differences from healthy individuals (Mann-Whitney U test, n = 5-7).
The box plots denote the median, IQR and minimum and maximum values; H. Box plot graphs showing interleukin (IL)-6, tumor necrosis factor alpha
(TNF-a) and IL-13 concentrations in sera of healthy donors and PV patients; ** (p < 0.01) and *** (p < 0.001) indicate significant differences from healthy
donors (Mann-Whitney U test, n = 53-77). The box plots denote the median, IQR and minimum and maximum values.
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Fig. 2. Polymorphisms of JAK2 and CYLD genes in polycythemia vera (PV) patients and controls. A. Partial sequence chromatograms of JAK2 gene from
healthy individuals (left panel, GG genotype) and PV patients (middle and right panels, GT and TT genotypes) for the pV617F (c.1849 G>T) mutation. Arrows
indicate the location of the base changes; B. Partial sequence chromatograms of CYLD gene from healthy individuals (upper panels) and PV patients

(lower panels), in which the p.A705P (c.2355 G>C), p.E723E (c.2411 G>A), p.Q731H (c.2435 G>C), p.E735K (€.2445 G>A), pW736G (c.2448 T>G), and p.E747K
(c.2481 G>A) polymorphisms are shown. Arrows indicate the location of the base changes; C. Partial sequence chromatograms of CYLD gene from healthy
individuals (upper panels) and PV patients (lower panels), in which the ¢.2351-118delA, ¢.2351-31 T>G, ¢.2483+6 T>G, €.2483+39 T>G, and ¢.2483+53 G>A
polymorphisms are shown. Arrows indicate the location of the base changes; D. Functional prediction of the p.W736G mutation using the PolyPhen-2
program; E,F. Splicing effect predictions of the intronic SNP ¢.2483+6 T>G using the SD-Score (E) or MaxEntScan (F) programs; G. Segments of multiple
sequence alignments of CYLD protein from different species were shown using the PolyPhen-2 program. The position of the changed amino acid (p.W736)
in CYLD protein is marked in a bold solid line box.

Pos - position; Wt.Seq — wild-type sequence; Mt.Seq — mutant sequence; SD-Score — a common logarithm of the frequency of a specific 5'splice
site in human genes; Ri — information contents; CV — position weight matrix; MaxENT — Maximum Entropy Model; MDD — Maximum Dependence
Decomposition Model; MM - Markov Model; WMM - Weight Matrix Model.

while the 10 other SNPs in CYLD gene were not signifi- c. 2483+6 T>G was predicted as an aberrant splicing ac-
cantly associated with PV phenotype. The evidence re- cording to the SD-Score prediction program (Fig. 2E).3!
vealed the association of the W736G nsSNP in susceptibil- Besides, the MaxEntScan3? splicing prediction through
ity to the progression of PV. the score analysis of MaxENT (Maximum Entropy

For the analysis of the possible impact of the 5 in- Model), MDD (Maximum Dependence Decomposition

tronic SNPs in CYLD gene on splicing, only the SNP Model), MM (First-order Markov Model), and WMM
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Table 1. General information on single nucleotide polymorphisms (SNPs) of JAK2, CYLD, A20 and Cezanne genes in polycythemia vera (PV) patients and
controls

MAF MAF HWE

Gene/SNP Position Type of variant Allele in PV HWE in PV in control in control HWE i.n all
STole group (p) e ) population (p)
JAK2/rs77375493 9:5073770 missense G>T 0.442 0.656 0 NaN 0.051
CYLD/c.2351-118 16:50791440 intron Del A 0 0.993 0 0913 0.938
CYLD/c.2351-31 16:50791527 intron >G 0.006 0.998 0 NaN 0.999
CYLD/c.2355 p.A705P 16:50791562 missense G>C 0.020 0.985 0 NaN 0.991
CYLD/c.2411 p.E723E 16:50791618 Synonymous G>A 0.033 0.958 0.055 0913 0.883
CYLD/c.2435p.Q731H 16:50791642 missense G>C 0111 0.553 0.137 0.504 0.285
CYLD/c.2445 p.E735K 16:50791652 missense G>A 0.130 0424 0.173 0.302 0.138
CYLD/c.2448 pW736G 16:50791655 missense ™G 0.091 0.681 0.010 0.998 0.787
CYLD/c.2481 p.E747K 16:50791688 missense G>A 0.169 0.204 0.219 0.118 0.027
CYLD/c.2483+6 16:50791696 splice-donor-site T>G 0.026 0973 0 NaN 0.985
CYLD/c.2483 +39 16:50791729 intron ™G 0.039 0.939 0.010 0.998 0.952
CYLD/c.2483+53 16:50791743 intron G>A 0.182 0.149 0.219 0.118 0.019
A20/rs776591390 6:137878495 missense G>T 0.006 0.998 0 NaN 0.999
A20/rs141376366 6:137878670 Synonymous G>A 0 NaN 0.010 0.998 0.999
A20/rs745670694 6:137878786 Ssynonymous G>A 0 NaN 0.108 0.991 0.996
Cezanne/c.1584-287 1:149947622 intron G 0.039 0.998 0 NaN 0.965
Cezanne/rs1168285629 1:149947587 intron A>G 0.046 0.916 0.019 0.991 0.921
Cezanne/rs1394369937 1:149947537 intron A>G 0.026 0.973 0 NaN 0.985
Cezanne/c.1584-167 1:149947502 intron G>T 0.013 0.993 0 NaN 0.996
Cezanne/c.1584-122 1:149947457 intron G>T 0.026 0973 0.010 0.998 0.976
Cezanne/rs1158787149 1:149947449 intron G 0.026 0.987 0 NaN 0.985
Cezanne/rs1553772411 1:149947450 intron G 0.019 0.993 0 NaN 0.991

Position refers to the GRCh38.p10 assembly. MAF — minor allele frequency; HWE - Hardy-Weinberg equilibrium (checked using x? test).

(Weight Matrix Model) indicated that the mutant scores
of the SNP ¢.2483+6 T>G were lower than of the wild-type
scores (Fig. 2F), suggesting that the SNP ¢.2483+6 T>G
may be a splice-donor-site mutation.

Further analysis of an alignment of CYLD protein using
the PolyPhen-2 software showed that the p.W 736 residue
is a highly conserved site among different species, including
humans (Homo sapiens), rat (Rattus norvegicus), gray short-
tailed opossum (Monodelphis domestica), Tasmanian devil
(Sarcophilus harrisii), duckbill platypus (Ornithorhynchus
anatinus), little brown bat (Myotis lucifugus), chicken (Gal-
lus gallus), wild turkey (Meleagris gallopavo), western clawed
frog (Xenopus tropicalis), nile tilapia (Oreochromis niloticus),
zebrafish (Danio rerio), three-spined stickleback (Gasteros-
teus aculeatus), african elephant (Loxodonta africana), and
spotted green pufferfish (Tetraodon nigroviridis) (Fig. 2G).

Next, the sequencing of A20 gene identified 3 nucleotide
changes, including rs776591390 G>T, rs141376366 G>A
and rs745670694 G>A, in exon 7 (Fig. 3). The genotype
distributions of the 3 SNPs in this gene were in accor-
dance with HWE (p > 0.05) (Table 1). The MAF for the SNP
rs776591390 was slightly higher, whereas the MAFs for
the 2 remaining SNPs were lower in PV patients than

in the control group. Among the 3 SNPs, the missense
SNP rs776591390 of A20 gene was identified in 1 out of 77
PV patients (1.81%) and the 2 remaining SNPs rs141376366
and rs745670694 were found only in control individuals
with the carrier frequencies of 1.81% and 3.63%, respec-
tively (Table 2).

Finally, the sequencing of Cezanne gene identified
7 nucleotide changes in intron 10, 3 out of the 7 intronic
SNPs (c.1584-287 C>G, ¢.1584-167 G>T and c.1584-
122 G>T) were unidentified SNPs and the 4 remaining
intronic SNPs (rs1168285629 A>@G, rs1394369937 A>QG,
rs1158787149 C>G, and rs1553772411 C>@G) are reported
in NCBI SNP database (Fig. 4). The genotype distributions
of the 7 SNPs in Cezanne gene were in accordance with
HWE (p > 0.05) (Table 1). The MAFs of the 7 intronic
SNPs were slightly higher in the PV group than in healthy
individuals. Among these SNPs, 5 out the 7 intronic SNPs
(c.1584-287 C>G, rs1394369937 A>G, c.1584-167 G>T,
rs1158787149 C>G and rs1553772411 C>QG) appeared
in PV patients, but not in the control group, with the car-
rier frequencies of 7.79%, 5.19%, 2.6%, 5.19%, and 3.89%,
respectively (Table 2). Importantly, 7 out of 77 (9.09%) PV
patients carried at least 2 SNPs in Cezanne gene.
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Table 2. Comparison of genotype frequencies of JAK2, CYLD, A20, and Cezanne genes between polycythemia vera (PV) patients and controls

Test model Controls (n = 55) PV patients (n = 77) p-value
GG 55 (100%) 26 (33.76%)
rs77375493 JAK2 <0.001®@
GT/TT 0 (0%) 51 (66.24%)
AA 49 (89.09%) 75(97.4%)
c2351-118 CYLD 0.052M
DelA 6(10.91%) 2 (2.6%)
T 55 (100%) 76 (98.7%)
c.2351-31 CYLD 1M
TG 0 1(1.3%)
GG 55 (100%) 74 (96.1%)
2355 p.A705P CYLD 0.121M
GC 0 (0%) 3(3.9%)
GG 49 (89.09%) 72 (93.5%)
2411 p.E723E CYLD 0.335M
GA 6(10.91%) 5 (6.5%)
GG 40 (72.73%) 60 (77.9%)
c2435p.Q731H CYLD 05110
GC 15 (27.27%) 17 (22.1%)
GG 36 (65.46%) 57 (44%)
€.2445 p.E735K CYLD 0.055"
GA 19 (34.54%) 20 (56%)
T 54 (98.19%) 63 (81.8%)
€.2448 pW736G CYLD <0.001M
TG 1(1.81%) 14 (18.2%)
GG 31 (56.36%) 51 (66.2%)
C.2481 p.E747K CYLD 0.147@
GA 24 (43.64%) 26 (33.8%)
1T 55 (100%) 73 (94.8%)
€.2483+6 CYLD 0.059M
TG 0 (0%) 4 (5.2%)
T 54 (98.19%) 71(92.2%)
€.2483+39 CYLD 0.101M
TG 1(1.81%) 6 (7.8%)
GG 31 (56.37%) 49 (63.6%)
€.2483+53 CYLD 0.248!
GA 24 (43.63%) 28 (36.4%)
GG 55 (100%) 76 (98.71%)
15776591390 A20 10
TG 0 1(1.29%)
GG 54 (98.19%) 77 (100%)
rs141376366 A20 0.497M
GA 1(1.81%) 0
GG 53 (96.37%) 77 (100%)
745670694 A20 0.1210
AG 2 (3.63%) 0 (0%)
CcC 55 (100%) 71 (92.21%)
€.1584-287 Cezanne 0.007™
CG 0 (0%) 6 (7.79%)
AA 53 (96.36%) 70 (90.91%)
151168285629 Cezanne 0.2510
AG 2 (3.64%) 7 (9.09%)
AA 55 (100%) 73 (94.81%)
151394369937 Cezanne 0.059"
AG 0 (0%) 4 (5.19%)
GG 55 (100%) 75 (97 4%)
c.1584-167 Cezanne 0.246
GT 0 (0%) 2 (2.60%)
GG 54 (98.18%) 73 (94.81%)
€.1584-122 Cezanne 04450
GT 1(1.82%) 4(5.19%)
CcC 55 (100%) 73 (94.81%)
151158787149 Cezanne 0.059"
CG 0 (0%) 4 (5.19%)
CcC 55 (100%) 74 (96.11%)
151553772411 Cezanne 0.1210
CG 0 (0%) 3(3.89%)

The p-values were calculated using either Fisher's exact test ¥ or x? test @; p < 0.05 (in bold) indicates statistical significance from genotype frequencies
of healthy donors.
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Fig. 3. Polymorphisms of A20 gene in polycythemia vera (PV) patients and controls. Partial sequence chromatograms of A20 gene from healthy individuals
(upper panels) and PV patients (lower panels), in which the rs776591390, rs141376366 and rs745670694 polymorphisms are shown. Arrows indicate the location
of the base changes
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Fig. 4. Polymorphisms of Cezanne gene in polycythemia vera (PV) patients and controls. Partial sequence chromatograms of Cezanne gene from healthy
individuals (upper panels) and PV patients (lower panels), in which the ¢.1584-287 C>G, rs1168285629 A>G, 151394369937 A>G, ¢.1584-167 G>T, c.1584-122 G>T,
rs1158787149 C>G, and rs1553772411 C>G polymorphisms are shown. Arrows indicate the location of the base changes

Association between the different SNPs of 14 (71.4%) PV cases carrying the W736G nsSNP and
in JAK2 and the DUB genes in PV patients 3 out of 3 (100%) carriers of the intronic SNP c. 2483+6 T>G
in CYLD gene were positive for the JAK2Y®'7F mutation (data

For determination of the correlation among the SNPs not shown), whereas, the JAK2V®!"F-positive rate of PV car-

in JAK2 and the DUB genes, we observed that 10 out riers of the other SNPs in the DUB genes were similar
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Fig. 5. The relevance of polycythemia vera (PV)

carriers of the W736G nsSNP and the other 9 SNPs
in CYLD gene. The p-value was calculated using

Kruskal-Wallis test (K related samples); p = 0.007
indicates a significant relevance among the single
— nucleotide polymorphisms (SNPs) in CYLD gene
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to healthy individuals (data not shown). The evidence in-
dicated that there was a significant positive correlation be-
tween PV carriers of the W736G nsSNP or/and the intronic
SNP ¢.2483+6 T>G and PV patients with JAK2V®7F mutation.

Interestingly, out of the 14 patients carrying the W736G
nsSNP in CYLD gene, 13 (92.8%) cases were found to carry
the SNP p.E747K; 11 (78.6%) cases had both the SNP
p-Q731H G>C and the SNP ¢.2483+53 G>A; 9 (64.3%) cases
were found to carry the SNP p.E735K; and 3 (21.4%) carriers
of the SNP ¢.2483+6 T>G and 5 (35.7%) cases infected with
the SNP c.2483+39 T>G were observed (Fig. 5). According
to the Kruskal-Wallis test results, significant relevance
was observed among the SNPs in CYLD gene (x*=7.364,
p = 0.007), suggesting that PV carriers of the W736G ns-
SNP had multiple SNPs in CYLD gene. Additionally, we
observed that PV carriers of the W736G nsSNP and the in-
tronic SNP ¢.2483+6 T>G in CYLD gene did not have SNP
in A20 or Cezanne gene (Fig. 5).

Discussion

In this study, inactivated expression of A20, Cezanne and
CYLDin PV patients was revealed for the first time. Among
the DUB genes, A20 and CYLD but not Cezanne are known
as inhibitors of immune reaction through JAK/STAT sig-
naling, whose activation results in the development and
pathogenesis of leukemia and lymphoma, including PV.4>
A recent study reported that the aberrant expression and
mutations in CYLD gene are associated with the suscepti-
bility to leukemia and lymphoma.'*!> Among the 11 SNPs
examined in CYLD genes, W736G nsSNP was found to be

most likely to exert deleterious effect — it was observed
using the PolyPhen-2 prediction tool and the intronic
SNP c.2483+6 T>G was identified as an aberrant splic-
ing by the SD-Score or MaxEntScan predictor program.
Importantly, the 2 aberrant SNPs were not found in all
samples from 90 patients with chronic myeloid leukemia
(CML), 32 patients with acute myeloid leukemia (AML),
16 patients with acute lymphoblastic leukemia (ALL), and
21 patients with chronic lymphocytic leukemia (CLL) (un-
published data), suggesting that the two SNPs could be
associated with significant risk of PV, but not leukemia.

Investigations on genetic alteration of A20 gene indicated
that carriers of SNPs in the A20 gene at exons 5, 6 and 7
are at high risk for autoinflammatory disease and lympho-
cytic leukemia.!%11:3536 In this study, the SNP rs776591390
in A20 gene was detected in PV patients with the frequency
of 1.29%, pointing out that A20 polymorphisms associated
with disease susceptibility are different.

Unlike the impact of A20 and CYLD, the involvement
of SNPs in Cezanne gene with the possible risk of leukemia
is not fully documented, although Cezanne expression
is linked to poor prognosis in hepatocellular carcinoma.?
In this study, we also revealed for the first time that changes
of 7 nucleotides at intron 10 in Cezanne gene were found
in PV patients and in 7 out of 77 (9.09%) PV patients who
carried at least the 2 SNPs in this gene. Similar to the 2 ab-
errant SNPs in CYLD gene, the 7 intronic SNPs in Cezanne
gene were not carried by AML and CML patients (unpub-
lished data). In addition, the MAFs of the 7 intronic SNPs
had slightly higher frequencies in PV groups than in con-
trol groups, indicating that carriers of SNPs in Cezanne
gene could tend to be at risk of the progression of PV.
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In addition to the determination of DNA sequences
of the DUB genes, the presence of the JAK2V617F mu-
tation in PV patients was also conducted to determine
the correlation between SNPs in the JAK2 and the DUB
genes. The JAK2V617F mutation was detected in 66.67%
of PV patients in this study, whereas other study indicated
the presence of this mutation is about 90% of PV cases.?
The frequency of JAK2V617F allele burden is known
to time-dependently increase in PV cases.?” A recent
study indicated that the absence of the JAK2V617F muta-
tion in PV patients does not affect treatment effective-
ness with JAK/STAT pathway inhibitors,® suggesting
that the constitutive activation of the JAK-STAT pathway
could be caused by not only JAK2V617F mutation. Besides
the known mutations involved in the pathogenesis of PV,
including JAK2, MPL and CALR, we additionally revealed
that PV patients carrying the W736G nsSNP had mul-
tiple SNPs in the CYLD, but not in A20 or Cezanne gene,
suggesting that the effect of the W736G nsSNP in CYLD
gene might be one of potential treatment targets for PV.
The CYLD is known to suppress inflammatory reaction
through the activation of several pathways, including JAK/
STATY; therefore, further studies would investigate the ef-
fects of the W736G nsSNP in regulating function of PV
cells and underlying mechanisms.

In the analysis of involvement in SNPs and immu-
nophenotype in PV patients, the JAK2V617F mutation
is reported not to affect the function of T cells?; there-
fore, the recruitment of CD25*CDA4T, Th1 and Treg cells
into the circulatory system in PV cases would be related
to the activation of the 2 aberrant SNPs in CYLD gene.
Importantly, the enhanced activation of Thl cells in PV
cells was also revealed for the first time in our study.
As part of the immune response, Treg cells play an im-
portant role in suppressing tumor-specific immunity.°
The aberrant expression of CD25 is associated with poor
prognosis in AML* and CML.* A previous study indi-
cated that factors related to thrombosis in PV include
increased hematocrit, thrombocytosis, platelet activation,
and leukocyte activation,*? suggesting the regulatory ef-
fects of the 2 aberrant SNPs in CYLD gene on the de-
velopment of thrombosis in PV. In addition, we did not
find any significant association of the SNPs in A20 and
CYLD and Cezanne genes with increased levels of IL-6
and TNF-a in PV patients.

Limitations

There are some limitations to the current study. First,
the sample size was not sufficient to verify a potential as-
sociation between the SNPs in the DUB genes and risk
of PV disease in the Vietnamese population. Second,
further functional research is necessary for investigat-
ing the impacts of the W736G nsSNP and/or intronic
SNP ¢.2483+6 T>G in CYLD gene on PV cell activation
for the development of PV treatment. Finally, we only
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examined number and activation of myeloid (CD11b*) and
CD4 T cells present in PV cells, while other cell types, such
as macrophages, inflammatory monocytes and B cells,
might be also related to the activation of the 2 aberrant
SNPs in CYLD gene.

Conclusions

The deleterious effect of the W736G nsSNP in CYLD gene
could contribute to the pathogenesis of PV and be a good
candidate for further study on its role in regulating func-
tional activation of PV cells.
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Abstract

Background. Muscle stretching has been practiced by people for thousands of years. Its effectiveness is well-
proven, but the diversity of the obtained results should prompt a search for causative factors. One of the pos-
sible explanations can be hormonal fluctuations, which occur during the menstrual cycle.

Objectives. To assess the influence of menstrual cycle on the efficiency of static stretching of hamstrings
with special reference to changes in their length.

Materials and methods. A total of 534 young women were recruited for the study, but after applying
the inclusion criteria, only 48 of them have been accepted. The inclusion criteria for the study comprised
areduced length of the hamstring muscles and a reqular menstrual cycle. The whole study included a twofold
examination of hamstring length before and after the stretching (3 x 45 ), performed by a physiotherapist.
All the measurements were carried out 3 times in individual phases of the menstrual cycle.

Results. Statistically significant influence of static stretching upon the length of hamstring muscle was
revealed. A change in the passive knee extension (PKE) test was 13.34% (standard deviation (SD) = 10.97),
and in active knee extension (AKE) test it was 8.46% (SD = 9.26). Hamstrings length demonstrated no dif-
ferences in various phases of the menstrual cycle.

Conclusions. Static stretching is an effective tool for the improvement of the length of the hamstring
muscle in young women. However, the effectiveness of stretching in healthy women is not influenced
by the menstrual cycle phases.

Key words: elasticity, menstrual cycle, muscle stretching exercises, hamstring muscle
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Background

Stretching in its various manifestations has been
a part of human motor behavior for centuries. It was first
mentioned in India about 5000 years ago, and after that
in China around 2600 BCE.!

In modern times, initially used ballistic exercises were
replaced in the 1960s by static stretching (SS), introduced
as part of the warm-up.>?

Static stretching is an effective form of increasing
the length of the muscle, and the hamstrings (HAMS)
area is most often used one for the therapeutic interven-
tion. The length of the muscle is a measure resulting from
the distance between its attachments. The most common
indicator for the evaluation of the elongating capacity
of a given muscle is the point of discomfort (POD) felt
during stretching.!*

The HAMS flexibility is traditionally measured using
the straight leg raise (SLR) test. Other popular HAMS
flexibility tests are the active knee extension (AKE) test
and the passive knee extension (PKE) test, which mea-
sure the knee joint extension excluding the movement
of the pelvis, which helps to isolate the tested motion."*-°
The effect of static stretching based on PKE was an in-
crease in the range of motion (ROM) by 7.53° to 9.62°7~° Ac-
cording to the systematic review from 2016, the obtained
results confirmed the effectiveness of the SS, increasing
the length of HAMS by 8.58° in the PKE test and by 8.35°
in AKE test, respectively.l"®

The differences between the tests indicate higher values
in tests performed passively compared to those performed
actively.l*> Significant differences in HAMS flexibility
were observed among athletes engaging in various sport
disciplines; however, no differences were noted between
the dominant and nondominant leg.!%!!

The reasons for increasing the length of muscles after
stretching are not fully understood.!? A long-term exposure
of muscles to elongation stimuli may lead to the structural
changes consisting of the increased number of sarcomeres
in the sequence and changes in muscle stiffness.!31* How-
ever, some researchers claim that the observed improve-
ment in mobility after stretching is not caused by muscle
remodeling, but by an increased tolerance to stretching,
i.e., sensory adaptation.!21>16

The improvements in flexibility occur regardless of
the gender, although the results are significantly better
in women than in men. In the SLR test, women showed 10%
bigger elasticity than men.!! On the other hand, the phe-
nomenon of sensory adaptation to stretching occurred
only in men who also showed higher passive stiffness and
greater sensitivity to pain than women.! The discrepan-
cies in the results obtained in the conducted researches
lead to the question whether the changes in elasticity are
the result of plastic changes within the muscle subjected
to stretching or whether they are related to the adaptive
changes within the nervous system.!” It is worth noting

P. Michalik et al. Menstrual cycle and stretching

that the level of pain perception may be also influenced by,
among others, gender and the phase of the menstrual cycle.
Female reproductive hormones fluctuating dur-
ing the menstrual cycle affect numerous parameters
of the cardiovascular, respiratory, thermoregulatory and
metabolic systems, which in turn can affect the physiology
of the locomotor system. The presence of estrogen and pro-
gesterone receptors in bones, skeletal muscles, ligaments
and the nervous system has been proven, and the fluctua-
tions in their levels during the menstrual cycle may affect
the physical properties of these structures.!®
The studies showed that the differences in estrogen
levels during the menstrual cycle were associated with
a different amount of collagen-I and -III. In periovulatory
phase, the amount of collagen-III rose whereas the amount
of collagen-I decreased leading to higher tolerance to me-
chanical stretching.!® The risk of anterior cruciate ligament
(ACL) damage increases fourfold with a decrease in passive
stability by 1.3 mm. There is a suspicion that one of the po-
tential causes of this phenomenon may be hormonal
changes occurring in menstruating women.?°-22 At ACL
Research Retreat VIII, the study of hormonal changes dur-
ing the menstrual cycle was considered a priority area for
future research on reducing the risk of ACL injuries.?>2*
The research on the influence of the menstrual cycle
on muscle flexibility is scarce and the results are inconclu-
sive. No significant effect was observed by Teixeira et al.
when testing young women using the Sit And Reach global
mobility test.? Sung and Kim showed complex changes
in flexibility in the flexor and extensor muscles of the knee
joint during the menstrual cycle. The vastus medialis (VM)
and the semitendinosus (ST) increased their stiffness dur-
ing ovulation, while the vastus lateralis (VL) and the biceps
femoris (BF) remained unchanged.? In a study by Eiling
etal.,, muscle stiffness showed significant variability depend-
ing on the phase of the menstrual cycle, with the lowest lev-
els being reached during the ovulatory phase.?” An inverse
relationship has been found between estrogen levels and
muscle stiffness.?®?° The force necessary to perform passive
knee flexion movement decreased during ovulation, indi-
cating increased flexibility of these muscles in this phase.?°
The potential impact of the cycle phase on the effectiveness
of stretching was assumed by Hoge et al., who therefore
conducted the experiments during the first days of the men-
strual cycle, when the levels of these hormones are low.!
Despite the widespread use of stretching and the aware-
ness of the need for proper muscle flexibility, there is little
research on the effects of hormonal changes occurring
during the menstrual cycle on the stretching efficiency.
Table 1 presents a summary of the publications in this area
together with the assessment of their methodological qual-
ity, in accordance with the Physiotherapy Evidence Data-
base (PEDro) scale guidelines. As most of the studies were
observational, the obtained scores indicate rather low qual-
ity. On the other hand, the discrepancies in the obtained
results indicate the need for further research in this area.
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Table 1. Summary of the publications with an assessment of their methodological quality in accordance with the Physiotherapy Evidence Database (PEDro)

scale guidelines

Criteria

Teixeira Sung Eiling

etal.? and Kim?® etal.?’

2. Subjects were randomly allocated
to groups

3. Allocation was concealed 1 0

4. The groups were similar
at baseline regarding the most 1 0
important prognostic indicators

5. There was blinding of all subjects 0 0

6. There was blinding of all therapists
who administered the therapy

7. There was blinding of all assessors
who measured at least one key 0 0
outcome

8. Measures of at least one key
outcome were obtained from more
than 85% of the subjects initially
allocated to groups

9. All subjects for whom outcome
measures were available received
the treatment or control condition
as allocated

10. The results of between-group
statistical comparisons are reported 1 0
for at least one key outcome

11. The study provides both point
measures and measures of variability 1 1
for at least one key outcome

Total score 5 2

1. Eligibility criteria were specified yes yes yes

O'Hora Bell Hoge Miyamoto
etal’ etal.?® etal.*® etal.? etal.?
yes yes yes yes yes
1 0 0 0 0
0 0 0 0 0
1 0 0 0 0
1 0 0 0 0
1 0 0 0 0
0 0 0 0 0
1 1 1 1 1
0 0 0 0 0
1 0 0 0 0
1 1 1 1 1
7 2 2 2 2

Objectives

The assessment of the influence of static stretching
on the length of HAMS in various phases of the menstrual
cycle.

Materials and methods

Forty-eight women aged 21-24 were selected out
of 534 women randomly chosen for the study. The study
group was homogenous in terms of parameters such
as age, body weight, height, body mass index (BMI), and
the length of the menstrual cycle. The average age was
21.4 years (standard deviation (SD) = 0.4). The average value
of body weight was 60.34 kg (SD = 7.51), and the average
BMI value in this group was 21.49 (SD = 1.93). The height
of the studied women oscillated between 158 ¢cm and
177 cm (mean 167.34 cm, SD = 6.14 cm). The duration
of the menstrual cycle ranged from 26 to 32 days (mean
29.25 days, SD = 1.74).

The inclusion criteria were: the lack of any orthope-
dic disorders within the spine and lower limbs, shorten-
ing of HAMS above 20° measured using PKE test, BMI

between 18.5 and 24.99, regular menstrual cycle for the last
6 months lasting 28 days (+5 days), and not using hormonal
contraception.

The initial stage of qualification for the research was
the assessment of flexibility of HAMS in the dominant leg.
Only 180 out of 534 (33.7%) women met the assumed cri-
terion of muscle shortening. In the next stage of the study,
the respondents completed an original personal question-
naire. The obtained data excluded participants whose an-
swers eliminated the possibility of precisely determining
the phase of the menstrual cycle. Only 48 (26.6%) women
were qualified for further measurements. The length
of the menstrual cycle for each participant was deter-
mined by averaging the length of her last 6 menstrual
cycles, which allowed to define the phases of the men-
strual cycle:

1. follicular phase (FOL) — from 2" to 5% day of the men-
strual cycle;

2. ovulatory phase (OV) - from 12" to 15 day of
the menstrual cycle;

3. luteal phase (LUT) - from 16" to the 28" day of
the menstrual cycle.

The study involved a therapeutic intervention
of 3 x 45 s static stretching and 2 measurements
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of flexibility of HAMS of the dominant leg performed
before and immediately after this intervention during
each phase of the menstrual cycle. All the measurements
were conducted by the same 2 researchers (A and B) who
had many years of experience in physiotherapy, each
of whom had specific tasks to perform, in accordance
with the prepared test protocol. Researcher B was re-
sponsible for operating the inclinometers and entering
data to the test report. Researcher A performed the tests
but was not informed about the result obtained by re-
searcher B.»

To evaluate the flexibility of HAMS muscles, the follow-
ing tests were used:

Test No. 1. Passive extension of the knee joint to the POD
(PKE test). Before the measurements, a line connect-
ing 2 bone points: the greater trochanter and the lateral
epicondyle of the femur was marked. The lower limb
of the examined subject was bent to the position of 90°
at the knee and hip joints. The subject was informed that
her knee will be passively extended until POD in the back
of the limb. The test was performed 3 times.

Test No. 2. Active knee extension (AKE test). The subject’s
position and inclinometers placement were as in the previ-
ously described test. The participant was instructed to ac-
tively extend the knee joint avoiding hip rotation and pelvic
lifting. The test was repeated 3 times, and the participant’s
task was to perform them with a similar force and speed
during all repetitions of the active movement.

The study of mobility ranges in the knee joint in the tests
was carried out by means of 2 Saunders electronic incli-
nometers (The Saunders Group, Inc., Chaska, USA) at-
tached to the front of tibia and lateral side of femur in all
measurements performed in this project. The BMI was
assessed on Tanita Corporation scales.

Therapeutic intervention consisted of static stretching.
The position was identical to the one used in the measure-
ment phase for the PKE test. The researcher performed
passive extension of the lower limb in the knee joint, while
maintaining the unchanged position in the hip joint un-
til the patient feels POD. This position is held for 45 s for
3 consecutive repetitions with a 15 s interval between
the repetitions.'®

Statistical analysis was performed using IBM SPSS v. 23
software (IBM Corp., Armonk, USA) with a significance
level of a = 0.05.

