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Does oseltamivir protect human chondrocyte
and nucleus pulposus cells from degeneration
by inhibiting senescence and proinflammation
mediated by the NLRP3 inflammasome and NF-kB?
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Abstract. - OBJECTIVE: Recent drug design
studies suggest that inflammation is among
the most important factors in the development
of both intervertebral disc (IVD) degeneration
(IVDD) and osteoarthritis (OA) due to cartilage
damage. This study aimed to investigate wheth-
er the anti-inflammatory drug oseltamivir has a
toxic effect on IVD and cartilage tissue cells. It
assessed what effect oseltamivir has on hypox-
ia-inducible factor (HIF)-1 alpha (HIF1a), which
plays an important role in anabolic pathways in
IVD and cartilage tissue. In addition, the study
analyzed whether oseltamivir could inhibit the
release of inflammatory interleukin-1 beta (IL-1B)
via the nuclear factor kappa-B (NF-kB) signal-
ing pathway by activating the nucleotide-bind-
ing oligomerization domain and leucine-rich re-
peat protein-3 (NLRP3) inflammasome.

MATERIALS AND METHODS: Human lumbar
IVD (n = 8) tissues were isolated for annulus fibro-
sus (AF) and nucleus pulposus (NP) primary cell
cultures, and human tibial and femoral cartilage tis-
sues (n = 8) were isolated for primary chondrocyte
cultures. Untreated groups served as the control
and oseltamivir-treated groups as the study sam-
ple. Cell viability and cytotoxicity were evaluated at
0, 24, 48, and 72 h in all groups for changes in HIF-
1a, IL-18, NF-kB, and the NLRP3-inflammasome
protein expressions using Western blotting. The a
significance value was < 0.05.

RESULTS: In the oseltamivir-treated groups,
cell proliferation decreased in both AF/NP cell and

chondrocyte cultures obtained from IVD cartilage
tissues. After Western blotting analysis, changes
were observed in the protein expressions of HIF-
1a, IL-1B, NF-kB, and the NLRP3 inflammasome
in both AF/NP cells and chondrocytes. The re-
sults were statistically significant (p < 0.05).

CONCLUSIONS: Oseltamivir treatment may
be a promising regenerative strategy to manage
IVDD and osteoarthritic cartilage tissues.
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Abbreviations

AF: annulus fibrosus; HIF la: hypoxia-inducible factor-1
alpha; IL-1f: interleukin-1 beta; IVD: intervertebral disc;
IVDD: intervertebral disc degeneration; NF-kB: nuclear
factor kappa-B; NLRP3: nucleotide-binding oligomer-
ization domain, leucine-rich repeat (LRR)-containing
proteins (NLR) family pyrin domain containing 3; NP:
nucleus pulposus; OA: osteoarthritis.

Introduction

Senescent cell accumulation increases with
organism age'?, which decreases cellular prolifer-
ation and can impair tissue regeneration’. Chon-
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drocyte activity and the secretion of inflammatory
mediators are also associated with cell senescence®.
Inflammation may cause cartilage destruction, pain,
functional loss, and deteriorated quality of life**. In
spite of this connection, the relationship between
cellular senescence and intervertebral disc (IVD)
and cartilage tissue elements remains unclear.

Some studies’® have suggested that examining
the inflammation mechanism in the nucleus pul-
posus (NP) is key to understanding and preventing
IVD degeneration (IVDD)’, as it is pivotal in this
degeneration’s development®. Within IVDD, both
inflammation and poor chondrocyte viability in-
crease the degradation of cartilage tissue, thereby
progressing osteoarthritis (OA)°. OA is a disease
associated with chondrocyte conditioning and ex-
tracellular matrix (ECM) catabolism, resulting in
a chondrocyte imbalance due to ECM degradation
and the release of inflammatory factors!'’.

