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Study Design: Human ligamentum flavum–derived cells (HFCs) were obtained from surgical samples for a basic experimental study.
Purpose: We sought to evaluate the inflammatory response of human ligamentum flavum cells to investigate hypertrophic changes 
occurring in the ligamentum flavum.
Overview of Literature: Lumbar spinal stenosis (LSS) is a disease commonly observed in the elderly. The number of patients with 
LSS has increased over time, yet the pathomechanisms of LSS still have not been fully elucidated. One of the clinical features of LSS 
is hypertrophy of the ligamentum flavum, which results in narrowing of the lumbar spinal canal. Some reports have suggested that 
ligamentum flavum hypertrophy is associated with inflammation and fibrosis; meanwhile, the p38 mitogen-activated protein (MAP) 
kinase is involved in the hypertrophy of human ligamentum flavum cells.
Methods: HFCs were obtained from patients with LSS who underwent surgery. HFCs were stimulated by tumor necrosis factor-α 
(TNF-α) and a p38 MAP kinase inhibitor, SB203580. Phosphorylation of the p38 MAP kinase was analyzed by western blotting. The 
concentration of interleukin-6 (IL-6) in the conditioned medium was measured by enzyme-linked immunoassay and IL-6 messenger 
RNA expression levels were determined by real-time polymerase chain reaction.
Results: TNF-α induced the phosphorylation of p38 MAP kinase in a time-dependent manner, which was suppressed by the p38 MAP 
kinase inhibitor, SB203580. TNF-α also stimulated IL-6 release in both a time- and dose-dependent manner. On its own, SB203580 
did not stimulate IL-6 secretion from HFCs; however, it dramatically suppressed the degree of IL-6 release stimulated by TNF-α from 
HFCs.
Conclusions: This is the first report suggesting that TNF-α stimulates the gene expression and protein secretion of IL-6 via p38 MAP 
kinase in HFCs. A noted association between tissue hypertrophy and inflammation suggests that the p38 MAP kinase inflammatory 
pathway may be a therapeutic molecular target for LSS.
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Introduction

Lumbar spinal stenosis (LSS) triggers severe pain in the 
lower back and extremities and has become a common 
condition afflicting elderly people worldwide [1,2]. More-
over, patients with LSS may experience specific gait dis-
turbance characterized by intermittent claudication [3,4]. 
Given both the pain and gait disturbance, patients’ capac-
ity to conduct activities of daily living when experiencing 
LSS is extremely limited, often leading to a decrease in 
the quality of life [5,6]. As the number of elderly people 
has increased in recent years, so too has the LSS patient 
population. Although surgical treatment of LSS has been 
discussed to a significant degree in the literature, the 
pathomechanisms of this disease have still not been fully 
elucidated.

One of the clinical features of LSS is hypertrophy of the 
ligamentum flavum, which, in turn, causes stenosis of the 
lumbar spinal canal, ultimately compressing the spinal 
cord or cauda equina [7,8]. However, the mechanisms 
responsible for ligamentum flavum hypertrophy in this 
context are not known. Therefore, standard treatments 
for LSS include drugs such as nonsteroidal anti-inflam-
matories, gabapentinoids, and certain opioids, which only 
reduce the pain without addressing the root of the prob-
lem [9,10]. When these medicines do not work well for 
patients, surgical interventions such as decompression are 
considered [11]. Therefore, there is a clear need to under-
stand the mechanisms underpinning hypertrophy of the 
ligamentum flavum to facilitate the development of new 
therapeutic strategies to manage or even prevent LSS.

Several studies to date have focused on understand-
ing the phenomenon of hypertrophy of the ligamentum 
flavum. Histological research has shown that, in elderly 
patients with LSS, the elasticity of the ligamentum flavum 
is decreased and the number of collagenous fibers is in-
creased [12,13]. Molecular studies on ligamentum flavum 
cells have also been performed. Transforming growth 
factor-β (TGF-β) stimulated collagen messenger RNA 
(mRNA) expression in fibroblasts derived from ligamen-
tum flavum tissue, suggesting that scar formation is linked 
to the onset of hypertrophy [14]. On the other hand, it 
was also reported that TGF-β is only associated with liga-
mentum flavum hypertrophy in the early stages of this 
process [15]. Other reports also support that hypertrophy 
of the ligamentum flavum is correlated with the onset of 
inflammation and fibrosis; along these lines, the expres-

sion of both fibrosis and inflammation-related genes has 
been observed in ligamentum flavum tissues [16,17]. In 
one in vitro experiment, human ligamentum flavum–
derived cells (HFCs) produced interleukin-6 (IL-6) in 
response to leptin [18]. Elsewhere, Moon et al. reported 
that HFCs secreted several cytokines, including IL-6, and 
vascular endothelial growth factor in response to TGF-β 
and tumor necrosis factor-α (TNF-α) signaling [19]. 
Recently, Saito et al. [20] developed an animal model of 
lumbar ligamentum flavum hypertrophy, where the gene 
expression level of inflammatory cytokines was increased 
in the ligamentum flavum.