Basic descriptive statistics were analyzed together with
two-factor analyses of variance (ANOVAs) in the within-
group schema, one-factor ANOVAs in the within-group
schema, Student’s t-tests, and correlation analyses with
Pearson correlation coefficient (r).

The project of the study was approved by Bioethical
Committee of Medical University of Silesia, Katowice,
Poland (approval No. KN'W/0022/KB1/26/17). All subjects
gave their informed consent to participate in the study.
The study was carried out in accordance with the Declara-
tion of Helsinki.

P. Michalik et al. Menstrual cycle and stretching

Results

PKE level depending on the phase
of the cycle and intervention

Static stretching was performed in particular phases
of the menstrual cycle, and the observed difference in flex-
ibility after SS were 8.5°in FOL, 8.5°in OV and 6.6°in LUT
(Fig. 1).

100+

80+

40+

20+

FOL ov LUT
m before m after

Fig. 1. Passive knee extension (PKE) level in all 6 measurements

FOL - follicular phase; OV — ovulatory phase; LUT - luteal phase.

There was no statistically significant or even nearly sta-
tistically significant effect of the main phase of the cycle
on PKE (F(2;92) = 0.26; p = 0.772; n = 0.01).

However, the main effect of the procedure was statisti-
cally significant (F(1;46) = 230.63; p < 0.001; n = 0.83).

AKE level by cycle phase and intervention

Static stretching was performed in various phases of
the menstrual cycle, and the results of the observed changes

904

801

70+

601

CTF()

50+

40

30+

FOL ov LUT
m before m after

Fig. 2. Active knee extension (AKE) level in all 6 measurements

FOL - follicular phase; OV - ovulatory phase; LUT — luteal phase.
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in flexibility after SS were 5.1° in the FOL, 5.7° in the OV
and 4.1° in the LUT (Fig. 2).

The next step of the research aimed to verify whether
the AKE level is different depending on the phase of the cy-
cle and whether the measurement was carried out before
or after the intervention.

There was no statistically significant or even nearly
statistically significant effect of the main phase of the cy-
cle on AKE (F(2;92) = 0.03; p = 0.967; n* = 0). However,
the main effect of the intervention was statistically signifi-
cant (F(1;46) = 76.84; p < 0.001; n? = 0.63). The strength
of the observed effect was very high. As shown in Fig. 2,
higher scores were recorded after the treatment. Addi-
tionally, there was no statistically significant interaction
effect of the examined factors (F(2;92) = 1.64; p = 0.200;
n? = 0.03).

For a better visualization of the changes taking place
after the application of SS, the obtained results were ex-
pressed as a percentage, and the base value for all tested
parameters was the state of the muscle before the interven-
tion (100%). Then, the percentage values after stretching
were compared to the values before stretching in 3 dif-
ferent phases of the cycle. One-factor ANOVAs were
performed in the within-group schema. There were no
statistically significant differences, as shown in Table 2.

Next, it was examined whether the percentage ratio
of the results after stretching to the results before stretch-
ing is different in the case of AKE and PKE. Three paired
samples t-tests were performed, separately in the FOL,
OV and LUT. As shown in Table 3, all the observed dif-
ferences turned out to be statistically significant. Higher
values were recorded for the PKE. The strength of the ob-
served effect in the case of the OV was moderately high,
and in the case of the other 2 phases — low.

The correlations between the PKE and AKE indices were
also examined. The correlation analyses with Pearson cor-
relation coefficient (r) were performed. There were sta-
tistically significant positive relationships between these
indices for the FOL (r = 0.453; p = 0.001), OV (r = 0.606;

p < 0.001) and LUT (r = 0.432; p = 0.002). The strength
of the relationship in the case of the OV was high, and
moderately high in the other 2 phases.

Discussion

The effectiveness of stretching as well as flexibility de-
pends on the gender and is definitely greater for women.!
According to some researchers, including Hoge et al,,
it results from the occurrence of the so-called sensory
adaptation through changes in sensory reactivity.333
The strength of this phenomenon was significantly higher
in men, but the reasons for these differences are still
the subject of scientific research.3!

This study is an attempt to assess whether the differ-
ences are due to variability associated with the phases
of the menstrual cycle and whether this affects the ef-
fectiveness of SS. In the study, 2 tests were used to assess
the length of the hamstring muscle: AKE and PKE. Both
tests are based on the subjectively perceived end of move-
ment associated with the feeling of discomfort. The re-
sults of both tests confirmed the effectiveness of the SS
in improving HAMS flexibility. The observed change
in the AKE test was 8.46% and it was lower than those
obtained in the PKE test (13.34%), which is consistent with
the results of other studies in this field."*> The improve-
ment of ROM assessed with the AKE test, examined imme-
diately after the intervention, was comparable to the previ-
ous studies with similar methodology resulting in changes
in ROM of 9.62° and 9.1°° In the study by O’Hora et al.,
the SS effect based on the passive extension of the knee
joint was an increase in ROM by 7.53° (PKE).”

When examining the correlations between the AKE and
PKE tests, statistically significant positive relationships
were noted in all phases: strong correlation in the OV
and medium in the FOL and LUT. However, the results
of both tests showed no significant influence of the phase
of the menstrual cycle on HAMS length. There was also no

Table 2. The level of results after stretching as compared to the results before stretching depending on the phase

Follicular phase Ovulation phase

Luteal phase

F ‘ df

M SD M SD
PKE 114.11 13.2 114.32 9.79
AKE 108.42 8.6 109.93 9.67

-value
M SD e
111.6 9.53 0.97 292 0.384 0.02
107.05 947 1.60 292 0.208 0.03

PKE - passive knee extension; AKE - active knee extension; M — mean; SD - standard deviation; df — degrees of freedom; n? - eta-squared.

Table 3. The percentage ratio of the post-procedure results to pre-procedure results for passive knee extension (PKE) and active knee extension (AKE) tests

Follicular 11411 13.20 108.42
Ovulation 114.32 9.79 109.93
Luteal 111.60 9.53 107.05

8.60 324 46 0.002 048
9.67 349 46 0.001 0.52
947 3.08 46 0.003 046

M - mean; SD - standard deviation; df — degrees of freedom; t — Student’s t-test result; d — Cohen'’s d.
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significant influence of individual phases on the effective-
ness of using SS within it.

The comparison of these results with the results of other
studies is difficult due to the fact that the assessment
of the efficiency of SS is an innovative project that has
not yet been explored by other researchers. The flexibility
changes occurring during the menstrual cycle are a pos-
sible reference. In a study by Teixeira et al., the whole myo-
fascial superficial back line was assessed with a global test
performed actively in 20 young women. In present study,
no significant influence of the phase of the menstrual cycle
on flexibility was shown. No differences were also observed
in comparison to the results in the control group, to which
24 women using hormonal contraception were recruited.?®
Research on muscle elasticity assessed in various phases
of the menstrual cycle conducted by Miyamoto et al. us-
ing shear wave elastography showed no significant reac-
tion of this variable on muscle stiffness. The study failed
to prove any effect of the phases and the corresponding
changes in muscles performed close to POD, similarly
to the conditions applied in this study.

The research of Bell et al. brought contrary results.
The HAMS length improved significantly in the OV (89.7—
104.7°), as compared to the FOL (81.7-96.9°).28 However,
the study by Bell et al. remarkably differs from the pres-
ent study. In the study by Bell et al., the assessments were
performed only twice in the OV and FOL, thus omitting
the LUT, which is studied in this project. It was assumed
that the differences in the estrogen level are the highest
when FOL and OV are compared, which would allow to de-
termine their effect on HAMS. Furthermore, SLR test was
applied instead of AKE and PKE tests used in our study.
Also, the value of the SLR test obtained in the study by Bell
et al. is 104.7°; therefore, it is much higher than normal
values for this test, which confirms that patients without
HAMS deficits were admitted for the tests. The effective-
ness of SS in the group of subjects selected in that way
can differ from the strict criteria of selection assumed
in our study. However, the biggest difference results from
the small size of the tested group (n = 8), which constitutes
a high risk of random results.?®

An important element for the interpretation of the ob-
tained results, based on the moment of occurrence of POD,
is the possible effect of the menstrual cycle phases on pain
perception. As both tests assessing the length of HAMS were
based on the subjective flexibility threshold related to POD,
the changes in pain perception can influence the results.
It is assumed that the fluctuations of sex hormone levels
contribute to a higher, clinically and experimentally ob-
served sensitivity to pain in women as compared to the men.
These differences refer to both the higher sensitivity to no-
ciceptive stimuli and pain sensation distribution, but the re-
sults of the research on the influence of hormonal changes
occurring during the cycle on pain perception are ambigu-
ous. Some researchers have indicated regular fluctuations
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of pain sensitivity depending on the cycle phases.3* The re-
search on potential estradiol regulation upon the function-
ing of neurotransmission of the endogenous opioids is a con-
firmation of such thinking. During the OV, a high activity
level of this system, comparable to men’s, was observed.
However, during the FOL, when the estradiol level reaches
its minimum, a reduction of the activity modulating the in-
fluence of opioids on pain perception occurred.

A result of the changes occurring during the menstrual
cycle can be the reduction of tissue sensitivity to nocicep-
tive stimuli during the OV, and the opposite reaction during
the FOL. The influence of the menstrual cycle phase can
also be observed in the differences in sensitivity to com-
pression stimuli applied to muscles. Higher sensitivity
occurred during the FOL than during the OV and LUT.3*
Veldhuijzen et al. studied the effect of the cycle upon
the changes in the brain areas connected with pain, and
presented similar conclusions.?® In the systematic review
of 2014, the majority of the studies indicated a possible
effect of estrogen on pain sensitivity, with a clear tendency
for the opposite relationship between these 2 parameters.’
As the self-reporting of pain during the measurement can
be influenced by hormonal changes during menstrual cy-
cle, the objective methods of muscle extensibility assess-
ment would be beneficial to exclude the possible changes
of stretch tolerance on the efficiency of stretching.

Limitations

There are some limitations in this study. First, the as-
sessment of menstrual cycle phase was based on expected
hormonal peak levels, according to data obtained from
a personal questionnaire. The ideal study would evaluate
serum hormonal levels on a regular basis over a period
longer than a single cycle in order to account for cycle
differences, which occur even in women with regular
cycle length. Second, the classical method used in this
study to measure hamstrings flexibility (AKE and PKE
tests) focuses on the maximum range of motion based
on subjective pain response. More advanced methods,
such as isokinetic dynamometry or muscle elastography,
allow for the measurement of objective muscle length and
passive stiffness. The tests used in this project cannot pro-
vide the arguments in the debate over the possible causes
of changes in elasticity after SS related to either stretch
tolerance or tissue remodeling.

Conclusions

The length of the hamstring muscles after SS increased
significantly by 13.34% in the PKE test and by 8.46%
in the AKE test. However, the effectiveness of stretching
in healthy women is not influenced by the menstrual cycle
phases.
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Abstract

Background. A total of 148 surgeries were performed in our center on patients with pancreatic cancer
in 2020. In 2019, 263 such procedures were performed (77.7% more) in this facility.

Objectives. To analyze the impact of coronavirus disease 2019 (COVID-19) on pancreatic cancer surgery
type, number and outcome in our center.

Materials and methods. Retrospective data analysis of medical documentation in a hospital database
from January 2019 till December 2020.

Results. In 2020, we observed an increase of tumors localized in the tail of the pancreas (P) — 29 cases
(19.9%) in 2020 compared to 26 cases (9.9%) in 2019 (p = 0.005). In 2020, our patients presented with much
greater advancement of the disease illustrated by the increased tumor size (median 3.5 cmin 2020 compared
t0 3.0 cm in 2019), although it did not reach statistical significance (p = 0.073). In 2020, we performed
more palliative procedures, e.q., bypassing anastomoses (17 (11.6%) in 2020 compared to 8 (3%) in 2019
(p < 0.001)), more open biopsies of P (21 (14.4%) in 2020 compared to 21 (79%) in 2019 (p = 0.041)), and
more percutaneous biopsies of P (7 (4.8%) in 2020 and 0in 2019 (p = 0.001)). We observed a significant
decrease in the number of Whipple procedures (53 (36.3%) in 2020 and 125 (47.5%) in 2019 (p = 0.037)).
The most common histopathological finding was adenocarcinoma of the P, accounting for 50% in 2020
and almost 52% of all tumor cases in 2019. In a group of 148 patients operated on due to a P tumor during
the COVID-19 pandemic, only 6 patients died, which resulted in a mortality rate of 4.1% compared to 13.4%
mortality rate in 2019 (34 deaths/263 patients; p = 0.005). We observed less leakage of gastrointestinal
anastomosis (0/148 in 2020 and 10/263 in 2019 (p = 0.038)).

Conclusions. Particular attention should be paid to patients with an aggressive type of cancer who have
completed neoadjuvant therapy, as they are unable to undergo other therapeutic options. Severe acute respira-
tory syndrome coronavirus 2 (SARS-CoV-2)-positive cancer patients should be postponed until recovery. Rela-
tively few postoperative complications and low all-cause mortality are the result of a more careful selection
of oncological patients before the admission to the surgical ward, as well as a ompliance with the principles
of planning the procedure and organization of the operating theater during the COVID-19 pandemic.

Key words: adenocarcinoma, pancreatic cancer, COVID-19, adjuvant therapy, neoadjuvant therapy
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Background

From March 4, 2020 until November 9, 2021, the total
number of coronavirus disease 2019 (COVID-19) cases
in Poland reached 3,111,534. According to the Polish
Ministry of Health, 77,760 infected patients died and most
of them had been suffering from comorbidities.! Mortality
rate from COVID-19 in Polish population is ~2.5%.

The severe acute respiratory syndrome coronavirus
2 (SARS-CoV-2) pandemic has caused a huge overload
of the healthcare system worldwide.? From March 13, 2020,
many hospitals in Poland were converted into infectious
diseases hospitals, which resulted in unavailability of treat-
ment for non-COVID-19 patients. In numerous hospitals,
the scheduled operations were cancelled and the ambula-
tory care was suspended due to the medical staff short-
ages. In some cases, the delay of diagnosis or treatment
might not significantly impact the prognosis; however,
in oncological patients, timing is crucial. The decision
on whether to postpone the operations of oncological pa-
tients should be carefully considered, especially for those
who have completed neoadjuvant therapy and patients with
biologically aggressive tumors, such as pancreatic can-
cer, or patients without therapeutic alternatives. Delaying
the operation should not worsen the oncological progno-
sis. However, patients with pancreatic cancer should not
undergo the surgery at the time of the COVID-19 infec-
tion and the operation should be postponed. The meetings
of the oncological team play a significant role in the shared
clinical decision-making process and in planning the best
treatment available. Videoconferences are a preferred op-
tion for such meetings and telemedicine should be used
for the time being, although this is not always possible due
to technical and organizational reasons.

Pancreatic tumors are a heterogeneous group of rare
neoplasms. However, epidemiological studies show a sig-
nificant increase in the incidence of pancreatic cancer
in Poland, as well as worldwide. It is foreseen that pancre-
atic cancer will be among the top 5 cancers with the high-
est mortality rates in 2030.%*

According to the Polish National Cancer Registry, a total
of 164,875 new cancer cases and 99,644 cancer-related
deaths were recorded in 2017. The number of new cases
of malignant pancreatic neoplasms in 2017 was 3508
(2.1% of all new cancer cases (n = 1738) in men and 2.18%
(n = 1770) in women). In 2017, a total of 99,644 people
died of cancer in Poland, out of which 4864 people died
of pancreatic cancer (4.4% (n = 2409) men (6" place among
all types of cancer in Poland) and 5.4% (n = 2455) women
(5" place)).?

In Poland, in 2010, mortality due to pancreatic cancer
was comparable to the average mortality level for EU coun-
tries (data from 2009) in both sexes: male around 8/105
and female around 5/105. 3

Pancreatic cancer, among all cancers, is the 7" leading
cause of cancer-related deaths worldwide.* The course
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of the disease is very rapid and the average survival time
starting from the diagnosis is approx. 6 months. From
the time of the pancreatic cancer diagnosis, the 5-year
survival rate is <9%, and less than 50% of patients live
3 months or more.** In case of resectable lesions, the 5-year
survival rate is approx. 20%, but only 10-20% of patients
are primarily diagnosed at such stage.”

Most cases of malignant pancreatic neoplasms occur af-
ter the age of 50 (92% cases in men and 95% cases in women).
It is more common in men (5.5 per 100,000) than in women
(4.0 per 100,000).* Nearly 80% of pancreatic cancer patients
are diagnosed between the age of 60 and 80.*-° Cases under
the age of 40 are extremely rare.!

About 85-90% of malignant pancreatic neoplasms are
cancers of the exocrine portion of the pancreas of the glan-
dular type, i.e., adenocarcinomas.* Other, less common
types of pancreatic cancer include follicular cell carci-
noma, pancreatoblastoma (the cancer of embryonic origin
found in children), solid pseudopapillary carcinoma, and
anaplastic (undifferentiated) cancer. These tumors differ
slightly in biology, prognosis and treatment management
from the most common pancreatic adenocarcinoma.’

The diagnosis of pancreatic cancer, despite the recent
progress in diagnostic methods, is still challenging and
causes a delay of the final diagnosis by about 4—9 months,
which has probably increased during the COVID-19 pan-
demic, yet it is difficult to make an exact estimation.

The surgical treatment of pancreatic cancer should be
performed in high-volume centers with extensive expe-
rience in pancreatic surgery, that conduct clinical tri-
als.® In Poland, in 2011, the Polish Pancreatic Club and
the Working Group of the Polish National Consultant
in Gastroenterology published recommendations of on-
cological surveillance and diagnostics as well as thera-
peutic recommendations regarding patients with chronic
pancreatitis.? The Department of Gastroenterological Sur-
gery and Transplantology of the Central Clinical Hospital
of the Ministry of the Interior and Administration in War-
saw, Poland is a leading center in pancreatic oncology in Po-
land, where the largest number of pancreatic cancer surger-
ies are performed every year in our country. In 2019, a total
of 251 surgeries were performed in our clinic due to pan-
creatic cancer, while the 2 leading centers in the Lower
Silesia Province performed overall only 22 such procedures
and the next 2 largest centers in the Lesser Poland Province
performed 60 such procedures.!°

Unfortunately, in Poland as well as worldwide, the CO-
VID-19 pandemic impeded the access to the oncologi-
cal treatment and in the worst period of the pandemic,
the number of surgeries dropped by up to 40%.!!

Based on the meta-analysis of 34 publications which
included almost 1.2 million oncological patients, scien-
tists from the UK and the USA found that every 3-month
diagnosis and treatment delay worsens the 5-year survival
by about 10%, and a 6-month delay worsens these results
by up to 30%.!> Hanna et al. calculated that in the case
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of surgical treatment, the risk of death increased by 6—8%
with every 4-week period of delay. This turned out to be
even worse in case of chemotherapy and radiotherapy
(the risk of death increased by 9-13% (for radiotherapy
for head and neck cancer and chemotherapy for colorec-
tal cancer)). In addition, the researchers calculated that
the 8-week and 12-week delay increased the risk of death,
i.e,, an 8-week delay in cancer surgery increased the risk
of death by 17%, and a 12-week delay by up to 26%.1?

The authors calculated that delaying the surgery
by 12 weeks per year for all breast cancer patients (for ex-
ample during the COVID-19 pandemic) would lead to 1400
additional deaths in the UK, 6100 in the USA, 700 in Can-
ada, and 500 in Australia.

Objectives

This study had 4 objectives: 1) to assess the advance-
ment and localization of the pancreatic cancer in our study
group; 2) to establish how COVID-19 pandemic impacted
the types of surgical procedures performed; 3) to find
if there was any change in histopathological findings in our
study group; 4) to assess mortality and number of compli-
cations in a group of patients operated on for a pancreatic
tumor during the COVID-19 pandemic.

Materials and methods

The retrospective data analysis of medical documenta-
tion in a hospital database was performed. The research
covered a period from January 2019 until December 2020.
This study was performed in compliance with the Declara-
tion of Helsinki. Informed consent was not obtained since
we have only analyzed retrospective data from hospital
database and personal information was anonymized.

Study setting

In Poland, in accordance with the Law of March 2, 2020
on special solutions related to the prevention, counterac-
tion and combating COVID-19, other infectious diseases
and the emergencies caused by them, the model of infec-
tious diseases hospitals was implemented.'® Based on this
Law, the selected multidisciplinary units have been com-
pletely transformed into infectious disease hospitals dedi-
cated to the fight against COVID-19. It is a model unparal-
leled in other countries.

By the decision of the authorities of Masovian Voivode-
ship, on March 13, 2020, the Central Clinical Hospital
of the Ministry of Interior and Administration was trans-
formed into an infectious diseases hospital with the highest
level of reference for patients with COVID-19. This caused
a significant reduction in the number of beds in the Sur-
gery Clinic (55 beds before the pandemic) — 15 beds were
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designated for surgical COVID-19 patients and 9 beds for pa-
tients without COVID-19, dedicated to oncological patients.

On May 9, 2020, the regulations on infectious diseases
hospitals ceased to apply, but on November 9, 2020, due
to the 2"! wave of COVID-19 pandemic, a decision to con-
vert the Central Clinical Hospital of the Ministry of the In-
terior and Administration into a hospital of the highest level
of reference for patients with COVID-19 was made again.

Preoperative management
of oncological patients

The preparation of the patient and the operating room
was based on the guidelines of the Polish Surgical Society
and the guidelines of the European Society of Surgeons.*1>

All of the patients need to be consulted during multidis-
ciplinary consultation meetings once a week. If the patient
is qualified for the surgery, he or she is informed about
the procedures before the hospital admission, including:
home observation towards COVID-19 symptoms (fever,
cough, shortness of breath, sore throat, but also myalgia,
diarrhea, fatigue, runny nose or congestion, loss of smell,
altered sense of taste); the reverse transcription poly-
merase chain reaction (RT-PCR) negative test (valid 72 h)
and the blood donation made by family members (the lack
of blood during the pandemic has been the rising problem
because of the decreased number of the donors). If a test
yielded a positive result for a given patient, the procedure
would be postponed depending on symptoms and illness
severity. On the admission day, after checking the RT-PCR
test results, the patient is screened for their body tempera-
ture and COVID-19-related symptoms. If the screening
result is negative, an antigen test is conducted and the pa-
tient is not transferred to the clean area until the negative
result is obtained. In the clinic, there is no isolation ward;
therefore, the observation of the patients qualified for sur-
gery for 3—7 days, as has been suggested in some publica-
tions, could not be taken into consideration.'® Despite this,
none of the oncological patients developed SARS-CoV-2
symptoms or has been tested positive after the surgery.

Statistical analyses

The statistical analyses were performed with the use
of the licensed program STATISTICA v. 13 (StatSoft Inc.,
Tulsa, USA). The data were presented with the use of descrip-
tive statistics, mainly mean, standard deviation (SD) and
medians, as well as numbers and percentages. The Shapiro—
Wilk test was used to check the normality of the distribution
of the examined variables (Table 1). Continuous variables di-
vided into groups were analyzed using the t-test with Welch’s
correction. The 2 test was used to evaluate the qualitative
data in the individual groups and if the subgroup was small,
the Yates’s correction was used. The correlation analysis was
performed using the Spearman’s rank correlation coefficient.
The level of significance was set at p < 0.05.
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Table 1. The distribution of normality of patients groups (2019 compared to 2020)

Total (n =411)

2019 (n = 263) 2020 (n = 148)

Variable
normality
Age p < 0.001
Tumor size [cm] p < 0.001
Surgery time [min] p < 0.001
ICU hospitalization [days] p < 0.001
Hospitalization from surgery [days] p < 0.001

normality normality
p < 0.001 p < 0.001
p < 0.001 p < 0.001
p < 0.001 p <0.001
p <0.001 p < 0.001
p < 0.001 p < 0.001

ICU - intensive care unit.

Results

Despite a significant reduction in the number of on-
cological beds in the 2020, a total of 148 surgeries were
performed in the clinic in patients with pancreatic can-
cer. In 2019, 263 such procedures were performed (77.7%
more). The characteristics of the 2019 group compared
to the 2020 group are presented in Table 2.

The operated group in 2019 included 108 (41.22%)
male (M) and 154 (58.78%) female (F), compared to 60
(40.82%) M and 87 (59.18%) F in 2020 (the correlation was
not significant).

In 2020, when compared to 2019, our patients had
much greater advancement of the disease defined
by the increased tumor size (median 3.0 cm in 2019

Table 2. Characteristics of patient groups (2019 compared to 2020)

2019 (n = 263)

and 3.5 ¢cm in 2020), although this correlation did not
reach statistical significance (p = 0.073). The dura-
tion of the intensive care unit (ICU) stay was longer
in 2019 compared to 2020 (p < 0.001). Gender of pa-
tients, time of operation and hospitalization time after
the surgery did not differ significantly between 2019
and 2020 (Table 2,3). The relatively short time of hos-
pitalization in 2020 was caused by the limited number
of beds in the clinic for COVID-19-negative patients
and the necessity to quickly transfer patients in good
condition to other hospitals in the area.

The most common location of the pancreatic tumor was
the head of the pancreas — 97 cases (66.4%) in 2020 com-
pared to 173 cases (66.3%) in 2019. In 2020, we observed
an increase of tumors localized in the tail of the pancreas

2020 (n = 148)

Variable
Me Q1
Age 62.49 1146 64.0 57.0
Tumor size [cm] 341 1.86 3.0 20
Surgery time [min] 102.42 40.53 110.0 70.0
ICU hospitalization [days] 1.66 598 0.0 0.0
Hospitalization from surgery [days] = 12.74 11.92 9.0 7.0

SD Me Q1
70.0 61.15 11.29 63.0 55.0 69.0 0.259
42 3.81 2 35 2.5 50 0.073
120.0 954 39.06 90.0 65.0 120.0 0.093
0.0 0.31 1.5 0.0 0.0 0.0 <0.001
13.0 1242 15.79 9.0 7.0 13.0 0.835

ICU - intensive care unit; SD — standard deviation; Me — median; Q1- lower quartile; Q3 — upper quartile; t-test with Welch's correction was used.

Table 3. Gender of patients and localization of tumor of pancreas

2019 (n = 263)

2020 (n = 148)

Variable
male 108
Gender
female 154
no 88
Head of the pancreas
yes 173
no 182
Body of the pancreas
yes 79
no 235
Tail of the pancreas
yes 26
no 243
>1
yes 18

41.22 60 40.82

0936
58.78 87 59.18
3372 49 33.56

0.974
66.28 97 66.44
69.73 108 7397

0.365
30.27 38 26.03
90.04 117 80.14

0.005
9.96 29 19.86
93.10 137 93.84

0.939*
6.90 9 6.16

The x? test was used; * the Yates's correction was used.
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— 29 cases (19.9%) in 2020 compared to 26 cases (9.9%)
in 2019 (p = 0.005). The localization in body and multiple
localization in pancreas did not differ significantly when
compared with 2019 (Table 3). In 2020, patients with pan-
creatic cancer tended to be referred to our center with
more advanced stage of the disease than in 2019. Due
to that, in 2020 we performed more palliative procedures,
e.g., bypassing anastomoses — 17 (11.6%) in 2020 compared
to 8 (3%) in 2019 (p < 0.001); open biopsies of the pan-
creas — 21 (14.4%) in 2020 compared to 21 (7.9%) in 2019
(p = 0.041); and percutaneous biopsies of the pancreas — 7
(4.8%) in 2020 compared to 0 in 2019 (p = 0.001). More-
over, the number of Whipple procedures significantly
dropped in 2020 to 53 (36.3%), compared to 125 (47.5%)
in 2019 (p = 0.037). Statistical significance was also ob-
served regarding the numer of operations titled as “other”,
performed in 2019 and 2020, which include operations
such as central pancreatectomy, Frey’s procedure, thoraco-
scopic transection of the visceral nerve, cholecystectomy,
drainage of the peripancreatic abscess, and enucleation
of a pancreatic tumor (Fig. 1).

The most common histopathological finding was ad-
enocarcinoma of the pancreas, accounting for 50% of cases
in 2020 and almost 52% of all tumor types in 2019. More
pancreatic intraepithelial neoplasia cases were found
in 2019 (51/263) than in 2020 (6/148) (p < 0.001), but in 2020,
more chronic pancreatitis cases were diagnosed (p = 0.004,
Fig. 2). In 2019, more “other” types of neoplasms were found,
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e.g., mixed types of tumor like adenocarcinoma/squamous
cell carcinoma or anaplastic carcinoma (p = 0.016, Fig. 2).

In a group of 148 patients operated on for a pancreatic
tumor during the COVID-19 pandemic, only 6 people
died, which resulted in all-cause 30-day mortality rate
of 4.1%, compared to 34 deaths/263 patients and all-cause
mortality rate of 13.4% in 2019 (p = 0.005). We have ob-
served less leakage of gastrointestinal anastomosis (0/14:8)
in 2020 than in 2019 (10/263) (p = 0.038). Apart from that,
we noted no difference in surgical and nonsurgical com-
plications (Fig. 3).

In patients with advanced inoperable tumor who un-
derwent percutaneous biopsies, open biopsies and/or by-
pass anastomoses, full staging according to TNM clas-
sification was impossible; therefore, the data presented
in Table 4 concern only those patients who underwent
a tumor resection and have a complete histopathological
examination of the tumor (TNM). There were no differ-
ences between 2019 and 2020 in terms of TNM features
or tumor resectability; however, much more frequent di-
agnoses of low-differentiated G3 and G4 anaplastic tumors
were stated in 2020, and these tumors are characterized
by a rapid growth (p = 0.037). A diagnosis of more ad-
vanced tumor influenced the decision to administer ad-
juvant chemotherapy. In 2020, the rate of qualification for
adjuvant treatment significantly decreased — 51% of pa-
tients in 2020 received such treatment compared to 68%
in 2019 (p < 0.001, Table 4). In our study, we have also

splenectomy

other*
laparoscopic distal pancreatectomy without splenectomy
distal pancreatectomy without splenectomy

distal pancreatectomy

pancreatectomy with vascular reconstruction

pancreatectomy

pancreatoduodenectomy (Whipple
procedure) with vascular reconstruction

type of surgical procedures

pancreatoduodenectomy (Whipple procedure)

2020
m 2019

ultrasound guided biopsy of the pancreas tumor
pancreas tumor biopsy — open approach

palliative bypass surgery in pancreatic cancer

T
PSS I

0

40 60 80 100
number of patients

120 140

Fig. 1. Types of surgical procedures in 2019 compared to 2020

* other, e.g.,, central pancreatectomy, Frey's procedure, thoracoscopic transection of the visceral nerve, cholecystectomy, drainage of the peripancreatic

abscess, enucleation of a pancreatic tumor.
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vascular infiltration of the tumor

benign tumor/pancreatitis

lymphatic nodules infiltration

autoimmunologic pancreatitis

chronic pancreatitis

neuroendocrine carcinoma (NEC)
neuroendocrine tumor (NET)

metastasis in pancreas
2020
m 2019

carcinoma of the ampulla of Vater
cholangiocarcinoma

other*

type of histopathological findings

mucinous cystic neoplasm (MCN)

pancreatic intraepithelial neoplasia (PanIN)

Serous cystadenoma

intraductal papillary mucinous neoplasm (IPMN)

ductal pancreatic adenocarcinoma

B (1AL L
N

0 40 60 80 100 120 140 160

number of patients

Fig. 2. Histopathological findings in 2019 and 2020

* other: mixed types of tumor like adenocarcinoma/squamous cell carcinoma, anaplastic carcinoma, lipomatous atrophy, serous cystadenoma, necrotic
tissue, malignant neoplasm of epithelioid cells, sarcoma, additional spleen, mixed adenocarcinoma/sarcoma, yellow tufts, or B-cell lymphoma.