Inflammatory molecules play a key role in an-
abolic and catabolic signaling pathways. They ac-
celerate [IVDD!! by affecting the annulus fibrosus
(AF) and NP cells, as well as OA by degrading
chondrocytes'?. The molecules behind both IVDD
and OA are the proinflammatory cytokine proteins
interleukin-1 beta (IL-1p), transcription nuclear
factor kappa-B (NF-kB), hypoxia-inducible factor
(HIF)-1 alpha (HIF-1a), and the nucleotide-bind-
ing oligomerization domain and leucine-rich re-
peat protein-3 (NLRP3) inflammasome.

The activation of the NF-«kB signaling pathway,
which plays a key role in inflammation®, inhib-
its proteases that degrade the ECM and disinteg-
rin and metalloproteinase with thrombospondin
motifs, resulting in the induction of chondrocyte
anabolism and expression'’. NF-kB are well-rec-
ognized factors that cooperatively mediate the acti-
vation of the NLRP3 inflammasome. NLRP3-ASC
interaction and the subsequent activation of pro-
caspase 1 mediate the activation and maturation of
proinflammatory cytokines, such as pro-IL-1p and
pro-1L-18, which induce inflammatory responses,
including NF-xB activation, and lead to a type of
cell death called pyroptosis'*. NF-kB activation in
osteoarthritic chondrocytes then mediates the pro-
duction of chemokines and catabolic proinflamma-
tory cytokines, such as IL-1f.

These molecules decrease collagen synthesis
and “augment NF-xB signaling through a positive
feedback loop” as shown by Liet al'’. Procytokines
are further stimulated by the actions of the NLRP3
inflammasome and NF-«xB, after which inflamma-
tion begins. IL-1p can accelerate IVDD by pro-
moting the degradation of the ECM, inflammatory

cascade, angiogenesis and neo-innervation, and NP
cell apoptosis’. One overriding aspect of IVD cell
biology, however, is that NP and inner AF cells are
removed from the blood supply*’.

In turn, HIF-1a expressions are components of
a key pathway that supports chondrocyte and AF/
NP cell survival during embryonic bone develop-
ment'®!®, HIF-10 can thus be considered an import-
ant element in balancing anabolism and catabolism,
as well as cell protection and death in cartilage and
many other tissues®'*>'*!". Chondrocytes especially
are dependent on the adaptive functions of HIF-1a
to maintain ATP levels and thereby ECM synthesis
during OA?, as they must withstand considerable
hypoxic conditions within avascular articular car-
tilage's*!. Indeed, the functional inhibition of HIF-
la leads to increased articular chondrocyte apopto-
sis and murine OA?. In addition, in osteoarthritic
cartilage, HIF-1 levels are significantly increased,
and its activity correlates to the severity of degen-
erative cartilage changes'’.

Oseltamivir, which is directed against viral
neuraminidase enzymes, is a first-line antiviral
drug that in recent years has been frequently pre-
scribed to treat both influenza A virus (IAV) infec-
tions* and coronavirus disease 2019 (COVID-19),
as caused by severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) infection®*%. It re-
duces IAV replication and inflammatory symp-
toms by inhibiting NF-xB, as associated with de-
creased NLRP3 inflammatory activation®. It acts
by activating 1AV through the phosphorylation of
IkBa by means of p652. In this way, oseltamivir
suppresses the NLRP3 inflammasome-mediated
secretion of IL-1p and the production of free ox-
ygen radicals®.

However, researchers often investigate osel-
tamivir for insight into its cytotoxicity?®%, as it has
been reported to result in respiratory suppression
as a result of central nervous system suppression,
as well as hypothermia, hypoactivity, and sudden
death®. Accordingly, no studies have investigated
the drug’s effects on AF/NP cells, ECM structure,
or IVD.

In response, for this study oseltamivir was ap-
plied to human primary IVD cell and chondrocyte
cultures to assess its cytotoxicity and effects on
ECM structure, cell morphology, and the protein
expressions of IL-1B, HIF-1a, NF-xB, and the
NLRP3 inflammasome. The study further exam-
ined whether oseltamivir could be a pharmacolog-
ical agent that can heal degenerated chondrocytes
and AF/NP cells toward regeneration by manipu-
lating the inflammatory signaling pathway associ-
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ated with HIF-1a, IL-1B, NF-kB, and the NLRP3
inflammasome.