Table 4. Analysis of TNM tumor staging, tumor resection type and grading (patients after biopsies and palliative procedures were excluded) in 2019
compared to 2020

2019 (n = 263) 2020 (n = 148)
Variable

T 15 8.98 2 7.69
12 76 4551 9 34.62

UIAAIHE 13 74 4431 15 57.69 0608
T4 2 1.20 0 0.00
NO 48 2791 24 32.88
N1 64 37.21 24 32.88

NO/NT/N2/N>3 N2 56 3256 23 315 0.861
Nx 4 2.33 2 2.74

M1 17 7391 18 81.82 "

W/ Mx 6 26.09 4 18.18 0780
RO 87 50.58 49 64.47

RO/R1/R2 R1 79 4593 26 34.21 0.108
R2 6 349 1 132
€] 32 18.50 11 1447
G2 105 60.69 44 57.89

G1/G2/G3/G4 a3 35 2023 16 2105 0.037
G4 1 0.58 5 6.58
. no 225 92.21 129 87.76

Neoadjuvant chemotherapy yes 19 779 18 1204 0.145
) no 77 31.82 72 48.98

Adjuvant chemotherapy s 165 6818 75 5102 <0.001

The x? test was used; * the Yates's correction was used.
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gastrojejunostomy anastomosis leakage

gastrointestinal perforation

ileus

jejuno-biliary anastomosis stenosis

abscess

necrotizing acute pancreatitis

jejuno-biliary anastomosis leakage

pancreaticojejunostomy anastomosis leakage

pancreatic fistula

biliary fistula

impaired wound healing

intra-abdominal hemorrhage

2020
m 2019

gastrointestinal hemorrhage

gastroplegia

multiorgan failure

type of complications after surgery

respiratory failure

pneumonia
septic Shock |
death

10 15 20 25 30 35
number of patients

Fig. 3. All-cause mortality and complications after surgery according to type in 2019 compared to 2020. Other complications, not presented in this figure,
include: mesenteric venous thrombosis, mesenteric artery thrombosis, pulmonary embolism, intraperitoneal hernia, acute gastritis, hydrothorax, transient
ischemic attack, acute kidney failure, lymphocele, gastric ulcer, and atrial fibrillation.

observed that the larger the size of the primary tumor,
the more frequently operations with venous reconstruc-
tion were performed (R = 0.129, p < 0.014). Moreover,
the invasion of lymph nodes was diagnosed more often
(R = 0.197, p < 0.001) and splenectomy was more often
required (R = 0.146, p = 0.006).

The operative time was the shortest for open biopsy
of a pancreatic tumor (R = -0.187, p < 0.001) and distal pan-
creatic resection with splenectomy (R = -0.225, p < 0.001),
and the longest for Whipple procedure (R = 0.255,
p < 0.001), Whipple procedure with venous reconstruction,
and total pancreatic resection with venous reconstruction
(R=0.144, p < 0.004, and R = 0.149, p < 0.003, respectively).

The extended duration of the procedure was an impor-
tant factor correlating with numerous parameters, includ-
ing: the length of ICU stay (R = 0.119, p = 0.017), extended
hospitalization time (R = 0.276, p < 0.001) and early mortal-
ity during the first hospitalization (R = 0.149, p = 0.003).

Shorter surgery time correlated with distal pancreatic
resection with splenectomy (R = -0.225, p < 0.001).

Intensive care unit stay positively correlated with pa-
tients’ older age (R = 0.109, p < 0.029), early mortality
(R = 0.618; p < 0.001) and with the presence of compli-
cations such as sepsis (R = 0.141, p < 0.004), pneumo-
nia (R = 0.173, p < 0.001), respiratory failure (R = 0.454,

p < 0.001), multiple organ failure (R = 0.418, p < 0.001), and
anastomotic leakage of pancreatic anastomosis (R = 0.303,
p < 0.001). Moreover, similar correlations were observed
when the hospitalization time was concerned. A negative
correlation was stated between the length of the hospital-
ization and the type of surgery — distal pancreatectomy
with splenectomy (R = -0.250, p < 0.001) (Table 5).

Discussion

In our clinic, we follow the actual National Compre-
hensive Cancer Network® (NCCN®) guidelines,'” and
we do not assess clinical TNM stage. According to those
guidelines, a suspicion of pancreatic cancer or the evi-
dence of dilated pancreatic and/or bile duct (stricture) are
an indication for surgery, and the most important find-
ing is the presence or absence of metastases. If there are
no metastases in the diagnostic imaging, the next step
is to check the vessel invasion. When metastases are pres-
ent, this is an automatic contraindication to resection sur-
gery and an indication for the biopsy and chemotherapy.
In case of vessel invasion, depending on the kind of vessel
and the experience of the high-volume center, a patient
is qualified for resection surgery or neoadjuvant therapy.



396

Table 5. The list of most relevant correlations between obtained data

Correlated data
Primary tumor size & Whipple procedure + venous reconstructions
Primary tumor size & lymph node invasion
Primary tumor size & splenectomy
Procedure time & open biopsy of the pancreatic tumor
Procedure time & Whipple procedure
Procedure time & Whipple procedure + venous reconstruction
Procedure time & total pancreatic resection + reconstruction
Procedure time & distal with splenectomy
Procedure time & ICU stay
Procedure time & hospitalization time since surgery
Procedure time & lymph node invasion
Procedure time & death
Procedure time & splenectomy
ICU stay & age
ICU stay & total pancreatic resection + reconstruction
ICU stay & hospitalization time from surgery
ICU stay & death
ICU stay & T — sepsis
ICU stay & 2 — pneumonia
ICU stay & 3 — respiratory failure
ICU stay & 4 — organ failure (shock)
ICU stay & 7 — hemorrhage into the peritoneal cavity
ICU stay & 12 - leakage of pancreatic anastomosis
ICU stay & 13 - leakage of the biliary anastomosis

Hospitalization time since surgery & distal with splenectomy

K. Kedzierska-Kapuza et al. Impact of COVID-19 on pancreatic surgery

p-value
0.129 0.014
0.197 <0.001
0.146 0.006
-0.187 <0.001
0.255 <0.001
0.144 0.004
0.149 0.003
—0.225 <0.001
0.119 0.017
0.276 <0.001
0.160 0.002
0.149 0.003
—0.146 0.003
0.109 0.029
0.115 0.020
0.242 <0.001
0618 <0.001
0.141 0.004
0.173 <0.001
0454 <0.001
0418 <0.001
0.507 0.000
0.303 <0.001
0407 <0.001
—0.250 <0.001

ICU - intensive care unit. Spearman’s rank correlation was used.

It seems that the low number of postoperative com-
plications and the low 30-day all-cause mortality rate
in the group of oncological patients in 2020 is the result
of a more precise selection of patients with pancreatic
cancer before the admission, the observance of the newly
developed procedures and the organization of the operat-
ing room during the COVID-19 pandemic. What’s more,
a decreased 30-day all-cause mortality in 2020 in our Cen-
ter may be the result of a number of palliative surgeries
(e.g., triple bypass anastomosis of intestines) in patients
with advanced pancreatic cancer. In 2019, we performed
much more extensive surgery procedures, e.g., Whipple
pancreatectomy (125 (47.5%) in 2019 compared to 53
(36.3%) in 2020 (p = 0.037)). We have also noticed a much
more frequent diagnosis of low-differentiated G3 and G4
anaplastic tumors in 2020, which tend to reach a larger size
in a shorter time (p = 0.037). In 2020, our patients had much
greater advancement of the disease, illustrated by the in-
creased tumor size (median 3.0 cm in 2019 and 3.5 cm
in 2020), although it did not reach statistical significance
(p =0.073). The diagnosis of a more advanced tumor influ-
enced the decision of adjuvant chemotherapy administra-
tion. In 2020, the qualification rate for adjuvant treatment

significantly decreased — 51% of patients in 2020 received
such treatment compared to 2019, when as many as 68%
of patients underwent adjuvant treatment (p < 0.001).
It should be emphasized that in our center, there was
not a single case of an oncological patient infected with
the SARS-CoV-2 virus during the stay at the clinic.

Authors from Italy showed that the prolonged waiting
time for surgery significantly increased mortality in cancer
patients.'® They emphasized that special attention should be
paid to patients who have completed neoadjuvant therapy,
patients with an aggressive type of cancer and those without
any other therapeutic options. At the same time, the authors
stated that COVID-19-positive oncological patients should
have their surgery postponed until the recovery.

Solving the problem of a limited access to medical
services in times of a pandemic is conditioned by lo-
cal customs and in each country different solutions are
found, e.g., in the abovementioned study by Cavaliere
et al.,'8 the eligibility criteria for the surgical procedure
are based on COVID-19 incidence in a particular area.
If the coronavirus infection and hospitalization rate due
to COVID-19 is high — >75% — then the surgeries are
performed only due to life-saving, necessary and urgent



Adv Clin Exp Med. 2022;31(4):389-398

indications. If the coronavirus infection and hospitaliza-
tion rate ranges between 25% and 50%, then surgeries are
performed in oncological patients who cannot undergo
neoadjuvant therapy and patients whose 3-month survival
will be significantly affected by the lack of surgery. If hospi-
talization of COVID-19-infected patients does not exceed
5%, surgeries can be performed in the standard mode.

Based on the COVID-19 status of the region/hospital
and the availability of healthcare resources, the Ameri-
can College of Surgeons (ACS) has proposed 3 different
phases that a healthcare setup can encounter: phase 1
— semi-urgent settings (preparation phase) — the disease
is not in the rapid escalation phase and institutions have
adequate resources such as hospital and ICU beds, ven-
tilators and manpower to provide the services; phase 2
— urgent settings — limited availability of resources due
to an increased number of COVID-19 patients; phase 3
— hospitals are overburdened with COVID-19 patients and
the nonavailability of healthcare facilities, such as operat-
ing rooms, beds, ICUs, and ventilators.”

The recommendations of the Society of Surgical On-
cology (SSO) concerning hepato-pancreato-biliary (HPB)
cancer?? state that HPB malignancies are typically bio-
logically aggressive and should not be planned as elec-
tive operations. The decision on performing an operation
during the COVID-19 pandemic needs to be considered
in the context of the hospital resources, multidisciplinary
providers, presence and severity of symptoms, and the bi-
ology of the disease. The following factors should also be
weighed in the decision-making process: hospital resources
of personal protective equipment (PPE), bed/ICU/ventila-
tor capacity and utilization, number of COVID-19 patients
and the projected trajectory of COVID-19 patient influx.

Since the beginning of the pandemic, various protocols
on qualifying oncological patients for surgery have been
developed. The mortality rate is extremely high in CO-
VID-19 infected patients, reaching up to 75% in patients
after recent surgery due to cancer or patients after che-
motherapy.!® For this reason, oncological patients should
not undergo scheduled surgery if they have an active in-
fection, and all the procedures should be postponed until
recovery.?

According to the extensive Chinese guidelines, cancer
patients admitted to the hospital should have an anti-
gen and PCR test, as well as computed tomography (CT)
of the lungs. After excluding the COVID-19 infection, they
should stay in the isolation ward for 3-7 days, and only
if they have no suspicious symptoms they can be trans-
ferred to the surgical ward and have a surgery.!®

Limitations

In patients with advanced inoperable tumor who under-
went percutaneous biopsies, open biopsies and/or bypass
anastomoses, full staging according to TNM was impos-
sible, therefore the data presented in Table 4 concerns only
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patients who underwent a tumor resection and had a com-
plete histopathological examination of the tumor (TNM).

In our clinic, we follow the actual National Compre-
hensive Cancer Network® (NCCN®) 2021 guidelines, and
we do not assess CTNM.

Conclusions

The coronavirus epidemic in Poland as well as worldwide
has made it difficult to access the oncological treatment.
For many diseases, delayed treatment does not have a sig-
nificant impact on the prognosis, but this does not apply
to oncological patients, especially patients with pancreatic
cancer, who require adjuvant or neoadjuvant chemotherapy.
Particular attention should be paid to patients with an ag-
gressive type of cancer who have completed neoadjuvant
therapy, as there are no other therapeutic options for them.
The treatment of SARS-CoV-2-positive cancer patients
should be postponed until their recovery. In the presented
material, relatively few postoperative complications and low
all-causes mortality are the result of a more careful selec-
tion of oncological patients before the admission to the sur-
gical ward, as well as the compliance with the principles
of planning the procedure and organization of the operat-
ing theater during the COVID-19 pandemic.

The most common location of the pancreatic tumor
was in the head of the pancreas. We observed a signifi-
cant increase of tumors located in the tail of the pancreas
in 2020. In the same year, palliative procedures were per-
formed more often, which resulted in a decrease in number
of Whipple procedures. The most common histopatho-
logical finding was adenocarcinoma of the pancreas, ac-
counting for almost 52% of all tumor types in 2019 and
50% in 2020. In a group of 148 patients operated on for
a pancreatic tumor during the COVID-19 pandemic, only
6 patients died, which resulted in an early all-cause mor-
tality rate of 4.1%. None of the patients became infected
with SARS-CoV-2 during hospitalization.
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Abstract

Background. Gut decontamination could have some benefits in preventing infectious complications in acute
pancreatitis (AP).

Objectives. To investigate whether the administration of rifaximin could have an impact on the outcomes
of AP.

Materials and methods. We conducted a retrospective study on 373 patients with a median age of 50 years
that were admitted to our Department of Gastroenterology in the years 2001-2016 with a diagnosis of AP.
Patients were subclassified according to the revised Atlanta criteria: mild acute pancreatitis (MAP), mod-
erately severe acute pancreatitis (MSAP) and severe acute pancreatitis (SAP). Thereafter, all the patients
were divided into 2 groups: in the 1t group (RO) with MSAP and SAP, patients did not receive rifaximin,
and in the 2 group (R1), in the cases of MSAP and SAP, rifaximin was administered to patients at a dose
of 3400 mg (for atleast 5 days and up to 7 days). There was no other difference in the treatment between
the groups. The median duration of hospital stay, the number of infectious complications and the mortality
rate were recorded for both groups.

Results. A significant difference was observed between median durations of hospitalization between
the groups with (R1) and without (R0) rifaximin treatment (14 days compared to 24 days, p = 0.001) and
in the number of patients infected with pancreatic necrosis (7 compared to 1, p = 0.0487). However, there
was no statistically significant difference between the R1 and RO group in terms of mortality rate.

Conclusions. The results indicate that rifaximin seems to be a promising novel therapeutic option in MSAP
and SAP.

Key words: rifaximin treatment, selective digestive decontamination, gut decontamination, acute pan-
Creatitis therapy
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Background

The knowledge and understanding of the pathogenesis
of acute pancreatitis (AP) has improved in recent years.
However, severe types of AP still remain difficult to treat,
and, when followed by pancreatic infection, are associated
with a high mortality rate, as well as a long duration of hos-
pital stay.!=® The clinical course of necrotizing pancreati-
tis is widely acknowledged to present itself with 2 peaks,
which are characterized by the highest risk of death. These
originate from the subdivision of AP into 2 phases (early
and late). The early phase refers to the first 7 days after
the outset of AP, and is associated with systemic inflam-
matory response syndrome (SIRS) and multiple organ dys-
function syndrome (MODS), due to the release of inflam-
matory mediators.* The late phase occurs after a period
of relative stability (usually a few weeks after the onset
of AP), and is identified with a significantly higher mortal-
ity peak, as a consequence of the addition of septic com-
plications, that being predominantly bacterial infections
of pancreatic necrosis.>®

Itis reported that the gastrointestinal flora, contributing
to the construction of the intestinal barrier, plays an im-
portant regulatory role in the progression of AP. The gut
barrier and the intestinal flora affect each other in order
to engage in the development of the disease.” It has been
theorized that hypoperfusion of peripheral tissues (includ-
ing the gut), microcirculatory injury in severe forms of AP
and subsequent damage to the enteric mucosa with an in-
creased permeability of the intestinal barrier are the causes
of bacterial translocation from the intestine and further
contamination of the pancreatic necrosis.®-!! In conse-
quence, as a response to the potential pathomechanism
of infection of the pancreatic necrosis, selective digestive
decontamination (SDD) being a method of eradication
of enteric pathogens, may be considered an effective pro-
phylaxis of septic complications in AP.1%13

In the present study, we attempted to settle whether
the use of an oral antibiotic — rifaximin, used in gut mi-
crobiota modification treatment, can lead to the reduction
of infectious complications, primarily related to the late
phase of necrotizing pancreatitis.

Rifaximin is an oral nonabsorbable antibiotic with
broad-spectrum antimicrobial activity. It was designed
as a synthetic derivative of rifamycin, which irreversibly
binds to the f-subunit of DNA-dependent RNA polymerase
and consecutively inhibits the synthesis of bacterial RNA
and proteins.'* It is biologically active against a wide range
of bacteria, including Gram-positive, Gram-negative, aero-
bic and anaerobic!®; nonetheless, it has been shown that
rifaximin induces no clinically important bacterial resis-
tance.!® It has been also demonstrated on animal models
that rifaximin modulates the gut microbiota by promoting
the growth of symbiotic cultures (Lactobacillus, Bifidobac-
terium), which differs from the mechanism of other antibi-
otics formerly used in selective digestive decontamination

J. Tatur et al. Rifaximin in acute pancreatitis

and which is why it can be preferably described as modi-
fication of gut microbiota.'® Rifaximin, as a specific gas-
trointestinal ligand of the human pregnane X receptor
(PXR), has a significant anti-inflammatory effect, reducing
intestinal inflammation and restoring epithelial mucosal
barrier.'® Moreover, rifaximin is characterized by low gas-
trointestinal (GI) absorption (<0.4%),'> while preserving
high antibacterial effect, which attributes to the elimina-
tion of the risk of both systemic side effects and interactions
with other drugs. All of the aforementioned features prove
that rifaximin is a safe and very effective antibiotic in all
patients, including the pediatric patients,' in the treatment
of conditions of the GI tract that include small intestinal
bacterial overgrowth (SIBO), irritable bowel syndrome
(IBS)!® and symptomatic uncomplicated diverticular dis-
ease (SUDD).' The indications for rifaximin treatment
registered in Poland are shown in Table 1.

Despite the confirmed efficacy of rifaximin in such
conditions, there are no studies assessing its effectiveness
through modification of the gut microbiota in patients
with AP. Therefore, it is needed to evaluate its use in the as-
pect of AP treatment.

Table 1. Indications for rifaximin treatment registered in Poland

Indications for rifaximin treatment registered in Poland

Hepatic encephalopathy in advanced liver disease
Traveler's diarrhea
Symptomatic uncomplicated diverticular disease (SUDD)

Diarrhea-predominant irritable bowel syndrome (1BS-D)

Objectives

The purpose of the present study was to analyze whether
the modulation of gut microbiota with rifaximin could al-
ter the outcome of patients treated with moderately severe
acute pancreatitis (MSAP) and severe acute pancreatitis
(SAP). The number of infected pancreatic necroses, mor-
tality rate, as well as the time of patients” hospitalization
were set as major endpoints of the research.

Materials and methods

A total of 373 patients with AP (242 men and 131 women,
median age 50 years, age range 18—96 years) were included
in this study. All patients were admitted to the Department
of Gastroenterology in Central Clinical Hospital of The Min-
istry of Interior and Administration, Warsaw, Poland, be-
tween 2001 and 2016. The diagnosis and evaluation of the se-
verity of AP were made according to the Revised Atlanta
Classification for Acute Pancreatitis (2012).2° On the basis
of these criteria, patients were retrospectively recognized
with mild acute pancreatitis (MAP), MSAP or SAP.

Mild acute pancreatitis was characterized by the absence
of failure within the pancreas, with no local and systemic
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complications. Moderately severe acute pancreatitis was
described as transient organ failure, which resolves within
48 h, with local or systemic complications, while SAP in-
dicates persistent organ failure lasting longer than 48 h,
with single or multiple complications.?! The organ failure
was defined in accordance with the Modified Marshall
Scoring System.?

Starting from the cut-off point of the year 2009, the pa-
tients admitted to the Gastroenterology Department who
started to manifest features of MSAP or SAP received im-
mediate rifaximin therapy through enteral feeding tube
along with enteral nutrition. The treatment protocol of ri-
faximin therapy was arranged as follows; patients were ad-
ministered rifaximin 3 times per day at a dose of 400 mg (for
atleast 5 days and up to 7 days), comparably to the maximal
dosage of this drug in other registered indications in Poland.

This clinical intervention had received the approval
of the hospital ethics committee (approval No. 14/2009 from
August 4, 2009). The study complies with the 1975 Decla-
ration of Helsinki. All patients who were treated for severe
forms of AP and received rifaximin treatment had signed
an informed consent form before participating in the study.

Subsequently, groups of patients that were admitted in dif-
ferent timeframes (2001-2008 compared to 2009-2016)
were compared regarding their age, sex and AP severity
(Table 2). It resulted in the fact that in the group of patients
treated for AP in years 2009—-2016, there was a larger num-
ber of cases of MAP, which proved to be statistically signifi-
cant (p = 0.0346). Nonetheless, the 2 groups did not differ
in both age (p = 0.3789) and sex (p = 0.6776) distribution.
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characterized by their clinical features, including age, sex
and severity of AP. There was no statistically significant dif-
ference between these groups in regard to age and sex dis-
tribution, as well as etiology and severity of AP. The char-
acteristics for the 2 groups are listed in Table 3.

We determined the level of C-reactive protein (CRP)
as a predictor for the disease severity. All individuals with
CRP level above 150 mg/L and those with the most severe
forms of AP on admission underwent a contrast-enhanced
computed tomography (CE-CT) examination to confirm
or exclude the presence of pancreatic necrosis. The CE-CT
was performed not sooner than 4 days after the admission
to the hospital. The necrosis of the pancreas was identified
as areas of nonviable pancreatic components, commonly
associated with necrosis of the peripancreatic adipose tis-
sue in CE-CT findings.??

all patients
n=373
MAP MSAP SAP
n=178 n=114 n=281
N J

Y

— T—a

RO
n=389

R1
n=106

. . ] no rifaximin rifaximin treatment
Finally, 2 other cohorts were compared: patients diag- treatment 3% 400 mg
for 5-7 days

nosed only with MSAP and SAP, admitted in the years
2001-2008, thus not receiving rifaximin (R0 group), and pa-
tients admitted in the years 2009-2016 who presented with
MSAP and SAP and who were given rifaximin (R1 group)
(Fig. 1). There was no other difference in treatment between
those cohorts. Both groups (R0 and R1) were analyzed and

Fig. 1. Distribution of patients with acute pancreatitis (AP) included
in the study

MAP — mild acute pancreatitis; MSAP —moderately severe acute
pancreatitis; SAP — severe acute pancreatitis; RO group — group of patients
not receiving rifaximin in cases of MSAP or SAP; R1 group — group

of patients with MSAP or SAP receiving rifaximin treatment.

Table 2. Profile of patients with AP included in the study

Gtz SisErEn ‘ Pa}'ients admitted PaFients admitted _ p—value
in 2001-2008 in 2009-2016 (statistical method)
All patients, n (%) = 373 (100.00) 147 (100.00) 226 (100.00) =
Age [years], B 50.00 51.00 50 0.3789
median (IQR) (40.00, 64.00) (42.00, 64.50) (38.00, 63.00) (Mann-Whitney U test)
o 6 male 242 (64.88) 93 (6327) 149 (65.93) 06776 |
fernale 131(35.12) 54 (36.73) 77 (34.07) (x* test with Yates'correction)
MAP 178 (47.72) 58 (39.46) 120 (53.10)
MSAP 114 (30.56) 53 (36.05) 61 (26.99) (?(éotget?)
Severity of AP, n (%) SAP 81(21.72) 36 (24.49) 45 (19.91)
MAP eS| 1956220 2605 104650 :

IQR - interquartile range; AP — acute pancreatitis; MAP — mild acute pancreatitis; MSAP — moderately severe acute pancreatitis; SAP — severe acute
pancreatitis; RO group — group of patients not receiving rifaximin in cases of MSAP or SAP; R1 group — group of patients with MSAP or SAP receiving
rifaximin treatment.
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We investigated the relationship between administra-
tion of rifaximin and duration of hospital stay, as well
as the number of infected pancreatic necroses, formerly
recognized as pancreatic abscesses. Moreover, the mor-
tality rate was recorded for both groups. The follow-up
was continued until death or discharge from the hospital.

Statistical analyses

The Mann—Whitney U test was used in the comparison
of the tendencies between groups with regard to continu-
ous variables (age, duration of hospital stay). The x? test
with and without Yates’ correction was applied when ana-
lyzing categorical variables in samples of an average size
(sex distribution, age distribution, severity of AP, etiology
of AP, number of pancreatic necroses in CE-CT examina-
tion), whilst Fisher’s exact test was employed in the analysis
of small samples (number of infected pancreatic necroses,
mortality rate). A value of p < 0.05 was considered statisti-
cally significant.

Results
Distribution of patients with AP

Mild acute pancreatitis was recognized in 178 (47.7%) pa-
tients, MSAP in 114 (30.6%) patients and SAP in 81 (21.7%)
patients, in accordance with the Revised Atlanta Clas-
sification (2012) described in methodology. From a total
number of 195 cases of either MSAP or SAP, 89 patients
(45.6%) did not receive rifaximin treatment, thus were
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further analyzed as RO group, while 106 (54.4%) patients
were given rifaximin and were assigned to the R1 group.

Hospital stay

A statistically significant difference was observed be-
tween the RO and R1 groups in terms of the duration of hos-
pital stay (Table 3). A median hospital stay for patients who
did not receive rifaximin (R0) was 24 days, in comparison
to the group treated with rifaximin (R1), in which median
hospitalization time was 14 days (p < 0.0001).

Pancreatic necrosis and infected
pancreatic necrosis

Necrosis of the pancreatic tissue was detected by
means of computed tomography (CT) in a total number
of 87 cases (23.3%), out of which it was present in 42 pa-
tients in RO group (47.2%) and in 45 patients in R1 group
(42.5%). No statistically significant difference was observed
(p = 0.5073).

The overall incidence of infected pancreatic necroses
during hospitalization in patients with AP was 7 out of 373
(1.9%). In the RO group, 6 patients (6.7%) developed ab-
scesses in pancreas, in contrast to only 1 patient (0.9%)
in the R1 group. This difference was statistically significant
(p = 0.0487) (Table 3).

Mortality

The overall mortality rate in patients with AP included
in this study was 5.4% (20 out of 373). Seven patients (7.9%)

Table 3. The distribution of age, gender, etiology and severity of AP, duration of hospital stay, number of infected pancreatic necroses, and mortality rate,
between RO and R1 groups

Category ‘ Subgroup ‘

All patients, n (%) - 195 (100.00)
Age [years], median (IQR) - (40.33'%%'00)
sex,n (%) fgrf;?e ]6305 ((3609.%273))
S | s
Severity of AP, n (%) MSSA'?)P 18] ]4(51518.;6))
Hospital stay [days], B 18.00
median (IQR) (11.00, 27.00)
Pancreatic necrosis, n (%) - 87 (44.61)
Infected pancreatic necrosis, n (%) - 7 (3.59)
Mortality, n (%) - 20 (10.26)

p-value
‘ UG @ ‘ o ‘ (statistical method)
89 (100.00) 106 (100.00) -
52.00 57.00 0.2585
(42.00, 65.00) (39.25, 69.00) (Mann-Whitney U test)
60 (67.42) 74 (69.81) 0.8381
29 (32.58) 32(30.19) (x? test with Yates' correction)
58 (65.17) 56 (52.83) 0.0816
31(34.83) 50(47.17) (%’ test)
53 (59.55) 61 (57.55) 0.8911
36 (40.45) 45 (42.45) (x’ test with Yates' correction)
24.00 14.00 <0.0001
(17.00, 31.00) (9.25, 22.50) (Mann-Whitney U test)
0.5073
42 (47.19) 45 (42.45) ¢ test)
0.0487
6674 1(0.94) (Fisher's exact test)
0.3519
717.86) Usilzas) (Fisher's exact test)

IQR - interquartile range; AP — acute pancreatitis; MSAP — moderately severe acute pancreatitis; SAP — severe acute pancreatitis; RO group — group
of patients not receiving rifaximin in cases of MSAP or SAP; R1 group — group of patients with MSAP or SAP receiving rifaximin treatment.
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in the RO group died, in comparison to 13 patients (12.3%)
in the R1 group. This difference was not statistically sig-
nificant (p = 0.3519) (Table 3).

Discussion

Acute pancreatitis is one of the major gastroenterologi-
cal causes of hospital admission. Seeing that the global
incidence of AP varies between 5 and 80 persons per
100,000, the analysis of epidemiological studies puts Po-
land in the group characterized by the highest incidence
rate of 72.1 persons per 100,000.2* It is reported in litera-
ture that men have a higher risk of death in the course
of AP than women.?®> However, our study compared 2 final
groups of patients (RO and R1) that did not differ statisti-
cally in sex, age, etiology of AP or disease severity distri-
bution, which is why our research supports the hypoth-
esis that it was rifaximin, not any other epidemiological
factor, that could have altered the outcome of the disease
in the group that underwent rifaximin treatment.

Acute pancreatitis is a condition characterized by an un-
predictable clinical course, with a high mortality rate
reaching 20% with an infection of pancreatic necrosis®
and 60% with concomitant multiorgan dysfunction,?”
with the majority of deaths being a result of infection
of the necrotic tissue, the most severe local complication
of the disease.? In addition, the mortality level in patients
with sterile pancreatic necrosis and organ failure is dou-
bled in patients who develop additional infected pancre-
atic necrosis.?” These infecting bacteria are most likely
to be relocated from the digestive tract as an integrated
effect of several possible pathomechanisms in necrotizing
pancreatitis.

It has been illustrated in various reviews that patients
with severe forms of AP develop splanchnic hypoperfu-
sion, which is an outcome of fluid depletion in this dis-
ease.3%3! Asaresult, microinjuries to the intestinal mucosa
with subsequent reperfusion injuries induce a dysfunc-
tion of the enteric barrier. In a systematic review by Wu
et al., 59% of patients with AP were found to have devel-
oped a gut barrier dysfunction.32 This disruption can lead
to the translocation of bacteria, mostly from the small
bowel®? to the peritoneal cavity, which may thereon be
involved in the pathogenesis of local and systemic infec-
tious complications in AP.? Furthermore, the dysmotil-
ity of the gut being another result of a decreased blood
flow in the digestive tract in AP, as well as the consecu-
tive bacterial overgrowth in the bowels could attribute
to a facilitated process of translocation of visceral bacte-
ria to the necrotic tissue in the pancreas. Yet, their role
has been described mostly on murine models.?* This
theory of bacterial translocation is endorsed by the fact
that the microorganisms isolated from infected pancre-
atic necroses are mainly Gram-negative aerobic bacteria
consistent with the species found in the digestive tract
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(Proteus, Escherichia coli, Pseudomonas)®. As such, these
bacteria become a subject of interest in studies investi-
gating the possibility of reducing the number of infected
pancreatic necroses and mortality rates in AP.

Routine systemic antimicrobial prophylaxis has been
established in recent meta-analyses not to bring any benefit
in the prevention of infection of pancreatic necrosis, thus
it should not be considered as a method of treatment in nec-
rotizing pancreatitis.3® Guidelines advise against the antibi-
otic use due to their ineffectiveness, as well asthe higher risk
of developing Clostridium difficile infection.?”3-0 Never-
theless, a new effective method of treatment of panecreatic
necrosis, with an impact restricted solely to the digestive
tract with limited systemic side effects, could be of use and
interest in the clinical surrounding.