Materials and Methods

Criteria for the Inclusion or Exclusion
of Patient Tissues

The tissues of patients with neutropenia, leu-
kopenia, or thrombocytopenia, active tuberculo-
sis, active hepatitis B or C, a history of liver or
kidney dysfunction, and pregnant women were
not used in the preparation of the primary cell cul-
tures. The tissues of patients with an allergy or
hypersensitivity to oseltamivir were also excluded
from the study.

Surgical Resection of Tissues
and Preparation of Primary Cell Cultures
IVD tissues were obtained from patients (Pfir-
mann grading scale stage 4; 4 females, 4 males;
mean age: 42.45 + 2.58 years) diagnosed with
lumbar disc herniation but who did not respond
to conservative medical treatment and underwent
lumbar microdiscectomy. Chondrocyte cell cul-
ture tissues were obtained from patients at Kell-
gren-Lawrence radiological scale grade IV (4 fe-
males, 4 males; mean age: 64.37 = 7.31 years).
The osteochondral tissues were obtained from
the lateral condyles of the tibia, the medial con-
dyles of the femur, and the ends of the tibial pla-
teau during total knee arthroplasty?'. The samples
were separated from the chondral tissues with the
aid of a scalpel, with the intact and healthy parts
of the resected tissue used in the culture stage?!.
The tissues were then transferred to Falcon tubes
containing a freshly prepared medium and trans-
ported to the laboratory at 4°C.

Drug Treatment of the Cell Cultures

The Falcon tubes containing the tissue sam-
ples, 5% penicillin-streptomycin/amphoteri-
cin, and Dulbecco’s Modified Eagle Medium
(DMEM) were placed in a flow cabin. The tissues
were cleared of red blood cells in three consec-
utive washes using sterile phosphate buffer sa-
line. After the samples were mechanically de-in-
tegrated, they were transferred to new Falcon
tubes containing Clostridium histolyticum-based
collagenase type I and type Il enzymes dissolved
in a complete medium for the enzymatic degra-
dation of IVD tissues. The samples were incu-
bated overnight in an incubator set to 37.4°C at
5% CO.,. The tissues were then centrifuged twice

consecutively at 4°C at 1,300 rpm for 10 min.
Cell pellets at the bottom were resuspended us-
ing a prepared DMEM culture medium. In the
preparation of the cartilage tissue cell cultures,
enzymatic digestion tissues were incubated in a
200 units/mL collagenase type Il enzyme mix-
ture, dissolved in a complete medium 100 mL
DMEM containing 1 mL of penicillin-strepto-
mycin (10,000 U/mL), 2.50 mg/mL Amphoter-
icin B, 1 mL L-glutamine (200 mM), 1 mL ITS
premix, and 10% fetal bovine serum for 16 h in
a CO2 incubator?'. Afterward, the tissue samples
were centrifuged at 4°C at 1,200 rpm for 10 min
to discard collagenase'®. Sedimented cartilage
cell pellets were resuspended in fresh complete
medium and transferred to flasks to obtain the
primary cultures?'. Samples of the NP/AF cells
and chondrocytes were transferred into wells and
incubated for approximately 21 days'®.

The confluent chondrocytes and AF/NP cells
were both passaged and seeded at 1.6 x 10* cells
per well in 96-well plates for the analyses. After
additional overnight incubation, oseltamivir solu-
tions (oseltamivir diluted in DMEM) were added
to samples that had over 90% confluency in the
cell culture container and adhered to the surface
(15 uM/mL/well)*. Because oseltamivir reduces
the duration of shedding and the viral titer and can
shorten the length of symptoms by 0.5-3 days?*!-2,
all molecular analysis were performed within a
maximum of 3 days.

Cell Viability, Toxicity, and Proliferation
Analyses Using MTT and Enzyme-Linked
Immunosorbent Assay

The viability and proliferation of the AF/
NP cells and chondrocytes were tested via En-
zyme-Linked Immunosorbent Assay (ELISA)
using a commercial kit with [3-(4,5-dimethylth-
iazol-2-yl)-2,5-diphenyltetrazolium bromide]
(MTT)*. Oseltamivir’s cytotoxicity was also ex-
amined. To perform the analysis, the culture me-
dium containing oseltamivir was discarded from
the wells, and 100 pl of an MTT stock solution
(MTT dissolved in 1 ml sterile phosphate buffer
saline at a pH of 7.4, 12 mM) was added to each
well. After the primary cell culture samples were
incubated for 2 h at 37°C without light, dimeth-
yl sulfoxide was added to the samples to stop the
reaction. Then, the wells were incubated for an
additional 10 min at 37°C before undergoing pho-
tometric analysis at a wavelength of 540 nm. The
viability of the control group before the addition
of oseltamivir was accepted as 100%*.
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Acridine Orange, Propidium lodide,
and Janus Green-B Staining

Acridine orange (AO) and propidium iodide
(PD) nucleic acid binding dyes were used to de-
termine cell viability and confirm the MTT-ELI-
SA results. As extant studies have established,
AO produces green fluorescence by staining all
nucleated cells, whether alive or dead, while PI
penetrates only dead cells with poor membrane
integrity and stains nucleated cells to produce red
fluorescence®. When stained with both AO and
PI, all cells with viable nuclei produce green flu-
orescence, and all cells with dead nuclei produce
red fluorescence. In the preparation of the AO
and PI dyes, 4 mg AO (dissolved in 2 mL 99%
ETOH), 10 g sodium-ethylenediaminetetraacetic
acid, 4 mg PI, and 50 mL FBS were mixed well.
Sterile distilled water was added to this mixture
until it reached a volume of 200 mL*. In addi-
tion, Janus Green-B dye (0.02% solution of JG-B,
Sigma Chemical Co., St. Louis, MO, USA) pre-
pared in saline (150 mM NaCl, 3 mM KCl, 4.9
mM MgCl, 1.5 mM NaH,PO,, 0.6 mM NaHCO,,
pH 7.4) was used for more detailed morphological
examinations.

Protein Level Evaluation via Western
Blotting

Total protein amount was determined spec-
trophotometrically using the Bradfort method
in protein lysates obtained from the samples. To
determine expression levels via immunoblotting,
the proteins were separated with 10% sodium do-
decyl sulphate-polyacrylamide gel electrophore-
sis. Then, the polyvinylidene difluoride transfer
membrane, which has a high binding capacity
with proteins and nucleic acids and is thus an ideal
membrane for protein transfer, was used. Immu-
noblotting for the target proteins was performed
using a WesternBreeze™ Chemiluminescent kit
(Catalog No: WB7104, Thermo Fisher Scientific,
Waltham, MA, USA) according to the manufac-
turer’s instructions.

Primary antibodies specific to HIF-1a (Catalog
No: MA1516, Thermo Fisher Scientific, Waltham,
MA, USA), STAT 3 (Cat. No: MA113042, Ther-
mo Fisher Scientific, USA), phospho-STAT3
(ser727; Cat. no: MAS515208, Thermo Fisher Sci-
entific, Waltham, MA, USA), and the NLRP-3 in-
flammasome (Cat. No: MA516274, Thermo Fish-
er Scientific, Waltham, MA, USA) were used. The
B-Actin protein (Catalog No: MA1-140, Thermo
Fisher Scientific, Waltham, MA, USA) was used
as an endogenous control in Western blotting. Af-

ter treatment with a primary antibody specific to
each protein, sequential washes were performed.
The membranes were incubated with an alkaline
phosphatase-conjugated secondary antibody, and
then, treated with a substrate solution after three
washes. The protein bands were transferred to an
X-ray film (Thermo Fisher Scientific, Cat#34090,
Waltham, MA, USA) and analyzed using Imagel
software to determine the amount of protein in
each sample®®.