Studies on animal models reveal that selective digestive
decontamination (SDD) decreases the overall mortality
rate and the number of infections of pancreatic necrosis
in AP, albeit a handful of human studies have explored
the effect of antimicrobial prophylaxis through the means
of SDD in patients with AP. Luiten et al. reported that
the treatment with colistin (200 mg/day), norfloxacin
(50 mg/day) and amphotericin (500 mg/day) significantly
reduced not only the incidence of infected necrosis and
the risk of Gram-negative pancreatic sepsis, but also late
mortality rate in patients with SAP, when compared with
placebo.?® Sawa et al. inspected the outcome of patients
with SAP, which had been administered polymyxin B
(1,500,000 units/day), L-glutamine (3 g/day) and lactulose
(90 mL/day) through an enteral feeding tube. This study
revealed that SDD reduced the incidence of organ dysfunc-
tion and the mortality rate, but the differences were not
statistically significant.!? The results from these major
studies have not been well recognized due to the fact that
the SDD regimen was repeatedly combined with parenteral
antimicrobial treatment.*!

To our knowledge, there have been no previous clinical
studies assessing the purpose of rifaximin use in acute
pancreatitis in humans. Preceding analyses demonstrated
a possible effect of SDD in severe forms of AP with other
antibiotics; however, our study concentrates on the ap-
plication of rifaximin, which exhibits a peculiar antimi-
crobial activity and pharmacodynamics. By the eradica-
tion of pathogenic bacteria and concurrent promotion
of symbiotic cultures, rifaximin shows its properties that
are interpreted in literature as eubiotic and not antibiotic.!®
The addition of low GI absorption and the lack of increase
of bacterial resistance, as well as the absence of risk of Clos-
tridium difficile infections contribute to the wider clinical
potential of this medication.

Limitations
Our study has several limitations. It is a retrospective

study and the data came from 1 center with a limited num-
ber of patients. The 2 cohorts compared in the study (RO
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and R1 groups) consisted of patients from different time
frames (2001-2008 and 2009-2016). This limitation could
have an impact on the immesurable organizational fac-
tors contributing to the decline of median length of hos-
pital stay, that are not necessarily associated to the treat-
ment protocol. Nevertheless, it is worth mentioning that
the study took place at a tertiary referral center, to which
patients from all over the country with the most severe
types of AP are referred, hence the relatively high fre-
quency of MSAP and SAP, which appears to be a strength
of this research.

Conclusions

It has been found, for the first time, that rifaximin ther-
apy reduced the incidence of infected pancreatic necroses
and decreased the time of hospital stay of patients with se-
vere forms of AP (by 86% and 42%, respectively), although
it did not significantly affect the mortality ratio.

Our study indicates a possible correlation of rifaximin
use with a decrease in the number of pancreatic necroses
in AP patients, which is why this subject is currently be-
ing investigated in prospective studies in our clinic. Our
results allow for a more reliable review of a complex area
of gut microbiota modulation treatment with rifaximin
in patients with MSAP and SAP. These outcomes indicate
that rifaximin seems to be a promising therapeutic op-
tion in MSAP and SAP and should be further evaluated
in a multicenter randomized prospective study.
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Abstract

Background. Diabetic retinopathy (DR) is one of the most common complications of diabetic microvas-
cular disease and its pathogenesis is complicated. The PI3k/Akt signaling pathway plays an important role
in the angiogenesis of DR.

Objectives. To explore the molecular mechanisms of the ACO3 protein and related proteins in DR, in order
to provide a scientific theoretical basis for the clinical treatment of this disease.

Materials and methods. A DR rat model was used in this study. One group (anti-AC03 group, n = 10) was
injected with protein ACO3 antagonist; the 2" study group (the DR group, n = 10) was injected with the same
amount of normal saline; the control group (n = 10) did not undergo any procedures. We used hematoxylin
and eosin (H&E) staining to observe the pathological features of the eye tissues. Immunohistochemistry was
used to analyze the expression of ACO3 and AKT. Western blot was used to analyze the expression of ANGPTT,
ANGPT4 and KDR; reverse transcription polymerase chain reaction (RT-PCR) was used to assess the mRNA
expression of AKT, ACO3 and SMOX in the eye tissues of the rats.

Results. In the anti-ACO3 group, the results of H&E staining showed that there was a decrease in retinal
edema and no obvious abnormality in the blood vessels. The immunohistochemistry analysis of proteins
proved that ACO3 and AKT were strongly expressed in the DR group. The western blot analysis of ANGPTT,
ANGPT4 and KDR expression showed that in the DR group, the expression of all 3 proteins was higher than
in the anti-ACO3 group, and much higher than in the control group.

Conclusions. The mRNA expression of AKT, ACO3 and SMOX was strong in the DR group, but decreased
in the anti-ACO3 group.

Key words: diabetic retinopathy, mechanism, ACO3, PI3k/Akt signaling pathway
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Background

Along with social and economic development, improved
living standards and changes in eating habits, diabetes has
become a common disease affecting people’s health and life.
Diabetic retinopathy (DR) is one of the most universal com-
plications of diabetic microvascular disease, often causing
serious visual impairment.! According to the research con-
ducted by the World Health Organization (WHO), the num-
ber of diabetic patients in the world reached 366 million cases
in 2011, and by 2025 this number will exceed 500 million.?
It was recently reported that the global morbidity of DR was
34.6%, while in developed countries it was nearly 40.3%.°
The number of patients with DR in China has been reported
to be as high as 13.16 million.* The most common features
of DR patients include decreased vision, microhemangioma,
bleeding spots, hard exudate, retinal neovascularization,
venous beading, and macular edema.>® In some severe cases,
vitreous hemorrhage, fibrogenesis and retinal angiogenesis
have been noted, which might cause neovascular glaucoma
or retinal detachment.” If effective treatment measures are
not taken in time, retinal cell death and fibrosis are likely
to occur, resulting in a permanent loss of vision. Therefore,
an early and accurate diagnosis and treatment of DR is par-
ticularly important.®

The pathogenesis of DR is complicated. It is related to glu-
cose metabolism, growth hormone and angiogenic growth
factors. In terms of glucose metabolism, when blood glucose
level is elevated, the osmotic pressure inside cells is higher
than that of the outside cells due to the failure of glycolysis,
leading to an imbalance of water electrolytes in eye cells.”!
Retinal microvascularization would interfere with the me-
tabolism of inositol and accumulate advanced glycation end
products (AGEs) under the stimulus of long-term high-sugar
environment. At the same time, this process affects the ac-
tivity of Na*/K*-ATPase in cells; increases the permeability
of capillaries; thickens the basement membrane; narrows
capillary lumens; increases retinal ischemia, hypoxia and
the release of vascular proliferation factors; and promotes
the formation of new blood vessels.!!

As one of the important pathways involved in endothe-
lial cell migration, proliferation and vascular dysfunction,
the PI3k/Akt signaling pathway also plays an important
role in the process of DR neovascularization.'? Among
proteins related to PI3k/Akt signaling pathway, the ACO3
protein is involved in regulating cell proliferation and in-
ducing neovascularization.

Objectives

The aim of the study was to explore the molecular
mechanisms of the ACO3 protein and related proteins
in DR, in order to provide a scientific theoretical basis for
the clinical treatment of this disease.

Y. Zhang, W. Wang, A. Yang. ACO3 in DR via the PI3k/Akt signaling pathway

Materials and methods

The study used 30 Wistar rats (purchased from Harbin
Medical University, China); streptozotocin (STZ; Sigma-
Aldrich, St. Louis, USA); ACO3 antagonist (Thermo
Fisher Scientific, Waltham, USA); hematoxylin (Invit-
rogen, Carlsbad, USA); phosphate-buffered saline (PBS)
(0.1 m, pH 7.0); TRIzol RNA agent; 6-, 12- and 48-plate
cell culture dishes (Thermo Fisher Scientific); 5 mL and
10 mL sterile pipettes (Corning, New York, USA); 10 pL,
20 pL, 200 pL, and 1000 pL transfer pipettes (Eppendorf,
Enfield, USA); 10 mL and 50 mL centrifuge tubes (Thermo
Fisher Scientific); a conventional polymerase chain reac-
tion (PCR) instrument (Agilent Technologies Inc., Santa
Clara, USA); western blotting instruments (Eppendorf AG,
Hamburg, Germany); a confocal microscope (Olympus
Corp., Tokyo, Japan); a LKB-V ultra-thin slicer (JEOL Ltd.,
Tokyo, Japan); and a Jem-2000EX fundus fluorescein an-
giograph (JEOL Ltd.).

Rat model of diabetic retinopathy

We divided 30 Wistar rats (8—9-week old) into 3 groups
of 10 rats each. One was the control group, while the other
2 were used to establish the DR model. Twenty rats were
randomly assigned to the 2 model diabetic groups. These
rats were administered STZ (60 mg/kg) by intraperitoneal
injection to induce diabetes. Their fasting glucose was
monitored and glucose level >16.65 mmol/L was consid-
ered the standard model. After 1 month, the diabetic rats
were injected with 0.05 pg of vascular endothelial growth
factor (VEGF), 2 mm behind the temporal limbic cornea
using a microinjector. It passed through the ciliary body
and entered the vitreous cavity. The injection was done
slowly to keep the needles in for 10 s, in order to create
a model of ophthalmic lesions in proliferative diabetes
mellitus. The fundus changes in the rats were examined
to judge whether the DR model had been successfully con-
structed. One DR group (called anti-ACO3 group) was in-
jected with 5 pL of ACO3 antagonist (10 pg/mL); the other
DR group (called DR group) was injected with the same
amount of saline in vitreous body.

Fundus fluorescein angiography

Fundus fluorescein angiography (FFA)'3 was carried out
as follows: before the examination, 1 mL of 1% fluorescein
sodium was injected intravenously for an allergy test, and
was observed for 15 min to ensure that there was no abnor-
mal reaction. Then, 5 mL of 10% fluorescein sodium was
immediately injected into each rat and 1 eye was selected
as the main eye. After 10—15 s of injection, the early im-
age was shot continuously. After 1-10 min of injection,
the middle image was shot. After 10 min, the late image
was shot and stored for analysis.
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H&E staining to examine the pathological
features of the eye tissues

Eye tissues were taken from the 2 DR groups and the con-
trol group, and hematoxylin and eosin (H&E) staining was
used to examine the pathological features of the tissues.*
Four weeks after the administration of the ACO3 antago-
nist or saline to the diabetic rats, pentobarbital sodium was
injected intraperitoneally for anesthesia and the retinal tis-
sues of the rats were taken. The tissues were fixed with 4%
paraformaldehyde and decalcified with 15% ethylenediamine
tetraacetic acid (EDTA) at room temperature. After dehydra-
tion, the retinal tissues were embedded in paraffin and 4-pm
tissue sections were prepared for pathological observation.
The section samples of the 3 groups of rats were stained and
dewaxed with xylene twice. Then, the samples were hydrated
with gradient ethanol for 3 min and stained with hematoxylin
for 5 min. The tissues were then rinsed with 1% hydrochloric
acid-ethanol for 30 s, followed by reflux treatment in 0.2%
ammonia for 2 min, stained with 0.5% eosin for 10 min, and
washed with water once. Gradient ethanol was used for dehy-
dration treatment, and finally, neutral gum was used for seal-
ing. The image was analyzed using an optical microscope.

Immunohistochemistry analysis of ACO3
and AKT expression

Immunohistochemistry staining was used to detect the ex-
pression of ACO3 and AKT in the eye tissues.'® The paraffin-
embedded islet tissue of the rats was sectioned at a thickness
of 4 pm. The two-step immunohistochemistry method was
used for staining. The tissue sections were roasted at 65°C
for 12 h, dewaxed and hydrated. Endogenous peroxidase was
inactivated by 3% hydrogen peroxide, and the specimens were
washed twice with PBS. Mouse anti-human primary anti-
body ACO3 and AKT were added and washed twice with
PBS. Next, the streptomycin working solution (labeled with
horseradish peroxidase (HRP)) was added and incubated
at 37°C for 25 min. Then, it was washed with PBS, stained
with hematoxylin and sealed with neutral chicle.

Western blot analysis of ANGPT1,
ANGPT4 and KDR expression

Total proteins were extracted from the eye tissue and
blood vessels of each group of rats, and 20-ug protein
samples were prepared. We used 5% concentrated gel and
12% isolated gel to isolate proteins using sodium dodecyl
sulphate—polyacrylamide gel electrophoresis (SDS-PAGE).

Table 1. Nucleic acid sequences of polymerase chain reaction (PCR) primers
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Objective and internal proteins were transferred to nitro-
cellulose (NC) membranes, then sealed with 5% skimmed
milk powder sealing fluid for 2 h at room temperature.
Rat anti-human primary antibody ANGPT1 (1:500), rat
anti-human primary antibody ANGPT4 (1:500), rat anti-
human primary antibody KDR (1:500), and rat anti-hu-
man primary antibody p-actin (1:1000) were added and
incubated overnight at 4°C. The specimens were washed
4 times in Tris-buffered saline with Tween (TBST), and
HRP-labeled sheep anti-rat secondary antibody (1:5000)
was added and incubated at 37°C for 1 h. The specimens
were again washed 4 times in TBST. Color was developed
with enhanced chemiluminescence (ECL) solution; protein
bands were exposed using ECL blotting detection reagent
(Beyotime, Shanghai, China); and the images were photo-
graphed and analyzed quantitatively. The experiment was
repeated 3 times.

RT-PCR analysis of AKT, ACO3 and SMOX
MRNA expression

The analysis of AKT, ACO3 and SMOX mRNA expres-
sion was conducted as described by Rouhani et al.!®:
total RNA was extracted with TRIzol reagent (Shanghai
Pufei Biotech, Shanghai, China), according to the manu-
facturer’s instructions. Nucleic acid-protein complexes
were extracted with chloroform and precipitated in iso-
propanol. The complexes were cleaned using 75% etha-
nol and purified with RNase-free water. The expression
level of GAPDH was selected as the internal reference.
Primers for PCR detection were designed and synthe-
sized according to the information of the target gene
sequences, as shown in Table 1. The amplifications
were performed in a 96-well plate at 95°C for 10 min,
followed by 40 cycles of 95°C for 15 s and 60°C for
1 min. Each sample was run in triplicate. The relative
miRNA-126 and mRNA expression was expressed using
the 2744t method.

Statistical analyses

One-way analysis of variance (ANOVA) followed
by Tukey’s post hoc test were used to analyze the data
for comparison among 3 groups. The variance homo-
geneity was tested using Levene’s variance homogene-
ity test. The distribution of the data was analyzed with
Kolmogorov—Smirnov and Shapiro-Wilk method, and
normally distributed data were expressed as mean * stan-
dard deviation (SD). Statistical significance was defined

Upstream primer 5'-3'

AKT GAGATCACAACAGTCCACAC
ACO3 ACTTTGAGAATGTGGCACGG
SMOX TGAGGAGCCCGATCTAGAC

Downstream primers 5'-3’
AAGGTGTCCTGCAAGCTGTC
TAACATGGCCAAAGTAGGCG
AAGGTCCCAGTACCCCCTC
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as p < 0.05. All calculation was conducted using SPSS
v. 18.0 software (SPSS Inc., Chicago, USA).

Results
Rat model of diabetic retinopathy

Rats with the blood glucose value >16.7 mmol/L were
defined as diabetic rats. Then, the diabetic rats injected
with vitreous cavity were subjected to fundus fluorescein
examination to observe the obvious retinal hemorrhage
or exudation, telangiectasia, arteriovenous abnormalities,
and other conditions in the fundus of rats, indicating that
the DR model of the rats was successfully established.

Fundus fluorescein angiography

The FFA results showed that there was no significant
DR and no abnormal phenomena in the control group
(Fig. 1A). However, background fluorescence enhance-
ment, vascular tortuosity and dilatation, and fluorescence
leakage from neovascularization, intraretinal hemorrhage
and microhemangioma were observed in the DR group
(Fig. 1B). The characteristics of the eye tissue of the DR
rats in the anti-ACO3 group were significantly better than

normal

diabetic retinopathy

in the DR group, and the number of new microvessels was
lower in the anti-ACO3 group (Fig. 1C). This indicates that
the ACO3 protein is involved in regulating cell prolifera-
tion and inducing neovascularization.

H&E staining to examine pathological
features of the eye tissues

The pathological histology of the retinas in all 3 groups
was examined. It could be seen that the surface of the ret-
ina in the control group was smooth, and the cells in the in-
ner and outer nuclear layer were arranged closely and or-
derly (Fig. 2A). In the DR group, there was obvious edema
in the inner retina boundary; the cells in the inner and
outer nuclear layers were not arranged neatly, and more
synaptic membranes of vascular endothelial cells could
be seen (Fig. 2B). However, in the anti-ACO3 group, there
was a decrease in retinal edema, and loose arrangements
of cells were observed only in the inner core layer (Fig. 2C).

Immunohistochemistry analysis of ACO3
and AKT expression

The expression levels of proteins ACO3 and AKT were
the lowest in the control group, and were highly expressed
in the DR group, as indicated by the red arrow in Fig. 3.

ACO3 protein antibody

Fig. 1. Morphological characteristics of rat eye tissues observed by fundus fluorescein angiography (FFA) (x400) (n = 10). A. Control group; b. Diabetic

retinopathy (DR) group; C. Anti-ACO3 group

normal

Fig. 2. Histopathological examination of rat retinas using hematoxylin and eosin (H&E) staining (x400 magnification) (n = 10). A. Control group; B. Diabetic
retinopathy (DR) group; C. Anti-ACO3 group
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In the anti-ACO3 group, the expression levels of ACO3
and AKT were decreased.

Western blot analysis of ANGPT1,
ANGPT4 and KDR expression

The expression levels of ANGPT1, ANGPT4 and
KDR in the rat eye tissues are shown in Fig. 4. The ex-
pression of these proteins was higher in DR group than

normal

ACO3

AKT

diabetic retinopathy

in the anti-ACO3 group (ANGPT1 p < 0.001, ANGPT4
p < 0.001, KDR p < 0.001, ANOVA followed by Tukey’s
post hoc test), and much higher than in the control group
(ANGPT1 p < 0.001, ANGPT4 p < 0.001, KDR p < 0.001,
ANOVA followed by Tukey’s post hoc test). However,
the expression levels of these proteins were high in anti-
ACO3 group compared with the control group (p < 0.05).
The original statistical data of western blot are shown
in Table 2-5.

ACO3 protein antibody

$)

Fig. 3. Immunohistochemical analysis of the expression of proteins ACO3 and AKT in ocular tissues (x400 magnification) (n = 10). The arrows point to the positive
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Fig. 4. Expression levels of proteins ANGPT1, ANGPT4 and KDR in different groups determined using western blot (mean + standard deviation (SD), n = 10).
A. Gray value; B. Statistical analysis; *** p < 0.001, compared with the diabetic retinopathy (DR) group. The statistical difference was analyzed using one-way
analysis of variance (ANOVA) followed by Tukey's post hoc test
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Fig. 5. The mRNA expression of AKT, ACO3 and SMOX mRNA in eye tissues of diabetic rats (mean + standard deviation (SD), n = 10). *** p < 0.001, compared
with the diabetic retinopathy (DR) group. The statistical difference was analyzed using one-way analysis of variance (ANOVA) followed by Tukey’s post hoc test

RT-PCR analysis of AKT, ACO3
and SMOX mRNA expression

The mRNA expression levels of AKT, ACO3 and SMOX
in the DR rats with eye lesions were all increased, but were
lower in the anti-ACO3 group compared with the DR group
(AKTp <0.001, ACO3p < 0.001, SMOX p < 0.001, ANOVA
followed by Tukey’s post hoc test) (Fig. 5). Cell proliferation

in the DR group indicates that ACO3 is involved in regu-
lating cell proliferation and inducing neovascularization.
The ACO3 and SMOX have characteristics of mutual
regulation, and synergistically participate in the regu-
lation of amino acid metabolism and promotion of cell
proliferation. The high expression levels of AKT indicate
the the activation of the PI3K/Akt signaling pathway,
which regulates the increase of NOS3, an enzyme related

Table 2. Description of the genes

Standard Standard 95%Cl L .
deviation error lower limit | upper limit Minimum | Maximum

1.0000 10 0.360867 0.0399287 0.0126266 0.332304 0.389430 03124 04382

2.0000 10 1.681553 0.2184303 0.0690737 1.525297 1.837808 14524 2.1072

ANGPT] 3.0000 10 0.499627 0.0599933 0.0189716 0456711 0.542544 0.4290 0.5946
total 30 0.847349 0.6161856 0.1124996 0.617262 1.077436 03124 2.1072

1.0000 10 0.370262 0.0206188 0.0065202 0.355513 0.385012 0.3295 0.4037

2.0000 10 1.362208 0.0952097 0.0301079 1.294099 1430317 1.2285 1.5247

ANGPTA 3.0000 10 0422209 0.0448262 0.0141753 0.390142 0.454275 0.3648 05133
total 30 0.718227 04674832 0.0853504 0.543665 0.892788 0.3295 1.5247

1.0000 10 0.434405 0.0210397 0.0066533 0419354 0.449456 04012 0.4606

2.0000 10 1.319921 0.0648779 0.0205162 1273511 1.366332 12217 1.4007

o 3.0000 10 0.519005 0.0192815 0.0060973 0.505212 0.532798 0.4947 0.5398
total 30 0.757777 04077310 0.0744412 0.605528 0.910026 04012 1.4007

1.0000 10 0.998226 0.1035957 0.0327598 0924118 1.072334 0.8884 1.1859

2.0000 10 2532469 0.2313107 0.0731469 2.367000 2.697939 2.2005 2.8856

AKT 3.0000 10 1441751 0.1663498 0.0526044 1.322751 1.560750 1.1740 1.6333
total 30 1.657482 0.6770827 0.1236178 1.404655 1.910309 0.8884 2.8856

1.0000 10 1474441 0.0965224 0.0305231 1405393 1.543489 1.3439 1.6208

2.0000 10 2.161590 0.1599465 0.0505795 2.047171 2.276008 1.9295 2.5062

AC03 3.0000 10 1.793600 0.0985943 0.0311783 1.723070 1.864131 1.6211 1.9456
total 30 1.809877 0.3088590 0.0563897 1.694547 1.925207 1.3439 2.5062

1.0000 10 0.767047 0.0611052 0.0193232 0.723335 0.810759 0.6958 0.8793

SO 2.0000 10 1.815675 0.0661369 0.0209143 1.768363 1.862986 1.6795 1.9028
3.0000 10 1493892 0.0755316 0.0238852 1.439860 1.547924 1.3850 1.6525

total 30 1.358871 0.4508948 0.0823218 1.190504 1.527238 0.6958 1.9028

95% Cl - 95% confidence interval.
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Table 3. Multiple comparison genes

Tukey's HSD
95% Cl
Depgndent (I) groups Mean D (I-J)
variable lower limit upper limit
10000 | dimension3 | 20000 | —13206857" 00593887 0.000 1467935 1173436
: 3.0000 ~0.1387606 00593887 0068 0286010 0008489
- - 10000 13206857 00593887 0.000 1173436 1467935
ARG dimension2| 20000 | dimension3 | 5 11819251 00593887 0.000 1034676 1329175
20000 | dimensions | 10090 0.1387606 0.0593887 0,068 -0.008489 0286010
: 20000  —1.1819251* 00593887 0.000 ~1329175 ~1.034676
10000 | dimension3 | 20000 | —0.9919460" 00276880 0.000 ~1.060596 092329
: 3.0000 ~0.0519463 00276880 0.165 ~0.120597 0016704
- - 1.0000 09919460 00276880 0.000 092329 106059
ANGPT dimension2 - IEeUEUE NS 09399997+ 00276880 0.000 0871349 1008650
20000 | dimensions | 10090 00519463 0.0276880 0.165 ~0016704 0120597
: 20000 | —0.9399997* 0.0276880 0.000 1008650 ~0.871349
10000 | dimension3 | 20000 | —08855167" 0.0183004 0.000 ~0.930891 —0.840142
: 30000 —0.0846002% 0.0183004 0.000 ~0.129975 0039226
- - 1.0000 08855167+ 00183004 0.000 0840142 0930891
A2 dimension2| 20000 | dimension3 | 5 n 0.8009165* 00183004 0.000 0755542 0846291
20000 | dimensiong | 19990 0.0846002* 0.0183004 0.000 0039226 0.129975
: 20000  —0.8009165* 00183004 0.000 ~0.846291 ~0.755542
10000 | dimension3 | 20000 | =15342430" 00782768 0.000 1728324 1340162
: 30000 | —0.4435245% 00782768 0.000 ~0.637605 ~0.249443
- - 1.0000 15342430 00782768 0.000 1340162 1728324
AKT dimension2 - IEeUEUE NS 10907186* 00782768 0.000 0896638 1284800
20000 | dimensions | 10000 04435245* 00782768 0.000 0249443 0637605
: 20000 | —1.0907186* 00782768 0.000 1284800 ~0.896638
10000 | dimension3 | 20000 | —06871487" 00545407 0.000 0822378 0551920
: 30000 —03191597* 00545407 0.000 0454389 -0.183931
- - 10000 06871487+ 00545407 0.000 0551920 0822378
o8 dimension2| 20000 | dimension3 | 5 n 0.3679890* 00545407 0.000 0232760 0503218
30000 | dimensions | 10090 03191597* 0.0545407 0.000 0.183931 0454389
: 20000  —0.3679890% 0.0545407 0.000 ~0503218 ~0.232760
10000 | dimension3 | 20000 | —10486278" 00303457 0.000 1123868 0973388
: 30000 | —0.7268455* 00303457 0.000 ~0.802085 0651606
- - 1.0000 10486278 00303457 0.000 0973388 1123868
SMOX dimension2 - IEeUEUE NS 03217822 00303457 0.000 0246542 0397022
20000 | dimensions | 10000 0.7268455* 00303457 0.000 0651606 0802085
: 20000 | —0.3217822% 00303457 0.000 ~0397022 0246542

*The significance level of mean difference was 0.05; SE — standard error; 95% Cl — 95% confidence interval; HSD — honestly significant difference.

to vascular endothelial cells, and produces NO, which af-
fects the permeability of blood vessels and increases dam-
age to retinal cells. The original statistical data of PCR are
shown in Table 2-5.

Discussion

The occurrence and development of DR is a complex
pathological process, and a series of pathological changes
of DR are caused by abnormal changes of cytokines,
signal transduction metabolic enzymes, inflammation,
ion channels, and related genes.'”!® Neovascularization
is a characteristic pathological marker of the entry of DR

into the proliferative phase. Therefore, preventing and in-
hibiting the formation of DR neovascularization is a key
target to delay the progression of DR. The PI3K/Akt sig-
naling pathway is one of the signaling pathways that par-
ticipate in the regulation of cell growth, proliferation and
differentiation.!?° When the PI3K/Akt signaling pathway
is activated, it can not only accelerate the survival cycle
of endothelial cells, but also cooperate with VEGF in cell
survival and migration, and finally induce the formation
of new blood vessels.?! The AKT regulates serine antiapop-
totic signaling protein in endothelial cells from cell cycle
G1 phase to S phase. Therefore, AKT regulates endothelial
cell proliferation, migration and has a key role in inducing
angiogenesis.?>? In this study, the ischemia and hypoxia
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Table 4. Normality test

Y. Zhang, W. Wang, A. Yang. ACO3 in DR via the PI3k/Akt signaling pathway

Groups Kolmogorov-Smirnov? Shapiro-Wilk
statistics statistics
1.0000 0.162 10 0.200* 0.943 10 0.592
ANGPTI dimension1 2.0000 0.238 10 0.115 0.874 10 0113
3.0000 0.155 10 0.200* 0.920 10 0.358
1.0000 0.162 10 0.200* 0.967 10 0.858
ANGPT4 dimension1 2.0000 0.200 10 0.200* 0.946 10 0.625
3.0000 0.145 10 0.200* 0.950 10 0.665
1.0000 0.180 10 0.200* 0.936 10 0512
KDR dimension1 2.0000 0.184 10 0.200* 0.920 10 0.355
3.0000 0.209 10 0.200* 0.835 10 0.038
1.0000 0.202 10 0.200* 0.892 10 0.179
AKT dimension1 2.0000 0.149 10 0.200* 0.951 10 0.680
3.0000 0.258 10 0.058 0.870 10 0.101
1.0000 0.257 10 0.060 0.894 10 0.186
ACO3 dimension1 2.0000 0.170 10 0.200* 0.947 10 0.636
3.0000 0.163 10 0.200* 0.981 10 0.972
1.0000 0.169 10 0.200* 0.909 10 0.275
SMOX dimension1 2.0000 0.182 10 0.200* 0918 10 0.344
3.0000 0.244 10 0.094 0.908 10 0.269

a - Lilliefors significant level correction; * The lower limit of the true significance level; df - degrees of freedom.

induced by high glucose level in the rat model activated and
accelerated the expression of AKT in the PI3k/Akt signal-
ing pathway, and increased its phosphorylation, thus ac-
celerating the formation of neovascularization. The results
of this experiment showed that the expression of AKT and
related proteins in the DR group and anti-ACO3 group was
significantly higher than in the control group, indicating
that the expression of AKT was enhanced and the PI3k/
Akt signaling pathway was activated during the formation
of DR lesions.

Limitations of the study

This study is mainly based on the basic experiment
of animal model. It explored the involvement of ACO3
protein in DR through the PI3k/Akt signaling pathway
of rat model of DR. However, there are still great structural
and pathological differences between animals and humans.
Therefore, this study should also examine the differences
and effects of various animal models, and further clinical
studies should be performed.

Conclusions

As an important pathway involved in endothelial
cell migration, proliferation and vascular dysfunction,
the PI3K/Akt signaling pathway also plays an important
role in the process of DR neovascularization. The ACO3
protein, also known as VAP]I, is involved in regulating

cell proliferation and inducing neovascularization.?* Pro-
teins ACO3 and SMOX have the characteristics of mutual
regulation, and are synergistically involved in the regu-
lation of amino acid metabolism.?> The expression lev-
els of ACO3, SMOX and AKT proteins were decreased
in the anti-ACO3 group, which indicated that the PI3K/Akt
signaling pathway was inhibited, and the formation of reti-
nal neovascularization was inhibited to a certain extent.
This delayed the progression of DR and played a certain
therapeutic role in the proliferation phase.
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Abstract

Background. Endometriosis is a chronic inflammatory pathology that can cause persistent pelvic pain
and infertility by affecting women of reproductive age. It is defined as the placement of endometrial tissue
outside the uterine cavity. Hormonal, genetic and immunological factors have an effect on the development
of endometriotic implants. Adalimumab is a monoclonal antibody specific for tumor necrosis factor alpha
(TNF-a), used in the treatment of autoimmune diseases.

Objectives. To investigate the effectiveness of adalimumab on histopathological and biochemical values
in rats with experimental endometriosis.

Materials and methods. This study is a comparative, prospective, experimental rat study. Wistar albino
female rats were divided into 4 groups. Group 1was separated as the control group. Endometriotic implants
were simultaneously induced in group 2 and group 3. After 4 weeks, developing endometriotic foci were
measured. Adalimumab (5 mg/kg) was simultaneously intraperitoneally (ip.) administered to group 3 and
group 4 for 4 weeks. At the end of the study, histopathological scoring and fibrillin-1 scoring were performed.
Total antioxidant status (TAS), total oxidant status (TOS) and malondialdehyde (MDA) values were measured.
Findings in all groups were compared.

Results. When group 1and group 2 were compared, the histopathological score, as well as MDA and TOS
levelsincreased, while TAS levels decreased in group 2 (p < 0.001). After adalimumab treatment, the average
endometrioticimplant size in group 3 (0.32 +0.002 mm) decreased compared to group 2 (0.77 +0.04 mm)
(p = 0.032). While fibrillin-1 score increased in group 2 and group 3 compared to group 1, it decreased
in group 3 compared to group 2 (p < 0.001). Histopathological score decreased, TAS levels increased and
MDA levels decreased in group 3 compared to group 2 (p < 0.001).

Conclusions. Adalimumab may play a role in the regression of endometrial implants by showing antioxidant
and anti-inflammatory effects on histopathological damage and fibrosis.

Key words: endometriosis, rat, adalimumab, antioxidant effect, fibrillin-1
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Background

Endometriosis is a common gynecological pathology af-
fecting 5-10% of women in the reproductive age.! It causes
symptoms such as chronic pelvic pain, dysmenorrhea, dys-
pareunia, and infertility.2 It has negative effects on ovarian
reserve, tubal anatomy, embryo quality, and implantation.®
The pathophysiology of endometriosis is still not entirely clear
and several theories have been proposed. It has been stated
that proinflammatory cytokines play a role in the pathophys-
iology of endometriosis.*~® There are cytokines responsible
for inflammatory reactions and tissue neovascularization.
Interleukin (IL)-6 and tumor necrosis factor alpha (TNF-«)
have been previously studied in the pathogenesis of endome-
triosis.” The estrogenic microenvironment activates perito-
neal macrophages with secretion of TNF-a and IL-1, which
are pro-inflammatory cytokines. The increase in the level
of IL-6 and TNF-a in the peritoneal fluid of patients with
abnormal immune cell activity shows the role of cytokines
in the pathogenesis.®-1

Endometriosis is a pathology caused by the abnormal
proliferation of endometrial tissue outside the uterine
cavity.! Transforming growth factor beta (TGF-p) plays
a key role in the pathological growth of many fibrotic
tissues.!! The TGF-f stimulates the expression of extra-
cellular matrix proteins.!>!? Its receptors have been de-
tected in leiomyomas and myometrium, and it has been
shown that estrogen and TGF-f} expression are increased
in endometriosis, and TGF- activity mediates the effects
of estrogen.’ This interaction may play a role in the de-
velopment of endometriosis. Fibrillin-1 is a protein that
indicates the activation of TGF-p.1>

Adalimumab is a fully human immunoglobulin G (IgG)1
neutralizing monoclonal antibody specific for TNF-a.!¢'
It is used in the treatment of many autoimmune diseases,
such as rheumatoid arthritis, Crohn’s disease and psori-
atic arthritis.!® In previous experimental studies in rats,
agents such as etanercept and infliximab have been re-
ported to decrease TNF-a levels in peritoneal fluid in rats
with endometriosis.'®1? As far as we know, there is no study
reporting the relationship between histopathological and
biochemical changes and adalimumab in endometriosis.

Objectives

The aim of this study is to determine whether adalim-
umab can be an effective medical treatment agent, by ex-
amining its histopathological and biochemical effects
on endometriosis.

Materials and methods

The experiments in this study were carried out in accor-
dance with the National Institutes of Health (NIH) animal

S. Kaplan, P. Kirci, A. Tiirk. Adalimumab on experimental endometriosis

research guidelines and were approved by Adiyaman
Training and Research Hospital Ethics Commitee (ap-
proval No. 2019/062, December 26, 2019).

Animals and experimental protocol

Twenty-eight Wistar albino female rats, 10-12-week
old, weighing 250-280 g, were divided into 4 groups with
7 animals in each group. No procedures were performed
for 7 days to ensure the adaptation of animals. Rats were
housed at 20 +22°C room temperature during the adap-
tation and experimental period, in rooms with 12-hour
light and 12-hour dark light cycle, with food and water ad
libitum. The animals were classified into 4 groups (control
group, endometriosis group, endometriosis + adalimumab
group, and adalimumab group).

All rats were anesthetized by intramuscular adminis-
tration of 60 mg/kg ketamine hydrochloric acid (Ketalar;
Warner-Lambert, Istanbul, Turkey) and 7 mg/kg xylazine
hydrochloric acid (Rompun; Bayer, Istanbul, Turkey).

In group 1 (control group, n = 7), the pelvic region was
opened with laparotomy and the adnexa were localized
as the right and left adnexa. After the adnexa was localized
with the right and left uterine horn, the abdominal wall
was closed with 4-0 nylon sutures. No action was taken
until the end of the experiment.

In group 2 (endometriosis group, n = 7), the autotrans-
plantation method was used for the induction of endo-
metriosis. The reproductive cycles of the animals were
controlled by vaginal smear and the rats in the estrus phase
were selected. After general anesthesia, a vertical incision
was made to expose the uterus. Both uterine horns were re-
moved from the cervix to the point located about 1 cm from
the ovaries. Electrocoagulation was used for hemostasis.
The uterine horns were divided longitudinally, exposing
the endometrium. Without removing the myometrium, en-
dometrial segment (5 x 5 mm) was implanted into the peri-
toneal surface of the right abdominal wall, so that the en-
dometrium came into contact with the peritoneal surface.
Both ends of the implants were fixed to the interior with
6-0 nonabsorbable polypropylene suture.?’ All rats were
allowed to recover for 4 weeks following surgical induction
of endometriosis. At the end of the 4 weeks, the rats were
operated to observe the growth of endometriotic implants.
The equation: 6 x length x width x height of the implant
was used to measure the surface areas of the implants and
calculate the endometriotic volume. After the endometri-
otic lesions were photographed, the size of the lesion was
recorded and the peritoneal cavity was closed. No proce-
dure was performed on rats for 4 weeks after the develop-
ment of endometriosis.

In group 3 (endometriosis + adalimumab group, n = 7),
after the reproductive cycles of the animals were controlled
by vaginal smear and the rats in the estrous phase were
selected, the endometriosis induction was performed using
autotransplantation method. At the end of the four-week
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period, after calculating the endometriotic volume and
photographing the lesions, 5 mg/kg adalimumab was ad-
ministered intraperitoneally (ip.) for 4 weeks.?!

In group 4 (adalimumab group, n = 7), after the ad-
nexa was localized with the right and left uterine horn,
the abdominal wall was closed with 4-0 nylon sutures and
5 mg/kg adalimumab was administered ip. every day for
4 weeks, to start at the same time as group 2.

Histopathological evaluation

The excised endometrial implants were fixed with 10%
formalin solution upon histopathological examination.
Sections approx. 5-pm thick were taken from a formalin-
fixed endometriotic implant. Samples were stained with
hematoxylin and eosin (H&E) and examined under light
microscopy. Histopathological scoring was done?? based
on a following rating scale: +3: a well-preserved epithelial
layer; +2: a moderately-preserved epithelial layer (leukocyte
infiltrated epithelium); +1: a poorly-preserved epithelial
layer (sparse epithelial cell); 0: no epithelial cells.

Immunohistochemical examination

For fibrillin-1 antigen retrieval, sections were rehydrated,
then boiled in a microwave oven (750 W) 7 times for 5 min
each in citrate buffer solution (pH 6). Sections were cooled
at room temperature for 20 min, washed 3 times for 5 min
each with phosphate-buffered saline (PBS; P4417; Sigma
Chemical Co., St. Louis, USA), then incubated for 5 min
with hydrogen peroxide block solution (TA-125-HP; Lab
Vision Corp., San Francisco, USA) to block endogenous
peroxidase activity. Then, the sections were washed 3 times
for 5 min each with PBS. After applying Ultra V Block
(TA-125-UB; Lab Vision Corp.) for 5 min, sections were
incubated with primary antibodies for fibrillin-1 (rabbit
polyclonal bs-1157R; Bioss Antibodies, Woburn, USA) and
diluted 1:200 at room temperature for 60 min in a humid
environment. After being washed with PBS 3 times for
5 min each, the sections were incubated at room tempera-
ture for 30 min in a humid environment with secondary
antibody (biotinylated goat anti-mouse/rabbit IgG, TP-
125-BN; Lab Vision Corp.). Sections were washed with PBS
3 times for 5 min each and incubated at room temperature
for 30 min in a humid environment with streptavidin per-
oxidase (TS-125-HR; LabVision Corp.) and then placed
in PBS. The 3-amino-9-ethylcarbazole (AEC) substrate +
AEC chromogen (AEC substrate, TA-015 and HAS, AEC
chromogen, TA-002-HAC; Lab Vision Corp.) solution was
dripped on the sections. The sections were washed with
PBS. Sections were counterstained with Mayer’s hematoxy-
lin, passed through PBS and distilled water and mounted
with Large Volume Vision Mount (TA-125-UG; Lab Vision
Corp.). Sections were evaluated and photographed using
a digital microscope camera (Leica DFC295; Leica Camera
AG, Wetzlar, Germany). The histoscore, which reflects
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the prevalence of immunoreactivity of fibrillin-1 on the tis-
sue, was based on the rating scale: 0.1: < 25%; 0.4: 26-50%;
0.6: 51-75%; 0.9: 76-100%, and intensity of immunoreac-
tivity: O: unstained; 0.5: little staining; 1: some staining;
2: moderate staining; 3: strong staining. The histoscore
was measured using the following equation:

histoscore = prevalence x intensity of immunoreactivity.

Determination
of malondialdehyde (MDA) level

Determination of malondialdehyde level was performed
by applying the Esterbauer method, which is a lipid per-
oxidation measurement method.?*> Malondialdehyde re-
acting with thiobarbituric acid at 90-95°C forms pink-
colored chromogen. Fifteen minutes later, the absorbances
of the rapidly cooled samples were read spectrophotomet-
rically at 532 nm. The results are expressed in nmol/g.

Determination of total antioxidant status
(TAS) and total oxidant status (TOS) levels

Total antioxidant status and total oxidant status were
measured in serum samples using enzyme-linked immu-
noassay (ELISA) method. The TAS (Rat TAS Catalog No.
YLA3889Ra; YL Biotechnology Co., Ltd, Shanghai, China)
and TOS (Rat TOS Catalog No. YLA1892Ra; YL Biotech-
nology Co., Ltd) levels were measured in accordance with
the procedures specified in the catalog of kits. The mea-
surement range of the Rat TAS ELISA kit was: 1-300 pg/mL,
intra-assay coefficient of variation (CV) <10%, inter-assay
CV < 12%, sensitivity 0.54 pg/mL. The measurement range
of the Rat TOS ELISA kit was 0.02—60 U/mL, intra-assay
CV < 10%, inter-assay CV < 12%, sensitivity 0.013 U/mL.
The automatic washer BioTek ELx50 (BioTek Instru-
ments, Winooski, USA) was used for plate washing, while
ChroMate Microplate Reader P4300 devices (Awareness
Technology, Palm City, USA) were used for absorbance
readings. The unit of test results is specified for serum
samples in U/mL.

Statistical analyses

The IBM SPSS v. 22 software (IBM Corp., Armonk, USA)
program was used to analyze the data. The Shapiro—Wilk
test was used as a normal distribution test. The Shapiro—
Wilk test results for MDA measurement were reported
as p = 0.830 for group 1, p = 0.898 for group 2, p = 0.881
for group 3, and p = 0.716 for group 4. The Shapiro—Wilk
test results for TAS measurement were 0.274 for group 1,
0.540 for group 2, 0.648 for group 3, and 0.355 for group 4.
The Shapiro—Wilk test results for TOS measurement were
reported as p = 0.707 for group 1, p = 0.598 for group 2,
p = 0.700 for group 3, and p = 0.944 for group 4. The Sha-
piro—Wilk test results for fibrillin-1 measurement were
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reported as p = 0.812 for group 1, p = 0.652 for group 2,
p = 0.717 for group 3, and p = 0.941 for group 4. Levene’s
homogeneity test was performed, in which the data met
the assumption of normal distribution for each group, and
the results were p = 0.170 for MDA, p = 0.050 for TAS,
p = 0.654 for TOS, and p = 0.191 for fibrillin-1 measure-
ment. It was observed that the variances were homogeneous.
One-way analysis of variance (ANOVA) test (post hoc Bon-
ferroni test) was used in the analysis of the data conforming
to the normal distribution. The score variable does not show
a normal distribution. The p-value of the score variable
is <0.001. Spearman’s correlation test was used for the val-
ues where the score did not show normal distribution, and
Pearson’s correlation test was used for the others. The value
of p < 0.05 was considered statistically significant.

Results
Histopathological scoring

The H&E staining and immunohistochemistry stain-
ing histopathological images were shown in Fig. 1 and
Fig. 2. There was a statistically significant difference
between the measurements in different groups. A sta-
tistical difference was observed between group 2 and
group 3 (p < 0.001) (Table 1). When group 1 and group 2
were compared, the increase in histopathological damage
in group 2 was statistically significant (p < 0.001). When
group 3 and group 2 were compared, the histopathologi-
cal damage score was significantly decreased in group 3
(p < 0.001).

Fig. 1. Excised endometrial implants were stained with hematoxylin and eosin (H&E). Accordingly, group 1 (control) (1A) and group 4 (adalimumab) (1C)
were of normal appearance. In group 2 (endometriosis) (1B), severe epithelial damage (black arrow) and leukocyte infiltration (black star) were observed.
In group 3 (endometriosis + adalimumab) (1D), epithelial damage and leukocyte infiltration were observed to decrease
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Fig. 2. Examination of immunohistochemical staining for fibrillin-1 immunoreactivity under light microscopy; fibrillin-1 immunoreactivity (black arrow) was

observed; 2A. Group 1 (control); 2D. Group 3 (endometriosis + adalimumab); 2B. Group 2 (endometriosis); 2C. Group 4 (adalimumab)

Table 1. Comparison of biochemical measurements and fibrillin-1 scores by groups*

Group 1 (n=7)

Group 2 (n=7)

Group3(n=7)

Group 4 (n=7)

p-value

df (total)
f

mean
SD
median
mean
SD
median
mean
SD
median
mean
SD
median
for each group
for each group

for each group

Fibrillin-1

2.31
0.77
0.71
5.51
261
3.30
3.64
147
1.66
0.93
0.14
0.1
<0.001
27
12.741

17.92
0.99
18.01
2502
1.61
2530
19.86
1.77
20.10
16.88
0.94
16.78
<0.001
27
48.104

1.18
0.04
1.17
043
0.20
041
0.81
0.14
0.81
1.29
0.12
1.24
<0.001
27
53.812

12.98
1.06
13.26
19.75
148
20.14
17.68
1.81
17.60
15.55
1.26
15.52
<0.001
27
28,671

SD - standard deviation; df — degrees of freedom; MDA — malondialdehyde; TAS - total antioxidant status; TOS — total oxidant status; ADA — adalimumab;
group 1 = control; group 2 — endometriosis; group 3 — endometriosis + ADA; group 4 — ADA; *one-way analysis of variance (ANOVA) test.
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Macroscopic examination

The mean size of rats endometriotic implants in group 2
was 0.77 £0.04 mm?2. After adalimumab treatment, it mea-
sured 0.32 +£0.002 mm?2. This decrease was statistically
significant (p = 0.032) (Fig. 3).

Biochemical analysis

Post hoc one-way ANOVA results for biochemical mea-
surements are given in Table 2.

MDA level

The MDA levels significantly increased in group 2 com-
pared with group 1 (p < 0.001). The MDA values were
significantly decreased in group 3 compared with group 2
(p <0.001). There was no statistically significant difference
between group 1 and group 4 (p > 0.05) (Table 1, Table 2).

TAS level

The TAS levels were significantly decreased in group 2
compared with group 1 (p < 0.001). The TAS values in-
creased in group 3 compared to group 2 (p < 0.001). There
was no statistically significant difference in TAS values
between group 1 and group 4 (p > 0.05) (Table 1, Table 2).

A

TOS level

The distribution of scores in respective groups is given
in Table 3. The TOS levels were significantly increased
in group 2 compared with group 1 (p < 0.001). The TOS
values in group 2 were significantly decreased compared
with group 4 (p < 0.001). However, there was no sta-
tistical difference in TOS values between group 2 and
group 3 (p > 0.05). The TOS values were significantly
increased in group 4 compared with group 1 (p = 0.016)
(Table 1, Table 2).

When histopathological scores and biochemical values
were compared, there was a strong negative correlation
between MDA value and TOS value and a strong positive
correlation between MDA value and TAS value (p < 0.001)
(Table 3).

Immunohistochemistry examination score

In the immunohistochemistry examination, fibrillin-1
scores differed significantly for 4 groups. According to
the post hoc one-way ANOVA analysis between groups,
fibrillin-1 activity increased in groups 2 and 3 compared
to group 1 (p < 0.001). Moreover, fibrillin-1 immune reac-
tivity decreased in group 3 compared to group 2 (p < 0.001)
(Table 3).
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Fig. 3. A,B. Endometriotic foci developed
as a result of autotransplantation;

C,D. After adalimumab treatment, the size
of the endometriotic foci decreased
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Table 2. Post hoc one-way analysis of variance (ANOVA) of biochemical values and fibrillin-1 scores by groups

Dependent variable Group (I) Group (J) Average difference (I-J)
group 2 -7.10% <0.001
group 1 group 3 -194 0.087
group 4 1.03 1.000
group 1 7.10% <0.001
group 2 group 3 5.15% <0.001
group 4 8.13* <0.001
MDA
group 1 1.94 0.087
group 3 group 2 -5.15* <0.001
group 4 2.97* 0.003
group 1 -1.03 1.000
group 4 group 2 -8.13* <0.001
group 3 -2.97* 0.003
group 2 0.74* <0.001
group 1 group 3 0.36* <0.001
group 4 -0.11 0.907
group 1 -0.74* <0.001
group 2 group 3 -0.38* <0.001
group 4 -0.86* <0.001
TAS
group 1 -0.36* <0.001
group 3 group 2 0.38* <0.001
group 4 -0.48* <0.001
group 1 0.11 0.907
group 4 group 2 0.86* <0.001
group 3 0.48* <0.001
group 2 -6.77* <0.001
group 1 group 3 -4.70* <0.001
group 4 -2.56* 0.016
group 1 6.77* <0.001
group 2 group 3 2.07 0.075
group 4 4.20* <0.001
TOS
group 1 4.70* <0.001
group 3 group 2 -2.07 0.075
group 4 2.13 0.062
group 1 2.56* 0.016
group 4 group 2 -4.20* <0.001
group 3 -2.13 0.062
group 2 -1.28* <0.001
group 1 group 3 -1.15* <0.001
group 4 037 0.083
group 1 1.28* <0.001
group 2 group 3 0.12 1.000
group 4 1.65* <0.001
Fibrillin-1
group 1 1.15% <0.001
group 3 group 2 -0.12 1.000
group 4 1.53* <0.001
group 1 -0.37 0.083
group 4 group 2 -1.65* <0.001
group 3 -1.53* <0.001

MDA — malondialdehyde; TAS - total antioxidant status; TOS - total oxidant status; ADA — adalimumalb; group 1 - control; group 2 — endometriosis;
group 3 — endometriosis + ADA; group 4 — ADA; | - group designated for comparison; J — other groups compared; * groups with statistically significant
differences between them. Values in bold show statistically significant differences between groups.

Discussion

In this study, the effect of adalimumab on histopatho-
logical changes in endometriotic implants and its antioxi-
dant effects were investigated. The size of endometriotic
implants decreased after adalimumab treatment, as shown
with macroscopic examination. Histopathological damage

score increased in rats with experimental endometriosis
and decreased with adalimumab administration. Fibrillin-1
score was increased in endometriotic implants, but fibril-
lin-1 score decreased in endometriotic implants treated
with adalimumab. In addition, adalimumab decreased
MDA levels and increased TAS levels in endometriotic
implants. These findings show the histopathological
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Table 3. Correlations between biochemical measurements*

VELELIES | Score
r 1
Score
p-value -
r _
MDA
p-value -
r _
TAS
p-value -
r _
TOS
p-value -

S. Kaplan, P. Kirci, A. Tiirk. Adalimumab on experimental endometriosis

MDA | TAS | TOS
0834 0840 0680
<0.001 <0.001 <0001

1 0863 0740
- <0.001 <0001
- i 0766
- - <0001
- . 1

MDA - malondialdehyde; TAS - total antioxidant status; TOS — total oxidant status; * Spearman’s and Pearson’s correlation test. Since the score did not show
normal distribution, the values in bold were obtained with the Spearman’s test, and the other results were obtained with the Pearson'’s correlation test.

improvement and antioxidant activity caused by adalim-
umab treatment in endometriotic implants.

Oxidative stress and inflammation play an important
role in the pathogenesis of endometriosis.?*~2¢ Moreover,
studies have shown that erythrocytes, apoptotic endo-
metrial tissue, cell debris in the peritoneal cavity, and
macrophages induce oxidative stress and inflammation,
and cause endometriosis.? It is known that the balance
between reactive oxygen species (ROS) and antioxidants
is lost in the development of endometriosis.?” The pres-
ence of ROS in the environment affects gene expression,
causing protein dysfunction and cellular damage.?¢-28
This oxidative stress can be both a cause and a conse-
quence of endometriosis.?® In addition, the role of mi-
tophagy and autophagy in the pathophysiology of endo-
metriosis supports the role of oxidative damage.?® It has
been hypothesized that eliminating oxidative stress may
reduce the histopathological grade in endometrial im-
plants and many studies have been conducted on this
subject.?729:30

Proinflammatory cytokines such as IL-1, IL-6, IL-8, and
TNE-a have also been shown to play a role in the pathol-
ogy of endometriosis.?! It has been demonstrated that
there is an increase in TNF-a levels in the peritoneal fluids
of women with endometriosis.?? It is thought that endo-
metrial cell proliferation increases and endometriotic le-
sions develop by inducing IL-8 secretion with the increase
of TNF-a.3*3* In previous studies using etanercept, which
has an anti-TNF-a activity, it was reported that endome-
triotic implants were reduced and histopathological scores
decreased.® In another study, etanercept was reported to de-
crease MDA levels in endometriotic focus.?® In our study,
adalimumab treatment has decreased endometriotic implant
dimensions, histopathological damage score and fibrillin-1
score, which is a fibrosis marker.

Fibrillin-1 has been associated with heart and liver fi-
brosis, and has been shown to cause the expression of ex-
tracellular matrix proteins in various studies in rats.?”38
In addition, it has been previously observed that topical
application of estrogen increases the activity of fibrillin-1
and other extracellular matrix proteins.?* Moreover, it was

demonstrated that fibrillin-1 activity increased in propor-
tion to the size in leiomyomas.*® In our study, the increase
in fibrillin-1 score in endometriotic implants may be re-
lated to the role of the estrogenic microenvironment in en-
dometrial implant development. Since estrogen levels were
not measured in our study, large studies can be conducted
to investigate this hypothesis.

Adalimumab is a drug that is effective both as mono-
therapy and in combination with disease-modifying anti-
rheumatic drugs in the treatment of many chronic, inflam-
matory, immune-mediated diseases.’® It has been reported
that adalimumab decreases cell proliferation and increases
the function of natural immune pathways by decreased
IL-8 levels." Considering the role of proinflammatory
cytokines in the pathogenesis of endometriosis, it is not
surprising that endometriotic implants and histopatho-
logical score decreased along with adalimumab treatment.
Moreover, the immunomodulatory activity of adalimumab
may demonstrate decreased fibrillin-1 activation in endo-
metriotic implants.

Limitations

This study has some limitations. The fibrillin-1 score
is established primarily with immunohistochemistry
staining, but there were no polymerase chain reaction
(PCR) tests measuring the fibrillin-1 protein expressions.
Second, the study was experimentally performed in rats.
In order to generalize the results to society, studies should
be carried out primarily with large human populations.

Conclusions

Adalimumab, through its antioxidant and anti-inflam-
matory effects, plays an important role in the treatment
of histopathological damage and fibrosis in endometri-
otic implants developed experimentally. It can be used
as a nonhormonal agent in the treatment of endometriotic
implants. However, experiments with different parameters
are needed in large groups of animals and humans.
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Abstract

Background. Hyperglycemia can be considered a determining factorin the development of diabetic neuropa-
thy as well as neuropathic pain. There is a relationship between the excessive production of reactive oxygen
species (ROS) and the pathogenesis of diabetic neuropathic pain. Taxifolin, on the other hand, is a flavonoid
that has been documented to inhibit ROS production.

Objectives. Toinvestigate the effects of taxifolin, which has antioxidant and neuroprotective effects, on allox-
an-induced hyperglycemia-induced neuropathy and neuropathic pain, biochemically and histopathologically.

Materials and methods. The albino Wistar male rats were divided into 3 groups: healthy group (HG),
only alloxan group (AXG) and alloxan+taxifolin group (ATG). Hyperglycemia in animals was caused through
intraperitoneal injection of alloxan at a dose of 120 mg/kg. Paw pain thresholds of animals were measured
using Basile algesimeter. Sciatic nerve tissues were examined biochemically and histopathologically in order
to evaluate neuropathy.

Results. Our experimental results revealed that taxifolin significantly prevented the increase of plasma
glucose concentration level with alloxan administration, the decrease of the paw pain threshold related
to hyperglycemia, the change of oxidant—antioxidant balance in the sciatic nerve tissue in favor of oxidants,
and the deterioration of tissue morphology in animals.

Conclusions. Our experimental results indicate that taxifolin alleviates alloxan-induced hyperglycemia-
related neuropathy and neuropathic pain.

Key words: hyperglycemia, rats, neuropathic pain, neuropathy, taxifolin
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Background

Peripheral nerve damage is usually caused by compression,
various traumas, and ischemic and metabolic disorders.!
Hyperglycemia, which is the main symptom of diabetes
mellitus (DM), a metabolic disease, occurs due to the ab-
sence of insulin secreted by pancreatic cells, or the decrease
in the sensitivity of target cells to insulin.? The risk of de-
veloping chronic peripheral neuropathy has been recorded
as 30-50% in diabetic patients. Peripheral neuropathy
is a significant complication of DM which can cause foot
ulcers and lower extremity amputation.® Hyperglycemia
is a determining factor in the development of diabetic neu-
ropathy. In DM, it may lead to the deterioration of motor and
sensory nerve conduction velocity.* Hyperglycemia has been
reported to cause neuropathy also in individuals without
DM.° It has also been described to have a role in the forma-
tion of neuropathic pain in both animal models and diabetic
patients.® Nearly 30% of patients with DM develop chronic
neuropathic pain.? Even though many scientific studies re-
lated to diabetic neuropathy exist, its pathogenesis is still
not fully explained. Former studies have suggested that ex-
cessive mitochondrial glucose loading increases electron
transfer to oxygen and the production of reactive oxygen
species (ROS).”8 Reactive oxygen species facilitate the pro-
duction of toxic products and lead to the oxidation of cell
membrane lipids.’ Lipid peroxidation (LPO) caused through
increased ROS as a result of hyperglycemia, has been shown
to be important in the development of DM complications.°
Moustafa et al. reported that the amount of malondialdehyde
(MDA), one of the LPO end products, increased significantly
in the sciatic nerve tissue of rats with DM.!! Galeshkalami
etal. have shown that hyperglycemia, which causes diabetic
neuropathy, leads to the generation of ROS in neurons and
their subsequent death. In addition, they stated that increas-
ing total antioxidant status (TAS) and glutathione (GSH)
in neurons, and preventing the increase of ROS and LPO
are associated with neuroprotection.'? Solanki and Bhavsar
revealed that the pain threshold decreased in diabetic rats
having high oxidant levels and low antioxidant levels.!3 It has
also been revealed that neuropathy developing in diabetic
rats causes significant hyperalgesia.'* The acquired informa-
tion suggest that antioxidants may be useful in the treatment
of diabetic neuropathy and neuropathic pain. In neuropathic
pain, anti-inflammatory drug treatments are recommended
to control neuroinflammation.!® Today, opioids, tricyclic
antidepressants and anticonvulsants, which have significant
side effects, are used in the treatment of neuropathic pain.
Therefore, research has focused on identifying alternative
treatments with fewer side effects.!®

Taxifolin (dihydroquercetin) is an antioxidant flavo-
noid which has been tested against diabetic neuropathy
and neuropathic pain in this study.!” Taxifolin has nu-
merous pharmacological effects, including antioxidant,
anti-inflammatory, antiviral, antibacterial, anticancer,
as well as neuroprotective activities. Moreover, taxifolin

M. Alay et al. Taxifolin in hyperglycemia-induced neuropathy

was documented to inhibit the production of ROS, which
suggests that taxifolin may be useful in the treatment
of hyperglycemia-induced neuropathy and neuropathic
pain.’® In the literature, there is no information about
the protective effect of taxifolin against hyperglycemia-
related neuropathy and neuropathic pain.

Objectives

The aim of this study was to biochemically and histo-
pathologically investigate the effect of taxifolin on alloxan-
induced hyperglycemia-induced neuropathy and neuro-
pathic pain in rats, as well as to examine the relationship
of hyperglycemia-related neuropathy and neuropathic pain
with oxidative stress, and to assess the benefits of the an-
tioxidant therapy.

Materials and methods
Animals

A total of 18 albino Wistar male rats weighing from 235 g
to 247 g were used for the experiment. The animals were
obtained from Ataturk University Medical Experimental
Application and Research Center (Erzurum, Turkey). Prior
to the experiment, the animals were housed and fed for
1 week at normal room temperature (22°C) in the appropri-
ate laboratory environment. The protocols and procedures
were approved by the local Ataturk University Animal
Experimentation Ethics Committee (meeting No. 2020/06,
March 6, 2020).

Chemicals

Sodium thiopental (1 g solution for injection) utilized
within the experiment was purchased from IE Ulagay (Is-
tanbul, Turkey), while alloxan (Cat. No. A7413, 25 g, >98%
purity) was provided by Sigma (St. Louis, USA). Taxifolin,
each tablet containing 25 mg of dihydroquercetin, was
obtained from Evalar (Biysk, Russia).

Experimental groups

The animals utilized in our study were divided into
3 groups (6 animals in each group): healthy group (HG), only
alloxan group (AXG) and alloxan+taxifolin group (ATG).

Inducing diabetes

Alloxan dissolved in distilled water was injected intraperi-
toneally in rats at a dose of 120 mg/kg for 3 consecutive days
in order to induce hyperglycemia. Fasting plasma glucose con-
centration was measured in blood samples taken from the tail
veins of rats at the end of the 3'¢ month following alloxan
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administration. A commercially available blood meter was
employed for plasma glucose concentration measurement.
Animals having plasma glucose concentration of 250 mg/dL
and above were included in the study in line with our study.
Asitis commonly known, the animals having plasma glucose
concentration above 250 mg/dL are considered diabetic."

Experiment procedure

Taxifolin (50 mg/kg) was given orally to the ATG.
The same volume of distilled water as a solvent was applied
in the same way to the AXG and HG. The cited procedure
was repeated once a day for 3 months. Paw pain thresholds
of all animal groups were measured using the Basile alge-
simeter at the 1%t, 2" and 3'¢ h after the last dose of taxifolin
was administered.?’ Immediately following the measure-
ment at the 3" h, the rats were sacrificed with high-dose
thiopental anesthesia and their sciatic nerve tissues were
removed. Malondialdehyde, total glutathione (tGSH), total
oxidant status (TOS) and TAS capacity were measured
in sciatic nerve tissue samples, which were removed later.
Furthermore, tissues were examined histopathologically.

Biochemical analyzes
Determination of glucose concentration in plasma

Accu-Chek Performa Nano (Roche, Istanbul, Turkey)
glucometer was used to determine the glucose concentra-
tion in the blood samples taken from the tail vein.