Statistical Analysis

Statistical analysis was performed with Minit-
ab version 22.0. The data were reported as per-
centages (%), mean * standard deviation, mini-
mum (min), and maximum (max). After one-way
analysis of variance (ANOVA), Tukey’s test of
significant difference (Tukey’s HSD) was used to
test for differences between sample means for sig-
nificance. The confidence level was 95%, and the
alpha significance value was assumed as < 0.05.

Results

Upon evaluating the primary IVD tissue cul-
tures, the administration of oseltamivir did not
cause changes in cell morphology, nor did AO
and PI staining reveal any acute cell death (Figure
1). Similarly, after evaluating the primary chon-
drocyte tissue cultures, drug administration did
not cause any changes in cell morphology, and
AO and PI staining revealed no acute cell death
(Figure 2). However, cell viability decreased by
21.49%, 32.70%, and 53.72% at 24, 48, and 72
h, respectively in the oseltamivir-treated AF and
NP samples compared to the control samples
(p < 0.05). Likewise, cell viability increased by
8.21% and 8.58% at 24 and 48 h but decreased by
34.63% at 72 h in the oseltamivir-treated chon-
drocyte samples compared to the control samples
(» <0.05; Tables I and II, Figure 3).

NLRP-3 inflammasome, HIF-1a, IL-1B, and
NF-xB protein expressions were evaluated via
Western blot in all untreated control and oseltami-
vir-treated groups at 24, 48, and 72 h. The chart
included images of the analyses performed with
protein samples obtained from the IVD cultures
(Figure 4) and chondrocyte cultures (Figure 5).
The bands in the Western blot charts were eval-
uated using ImageJ for protein fold expression
changes in the samples. f-Actin protein expres-
sion in all groups was accepted as 1 (100%), and
the data were normalized (Table III).
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Figure 1. Morphological evaluation of IVD culture cells. The first column presents the inverted microscopy (20x magnifica-
tion) results, the second column the Janus green-stained (40% magnification), and the third column the AO and Pl-stained (10%
magnification) samples. A-C, Control groups with no drug administered. D-F, The oseltamivir-treated culture groups after 24 h.

G-I, Groups after 48 h. K, L, are the groups after 72 h.

In the AF and NP cell cultures, NLRP3 inflam-
masome protein expression increased 2.06 times
in the oseltamivir-treated samples compared to the
control samples at 24 h but was normalized at 48
and 72 h. HIF-a expression increased 2.75, 1.52,
and 1.36 times at 24, 48, and 72h, respectively in
the oseltamivir-treated samples compared to the
control samples. IL-1f expression increased 2.15-
fold at 24 h, though it was normalized at 48 h (r
=0.96) and decreased by 50% at 72 h. NF-xB ex-
pression increased 3.58 and 5.82 times at 24 and
48 h but was normalized at 72 h (r = 0.94).

In the chondrocyte cultures, NLRP3 inflam-
masome protein expression was at the same level
in both the study and control samples after 24 h (r
= 1.02), but slightly decreased at 48 and 72 h (r =

4820

0.79 and 0.84, respectively). HIF-1a expression in-
creased by 1.68 and 1.37 at 24 and 48 h in the os-
eltamivir-treated samples compared to the control
samples. However, it decreased at a rate similar to
that in the control group at 72 h (r=1.10). IL-1p ex-
pression increased 1.23 and 1.25 times at 24 and 48
h, though it decreased by 25% at 72 h. Lastly, NF-«xB
expression increased by 1.90 and 1.30 at 24 and 48
h in the oseltamivir-treated samples compared to the
control samples, then, normalized at 72 h (r = 0.95).