Preparation of samples

An amount of 0.2 g of nerve tissue was taken from rats
thoroughly washed with NaCl (0.9%). Tissues were ho-
mogenized in ice cold with a high speed homogenizer.
After the homeogenization process, 2 mL of 1.15% po-
tassium chloride buffer solution (pH 7.4) was centrifuged
at 10,000 x gat 4°C for 15 min. The obtained supernatants
were used for biochemical analyzes, including MDA, tGSH,
TOS, and TAS levels.

Measurements of tissue MDA and tGSH

Malondialdehyde measurements are based on the method
utilized by Ohkawa et al., which includes spectrophoto-
metric measurement of the absorbance of the pink-colored
complex formed by thiobarbituric acid (TBA) and MDA.?!
Total glutathione measurement was performed, according
to the method described by Sedlak and Lindsay.??

Measurements of tissue TOS and TAS
Tissue homogenate TOS and TAS levels were determined

using a novel automated measurement method and com-
mercially available kits (Rel Assay Diagnostics, Gaziantep,
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Turkey), both developed by Erel.?®?* The TAS method
is based on the bleaching of a characteristic color of a more
stable ABTS (2,2’-azino-bis (3-ethylbenzothiazoline-6-sul-
fonic acid)) radical cation by antioxidants. The measurements
are performed at 660 nm. The results are expressed as nmol
H,0, (hydrogen peroxide) equivalent/L. In the TOS method,
the oxidants present in the sample oxidized the ferrous ion-
o-dianisidine complex to ferric ion. The oxidation reaction
was enhanced by glycerol molecules, which are abundantly
present in the reaction medium. The ferric ion produced
a colored complex with xylenol orange in an acidic medium.
The color intensity, which could be measured spectropho-
tometrically at 530 nm, was related to the total amount
of oxidant molecules present in the sample. The results are
expressed as pmol Trolox equivalent/L. The percentage ratio
of TOS to TAS was used as the oxidative stress index. Oxida-
tive stress index was calculated as TOS divided by 100 x TAS.

Histopathological examination

All of the tissue samples were first identified in a 10%
formaldehyde solution for light microscope assessment.
Following the identification process, tissue samples were
washed under tap water in cassettes for 24 h. Samples were
then treated with conventional grade of alcohol (70%, 80%,
90%, and 100%) to remove the water within tissues, which
were then passed through xylol and embedded in paraffin.
Four-to-five micron sections were cut from the paraffin
blocks and hematoxylin and eosin (H&E) staining was ad-
ministered. Their photos were taken following the Olym-
pus DP2-SAL firmware program (Olympus® Inc., Tokyo,
Japan) assessment. Histopathological assessment was car-
ried out by the pathologist blinded for the study groups.

Statistical analysis

The Shapiro—Wilk test was used to determine whether
the data obtained from the groups were normally distrib-
uted. One-way analysis of variance (ANOVA) test was ap-
plied to normally distributed data. In the follow-up, Tukey’s
or Games—Howell test was performed, according to the re-
sults of Levene’s test as post hoc test. The Kruskal-Wallis
test was applied to the data that did not show normal dis-
tribution and Dunn’s test was applied as post hoc test. Since
the histopathological data were discrete variables, the eval-
uation was done with the Kruskal-Wallis test. The results
from the experiments were expressed as mean value + stan-
dard deviation (X +SD) or median 1% quartile—3" quartile
(Q1-Q3). Paw pain threshold was evaluated using repeated
measures ANOVA. Sphericity was confirmed using Mauch-
ly’s test of sphericity. When sphericity had been violated,
the Greenhouse—Geisser correction was used. The effect
of time and groups were shown as a line chart. All statisti-
cal operations were performed with the SPSS v. 22 software
(IBM Corp., Armonk, USA), and a value of p < 0.05 was
considered statistically significant.
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Results

Analysis results of glucose
concentration in plasma

Three months after alloxan administration, the mean fast-
ing glucose concentration in plasma was 287.8 +8.1 mg/dL
in the AXG, while it was 144 +4.6 mg/dL and 86.3 +5 mg/dL
in the ATG and HG, respectively. At the end of the 3™
month of taxifolin administration, a statistically signifi-
cant decrease in the glucose concentration in plasma was
achieved in the ATG compared to the AXG (p < 0.001)
(Table 1, Supplementary Table 1).

Test results of paw pain threshold

As can be seen from Table 2 and Supplementary Table 2,
taxifolin significantly prevented the reduction of the pain
threshold in animal foot claws with hyperglycemia
in the 1°t, 2 and 3" h. When the AXG was compared

difference in terms of the 1% and 3'¢ h measurements and
the values measured at the 2" and 3" h. Intra-group time-
dependent comparisons of paw pain threshold measure-
ments in the HG, AXG and ATG are presented in Table 3
and Supplementary Table 3. The levels of paw pain thresh-
old are shown in Fig. 1. Taxifolin has decreased neuro-
pathic pain in rats with hyperglycemia in the 1%, 2" and
3 h by 70.9%, 75.8% and 82%, respectively.

Biochemical findings
MDA and tGSH analysis results

As can be seen from Table 4 and Fig. 2, the development
of hyperglycemia in the sciatic nerve tissue of animals,
anincrease in MDA and a decrease in tGSH created a sta-
tistically significant difference in the AXG when com-
pared to the HG (p < 0.001). In the values obtained after

60 groups
to the HG, the pain threshold was statistically signifi- —HG
cantly decreased (p < 0.001). When the ATG was com- 2 20 ﬁ;(g
pared with the AXG, the pain threshold increased sig- 401
nificantly (p < 0.001). Paw pain threshold was evaluated £ 30+
between groups using repeated measures ANOVA. Ac- 'é
cording to the Mauchly’s test of sphericity, sphericity 3 207
had been violated (x? = 10.203, p = 0.006) and therefore, S 10+ -
the Greenhouse—Geisser correction was used. There has 0- 7
been a significant effect of time on paw pain threshold, ' ' '

1sth ond K 3rd h

F (1.318, 19.769) = 14.125, p = 0.001. At the same time,
the between-group effect was statistically significant
(p < 0.001). While there was no statistically significant
difference between the 1°t and 2"! h paw pain thresh-
old measurements of the animals, there was a statistical

measurement time

Fig. 1. Evaluation of time-dependent repeated paw pain threshold
measures between groups using analysis of variance (ANOVA)

HG - healthy group; AXG - alloxan group; ATG - alloxan+taxifolin group.

Table 1. Analysis of variance (ANOVA) test results and post hoc p-values for group comparisons in plasma glucose concentration analysis

Plasma glucose concentration
(mg/dL) X £SD

Plasma glucose
concentration

measurement times F (2,15)

ANOVA results Post hoc test p-values

HGvs AXG | HGvs ATG | AXG vs ATG

Before alloxan® 80.7 +4.2 79326 | 842+£39 2.840 0.090 0.803 0.248 0.086
Third month after alloxan* = 86.3+50 | 287.8+8.1 @ 1440+46 = 1742.708 0.001 0.001 0.001 0.001
The difference* 5721 2085+75 598 +6.7 1867.067 0.001 0.001 0.001 0.001

HG - healthy group; AXG - alloxan group; ATG - alloxan+taxifolin group; X £5D — mean value + standard deviation. As the post hoc test, *Tukey's honestly

significant difference (HSD) test was performed after ANOVA (F (2,15)).

Table 2. Analysis of variance (ANOVA) test results and post hoc p-values for group comparisons, and paw pain threshold and analgesic activity values

of the groups
Measurement ANOVA results Post hoc test p-values Paw pain threshold [g] (X £SD) Analgesic effect (%)
time F (2,15) HGvs AXG | HGvs ATG | AXG vs ATG
1sth* 1141.63 0.001 0.001 0.001 0.001 592421 @ 85%10 | 29221 85.7 = 70.9
209 13757 0.001 0.001 0.001 0.001 535475 | 72408 | 298437 | 870 - 758
I [js 25435 0.001 0.001 0.008 0.001 40.7+£29  60+09 @ 330437 853 = 82.0

HG - healthy group; AXG - alloxan group; ATG - alloxan+taxifolin group; X £5D — mean value + standard deviation. As the post hoc test, *Tukey's honestly
significant difference (HSD) test or **Games—Howell test was performed after ANOVA (F (2,15)).
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Table 3. The effect of time on the paw pain thresholds measured in the study groups

ANOVA results (repeated measures)

F (1.32,19.77)

Paw pain threshold [g] (X £SD)

All groups 14.13 0.001 0.350 0.001
HG - - 0.063 0.001
AXG - - 1.000 0.073
ATG - - 1.000 0.005

0.037 32.28 +04 30.17 1.1 26.56 0.7
0.001 592 2.1 535%75 40.7 £2.9
1.000 85+10 7.2+0.8 6.0 +0.9

0.513 29.2 2.1 298 £3.7 33.0£37

ANOVA - analysis of variance; HG — healthy group; AXG - alloxan group; ATG - alloxan+taxifolin group; X £SD — mean value + standard deviation. Since
sphericity was violated according to the Mauchly's test of sphericity, the evaluation was made using the Greenhouse—-Geisser correction.

taxifolin application, a decrease in MDA and an increase
in tGSH were found in the ATG compared to the AXG
(p < 0.001).

TOS and TAS analysis results

As can be seen from Table 4 and Fig. 3, taxifolin signifi-
cantly prevented the increase in TOS and decrease in TAS
associated with hyperglycemia in the sciatic nerve tissue.
When the HG and AXG were compared for TOS and TAS
values, a statistically significant difference was observed
(p < 0.01). There was no significant difference between
HG and ATG in terms of TOS values (p = 0.324). When
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Fig. 2. MDA and tGSH levels in the sciatic nerve tissue of the study groups

the TAS values of the AXG and ATG were compared, a sig-
nificant difference was observed (p < 0.001).

Histopathological findings

As described in Table 5, histological examination
of the sciatic nerve of the HG revealed that the nerve
structure was normal, axons were surrounded by my-
elin sheaths and were located centrally, and Schwann
cell nuclei and blood capillaries were normal (Fig. 4A).
In the AXG, myelinated nerve fibers were swollen, pale
and with histopathological changes, while myelinated
nerve fibers showed degenerative appearance. Also,
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Q - quartile; MDA — malondialdehyde; tGSH - total glutathione; HG — healthy group; AXG - alloxan group; ATG - alloxan-+taxifolin group; horizontal line
- median; bottom line of the box — Q1 (25™); topline of the box — Q3 (75™); whiskers — minimum and maximum observation.

Table 4. Analysis of variance (ANOVA) or Kruskal-Wallis test results and post hoc p-values of group comparisons for MDA, tGSH, TOS, and TAS values

Biochemical Mean value * standard deviation or median (Q;-Qs)
parameters
MDA* 228+0.13 553+0.23 264 +0.20
tGSH* 8.58 £0.28 341 +0.21 763+0.18
TOS** 15.5(14.8-17.8) 37.5(35.3-39.3) 19.0 (16.0-25.3)
TAS* 22.83 +248 10.95 +1.32 19.83 +£1.60

ANOVA or KW Post hoc test p-values
(2,15) or KW HGvs AXG | HG vs ATG AXG vs ATG
517.270 0.001 0.001 0.014 0.001
898.772 0.002 0.001 0.001 0.001
11.996 0.001 0.002 0324 0.192
65.663 0.001 0.001 0.035 0.001

Q - quartile; HG - healthy group; AXG - alloxan group; ATG - alloxan-+taxifolin group; MDA — malondialdehyde; tGSH - total glutathione; TOS - total oxidant
status; TAS — total antioxidant status; KW — Kruskal-Wallis test. As the post hoc test, *Tukey’s honestly significant difference (HSD) test was performed after
ANOVA (F (2,15)); **Kruskal-Wallis test was used and Dunn's test was performed as post hoc test.
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Fig. 3. TOS and TAS levels in the sciatic nerve tissue of the study groups
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Q - quartile; TOS - total oxidant status; TAS — total antioxidant status; HG — healthy group; AXG — alloxan group; ATG - alloxan+taxifolin group; horizontal
line - median; bottom line of the box — Q1 (25™); topline of the box — Q3 (75™); whiskers — minimum and maximum observation.

myelin sheath that surrounded axons lost its central posi-
tion. Schwann cells showed hypertrophy and hyperplasia.
Locally, myelin sheath degeneration, disorganization and
loss were detected. Blood capillaries were dilated and
congested (Fig. 4B). When the AXG was compared with
the HG, there was a statistically significant difference
in terms of myelinated axon degeneration, Schwann cell
degeneration and congestion (p < 0.001). In rats treated
with ATG, myelinated nerve fibers were generally normal

in sight and axons were located centrally. Schwann cells
were normal in shape, degeneration of myelin sheaths de-
creased and blood capillaries were also normal (Fig. 4C).
When the ATG was compared with the AXG, there was
a statistically significant difference in terms of myelin-
ated axon degeneration, Schwann cell degeneration and
congestion (p < 0.001). There was no significant dif-
ference between HG and ATG in terms of congestion
(p = 0.217).

Fig. 4. Histopathological appearance of sciatic nerve tissue in the study groups. A. Hematoxylin and eosin (H&E) staining in sciatic nerve tissue

in the healthy group; » — myelinated axon; » — Schwann cell nucleus; * — normal blood capillary; x400 magnification; B. H&E staining in sciatic nerve
tissue in the alloxan group; » - swollen and pale degenerative myelinated axon; » — hypertrophic and hyperplastic Schwann cell nucleus; * — dilated
and congested blood capillary; x400 magnification; C. H&E staining in sciatic nerve tissue in the alloxan+taxifolin group; » — myelinated axon; » — normal

Schwann cell nucleus; * — normal blood capillary; x400 magnification

Table 5. Kruskal-Wallis test results and post hoc p-values for group comparisons in histopathological evaluation

Median (Q;-Qs) KW results Post hoc test p-values
Histopathological change
HG vs AXG HGvs ATG | AXGvs ATG
Myelinated axon degeneration*® 0(0-0) 3(2-3) 1(0-1) 88.954 0.001 0.001 0.009 0.001
Schwann cell degeneration® 0(0-0) 3(2-3) 1(0-1) 90.129 0.001 0.001 0.010 0.001
Congestion* 0(0-0) 2(2-3) 0(0-1) 90483 0.001 0.001 0217 0.001

Q - quartile; HG - healthy group; AXG - alloxan group; ATG - alloxan+taxifolin group; KW — Kruskal-Wallis test; *Kruskal-Wallis test was used and
Dunn's test was performed as post hoc test.
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Discussion

The effect of taxifolin on alloxan-induced hyperglycemia-
related neuropathy and neuropathic pain in rats was inves-
tigated in this study. Hyperglycemia in rats was performed
by applying the method utilized before.?” Pain is an impor-
tant manifestation of hyperglycemia-associated neuropathy
in animal models and patients with DM.® The paw pain
threshold of the animals in the AXG, whose glucose con-
centration in plasma was above 250 mg/dL for 3 months,
was observed to be significantly lower compared to the HG
and ATG. The reason why we chose the paw of neuropathic
pain in animals for the evaluation is because the first symp-
toms of neuropathy are observed in this area.?® It was deter-
mined that neuropathy developing in diabetic rats caused
a significant hyperalgesia in previous studies.!* Najafi et al.
demonstrated the role of LPO in the pathogenesis of dia-
betic neuropathy.?” Moustafa et al. reported that the amount
of MDA as the last product of LPO increased significantly
in the sciatic nerve tissue of rats with DM.!! In the study
of Ince et al., it was reported that the increase in the amount
of MDA is directly proportional to the decrease in the pain
threshold.?® In another study, it was shown that MDA has
arole in the pathogenesis of nondiabetic neuropathic pain.?’
The literature supports the finding that the MDA value
was higher in the AXG compared to the HG and ATG, and
the pain threshold was lower.

The role of tGSH in the pathogenesis of neuropathic pain
was also investigated in our study. Glutathione is an endog-
enous antioxidant molecule. It has very important roles
in protecting cells from oxidative damage and maintain-
ing redox homeostasis.>® As it is commonly known, GSH
is a tripeptide which contains glutamate, cysteine and gly-
cine. Decreased GSH level triggers the development of neu-
rodegenerative illnesses.?! It has been reported that the con-
tent of GSH and other enzymatic antioxidants decreases
significantly in alloxan-induced diabetic pain.?? The tGSH
amount and the paw pain threshold of the AXG was lower
compared to the HG and ATG. The TOS and TAS levels
were measured to evaluate the relationship between oxida-
tive stress and neuropathic pain in the sciatic nerve tissue
in more detail. The TOS and TAS reflect the total effects
of all oxidants and antioxidants in tissues.?>?* The low paw
pain threshold in the AXG with high TOS levels and low
TAS levels confirm the fact that our experimental results
are compatible with the literature information.

Taxifolin significantly decreased the glucose concen-
tration in plasma level increased by alloxan in our study.
These findings are in line with the literature. Taxifolin has
been shown to decrease carbohydrate absorption by in-
activating some of the enzymes involved in carbohydrate
metabolism.?* Rehman et al. revealed that taxifolin inhibits
a-amylase enzyme in diabetic animal models and prevents
postprandial hyperglycemia.3* Taxifolin, which suppresses
the rise of glucose concentration in plasma caused by al-
loxan administration, also prevented the decrease of paw
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pain threshold of rats. No studies investigating the effect
of taxifolin on diabetic neuropathy with pain were found
in the literature. However, various flavonoids have been
reported to alleviate the peripheral neuropathic pain
state in different animal species.?” As it is known, patients
with diabetic neuropathy experience burning in their feet
or hands in addition to various forms of pain.3>36

As stated above, the relation has been determined be-
tween diabetic neuropathic pain and oxidant-antioxidant
levels.!® The fact that taxifolin prevented the production
of MDA, a product of LPO, from increasing with alloxan,
and the decrease of GSH in the sciatic nerve tissue sug-
gests that taxifolin provides a treatment for the patho-
genesis of diabetic neuropathic pain. In the experiment,
the results of which are in line with our study, an increase
of the LPO as well as a decrease of the GSH and other
nonenzymatic antioxidants in the diabetic neuropathic
pain have been revealed.'®

In our study, sciatic nerves were examined histopatho-
logically for hyperglycemic neuropathy. The sciatic nerve
is widely used in the evaluation of diabetic neuropathy.??
In addition, the most common site of diabetic neuropathy
is peripheral nerve tissues in the lower extremity.? As can
be seen from our experimental results, taxifolin attenu-
ated the development of myelinated nerve fibers damage
(swelling, myelin sheath degeneration, disorganization
and loss), hypertrophy and hyperplasia in Schwann cells,
vasodilation and congestion. Recent studies have docu-
mented degeneration and the presence of demyelinating
fibers in the sciatic nerves of diabetic animals.?” Again,
there are studies showing irregular myelin structure and
sheath detachment in diabetic rats.?® It has been reported
that various histopathological symptoms such as atrophy
of sciatic nerve axons, edema, myelin damage, and loss
of myelin develop in diabetic neuropathy.?® The change
in the oxidant—antioxidant balance in the nervous tissue
in favor of oxidants indicates that oxidative stress is an im-
portant factor in the pathogenesis of diabetic neuropathy.?”
This shows that all our experimental results obtained with
taxifolin are in agreement with the literature.

Limitations

Our study has some limitations. In order to clarify
the pathogenesis of the treatment of hyperglycemia-related
neuropathy and neuropathic pain with taxifolin, proinflam-
matory cytokine levels, as well as enzymatic antioxidant activ-
ity levels such as catalase, superoxide dismutase, glutathione
peroxidase, and glutathione reductase, should be investigated.

Conclusions

Alloxan-induced hyperglycemia significantly low-
ered the paw pain threshold of animals. Hyperglycemia
caused oxidative stress in paw tissue. It has been shown
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histopathologically that neuropathy develops in the sciatic
nerve tissue. Taxifolin prevented the reduction of alloxan-
induced hyperglycemia-related paw pain threshold, and
the oxidant—antioxidant balance in the sciatic nerve tissue
changed in favor of oxidants. Furthermore, taxifolin allevi-
ated the morphological disorders developing in the sciatic
nerve. Our experimental results indicate that taxifolin may
be useful in the treatment of hyperglycemia-associated
neuropathy and neuropathic pain. To clarify the mecha-
nism of treatment with taxifolin, more detailed studies,
such as investigations of the proinflammatory cytokines
and enzymatic antioxidant activity levels (catalase, super-
oxide dismutase, glutathione peroxidase, and glutathione
reductase), may be useful in providing a treatment for
the etiopathogenesis of neuropathic pain in the future.
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Abstract

Background. The production ofinflammatory mediators is critical for tenocytes proliferation and migration,
which play an important role in rotator cuff injury repair and requlation of collagen. MicroRNA (miRNA)-205
(miR-205) promotes the secretion of inflammatory factors. The mechanism of the tenocytes requlation
by miR-205 remains unknown. In this paper, we showed that miR-205 can requlate the proliferation, migra-
tion and fibrosis of tenocytes.

Objectives. To investigate the function and mechanism of miR-205/MeCP2 pathway on the proliferation,
migration and fibrosis of rotator cuff tenocytes, in order to provide a new perspective on the repair of rotator
cuff tear injury.

Materials and methods. The tenocytes were collected under sterile conditions from the Achilles tendons
of Sprague Dawley (SD) rats (weighing 150200 g). The cells of passages 2—4 were used for the following
experiments. All miRNA and vectors were transfected with Lipofectamine 2000. Reverse-transcription
quantitative real-time polymerase chain reaction (RT-qPCR), Cell Counting Kit-8 (CCK-8) assay, luciferase
reporter assay, and migration assay were performed. Then, immunoblotting analysis and statistical analysis
were conducted.

Results. The CCK-8 and migration assay revealed that miR-205 inhibition resulted in increased tenocytes
proliferation, migration and fibrosis. The miR-205 reduced the mRNA and protein expression levels of MECP2,
which is involved in cell proliferation and migration of tenocytes. The miR-205 inhibited luciferase intensity
under the control of the 3'UTRs of MECP2.

Conclusions. The inhibition of MECP2 reversed the effect of miR-205 inhibitor on tenocytes, including
the proliferation and migration of tenocytes, indicating that miR-205 may be valuable in miRNA-based
therapies for rotator cuffinjury.

Key words: microRNA, fibrosis, miR-205, cell proliferation and migration, rotator cuff injury
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Background

Rotator cuff injury often leads to pain, limited mo-
tion of shoulder and, in general, lowers the quality of life.
As a common weighing of shoulder, rotator cuff injury
includes several types like injury to tendinopathy, par-
tial tears and complete tears.'> Therefore, novel repair
techniques are required. Biologic repair techniques have
been considered to be the potential methods of restoring
the histological structure. For example, the employment
of cytokines and/or certain cells could possibly help in pro-
moting the regeneration of rotator cuff tendons.>*

A tendon is a fibrous cord of connective tissue at the end
of a muscle, by which the muscle attaches to a bone
or other structure.® Tenocytes are the basic functional
units of tendons. They synthesize and secrete collagen and
other extracellular matrix, and maintain the metabolism
of tendon tissue. Tenocytes are essential for the production
of the extracellular matrix during the tendon regeneration.
Many factors contribute to this progression. For example,
bone morphogenetic protein 2 (BMP2) can facilitate ten-
don repair by helping in the migration and proliferation
of tenocytes.®

MicroRNAs (miRNAs) have been reported to regulate
the expressions of various genes by targeting the 3’'UTR
of mRNA. This resulted in mRNA degradation or trans-
lational repression.”8 Increasing evidences demonstrated
that miRNAs contribute to various biological processes.”!°
Among them, miR-205 has been widely used in tumor
immune regulation and inflammatory pathway regu-
lation. It has been reported that miR-205 can promote
the secretion of inflammatory factors.!! At the same time,
the downregulation of the miR-205 expression can pro-
mote the recovery of skin wound,'? but its research on ten-
don cell function remains unexplored.

Methyl-CpG-binding protein 2 (MECP2) is a member
of the methylated binding protein family and an epigen-
etic regulator associated with methylated DNA,'* which
was originally considered to repress transcription via its
interactions with HDAC-Sin3 complex. Nowadays, with
emerging studies, MECP2 has been widely reported to re-
duce inflammation, pain and injury. Moreover, it may play
a role in tendon cell function. The evidence showed that
MECP2 can promote myofibroblast differentiation and
fibrosis, which are pivotal for wound healing.'

Objectives

In this study, we investigated the function and mecha-
nism of miR-205/MECP2 pathway on the proliferation,
migration and fibrosis of rotator cuff tenocytes, in order
to provide a new perspective on the repair of rotator cuff
tear injury.

X. Mao, Z. Yin. miR-205 with proliferation, migration and FT

Materials and methods
Tenocytes culture and transfection

All animal experiments were approved by the ethics
committee of Hwa-Mei Hospital (University of Chinese
Academy of Sciences, Ningbo, China). The tenocytes were
collected under sterile conditions from the Achilles ten-
dons of Sprague Dawley (SD) rats (weighing 150-200 g).
The cells of passages 2—4 were used for the following ex-
periments. All miRNA and vectors were transfected with
Lipofectamine 2000 (Invitrogen, Waltham, USA).

Reverse transcription quantitative
real-time polymerase chain reaction

Total RNA was extracted with TRIzol reagent (Qia-
gen, Hilden, Germany) and phenol/chloroform methods.
An miR-205 RT primer was used for the cDNA synthesis
of miR-205, and U6 small nuclear RNA was used as an in-
ternal control.

CCK-8 assay

Cell proliferation was measured using the Cell Count-
ing Kit-8 (CCK-8) assay. Briefly, all transfected cells were
incubated with CCK-8 for 2 h at 37°C, and the absorbance
was assessed at 450 nm.

Migration assay

Tenocytes were incubated, collected and resuspended
in Dulbecco’s modified Eagle’s medium (DMEM) contain-
ing 1% fetal bovine serum (FBS). Subsequently, 10* teno-
cytes were seeded onto the upper chamber. The migrated
tenocytes were fixed and stained using crystal violet.

Immunoblotting analysis

Then, 50 pg of protein were loaded in 10% sodium do-
decyl sulphate—polyacrylamide gel electrophoresis (SDS-
PAGE). Rabbit polyclonal antibodies were used as primary
antibodies. The bound antibodies were detected with con-
ventional protocols.

Luciferase reporter assay

The DNA fragment corresponding to 3'UTR of MECP2
was cloned into the pmirGLO Vector (Promega, Beijing,
China). The HEK-293T cells were seeded in 24-well plates
and co-transfected with miR-205 and the wild-type or mu-
tant 3’'UTR, and were harvested for protein extraction. Lu-
ciferase intensity was examined with the Dual-Luciferase
Reporter Gene Assay kit (Promega).
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Statistical analyses

All data were presented as median (range, minimum-—
maximum). The GraphPad Prism v. 7.0 (GraphPad Soft-
ware, San Diego, USA) and SPSS v. 18.0 software (SPSS
Inc., Chicago, USA) were used for calculation. One-way
analysis of variance (ANOVA) followed by Tukey’s post
hoc test were used for comparison among 3 groups. All
experiments were repeated in triplicate for both duplicate
detection and biological duplication. A value of p < 0.05
was considered statistically significant.
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Results

Inhibition of mir-205 promotes
proliferation, migration and fibrosis
of tenocytes

To investigate the role of miR-205 in the tendon re-
pair, the inhibition of miR-205 was achieved in tenocytes
by transient transfection with miR-205 inhibitor. Cell
proliferation was evaluated using CCK-8 assay (Fig. 1A).
The results showed that the inhibition of miR-205 in-
creased tenocytes proliferation, compared with control
cells. Also, cell migration was enhanced by inhibition
of miR-205 by transwell assay (Fig. 1B). In addition,

miR-205 %3
inhibitor

2 ks
S

1 control
2 miR-205 inhibitor
3 NCinhibitor

Fig. 1. Inhibition of miR-205 promotes proliferation, migration and fibrosis of tenocytes. Cells were transiently transfected with miR-205 inhibitor or control.
A. Cell proliferation was measured with Cell Counting Kit-8 (CCK-8) assay at various timepoints following the transfection; B. Transfected cells were
subjected to migration assay. The image displays the cells stained with crystal violet; C. Quantitative reverse-transcription polymerase chain reaction
(gRT-PCR) for the mRNA expression levels of the fibrosis markers; D. Protein levels of the fibrosis markers. Data are from experiments repeated in triplicate for
both duplicate detection and biological duplication; values are presented as the median (range, minimum-maximum). Boxplots show the minimum value,
15t quartile, median, 3 quartile, and maximum value. *p < 0.05; **p < 0.01 compared to negative control (NC)
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Fig. 2. The MECP2 promotes proliferation, migration and fibrosis of tenocytes. Cells were transiently transfected with MECP2 or control. A. Cell proliferation
was measured with Cell Counting Kit-8 (CCK-8) assay at various timepoints following the transfection; B. Transfected cells were subjected to migration
assay. The image displays the cells stained with crystal violet; C. Quantitative reverse-transcription polymerase chain reaction (QRT-PCR) for the mRNA
expression levels of the fibrosis markers; D. Protein levels of the fibrosis markers. Data from experiments repeated in triplicate for both duplicate detection
and biological duplication; values are presented as the median (range, minimum-maximum). Boxplots show the minimum value, 1" quartile, median,

3 quartile, and maximum value. *p < 0.05; **p < 0.01 compared to negative control (NC)

the mRNA and protein levels of fibrosis maker of teno-
cytes were detected to be enhanced by inhibition of miR-
205, including Col I, Col III, a-SMA, Scleraxis (Scx), and
tenascin C (TnC) (Fig. 1C,D). Altogether, these findings
demonstrated that the inhibition of miR-205 can promote
proliferation, migration and fibrosis of tenocytes.

MECP2 promotes proliferation,
migration and fibrosis of tenocytes

To gain more insight into the mechanisms underlying
the biological function of MECP2 in the tendon repair

progress, the ectopic expression of MECP2 was achieved
in tenocytes by transient transfection. The CCK-8 as-
say was applied to determine cell proliferation, which
showed that ectopic expression of MECP2 increased
tenocytes proliferation compared with the control cells
(Fig. 2A). Cell migration was enhanced by ectopic ex-
pression of MECP2 (Fig. 2B) and the levels of fibrosis
makers of tenocytes, including Col I, Col III, a-SMA, Scx,
and TnC, were also found to be enhanced (Fig. 2C,D).
These results demonstrated that the overexpression
of MECP2 can promote proliferation, migration and fi-
brosis of tenocytes.
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miR-205 targets and negatively
regulates MECP2

To confirm the direct regulation of miR-205 on MECP2,
we cloned the 3’'UTR-containing miR-205 binding sites
(Fig. 3A) and this fragment was inserted into the 3’ flank
of the reporter gene. Dual luciferase reporter assay (Pro-
mega) was performed, and the result demonstrated that
miR-205 significantly downregulated luciferase intensity
of MECP2 (Fig. 3). To further validate this result, site muta-
tions were introduced into the binding sites. As expected,
miR-205 could not change the fluorescence intensity and
mRNA level of MECP2 containing the mutant 3’UTR
(Fig. 3B,C). Taken together, our studies proved that MECP2
can be a direct target gene of miR-205.

Inhibition of MECP2 reverses the effect
of miR-205 inhibitor on tenocytes

To further explore whether MECP2 participates in
the miR-205-mediated proliferation, migration and fibrosis
of tenocytes, cells were transfected with control, miR-205 in-
hibitor, inhibitor plus small interfering RNA against MECP2
(si-MECP2), and the inhibitor plus the negative control
siRNA (si-NC). The inhibition of MECP2 reverses the effect
of miR-205 inhibitor on tenocytes, including the prolifera-
tion and migration of tenocytes caused by miR-205 inhibitor
(Fig. 4A,B). Quantitative reverse-transcription polymerase
chain reaction (QRT-PCR) and western blot analysis showed
that miR-205 inhibitor transfection promoted the protein
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expression of Col I, Col III, a-SMA, Scx, and TnC, which
could be alleviated by downregulated MECP2 in tenocytes
(Fig. 4). Together, these results suggested that the inhibition
of miR-205 promotes proliferation, migration and fibrosis
of tenocytes through targeting MECP2.

Discussion

With the aging of the population and the improvement in
the general fitness of the population in China, the number
of patients with rotator cuff tears caused by degeneration
and sports injury has increased dramatically, and irrepa-
rable rotator cuff tear (IRCT) caused by various reasons
has become more and more common.!” Irreparable rotator
cuff tear is different from huge rotator cuff tear, since not all
huge rotator cuff tears are irreparable.’® As the name sug-
gests, the torn rotator cuff cannot be repaired in the original
footprint area after conventional loosening. In addition, ir-
reparable rotator cuff can affect the quality of tendon due
to atrophy and steatosis. Even if its structure is directly
repaired, it will fail to function due to its quality defects.
The irreparability of rotator cuff is caused by many factors,
and its incidence can be as high as 30%.

During the healing process of the tendon injury, double
healing mechanisms are observed, which include the divi-
sion and proliferation of tenocytes, the endogenous heal-
ing of repairing tendon rupture and defect, and the exog-
enous healing participated by the proliferation of tendon
adventitia cells. The external healing process will cause
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Fig. 3. The miR-205 targeting and negative regulation of MECP2. A. Alignments between miR-96 and the binding sites in the sequences at the 3'UTR

of MECP2 mRNA,; B. Cells were co-transfected with miR-96 and the WT or mutant 3'UTR of MECP2 mRNA, and subjected to luciferase reporter assay for

the analysis of the effect of miR-96 on the intensity controlled by the 3'UTR; C. The mRNA expression level of MECP2 using quantitative reverse-transcription
polymerase chain reaction (GRT-PCR). The B-actin was used as an internal control. Boxplots show the minimum value, 1°* quartile, median, 3" quartile, and
maximum value. **p < 0.01 compared to mimics negative control (NC); #p < 0.01 compared to inhibitor NC
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the adhesion between tendon and surrounding tissue, and
restrict tendon sliding. It can regulate the proliferation
of tenocytes and the internal healing mechanism of ten-
don dominant, promoting tendon healing and preventing
postoperative adhesion of tendon.'” Related growth factors
play a key role in the repair of tendon and other soft tis-
sue injuries.’® Distinct molecular mechanism underlying
the tendon injury, repair and regeneration will have a great
influence on the treatment of tendon injury.

The miRNAs have been reported to function as key regu-
lators of various biological processes. There is evidence
that tendon injury repair is related to the differentially
expressed miRNAs."2! It has also been reported that

exogenous miR-29a downregulated BMP2 and BMP12,
while miR-26a and miR-30d did not have a significant ef-
fect on tenocyte gene expression, suggesting that miR-
29a contributes to tendon homeostasis and can serve
as a potential therapeutic target in treating tendinopathy.??
In our study, we observed that the inhibition of miR-205
promoted tenocyte proliferation, migration and fibrosis,
which indicated that miR-205 might negatively regulate
the progress of tendon injury repair.

The MECP2 can inhibit the transcription of its down-
stream target genes and play a role in the transcriptional
regulation through the specific binding with methylated
DNA, thus, it is an important transcriptional inhibitor.?®
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The MECP2 cannot inhibit the corresponding down-
stream target gene efficiently when its expression is down-
regulated, which leads to the occurrence of various dis-
eases.?* It has been reported that MECP2 plays a pivotal
role in Rett syndrome pathology and a novel double mu-
tation that can affect the transcription repression do-
main of MECP2 and cause a severe phenotype of Rett
syndrome.?>=2” The results of our study reported here
show that MECP2, the target of miR-205 in tenocytes
was identified as an important transcriptional inhibitor,
which might be a novel critical factor in the proliferation,
migration and fibrosis of tenocytes.

Limitations

Given that miR-205 is a 22-mer small RNA differentially
expressed in various tissues, targets other than MECP2
should be present in tenocytes. Therefore, whether and how
miR-205 regulates proliferation, migration or fibrosis of teno-
cytes through targeting other factors is still to be studied.

Conclusions

The inhibition of miR-205 could promote the prolif-
eration, migration and fibrosis of tenocytes. In addition,
MECP2 is the direct target of miR-205. The miR-205 acts
on tenocytes through targeting MECP2. These data impli-
cate a multifactorial effect of miRNA on tenocyte and gene
expression. Our findings may provide important informa-
tion on miRNAs in tenocytes. The results of this study
may be valuable for further experimental investigation
on the mechanism of the repair of rotator cuff tear injury.
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Abstract

Heart failure (HF) is a pathophysiologically complex disease that is exceptionally heterogeneous in terms of its
etiology. It is associated with unsatisfactorily high mortality, both in-hospital and post-discharge, as well
as with very frequent rehospitalizations. High phenotypic variability, coexistence of various hemodynamic
disorders (such as changes in systemic and pulmonary vascular resistance, increased central venous pressure,
impaired heart cardiac output, and fluid overload) and coexisting metabolic and neurohormonal disorders
may eventually lead to impaired systemic perfusion. Congestion thatimpairs renal perfusion has a significant
impact on both glomerular filtration and the renal tubular function. This review article discusses the im-
portance of changes caused by HF in various nephron segments, phenotyping of cardiorenal syndromes,
the role of effective natriuresis in decongestion, and the importance of known and new diagnostic biomarkers
in predicting renal dysfunction. A better understanding of cardiac and renal interactions may help in selecting
an effective, efficient and nephroprotective strategy of treatment for patients with HF.

Key words: heart failure, cardiorenal syndrome, worsening renal function, renal markers, natriuresis
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Introduction

Mutual hemodynamic and neurohormonal interaction
of the heart and kidneys determines the exceptional depen-
dence of both organs. Heart failure (HF) and kidney disease
(KD) often coexist, which carries significant prognostic im-
plications. Chronic kidney disease (CKD), defined as lower-
ing of estimated glomerular filtration rate (¢GFR) <60 mL/
min/1.73 m? is present in 4.5% of general population and
as many as 50% of patients with HF.2 A large meta-anal-
ysis involving over 1,000,000 HF patients revealed that
the presence of CKD doubles the risk of general mortality.

Objectives

Modifications of diuretic treatment in patients with
acute HF (AHF), associated with the use of both too high
and too low doses of loop diuretics, result in excessive de-
hydration, risk of hypotension and worsening renal func-
tion. The aim of this review article was to evaluate and
compare information about the important role of renal
tubular function in the context of natriuresis and chloride
metabolism associated with effective diuresis, including
a comprehensive assessment of cardiorenal syndrome
(CRS) and renal biomarkers. An optimal diuretic treat-
ment, comprising different diuretic classes and their vari-
ous activities, should be applied in patients with AHF.

Materials and methods

This review article provides an overview of current publi-
cations indexed in MEDLINE database (using PubMed and
EBSCO), Scopus and Embase until July 2021. Taking into
consideration the selected studies, the following keywords
and Medical Subject Headings (MeSH) were used: “heart
failure”, “natriuresis”, “spot urine sodium”, “cardiorenal
syndrome”, “worsening renal function”, and “acute kidney
injury”. The Boolean operators “AND” and “OR” were also
used to narrow the search. The term “heart failure and
worsening renal function” appeared in 1966 (Scopus), 1403
(PubMed) and 1223 (Embase) results, respectively. Addi-
tionally, a detailed search for articles was carried out using
the keywords “heart failure AND cardiorenal syndrome
AND acute kidney injury”, which provided 297 results
(51 in 2020 and 2021) in PubMed, 264 results (Scopus)
and 328 results (Embase), respectively. Using the keywords
“heart failure AND natriuresis” resulted in 1054 (Scopus),
969 (PubMed) and 1408 (Embase) articles found, respec-
tively. In PubMed, the term “heart failure AND spot urine
sodium” resulted in 33 articles (out of which 9 were pub-
lished in 2020 and 2021), 50 articles in Scopus and 17 re-
sults in Embase. Due to the large number of articles re-
lated to the term “renal markers AND acute kidney injury”,
we had to narrow the search to selected renal biomarkers.

A. Kosiorek et al. Heart failure and kidney pathophysiology

In order to achieve a comprehensive pathophysiological
approach, in addition to using selected keywords, we also
performed a manual search.

Renal perfusion compared
to oxygen use: differentiated
distribution of energy expenditure

The kidneys are the most vascularized organ of the body.
Renal blood flow (RBF) constitutes 20—-25% of resting car-
diac output (CO), and involves the renal cortex and me-
dulla whose dynamics and metabolism differ.> In terms
of anatomy, renal corpuscles (glomeruli surrounded
by Bowman’s capsule) and their vascularization are inside
the cortex, while renal tubules, located outside the cortex,
reach the medulla. Physiologically, the kidneys show a high
demand for oxygen (O,), but it is very different in the cortex
and medulla. Perfusion of the cortex constitutes as much
as 90% of blood flow and is autoregulated at low and normal
oxygen consumption (VO2), which is first and foremost
associated with the use of O, in renal tubules, necessary
for the reabsorption of approx. 99.5% of filtered sodium.
At the level of the medulla, blood flow is low and well-
maintained even when systemic perfusion is significantly
reduced.*® In most tissues (e.g., in the brain), increased O,
demand is followed by increased perfusion and O, sup-
ply. However, the load of reabsorbed sodium increases
in the kidneys simultaneously with increased RBF and
increased O, supply, which causes further increase in O,
consumption and results in a high energy expenditure
of the kidney. As a consequence, all of these processes
may paradoxically cause hypoxia of intrarenal tissue and
renal tubules (such a mechanism may occur in the case
of hypertensive and diabetic nephropathy).” On the other
hand, decreased CO, lowering of RBF in AHF and activation
of the compensatory mechanisms (sympathetic nervous
system (SNS) and renin—angiotensin—aldosterone system
(RAAS)) result in poor renal perfusion, hypoxia of cells and
renal tubules, as well as further damage thereto.*

The role of individual
nephron segments in water
and electrolyte balance

From the clinical perspective, renal metabolic function
of the kidneys understood in the context of nephron ac-
tivity should be analyzed in 3 anatomical and functional
areas: glomeruli (filtration function), renal tubules (tu-
bular function associated with reabsorption of tubular
fluid with electrolytes with simultaneous secretion) and
renal interstitium (absorption of water and electrolytes
into peritubular capillaries).
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Filtration function

The eGFR is the total result of the number of functional
nephrons. Under physiological conditions, the pace of glo-
merular filtration of a single nephron is 40-70 nL/min
with filtration fraction (FF) of 20-25%. With normal re-
nal perfusion, hydrostatic pressure in glomerular capil-
laries slowly increases from the proximal to the distal
end. As a result, the gradient of ultrafiltration pressure
is equally maintained along the entire glomerular capil-
lary.>~7 The total volume of primary urine produced under
normal conditions is approx. 180 L per day, containing ap-
prox. 1.5 L of NaCl, most of which is reabsorbed into renal
interstitial fluid and systemic circulation. The primary fil-
trate contains electrolytes (sodium, chloride) and nitrogen
metabolism products, urea, creatinine, uric acid, as well
as mineral salts and amino acids." Less than 1% of NaCl
and only a small part of other dissolved substances are
excreted with final urine. It is worth noting that glomerular
filtration reflects only the filtration function of the neph-
ron, which is very important in the production of primary
urine. The formation of final urine and effective diuresis,
understood as aquaresis and natriuresis as well as normal
regulation of chloride concentration, stem from the ef-
ficiency of renal tubule function."
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Tubular function
Proximal tubule

Under normal conditions, the wall of the proximal tu-
bule is freely permeable to water, which is accompanied by
the reabsorption of sodium to maintain osmotic balance.
Various transporters in the wall of the proximal tubule are
responsible for such active transport (e.g., Na*/K*-ATPase
of the basolateral membrane). This relatively stable sodium
fraction (~75%) is reabsorbed in the proximal segment
of the nephron and determined by Starling forces, regard-
less of neurohormonal activation. As a result of functional
changes in the proximal renal tubule, as much as 85% of so-
dium can be reabsorbed in AHF (Fig. 1).%

Loop of Henle and distal tubule

Roughly 25% of sodium is then reabsorbed again in the site
of action of the Na/K/Cl cotransporter in the thick ascend-
ing loop of Henle’s limb. It is the site of action of loop di-
uretics (blocking of the cotransporter leads to an increase
in the sodium load in the distal tubule and promotion
of the excretion of sodium, chloride and — to a lesser ex-
tent — potassium). In the distal convoluted tubule, the so-
dium-chloride cotransporter is responsible for only about

Proximal tubule
75% Na
85% Na in AHF

Markers of filtration and proximal tubule function: Distal tubule
. serum creatinine Distal tubule o urine NGAL
e blood urine nitrogen _ «  +  uineGST
. plasma NGAL
° serum cystatin C \
3 5% Na
/ /
Glomerular injury: PRI ?
. urine cystatin C
o urine albumin excretion
1-5% Na
—-
Proximal tubule injury:
. urine KIM-1 25% Na
urine TIMP2 — Collecting duct
urine IGFBP7
urine NAG 3
urine IL-18

urine beta2-micraglobulin
urine alfa1-microglobulin
urine L-FABP

Fig. 1. Renal biomarkers and Na reabsorption: anatomic site along the nephron

Loop of Henle

NGAL - neutrophil gelatinase-associated lipocalin; KIM-1 - kidney injury molecule-1; IGFBP-7 — insulin growth factor-binding protein 7; NAG - N-acetyl-
B-D-glucosaminidase; IL-18 — interleukin-18; L-FABP — urinary L-type fatty acid-binding protein; TIMP-2 — tissue inhibitor of metalloproteinases;

GST - a-glutathione S-transferase; AHF — acute heart failure.
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5% of sodium reabsorption. Since this is the site of action
of thiazide diuretics, the diuretic effect of these medica-
tions is poorer than that of loop diuretics. In the collecting
duct, an aldosterone-dependent cotransporter is active (and
responsible for the absorption of 1-5% of sodium), which
is inhibited by mineralocorticoid receptor antagonists.°®

Chloride and tubuloglomerular feedback

Chloride is freely filtered by glomeruli. Approximately
60% of chloride is absorbed by the proximal renal tubule.
Its concentration in urine depends proportionally on so-
dium concentration and is regulated by a number of trans-
port processes.” Macula densa (MD), which is responsible
for physiological tubuloglomerular feedback in the kid-
ney and plays a role in sodium and chloride concentration
regulation, is important for efficient function of the organ.
It is located in the place where the distal tubule approaches
the renal corpuscle and acts as an osmoreceptor of urine
flowing through the distal convoluted tubule.® The MD
reacts to changes in chloride concentration and the signal
indicating changes in osmotic pressure are transmitted
to the afferent glomerular arteriole. Describing the so-called
“chloride theory”, Kataoka draws attention to the essential
role of chloride in the pathogenesis of congestion in AHF.
Low chloride load (along with low sodium load) in the urine
of patients with AHF, in whom there is an increased sodium
resorption in the proximal tubule, stimulates the excretion
of renin by juxtaglomerular cells. Renin causes the dila-
tion of the glomerular afferent arteriole, the hyperfiltration
of glomeruli and, as a result, the activation of the vicious circle
of the RAA .1 In turn, an increase in the influx of sodium
and chloride into the distal tubule activates tubuloglomerular
feedback by the breakdown of adenosine triphosphate (ATP)
into adenosine, which leads to the constriction of the afferent
glomerular arteriole and stops the activation of the RAA.
Thanks to tubuloglomerular feedback, the nephron is also
protected against hyperfiltration.512

Renal interstitium

In AHF, increased FF, which can be present even before
the occurrence of a significant decrease in eGFR, causes sig-
nificant changes in both hydrostatic and colloidal osmotic
pressure in peritubular capillaries as well as in the intersti-
tial portion of the kidney. Due to the fact that the kidneys
are surrounded by a fibrous and fatty capsule and the renal
fascia, hydrostatic pressure is evenly increased in the lu-
men of peritubular capillaries and renal interstitium (renal
venous hypertension), while the oncotic pressure of the in-
terstitial fluid decreases due to increased flow of lymph,
which flushes out interstitial proteins. On the other hand,
peritubular capillaries are impermeable to plasma proteins,
which explains why intracapillary colloidal osmotic pres-
sure remains high. These mechanisms facilitate passive
resorption of sodium with resorption of water.®!3
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Natriuresis and diuretic
treatment strategy

Early measurement spot urine sodium (UNa) may be
useful in identifying the patients who show poor response
to diuretic treatment. In a prospective observational study,
UNa was measured after the administration of the first dose
of an intravenous diuretic medication. The risk of composite
primary endpoint (death from any cause after 90 days, the use
of a mechanical circulatory support system at hospital ad-
mission and inotropic agents at discharge) was twice as high
in patients with UNa < 60 mmol/L. Worsening renal function
(WRF) occurred significantly more often in patients with
UNa < 60 mmol/L.»*In a Renal Optimization Strategies Eval-
uation (ROSE)-AHF study, a lower value of UNa < 60 mmol/L
within the first 24 h of diuresis was characteristic of patients
in whom there was a risk of extended hospitalization.!®
In addition, the evaluation of renal function, understood
as eGFR, does not provide reliable information on sodium
balance.'® Maintained eGFR profile (60 mL/min/1.73 m?)
in patients with HF and UNa < 60 mmol/L is associated with
high annual mortality rate.'®!” Early monitoring, consisting
in the recording of UNa 50—70 mmol/L after 2 h and/or di-
uresis 100-150 mL within the first 6 h of treatment, usually
malkes it possible to identify patients showing an inadequate
response to diuretic therapy.'®1° Therefore, it is neces-
sary to interpret changes in renal function adequately early
to identify patients in whom there is a risk of WRF and a lack
of clinical improvement.?%?! Furthermore, in AHF, sodium
excretion is related to clinical status and has a different
prognostic value between early phase of hospitalization and
at discharge.”? As a result, the physician will be able to make
the decision of modifying the dose of the loop diuretic (double
the dose) in order to obtain maximum plasma concentrations
of the medication, or using sequential nephron blockade,
i.e, combining the treatment with diuretics with a different
mechanism of action.!

Phenotypes of CRS

In some HF patients, acute kidney injury (AKI) leads not
only to transient but also permanent impairment of glo-
merular filtration. Apart from hemodynamic mechanisms
(impaired organ perfusion due to decreased CO and high
central venous pressure (CVP)), an important role is played
by the dysfunction of SNS, activation of the RAAS, disrup-
tion of the hypothalamic—pituitary axis, and stimulation
of inflammatory reactions, including changes in cytokine
signalling.??* It should be noted, however, that AKI may
be iatrogenic and associated with suboptimal dosing of di-
uretics in patients with HF. Such treatment may increase
the risk of excessive decongestion by decreasing intravas-
cular volume, with secondary development of prerenal
failure. From the clinical perspective, it is very important
to identify this phenomenon quickly, for example by using
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early biomarkers of renal tubular injury.?> This strategy
may play a key role in the appropriate modification of treat-
ment and prevention of the development of CRS.

CRS type |

Sudden worsening of the CO (caused by myocardial isch-
emia, arrhythmia, severe valvular heart diseases, or myo-
carditis), that results in a cascade of hemodynamic and
neurohormonal changes, leads to the arterial underfilling,2°
It causes RBF reduction, secondary activation of the com-
pensatory mechanisms of RAAS and an increase in SNS
tension. Angiotensin II activity results in the constriction
of the efferent glomerular arteriole. In order to maintain
optimal renal perfusion and constant FF, through an in-
crease in the expression of vasodilators (prostaglandin, ni-
tric oxide), the afferent glomerular arteriole is dilated.®2627
An increase in FF initially masks the absolute decrease
in eGFR, but after reaching the maximum FF at the value
of ~60%, further RBF decrease causes a significant linear
decrease in eGFR. Ultrafiltration pressure gradient cannot
be maintained any longer at the entire length of the glo-
merular capillary, which partially loses its ultrafiltration
efficiency (the “wasted capillary” phenomenon occurs).
It leads to a decrease in the general number of function-
ally active nephrons, causing a decrease in glomerular
filtration.! Reactively increased secretion of vasopressin
results in reverse resorption of water from the collecting
duct of the nephron.? Increased reflex adrenaline secre-
tion causes a significant increase in renal vascular resis-
tance, which leads to further impairment of renal perfu-
sion. In addition, the expression of endothelin I (which
is a substance with strong vasoconstrictive properties)

leads to vasoconstriction, fostering remodeling processes
and renal vascular fibrosis.?® Also, abnormalities in the ve-
nous area of renal capillaries, stemming from increased
CVD, lead to renal interstitial edema, hypoxia and dysfunc-
tion of renal tubules (resulting from increased hydrostatic
pressure and impaired outflow of blood from the kidneys).
In a similar mechanism, increased intra-abdominal pres-
sure (IAP), occurring, for example, in the case of coexisting
ascites, leads to an impaired renal perfusion due to com-
pression. This is due to a decrease in abdominal perfusion
pressure, which is the difference between mean arterial
pressure and IAP.?

CRS type 2

Type 2 CRS is developed secondary to chronic HF,
in the case of which we observe gradual, progressive activa-
tion of compensatory mechanisms (stimulation of RAAS,
SNS and endothelin overproduction). These processes lead
to worsening of renal perfusion through the development
and perpetuation of structural changes in the renal pa-
renchyma, renal vascular fibrosis as well as dysfunction
of renal tubules. Apart from its vasoconstrictive effect,
endothelin 1 production contributes to low urine sodium
excretion, the occurrence of inflammation in the kidneys
and increased expression of aldosterone. Moreover, the co-
existing synthesis of fibronectin stimulates fibrotic pro-
cesses that are frequently irreversible.3° Aldosterone shows
expression in preglomerular vessels, glomeruli and along
distal tubules. Its increased production leads to vascular
remodeling, glomerular sclerosis, generalized endothelial
dysfunction, and increased oxidative stress.3! The CRS has
been divided into 5 subtypes (Fig. 2).3

(

Classification of cardiorenal syndrome (CRS)

Chronic cardiorenal
syndrome (type Il)

Acute cardiorenal
syndrome (type |)

Acute renocardiac
syndrome (type lll)

Chronic renocardiac
syndrome (type IV)

Secondary cardiorenal
syndrome (type V

.

Rapid
worsening of
cardiac function
leading to acute
kidney injury

acute myocardial
infarction with
cardiogenic shock

Chronic
abnormalities in
cardiac function
leading to
progressive chronic

kidney injury

chronic heart failure

Abrupt worsening
of renal function
leading to cardiac
dysfunction

hyperkalemia causing
arrhythmias,

volume overload
causing pulmonary
oedema

Chronic kidney
disease leading to
cardiac
dysfunction

chronic kidney disease
leading to left
ventricular
hypertrophy, coronary
disease, calcification

Acute or chronic
systemic disease
leading to both
cardiac and renal
dysfunction

diabetes mellitus,
amyloidosis, vasculitis

Fig. 2. Cardiorenal syndrome (CRS) subtypes
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CRS: the updated concept

The AHF is a complex syndrome involving numerous
organs, including kidneys.32 The kidney is an important
homeostatic organ and its activity is closely interrelated
with the function of the cardiovascular system.?* Although
CRS subtypes systematize the knowledge that allows for
research on the interaction between the cardiovascular
system and the kidneys, it is only a simplification that ig-
nores the interaction between the kidneys and other key
organs and systems (lungs, liver, skeleton, gastrointesti-
nal tract and its microbiome, SNS, adipose tissue, skeletal
muscles).3*34 It is crucial to notice the role of the kidneys
in the metabolism of carbohydrates®® as well as in the regu-
lation of oxygenation of all tissues through their partici-
pation in the metabolism of iron and hemoglobin.3¢ This
homeostatically central role of the kidneys means that
a dysfunction in any of these organs may have an impact
on kidney function and such impact may be responsible
for the differentiation of the renal response to various car-
diovascular diseases.

Since the definition of CRS was developed, the under-
standing of the heterogeneity of HF, especially the role
of other diseases and organs beyond the circulatory system,
has increased significantly.?” For this reason, the analy-
sis of renal function within the conceptual paradigm
of the CRS has exhausted all its options. There is a need
for an interdisciplinary concept in which it will be possible,
on the one hand, to understand the causes of high hetero-
geneity of renal function in HF and during its treatment,
and on the other hand, to identify such functional renal
responses and the circumstances of their emergence that
are clinically unfavorable. Regardless of the phenotype
of HF, the functional renal response to its presence and
treatment may fall into one or a combination of the fol-
lowing clinically important categories:

- inadequate control of the extracellular fluid volume
with different responses to the diuretics,

— decrease in glomerular filtration,

— decrease in diuresis,

- hyperkalemia/hypokalemia,

- hyponatremia,

- acidosis/alkalosis with hypochloremia.

The abovementioned dysregulation involving the kid-
neys occurs in everyday medical practice and it is diffi-
cult to relate it to the established concepts of KD, which
includes its 2 types (acc. to KDIGO 2012):

1. CKD with eGFR below 60 mL/min/1.73 m? for
3 months or eGFR over 60 mL/min/m? with additional
evidence of kidney injury:

— albuminuria/proteinuria,

— macroscopic or microscopic changes,

- etiology (diabetes, hypertensive, interstitial disease,

etc.).

2. AKI with an increase in serum creatinine concen-
tration (SCr) by >0.3 mg/dL (26.5 pmol/L) within 48 h,
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or a 21.5-fold increase within the previous 7 days, or a de-
crease in diuresis by <0.5 mL/kg/h within 6 h.

These 2 types of KD can overlap, and this is very com-
mon in a significant percentage of patients with HF. How-
ever, these syndromes do not include abnormalities in fluid
and electrolyte balance, fluid overload and resistance to di-
uretics. In clinical practice, we see patients with HF with
preserved or reduced ejection fraction with concurrently
impaired glomerular filtration, hyperkalemia or hypochlo-
remic alkalosis due to the use of diuretics.

WREF in the course of HF

The AKI is associated with an increased risk of hospi-
talization and high in-hospital and post-discharge mor-
tality.3®% It is important to note that the AKI is a clinical
syndrome and is not synonymous to acute renal failure
(ARF). The coexistence of a rapid, persistent worsening
renal function, increased concentration of renal injury
markers, accumulation of nitrogenous and non-nitrog-
enous metabolic products, as well as profound electro-
lyte disturbances leads to ARF. Based on, for example,
the Risk, Injury, Failure, Loss, End-stage renal disease
(RIFLE) criteria, we can calculate risk and damage and
predict gradual progression of renal disease to end-stage
renal failure. However, they only make it possible to char-
acterize successive stages of renal failure development,
without necessarily showing sensitivity in the detection
of early intrarenal dysfunction.® Unfortunately, there are
patients who remain at risk of developing progressive CKD,
despite complete or nearly complete restoration of renal
function after an AKI episode. The occurrence of AKI
in patients previously diagnosed with CKD is associated
with accelerated progression thereof as well as the occur-
rence of end-stage renal failure. The AKI occurs mainly
in HF patients hospitalized due to AHF. The incidence
of AKI in population is ~20%.%°-42 The significance
of WRF among patients with AHF has been emphasized
for years.?**3 The presence of WREF, understood as an in-
crease in SCr > 0.3 mg/dL in serum or a decrease in eGFR
by >25% (expressed in mL/min/1.73 m?, calculated accord-
ing to the Modification of Diet in Renal Disease (MDRD)
formula), together with worsening or lack of improvement
in signs and symptoms of AHF, is known as the “true
WREF”. This condition requires intensification and optimi-
zation of pharmacological treatment (and, in some cases,
the introduction of renal replacement therapy), especially
when resistant fluid overload and metabolic disorders (hy-
perkalemia and acidosis) are also present, and is associated
with worse prognosis. Authors of one study observed that
general mortality increased in a 12-month follow-up of pa-
tients with true WRF (in a population of 266 patients with
HE, 73 patients (27%) reached endpoint). In the group of pa-
tients with true WRF death occurred in 9 out of 11 (82%)
patients, in the group with pseudo-WRF in 3 out of 27 (11%)
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patients and in the group without WRF in 61 out of 228 pa-
tients (27%) (p < 0.001).2%2! Importantly, in patients with
simultaneously preserved diuresis, effective decongestion
and improvement in clinical condition during the course
of treatment, an increase in creatinine/decrease in eGFR
does not imply worse prognosis (“pseudo WREF”).1:2!
It is also worth noting that the administration of loop
diuretics, angiotensin-converting enzyme (ACE) inhibi-
tors or aldosterone antagonists before hospitalization due
to HF does not have an impact on an increased risk of WRE.
Pseudo-WRF may occur as a result of the implementation
of a targeted therapy reflecting the neurohormonal block-
ade, understood as the inhibition of the RAA system, and
itis not necessarily a sign of direct renal dysfunction. Only
isolated changes in SCr occur in this group of patients.!?
Therefore, a consistent evaluation of renal function must
be conducted in each patient suffering from HF, especially
from AHF. Such strategy makes it possible to assess the ef-
fectiveness, efficacy and — thus — safety of the treatment.
Therefore, researchers are still seeking markers that are
sensitive, easy to determine and available that will be help-
ful in identifying patients with sub-clinical AKI who have
an increased risk of adverse outcomes. There are some
systems that prevent intravascular hypovolemia during
decongestion, which may reduce the risk of WRF; how-
ever, this issue needs further investigation.** The safety
of ultrafiltration also needs to be clarified in the future.*

Biomarkers of AKI

Monitoring of SCr, as a common endogenous marker
of glomerular filtration function, is a standard in the eval-
uation of renal function. This method, however, has
a number of limitations. Creatinine, a product of creatine
metabolism, which is a reserve of high-energy phosphates
in skeletal muscles, is freely filtered by renal glomeruli,
without being resorbed or secreted in the kidney (except
for 15% creatinine in urine which comes from tubular
secretion in the proximal tubule through excretion of or-
ganic cations).* When eGFR is reduced, its half-life ex-
tends from 4 h to even 24-72 h. It is particularly impor-
tant in the context of impaired metabolism in patients
with end-stage renal disease (ESRD), in whom creatinine
can be excreted or metabolized via extrarenal pathways
(up to 66% of daily production), most likely by intestinal
flora.**4” Therefore, SCr may increase only after 24—
36 h despite early renal injury, which significantly delays
the diagnosis of AKLY74748 There are also reports of de-
layed increases in SCr despite changes in eGFR occurring
already at an early stage of AKI, which can only be visible
after a 50% loss of renal functional capacity.*’ In addition,
SCr depends not only on glomerular filtration function,
but also on factors such as sex, age and body weight. In pa-
tients with low muscle mass, features of cachexia, liver
diseases or sepsis, SCr is lower and, as a result, eGFR may
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be overestimated. A protein-rich diet — consuming large
amounts of boiled meat — leads to an increase in SCr caused
by increased intestinal resorption of creatinine from con-
sumed meat.!"*¢~%8 Thus, an increase in its SCr is not spe-
cific for early renal tubule damage (but is rather an effect
of the loss of glomerular filtration function) and requires
consideration of prerenal and extrarenal causes.*** Blood
urea nitrogen (BUN) evaluation is also worth mentioning,
which is also helpful in diagnostic evaluation of moder-
ate and severe CKD, regardless of eGFR. It has also been
shown that increased levels of BUN in AHF patients, even
those in whom SCr levels are normal or slightly elevated,
are correlated with increased mortality. The necessity
to take into account SCr and the inertia of analysis re-
sulting thereof, constitutes a limitation of the method.°
General urinalysis is a widely available clinical parameter
with diagnostic value in the evaluation of structural and
functional causes of KD. The evaluation of urine sediment
examination, based on the evaluation of active sediment,
the number and type of epithelial cells or casts, is sig-
nificant in diagnosis of KD. This interpretation, however,
frequently does not indicate precisely whether the disease
is acute or chronic.? Renal function should also be con-
sidered when evaluating the clinical significance of urine
osmolality. Low urine osmolality is an independent risk
factor for CKD progression, and its predictive ability is not
superior to eGFR.%!