Discussion

In the present study, the drug oseltamivir was
applied to human primary IVD cell and chondro-
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Figure 2. Morphological evaluation of chondrocyte culture cells. The first column displays the inverted microscopy (20 ma-
gnification) results, the second column the Janus green-stained (20x magnification) samples, and the third column the AO and
PI-stained (10x magnification) samples. A-C, Control groups with no drug administered. D-F, The oseltamivir-treated culture
groups after 24 h. G-I, The groups after 48 h. J-L, are the groups after 72 h.

cyte cultures. The study aimed to investigate the
cytotoxicity of oseltamivir and any changes it
caused in ECM structure, cell morphology, and
the protein expressions of IL-1f, HIF-1a, NF-kB,
and the NLRP3 inflammasome. It also examined
whether oseltamivir could be a pharmacological
agent that can heal degenerated chondrocytes and
AF/NP cells toward regeneration by manipulating
the inflammatory signaling pathway associated
with those proteins.

As extant research has shown, IVD and carti-
lage tissues are alymphatic?!***, Most drugs ad-
ministered to the body orally or parenterally thus
accumulate in the synovial fluid compartment.
From there, they can diffuse first into the hyaluro-
nan or synovial tissues and then into body fluids*’.

Afterward, they reach cells by passing through the
pores in the hyaline membrane located in the disc
distance?'*%,

With this accumulation in bodily tissues, drugs
can affect some cell signaling pathways. More-
over, the investigation of pathways, such as the
NLRP3 inflammasome and NF-KB, which are re-
lated to IVDD and IVD senescence, has gained
popularity***. The NLRP3 inflammasome espe-
cially plays an important role in the regulation of
NP inflammation, and activated NF-kB supports
NLRP3 inflammasome activation and IL-1pB re-
lease, which in turn support NP degeneration®.
In the present study, in the AF/NP cultures, IL-1
expression increased 2.15 times at 24 h in the os-
eltamivir-treated samples compared to the control
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Table I. Tukey HSD grouping of the proliferation data after descriptive analysis and ANOVA in the oseltamivir-treated samples.

Primary cell culture Variable (Jg:res) Meanz=StDev 2::;3{) ||:;[*)
0 0.309+0.01315 E
Group 1 24 0.414-+0.00089 C
Absorbance (nm) 48 0.458+0.00258 B
72 0.564-+0.00089 A
AF and NP cells 0 0.309£0.01315 E
Group 2 24 0.325+0.00089 D
Absorbance (nm) 48 0.308+0.00089 E
72 0.261+0.00089 F
0 0.249-+0.00089 G
Group 1 24 0.292-+0.00089 F
Absorbance (nm) 48 0.326+0.00089 D
Chondrocytes 72 0.563+0.00000 A
0 0.249+0.00089 G
Group 2 24 0.316+0.00089 E
Absorbance (nm) 48 0.354+0.00089 D
72 0.368+0.00089 B

*A: Highest rate of cell viability and proliferation. G: Lowest rate of cell viability and proliferation. AF and NP cells; Group 1 untreated
samples and Group 2 oseltamivir-treated samples. Chondrocytes; Group 1 untreated samples and Group 2 oseltamivir-treated samples.

samples. However, it was normalized at 48 h (r =
0.96) and decreased by 50% at 72 h. In the chon-
drocyte cultures, IL-1p expression increased 1.23
and 1.25 times at 24 and 48 h, only to decrease by
25% at 72 h.

Apart from IVD inflammation, NLRP3 inflam-
masome activation is associated with pyroptosis,
ECM degradation, and TVD cell apoptosis*®*!, Ac-
cordingly, the detrimental effects of the NLRP3
inflammasome in IVDD have been extensively
examined*. Increased IL-1p due to NLRP3 in-
flammasome activation increases the secretion of
matrix metalloproteinases and causes NP degra-
dation®. Pyroptosis can also lead to IL-1p, though
distinct from apoptosis and simple cell necrosis; it
is proinflammatory and mediated by the NLRP3
inflammasome*.

Similarly, the activation of the NF-«kB signaling
pathway promotes catabolism through the produc-
tion of metalloproteases and enhances apoptosis

through the release of apoptotic biomarkers®. In-
deed, in NF-xB-induced modulated chondrocytes,
apoptosis and OA progression are regulated by the
NLRP3 inflammasome®. In a study evaluating the
relationship between the replicative senescence of
chondrocytes and NF-«kB target gene expression,
the researchers emphasized that NF-xB proteins
form a ubiquitously expressed transcription fac-
tor that plays an important role in apoptosis, cell
senescence, cell inflammation, and immunity?*’. If
NF-kB activation can be inhibited, then, lumbar
IVDD can be slowed*.