Novel renal biomarkers

In the last decade, a very interesting diagnostic platform
appeared among urinary markers that are of significance
in early prediction of AKIL Such biomarkers can be divided
into several groups according to their biological origin and
time of release after renal injury (Table 1), or potentially
reversible or irreversible effects on AKI (Fig. 3).52

Neutrophil gelatinase-associated lipocalin

The best known marker is the neutrophil gelatinase-as-
sociated lipocalin (NGAL), which is a sensitive and specific
urine and serum biomarker for predicting AKI at an early
stage. A 10-fold increase in NGAL serum concentration and
over a 100-fold increase in its concentration in the urine
of adults has been observed in AKI.***3 In a meta-analysis
of 10 studies involving 2000 patients with CRS, an increase
in serum and urine level of NGAL were predictive for renal
replacement therapy and death.? What is more, an increase
in serum NGAL indicates AKI progression after cardiac
surgeries, secondary to post-contrast AKI, as well as sep-
tic shock in children.** Importantly, its high level is ob-
served in the case of inflammation, as NGAL is an acute
phase reactant and can be released from neutrophils and
macrophages.>® Therefore, in the context of diagnostic
evaluation and intervention in early renal tubular injury,
the dynamics of NGAL synthesis, both in the serum and
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Table 1. Novel biomarkers of AKI

Renal biomarker

Anatomical and biological origin

Distribution after renal injury

25 kDa glycoprotein

NGAL produced by neutrophils and epithelial cells of kidney, trachea, lung,
myocardium, stomach, and colon

KIM-1 transmembrane glycoprotein

Ciailiie 13 kDa cysteine protease inhibitor produced by all nucleated cells;

IGFBP-7 metalloproteinases involved in G1 cell cycle arrest at an early stage

TIMP-2 of renal tubular cell injury

L-FABP 14 kDa intracellular lipid chaperone produced in proximal tubule and

hepatocytes
IL-18 pro-inflammatory cytokine
NAG lysosomal enzyme

— released from proximal and distal tubular cells
—increased serum and urinary concentration within 2-4 h

- produced by proximal tubular cells
- increased urinary concentration within 24-48 h

- released from proximal tubular cells

is freely filtered in glomeruli and reabsorbed by proximal tubular cells = - increased urinary concentration within 12-24 h

— increased urinary concentration within 12 h

— increased urinary concentration in 1 h

- released from proximal tubular cells within 6-24 h

— produced by proximal tubular cells within 12 h

NGAL - neutrophil gelatinase-associated lipocalin; KIM-1 — kidney injury molecule-1; IGFBP-7 — insulin growth factor-binding protein 7; NAG - N-acetyl-3-D-
glucosaminidase; IL-18 — interleukin-18; L-FABP — urinary L-type fatty acid-binding protein; TIMP-2 — tissue inhibitor of metalloproteinases.
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Fig. 3. Effect of reversible and irreversible renal injury on acute kidney injury (AKI)

NGAL - neutrophil gelatinase-associated lipocalin; KIM-1 — kidney injury molecule-1; IGFBP-7 — insulin growth factor-binding protein 7; NAG — N-acetyl-3-D-
glucosaminidase; IL-18 — interleukin-18; L-FABP — urinary L-type fatty acid-binding protein; TIMP-2 — tissue inhibitor of metalloproteinases; GFR — glomerular

filtration rate; Cys C — cystatin C.

urine, can be a useful tool for a noninvasive evaluation
of AKI, even before the development of clinically evident
form of the disease.”

Kidney injury molecule-1

In ischemic or nephrotoxic kidney injury, kidney injury
molecule-1 (KIM-1) is produced and accumulated in very
large amounts on the membrane of the renal proximal tu-
bules. Studies have shown an increase in KIM-1 expression
in kidney biopsy samples with confirmed acute tubular ne-
crosis. An increase in the concentration of this biomarker
in urine is crucial, especially in ischemic AKI, compared
to other causes (e.g., in the case of post-contrast nephropathy
or CKD, even despite concomitant urinary tract infection).>
Studies also suggest that the urinary KIM-1 may constitute
a predictive factor for the introduction of renal replacement

therapy and causes a risk of death during hospitalization
in patients with AKI. However, studies available to date are
not sufficient to determine the cutoff value that is predictive
for AKI in the setting of intensive medical care.>®

Cystatin C

In a study involving 444 patients in an intensive care
unit (ICU), cystatin C (Cys C) concentration in urine was
significantly higher in patients with sepsis or AKI. How-
ever, results of studies investigating the use of Cys C se-
rum concentration in the detection of AKI in patients
in ICU were conflicting.>*575¢ Therefore, Cys C (primar-
ily due to its constant rate of secretion in the organism)
is a good, early marker of GFR (without the impact of in-
fection or liver diseases). Serum Cys C concentration
also does not depend on age, sex, race, muscle mass, and
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Table 2. Classifications of diuretics and their effect on the electrolyte balance (diuretic effect on serum chloride concentration)

Mechanism and site

Diuretic agent

Serum concentration

Urinary concentration

of action
P blocks Na/K/Cl cotransporter
Loop diuretics (e i) l
. o blocks Na/Cl cotransporter
Thiazide diuretics (distal tubule) l
blocks aldosterone receptor
BURA (collecting duct) !
Acetazolamide blocks carlbomc anhydrase .
(proximal tubule)
o blocks vasopressin V2
AEUEREE NS receptor (collecting duct) T
SGLT-2 inhibitors blocks SGLT-2 1—
(proximal tubule)

! 1 1 1 -

! 1 1 1 -

1 T ! ! HCHOT3T
oo e
1 - - - waterft
- - : = o

MRA — mineralocorticoid receptor antagonists, SGLT-2 — sodium-glucose cotransporter-2.

hydration. It is not, however, specific in diagnostic evalu-
ation of AKL>*

Other biomarkers that are worth mentioning include tis-
sue inhibitor of metalloproteinases (TIMP-2) and insulin-
like growth factor-binding protein 7 (IGFBP7). They are
available for clinical use in the USA. In 728 critically ill
patients not showing any signs of AKI, the determina-
tion of urinary levels TIMP-2 and IGFBP7 constituted
a predictive value for the development of AKI (p < 0.002).3
The abovementioned renal markers in AKI have been sum-
marized in Fig. 2.

Features of a perfect renal biomarker

Due to the limitations discussed above, researchers are
constantly seeking an ideal diagnostic biomarker for pre-
dicting AKI. It should be characterized by, among other
things, high specificity for the kidneys, the ability to dis-
tinguish types, duration and etiology of AKI (renal injury,
including tubular and glomerular, prerenal and extra-
renal AKI). It is recommended that its increase provide
early information about kidney dysfunction and illustrate
the scale of such damage (with an established threshold
for the assessment of dysfunction progression and regres-
sion). It should also be widely available in everyday clinical
practice and be easy, precise and quick in terms of determi-
nation, as well as inexpensive.*® Despite intensive search,
an ideal marker for early diagnosis of AKI has not been
found yet, which seems understandable due to structural
heterogeneity of the kidneys.

Classification of diuretics:
clinical perspectives

Using the selected renal biomarkers may be helpful
in predicting AKI, but there is no evidence on their effect
on diuresis. The novel CRS-guided approach, which takes

into account the importance of metabolism of both so-
dium and chloride, is important to regulate plasma volume,
diuresis and natriuresis during decongestive treatment
in AHF. The pathophysiological mechanisms in various
nephron segments explain the crucial role of these elec-
trolytes and highlight the need for proper choice of a com-
bination of the different diuretic classes. Dyschloremia
is postulated as one of the main causes of worsening HF
during decongestive treatment.>® A new classification
of diuretics based on their effect on serum chloride con-
centration has been proposed in recent years. This concept
is consistent with recent clinical observations that chlo-
ride-regaining diuretics preserve plasma volume, enhance
vascular “tonicity” and avoid diuretic resistance (Table 2).%°

Study limitations

The study lists selected renal biomarkers which are
gaining increasing interest in research, but listing them
all would exceed the scope of this publication. In addi-
tion, the review was limited to selected pathophysiological
mechanisms related to the interdisciplinary complex issue
involving cardionephrology.

Conclusions

These complex physiological interactions with anatomi-
cal and physiological division of the nephron determine
the stability and water and electrolyte balance of the body.
Not only aquaresis, but also natriuresis and chloride se-
rum concentration may constitute a practical and useful
idea for the evaluation of efficient decongestion in patients
with HE. Complex assessment, involving such elements
as permeability of the proximal tubule wall and tubuloglo-
merular feedback, in the context of sodium and chloride
balance, with the use of biomarkers of renal function, may
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play an important role in the evaluation of patients with HF
at risk of AKI. Therefore, there is a need to update the con-
cepts of CRS and strategies for their treatment in the context
of renal function and its interaction with multiple organs.
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Abstract

Background. One of the groups most exposed to potentially harmful effects of the current pandemic
on physical and mental health is medical personnel, in particular those working directly with patients
infected with severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) or suffering from coronavirus
disease 2019 (COVID-19).

Objectives. The response of the body to a persisting threat, constant contact with dying people and frequent
deaths of patients is chronic stress syndrome. Its symptoms may take the form of psychosomatic or somatic
reactions. The aim of the study was to determine the effect of stress on the severity of temporomandibular
syndrome (TMD) in medical personnel.

Materials and methods. The study included a group of 160 people — 120 women and 40 men aged
3560 years, working at the hospital wards as doctors, nurses and support staff, directly with patients infected
with SARS-CoV-2 and suffering from COVID-19. The research was conducted in the form of a cross-sectional
survey with the use of anonymous questionnaire. The final questionnaire was developed based on the tools
commonly used for TMD, bruxism, anxiety, and depression assessment — 8Q/TMD and the Patient Health
Questionnaire-8 (PHQ-8).

Results. After checking the significance of differences in responses to individual questions among men
and women and applying the Bonferroni correction for multiple comparisons, Fisher’s test and p-values for
individual responses, an increase in pathological reactions was shown. The results showed that the COVID-19
pandemic has caused significant adverse effects on the psychoemotional status and causes or aggravates
TMD symptoms.

Conclusions. The aggravation of the psychoemotional status caused by the COVID-19 pandemic can result
in intensification of TMD symptoms and other symptoms in the stomatognathic system in medical staff
working with patients infected with COVID-19.

Key words: psychosomatic disorders, temporomandibular disorders, orofacial pain, COVID-19, SARS-CoV-2
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Background

For several months, the scientific world has been domi-
nated by research on severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) infection. Many publica-
tions concern various aspects of the impact of this virus
on the human body and its psychophysical impact on hu-
mans. The virulence and ease of SARS-CoV-2 transmis-
sion, the lack of specific treatment methods, insufficient
availability of health services, and the lack of a vaccine
or an effective drug for treatment pose a very high risk
to the functioning of people and force radical changes
in everyday life.!=® One of the groups most exposed to po-
tentially harmful effects on physical and mental health
is the medical personnel, in particular those working di-
rectly with patients infected with SARS-CoV-2 and suf-
fering from coronavirus disease 2019 (COVID-19). This
applies to doctors, nurses as well as auxiliary staff neces-
sary for the proper functioning of a hospital.

The response of the body to a persistent threat, constant
contact with dying people and frequent deaths of patients
is chronic stress syndrome. Its symptoms may take a form
of psychosomatic or somatic reactions. The typical psycho-
logical response is stress, anxiety, increased nervous ten-
sion, vegetative neurosis, or depression. All these reactions
have a large impact on the stomatognathic system and may
manifest as the onset or intensification of dysfunction.
Pain associated with temporomandibular disorders (TMD)
can affect the daily activities, physical and psychosocial
functioning, and quality of life of those affected.”~!®

Objectives

The aim of the study was to determine the effect
of chronic stress in medical staff working directly with
patients infected with COVID-19, and to determine
the difference in the occurrence and severity of symp-
toms in the stomatognathic system in women and men
from the medical staff working with patients infected with
COVID-19 and the occurrence or severity of TMD.

Materials and methods

The study was conducted before an effective COVID-19
vaccine was developed. The study included a group
of 160 people — 120 women and 40 men aged 35-60 years,
working at the hospital wards as doctors, nurses and sup-
port staff, directly with patients infected with SARS-CoV-2
and suffering from COVID-19. The research was con-
ducted in the form of a cross-sectional survey with the use
of anonymous questionnaire. The final questionnaire was
developed based on the tools commonly used for TMD,
bruxism, anxiety, and depression assessment — 8Q/TMD,
and the Patient Health Questionnaire-8 (PHQ-8). People

L.A. Bogucki, K. Giniewicz. TMD symptoms in medical staff in COVID-19

qualified for the study declared in a separate statement that
in the period before the pandemic they had no symptoms
related to TMD.

Anxiety and depression

The PHQ-8 is a screening tool used for assessing anxi-
ety and depression. The severity of symptoms is rated
on a scale from 0 to 3, where 0 means no symptoms
and 3 means maximum severity. The score is the sum
of the 8 items. The total score for this questionnaire ranges
from O to 24 points and condition of the patient is typi-
cally rated using the following cutoff points (according
to the standard of this questionnaire): a PHQ-8 cutoff
point 210. The cutoff point for this survey is 10 points.
Itis a scale that determines the appearance of pathological
changes and is a parametric measure for this question-
naire for all studies with its use (and therefore independent
of the researcher). A score of 10 or greater is considered ma-
jor depression and 20 or more — severe major depression.

The questions included in the PHQ-8 survey concerned
the feeling of constant stress related to working with SARS-
CoV-2-infected and COVID-19 patients, and the resulting
possible psychological reactions: depression, helplessness,
trouble sleeping, constant fatigue, eating disorders, trouble
concentrating, and attention deficit hyperactivity disorder
(ADHD).

The initial question in the questionnaire used in this
study concerned gender. Then, the respondents answered
whether in the last 2 weeks, in connection with work
in the infectious diseases ward and work with patients
infected with COVID-19, they:

1. felt little interest or pleasure in the activities;

2. felt depressed, helpless;

3. had trouble sleeping, drowsiness, the need to sleep
longer;

4. felt constant fatigue, less energy;

5. experienced lack of appetite or increased appetite;

6. felt fear for themselves or their families;

7. had trouble concentrating on the things they were
doing;

8. experienced slowness or hyperactivity in speaking
or performing activities.

The following question was also asked: How often
in the last 2 weeks did you experience stress related
to working with patients infected with COVID-19: a) not
at all; b) for a few days; c) throughout the entire period.

TMD screening

The 8Q/TMD questionnaire was used to collect the data,
which is a reliable and acceptable tool for screening TMD
status. The questionnaire has excellent negative predic-
tive value and is considered an important screening tool.
The questions in the 8Q/TMD questionnaire related
to possible reactions to the psyche of the respondents
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under extreme working conditions, the occurrence of ail-
ments from the temporomandibular joints, tooth clench-
ing and increased tension of the facial muscles, as well
as general health. The severity of individual symptoms
is assessed on a 4-point scale from 0 to 3, where 0 means
no symptoms and and 3 means maximum severity. The re-
spondents answered the following questions regarding
the working conditions during the last 2 weeks, in connec-
tion with work in the infectious diseases ward and work
with patients infected with COVID-19:

1. Have the working conditions influenced the feeling
of stress?

2. Have the working conditions had an impact on overall
health?

3. Did the working conditions affect the psyche?

4. Have the working conditions influenced relations with
the environment, family and friends?

5. Have the working conditions influenced the sense
of risk?

6. Have you experienced pain or increased tension
in your facial muscles, temporomandibular joint discom-
fort or clenching of your teeth in the past?

7. Do the current working conditions affect the occur-
rence of these ailments?

8. Do the current working conditions affect the severity
of these ailments?

The surveys were conducted 2 months after the com-
mencement of work in closed wards with infected patients.
Questionnaires assessed the last 2 weeks prior to receiv-
ing PHQ-8 and TMD-8, and were delivered in writing.
The participants replied anonymously and voluntarily.
Informed consent was obtained from all subjects as neces-
sary, after presenting the study objectives.

The research was conducted in full compliance with
the Declaration of Helsinki.

Statistical analyses

The analysis consisted in checking by means of the Fish-
er’s test whether there was a statistically significant differ-
ence in the responses of men and women to individual ques-
tions. For this purpose, 2 x 4 tables were plotted, in which
the lines contain information about gender, and the col-
umns contain answers to individual questions: 0, 1, 2, and
3 for each of the questionnaires. Then, the tables were cre-
ated for each answer separately to check if any of the gen-
ders answered 0, 1, 2, or 3 more often than the other.

There were 4 such 2 x 2 tables for each question, so when
checking the significance of differences with the Fisher’s
test, the Bonferroni correction was applied by multiplying
the p-values by 4. All tests were performed at the signifi-
cance level of 0.05. Due to the fact that there were many
more women who filled in the questionnaire, it was de-
cided to present the data as percentage values. The propor-
tion of people with specific symptoms was analyzed using
Wald 95% confidence interval (Wald 95% CI).
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Results

The obtained test results are given in Table 1,2. The anal-
ysis focused on the differences between women and men
in the study. For each of the questions, it was checked
whether there were statistically significant differences
between men and women.

Analysis - PHQ-8
Question 1

There was a statistically significant difference between
the studied women and men (Fisher’s test, p = 0.002).
The significance of differences in answers to particu-
lar questions among men and women was checked, and
the Bonferroni correction was applied for multiple com-
parisons. Significantly more men answered “1” to the ques-
tion about feeling little interest or pleasure in performing
activities (Fisher’s test, p-values for each answer: 1, 0.002,
1, and 0.290 for 0, 1, 2, and 3, respectively).

Question 2

There was a statistically significant difference between
the studied women and men (Fisher’s test, p = 0.002). Sig-
nificantly more men answered “1” to the question about
feeling depressed and helpless (Fisher’s test, p-values for
individual answers: 0.422, 0.007, 0.137, and 1 for O, 1, 2,
and 3, respectively).

Question 3

There was a statistically significant difference between
the studied women and men (Fisher’s test, p < 0.001). Sig-
nificantly more men answered “0” and “1” to the question
about perceived sleep problems, drowsiness and the need
to sleep longer, significantly more women answered “3”
to the same question (Fisher’s test, p-values for individual
answers: 0.014, <0.001, 0.914, and 0.010 for 0, 1, 2, and 3,
respectively).

Question 4

There was a statistically significant difference between
the studied women and men (Fisher’s test, p < 0.001). Sig-
nificantly more men answered “0” and “1” to the question
about feeling constant fatigue and less energy, significantly
more women answered “3” to the same question (Fisher’s
test, p-values for individual answers: 0.014, <0.001, 0.119,
and <0.001 for 0, 1, 2, and 3, respectively).

Question 5

There was a statistically significant difference between
the studied women and men (Fisher’s test, p < 0.001).
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Table 1. Statement of temporomandibular disorders (TMD) questionnaire (8Q/TMD questionnaire)

Statement of TMD
questionnaire

Answer
1 333
2 1333
3 83.33
0

1 16.67
20
63.33

S W N

(@}

3333
66.67

o w N

3333
66.67

o W N

1 333
16.67
80
3333
20
26.67
20
20

- O w N

o w N

20
40
2333
1 23.33

o W N

3 43.33

Percentage of females [%]

Percentage of males [%] p-value (Fisher’s test)

20 0.007
20 1
60 0015
20 <0001
20 1
20 1
40 0.063
0 1
10 0014
20 0649
70 1
0 1
10 0013
40 1
50 0355
10 0014
30 <0001
0 0016
60 0077
40 1
30 0.786
20 1
10 0914
40 0077
20 1
10 0914
30 1
40 0.257
10 0.290
10 1
40 1

Significantly more men answered “0” and “1” to the ques-
tion about feeling lack of appetite or increased appetite,
significantly more women answered “3” to the same ques-
tion (Fisher’s test, p-values for individual answers: <0.001,
0.002, 1, and <0.001 for 0, 1, 2, and 3, respectively).

Question 6

There was a statistically significant difference between
the studied women and men (Fisher’s test, p-value = 0.001).
Significantly more men answered “2” to the question about
feeling fear for themselves or their family, significantly
more women answered “3” to the same question (Fisher’s
test, p-values for individual answers: 1, 0.433, 0.017, and
0.002 for 0, 1, 2, and 3, respectively).

Question 7

There was a statistically significant difference between
the studied women and men (Fisher’s test, p < 0.001). Sig-
nificantly more men answered “1” to the question about
experiencing problems with concentrating on the things
performed, significantly more women answered “2” and
“3” to the same question (Fisher’s test, p-values for indi-
vidual answers: 1, <0.001, <0.001, and 0.009 for 0, 1, 2, and
3, respectively).

Question 8

There was a statistically significant difference between
the studied women and men (Fisher’s test, p < 0.001).



Adv Clin Exp Med. 2022;31(4):457-464

461

Table 2. Statement of Patient Health Questionnaire-8 (PHQ-8) questionnaire

Statement of PHQ-

8 questionnaire Answer

! 6.67
1

2 60

3 2333

0 10

! 333
2

2 70

3 16.67

0 0

! 333
3

2 20

3 76.67

0 0

! 10
4

2 26.67

3 63.33

0 0

! 13.33
5

2 30

3 56.67

0 0

! 333
6

2 10

3 86.67

0 0

! 10
7

2 55

3 35

0 10

! 13.33
8

2 4833

3 28.33

Percentage of females [%]

Percentage of males [%)] p-value (Fisher’s test)

30 0.002
50 1

10 0.290
20 0422
20 0.007
50 0.137
10 1

10 0.014
30 <0.001
10 0914
50 0.010
10 0.014
60 <0.001
10 0.120
20 <0.001
20 <0.001
40 0.002
30 1

10 <0.001
0 1

10 0433
30 0.017
60 0.002
0 1

70 <0.001
20 0.001
10 0.009
0 0.154
70 <0.001
30 0.182
0 <0.001

Significantly more men answered “1” to the question about
feeling slowed down or hyperactive in speaking or per-
forming activities. Significantly more women answered “3”
to the same question (Fisher’s test, p-values for individual
answers: 0.154, <0.001, 0.182, and <0.001 for 1, 2, and 3,
respectively).

Analysis - TMD

How often have you experienced stress related
to working with patients infected with COVID-19
over the last 2 weeks?

There was a statistically significant difference between
the studied women and men (Fisher’s test, p < 0.001).

Significantly more men answered “1” to the question
whether working conditions influenced the feeling of stress,
significantly more women answered “3” to the same ques-
tion (Fisher’s test, p-values for individual answers: 1, 0.007,
1, and 0.016 for 0, 1, 2, and 3, respectively).

Whether working conditions
had an impact on overall health

There was a statistically significant difference between
the studied women and men (Fisher’s test, p < 0.001). Sig-
nificantly more men answered “0” when asked if working
conditions had an impact on general health (Fisher’s test,
p-values for individual answers: <0.001, 1, 1, and 0.063 for
0,1, 2, and 3, respectively).
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Whether the working conditions
had an influence on the psyche

There was a statistically significant difference between
the studied women and men (Fisher’s test, p = 0.003). Sig-
nificantly more men answered “1” to the question whether
the working conditions had an impact on their psyche
(Fisher’s test, p-values for individual answers: 1, 0.014,
0.649, and 1 for 0, 1, 2, and 3, respectively).

Whether the working conditions had an impact
on relations with the environment, family and friends

There was a statistically significant difference between
the studied women and men (Fisher’s test, p = 0.003). Sig-
nificantly more men answered “1” to the question whether
working conditions had an impact on relations with the en-
vironment, family and friends (Fisher’s test, p-values for
individual answers: 1, 0.014, 1, and 0.355 for 0, 1, 2, and
3, respectively).

Whether working conditions
had an influence on the sense of risk

There was a statistically significant difference between
the studied women and men (Fisher’s test, p < 0.001). Sig-
nificantly more men answered “0” and “1” to the question
whether working conditions influenced the sense of risk,
significantly more women answered “2” (Fisher’s test,
p-values for individual answers: 0.014, <0.001, 0.016, and
0.077 for 0, 1, 2, and 3, respectively).

Have you had pain or excessive tension in your
facial muscles, temporomandibular joint discomfort
or clenching of your teeth in the past?

No statistically significant difference between the stud-
ied women and men was observed (Fisher’s test, p = 0.275).
The value of 0, i.e., no symptoms, was compared with val-
ues greater than 0, which meant the occurrence of symp-
toms of varying severity. Sixty-five percent of respondents
indicated that in the past, they had experienced pain
or increased tension in the facial muscles, with the Wald
95% CI: [57.6%; 72.4%)] for complaints of the temporoman-
dibular joints or clenching of the teeth. It is more than 50%,
so we can say with 95% certainty that most people have
suffered from the abovementioned ailments in the past.

Do the current working conditions influence
the occurrence of these ailments?

No statistically significant difference between the stud-
ied women and men was detected (Fisher’s test, p = 0.074).
The value of 0, i.e., no symptoms, was compared with values
greater than 0, which meant the occurrence of symptoms
of varying severity. Seventy-five percent of respondents

L.A. Bogucki, K. Giniewicz. TMD symptoms in medical staff in COVID-19

indicated that the current working conditions had an in-
fluence on the occurrence of the ailments (Wald 95% CI:
[68.3%; 81.7%]). This is more than 50%, so we can say with 95%
certainty that most people believe that the current working
conditions have an influence on the occurrence of ailments.

Do the current working conditions
exacerbate these ailments?

No statistically significant difference between the stud-
ied women and men was observed (Fisher’s test, p = 0.122).
The value of 0, i.e., no symptoms, was compared with val-
ues greater than 0, which meant the occurrence of symp-
toms of varying severity. Answering this question, 72.5%
of people indicated that the current working conditions had
an impact on the severity of the ailments (Wald 95% CI:
[65.6%; 79.4%]). This is more than 50%, so we can say with
95% certainty that most people believe that the current
working conditions have an influence on the severity
of ailments.

Discussion

The genetic material of SARS-CoV-2 indicates that it be-
longs to a very large group of coronaviruses, most of which
attack animals. However, some of them can cross the in-
terspecies barrier. Today we know 7 coronaviruses attack-
ing the human body. Three of them are very dangerous
to humans: Middle East respiratory syndrome (MERS),
SARS-CoV and its very close relative SARS-CoV-2; the re-
maining 4 only cause mild cold in humans. The SARS-
CoV-2 has most likely crossed the bat—human barrier.
It is not clear whether it needed an intermediate host
— there are many indications that armored pangolins
played this role.!6-18

Relatively quickly, it was possible to elucidate the exact
structure of SARS-CoV-2, and thanks to this, to learn,
among other things, that it attacks human cells using its
characteristic spikes (S proteins), by means of which it at-
taches to receptor proteins (ACE2) found in the membrane
of human cells. Using these spikes, the virus penetrates
ACE2, where it releases its genetic material, reproducing
copies of SARS-CoV-2. The proteins to which the virus
attaches are found in large amounts in the cells of the re-
spiratory tract and lungs, hence the name responsible for
the current SARS coronavirus pandemic (severe acute re-
spiratory syndrome).

The SARS-CoV-2 spreads by droplets, thus when an in-
fected person coughs, sneezes or talks, an aerosol with
secretions from their upper respiratory tract and the virus
present in it rises in the air. Due to the high virulence
of SARS-CoV-2, even a small amount can lead to infec-
tion of the surrounding environment (e.g., workspace).
An approach to spreading SARS infection that takes into
account the phenomenon of clustering of problems during
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a pandemic and the formation of feedbacks that multi-
ply the stress to which healthcare workers are subjected
is needed. It is a type of syndemic where there is aggrega-
tion and interaction of the SARS pandemic, comorbidities
(often chronic), mental and behavioral problems, or health
and environmental conditions. Overlapping each other,
each of these factors strengthens.*

Medical personnel working with infected patients is
aware of this persistent danger. Additionally, the lack
of specific methods of treatment, insufficient availability
of health services, the lack of a vaccine or an effective drug,
constant contact with dying people, and frequent deaths
of patients do not remain indifferent to the psychophysical
state. A prolonged exposure to chronic stress disorder can
exacerbate the symptoms of TMD or be a trigger of them.
This, in turn, may additionally adversely affect the psy-
choemotional state of patients. Since both depression and
TMD can be induced and aggravated by psychological
factors, the differences in their incidence may result from
psychological differences between the subjects. These fac-
tors can potentially modulate the psychoemotional state
of participants, influence their coping strategies, and thus
increase the incidence of both depression and TMD.

The influence of these factors is visible in the studied
group of patients and reflected in the obtained results.
There are no reports in the literature referring directly
to such group of respondents. The obtained results cor-
relate with the data provided in studies on people not
directly related to the treatment of those infected with
COVID-19. However, it is clearly visible that the intensifi-
cation of TMD symptoms and depression is more frequent
in healthcare workers. This is due to their greater aware-
ness of the consequences of possible COVID-19 infection,
overwork, and the direct and frequent sight of people dying
from the infection.?”

Apparently, anxiety and personal worries caused
by the pandemic increased the incidence of TMD and
depression. This is consistent with the results presented
in the literature stating that anxiety, stress, coping strate-
gies, and life catastrophes (i.e., events causing stress) can
accelerate or prolong the symptoms of TMD and that psy-
chosocial factors are associated with the occurrence of de-
pression.}>~!8 When the pandemic situation changed rap-
idly from one day to the next, uncertainty and fears about
the present and the future were common, and in the study
group, they were particularly intense and persistent. Under
such conditions, the significant increase in the likelihood
of TMD and depression is not surprising, even though
medical personnel is used to dealing with extreme and
stressful situations.

Limitations
The main problem encountered in this study is that

no one has ever done this type of research in relation
to COVID-19 SARS-CoV-2, based on the surveys we have
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selected. Obviously, these surveys have been widely used
for many years, but there has been no research focused
on the issues we raise. For this reason, there are no ref-
erences to literature and no possibility of discussion.
Thereby, the Limitations subsection was introduced into
the text of the work, where the methodological difficulties
resulting from this type of research are explained.

At the conceptual/theoretical level, correlational stud-
ies must at least try to examine the nomological network
of stress-related symptoms by examining associations
with antecedents, outcomes, mediators, or moderators.
The current study mostly focused on describing the mean
level and/or prevalence of symptoms in the sample. This
type of analysis is too descriptive. The correlations between
items from a questionnaire like the PHQ-8 are presumed
to be explained by a common cause. Therefore, most stud-
ies in psychology regroup similar items into factors. Items
are useful to make inferences about a concept and, ideally,
should not be interpreted in isolation from one another.
Exceptions are possible, but running multiple tests (based
on highly correlated single-item scores) typically increase
the likelihood of rejecting null hypothesis.

Conclusions

The results showed that the COVID-19 pandemic has
caused significant adverse effects on the psychoemotional
status and causes or aggravates TMD symptoms in medi-
cal staff working with patients infected with COVID-19,
resulting in the intensification of TMD symptoms and thus
leading to increased orofacial pain.
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