In the present study, in the AF and NP cell cul-
tures, NLRP3 protein expression increased 2.06
times in the oseltamivir-treated samples compared
to the control samples at 24 h, but was normal-
ized at 48 and 72 h. In the chondrocyte cultures,
NLRP3 protein expression was at the same level
for both the study and control samples at 24 h (r
=1.02) and slightly decreased at 48 and 72 h (r =

Table II. Assessment of the cell viability, toxicity, and proliferation of AF and NP cells and chondrocytes following oseltamivir treatment.

Primary cell culture Source Adj SS Adj MS F-value p-value*
Groups 0.220052 0.220052 4941.29 0.000

AF and NP cells Time (hours) 0.068192 0.022731 510.42 0.000
Groups vs. Time 0.146338 0.048779 1095.35 0.000
Groups 0.015337 0.015337 21909.64 0.000

Chondrocytes Time (hours) 0.303920 0.101307 144723.93 0.000
Groups vs. Time 0.102818 0.034273 48961.07 0.000

*p<0.05 vs. group 1 and p<0.05 vs. group 2. Data was analyzed using a one-way analysis of variance followed by a post-hoc

Turkey Pairwise Comparison test.
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Figure 3. Comparison of the absorbance viability values in the oseltamivir-treated IVD and chondrocyte cultures with the

control groups.
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Figure 4. Western blotting analysis of HIF-1a, IL-1p, the
NLRP3 inflammasome, and NF-xB protein expression in
human AF/NP cells with and without oseltamivir proteins in
IVD tissues from the Pfirrmann scale grade IV case groups (n
= 8). Data are presented as frequencies.

0.79 and 0.84, respectively). Additionally, NF-xB
expression increased 3.58-fold and 5.82-fold at 24
and 48 h in the oseltamivir-treated samples com-
pared to the control samples but was normalized
at 72 h (r=0.94). In the chondrocyte cultures, NF-
kB expression likewise increased 1.90 and 1.30
times at 24 and 48 h in the oseltamivir-treated
samples compared to the control samples but was
normalized at 72 h (r = 0.95).

NP is a vascular tissue that is nourished by
passive diffusion through pores in the hyaline
membrane of adjacent endplates. Therefore, NP
cells are physiologically hypoxic. While changes
in oxygen levels are part of cellular adaptation,
HIF-1a, one of the key genes in this cellular ad-
aptation process, can be activated in hypoxic
conditions and adapt to tissue functions to low-
er oxygen levels by mediating transcription fac-
tors and enzymes®. HIF-1a is also an activator of
vascular endothelial growth factor and is critical
in the angiogenic response to hypoxia®. Further-
more, HIF-la gene expression is an important
component that supports chondrocyte surviv-
al during embryonic bone development®'. It is a
transcription factor that regulates the transcription
of a wide variety of genes involved in cell sur-
vival. The hypoxic environment, hormones, and
growth factors induce HIF-1a translocation to the
nucleus and regulate the expression of its target

4823
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genes?!. Thus, HIF-1a controls hypoxia-induced
ECM synthesis in chondrocytes and is considered
a positive regulator of cartilage regeneration®'. In
the present study on AF and NP cell cultures, HIF-
la expression increased 2.75, 1.52, and 1.36 times
at 24, 48, and 72 h, respectively in the oseltami-
vir-treated samples compared to the control sam-
ples. In the chondrocyte cultures, HIF-1a expres-
sion increased 1.68 and 1.37 times at 24 and 48
h in the oseltamivir-treated samples compared to
the control samples, though it decreased at a level
similar to the control group at 72 h (r = 1.10).

Many experimental studies examining the
effects of oseltamivir generally have used com-
mercial cell lines®! or animal tissues®>. Commer-
cial cell lines contain only one cell type and lack
complex coordination mechanisms in the cells’
microenvironment®. They do not have the same
genotypic and/or phenotypic characteristics as in
the human body; therefore, results obtained from
studies using commercial cell lines can be mis-
leading®. The sensitivity of animal tissue differs
from that of human tissue as well**. Therefore, the
results obtained from studies using animal tissues
and those using human tissues may also differ*.
In the present study, primary cell cultures pre-
pared from human degenerated IVD were used,
which may enhance its value.

No morphological changes or cell deaths that
could result from oseltamivir cytotoxicity were
observed in the AF/NP and chondrocyte cells in
this study’s oseltamivir-treated culture samples.
However, proliferation decreased in the AF and
NP cell samples (p < 0.05). In turn, proliferation
increased slightly at 24 and 48 h in the oseltami-
vir-treated chondrocyte samples, though cell
viability decreased, and proliferation was sup-
pressed at 72 h (p < 0.05). The protein expres-
sions of HIF-1a, IL-1B, NF-«B, and the NLRP3
inflammasome in both the AF/NP and chondro-
cyte cell cultures changed at certain time inter-

C 24h 48h  72h

BActin

NLRP3

IL1B

NFkB

HIFla

Figure 5. Western blotting analysis of HIF-1o, IL-1, the
NLRP3 inflammasome, and NF-xB protein expression in hu-
man chondrocytes with and without oseltamivir proteins in
cartilage tissues from the Kellgren-Lawrence radiological scale
grade IV case groups (n = 8). Data are presented as frequencies.

vals as well in the oseltamivir-treated samples
compared to the control samples (p < 0.05). In
the AF and NP cell cultures, HIF-a increased,
IL-1p decreased, and NF-xB and the NLRP3 in-
flammasome were normalized at 72 h in the osel-
tamivir-treated samples compared to the control
group (p < 0.05). In the chondrocyte tissue cells,
IL-1B and the NLRP3 inflammasome decreased
at 72 h, while HIF-1a and NF-xB expressions
were close to the control group samples at 72 h.

Table IIl. Protein expression fold change data obtained from Western blot analysis.

Primary Cell Culture Protein Oh 24h 48h 72h
B-actin 1 1 1 1
NLRP3 1 2.06 1.02 1.03

AF and NP Cells HIF-1a 1 2.75 1.52 1.36
IL-1B 1 2.15 0.96 0.50
NF-«kB 1 3.58 5.82 0.94
B-actin 1 1 1 1
NLRP3 1 1.02 0.79 0.84

Chondrocytes HIF-1a 1 1.68 1.37 1.10
IL-1B 1 1.23 1.25 0.75
NF-«kB 1 1.90 1.30 0.95
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All culture samples were prepared using tis-
sues obtained from patients who belonged to the
same ethnic group, generating the first limitation
of this research. Regarding the study’s second
limitation, oseltamivir phosphate is an inactive
prodrug that exerts pharmacologic activity when
hydrolyzed in vivo to its active form, oseltamivir
carboxylate’'. However, any medication admin-
istered to the body that passes into the systemic
circulation without undergoing chemical changes
is defined as bioavailable. Orally administered
medications also first pass through the liver and
are extensively metabolized®. This research was
carried out in an in vitro experimental setup, so
the compensatory mechanisms in the body were
disabled.

Conclusions

Oseltamivir can inhibit viral neuraminidase
enzymes through the regulation or increase of
HIF-1la, suppression of IL-1B, and normaliza-
tion of the NLRP3 inflammasome with NF-«B,
which mediate senescence and proinflammation.
Accordingly, it may be used in the treatment of
both cartilage and IVD tissue degeneration. As it
is known, primary cultures obtained directly from
the tissue, as used in our study, exhibit a heteroge-
neous structure containing cells belonging to the
whole tissue and extracellular elements. Indeed,
primary cultures are in vitro systems that reflect
tissue integrity and physiology first-rate. For this
reason, it describes best the response to drug ad-
ministration or the effect in clinical practice after
in vivo systems. The results of our study shed light
on the clinical outcome.
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