To explore novel treatment targets, it is important to 
continue to uncover the cellular and molecular mecha-
nisms responsible for a disease. With regard to LSS, 
major mitogen-activated protein (MAP) kinases such 
as p38 MAP kinase and extracellular signal-regulated 
kinase (ERK)1/2 have been confirmed to be stimulated 
by recombinant human growth and differential factor in 
ligamentum flavum cells [21]. Other research indicates 
TGF-β stimulates connective tissue growth factors in 
HFCs through the p38 MAP kinase pathway [22].

While there are indications that inflammation is in-
volved in ligamentum flavum hypertrophy, to date, only 
limited evidence regarding the signaling mechanism ex-
ists. In this study, we focused on TNF-α and IL-6, which 
are representative inflammatory cytokines. The purpose 
of this study was to evaluate the involvement of p38 MAP 
kinase in the gene expression and secretion of IL-6 stimu-
lated by TNF-α in HFCs.

Materials and Methods

1. Study design

We conducted this study in compliance with the prin-
ciples of the Declaration of Helsinki. The study’s protocol 
was reviewed and approved by the Institutional Review 
Board of Nagoya City University (IRB approval no., 60-
18-0215). Ligament flavum tissues were collected from 
patients who underwent surgery due to LSS and who 
provided written informed consent for involvement in 
this research. The study population included five men 
and two women aged 63–78 years (mean age, 70.6 years). 
The surgical level ranged from L1/2 to L5/S and the mean 
thickness of ligamentum flavum as measured by magnetic 
resonance imaging was 5.1 mm (Table 1).
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2. Isolation of cells from human ligamentum flavum tissue

HFCs were isolated according to the method of a previ-
ous report [23]; briefly, surrounding tissue was carefully 
removed and washed clean of blood with physiological 
saline solution. Hard tissue was removed with a large 
enough margin so as to exclude ossified tissue. After 
the tissue was obtained, it was minced with scissors into 
pieces of approximately 3 mm3, then subjected to sequen-
tial enzyme-digestion with 0.2% collagenase type I (Wako 
Pure Chemical Industries, Osaka, Japan) in Dulbecco’s 
Modified Eagle Medium (DMEM; Wako Pure Chemical 
Industries, Osaka, Japan) without fetal bovine serum (FBS; 
Gibco, Gaithersburg, MD, USA) for 1 hour. Tissue washed 
with phosphate-buffered saline was then digested with 
0.025% collagenase type I in DMEM containing 5% FBS 
overnight at 37°C in a humidified atmosphere of 5% CO2. 
HFCs were finally obtained by filtration through a 70-µm 
membrane and seeded into a 75 cm2 flask with DMEM 
containing 10% FBS. The medium was changed twice a 
week and, after 2 weeks, the cells reached subconfluency 
and were subcultured for experiments. HFCs appear as 
spindle-shaped cells like fibroblastic cells. Cells from pas-
sages 1 through 3 were used for the experiments.

3.   TNF-α stimulation and p38 MAP kinase inhibition 
of HFCs

HFCs were seeded in six-well plates at a density of 2.0×105 
cells/well in 10% DMEM supplemented with FBS. After 
the cells reached subconfluency, the medium was replaced 
with 0.3% DMEM supplemented with FBS. For TNF-α 
(Funakoshi, Tokyo, Japan) stimulation experiments, when 

indicated, the p38 MAP kinase inhibitor SB203580 (10 
μm; Cayman Chemical, Ann Arbor, MI, USA) was added 
1 hour prior to the addition of TNF-α (0.1–10 ng/mL). 
To analyze the phosphorylation of p38 MAP kinase, cells 
were harvested using radioimmunoprecipitation assay 
(RIPA) buffer (NACALAI, Kyoto, Japan) at the indicated 
time and cell protein was extracted for use in western 
blotting. To assess IL-6 production, the conditioned me-
dium was collected at the indicated times up to 48 hours 
and examined by enzyme-linked immunosorbent assay 
(ELISA). For gene expression analysis, cells were har-
vested using TRIzol (Thermo Fisher Scientific, Waltham, 
MA, USA) and mRNA was extracted for use in reverse 
transcription-quantitative polymerase chain reaction (RT-
qPCR).

4. Western blot analysis

Cells were harvested using RIPA buffer with protease in-
hibitor. Sodium dodecyl sulfate–polyacrylamide gel elec-
trophoresis was performed on 10% polyacrylamide gels 
and western blot analysis was performed using antibodies 
against p38 MAP kinase and phospho-p38 MAP kinase, 
with peroxidase-labeled antibodies adopted as second-
ary antibodies (Cell Signaling, Danvers, MA, USA). The 
peroxidase activity on the polyvinylidene difluoride mem-
brane was detected using ECL substrate (Bio-Rad, Hercu-
les, CA, USA) and visualized with an Amersham Imager 
680 blot and gel imager (Cytiva, Tokyo, Japan). The listed 
experiments were repeated using different cell prepara-
tions.

Table 1. Sample list

Sample Gender Age (yr) Surgical levels
Thickness of ligamentum flavum (mm)

L1/2 L2/3 L3/4 L4/5 L5/S

1 F 78 3 - - 4.0 7.0 4.1

2 M 77 3 - - 5.9 6.0 4.3

3 M 64 3 - - 5.2 5.7 2.4

4 M 63 2 5.9 5.2 - - -

5 M 69 3 - - 2.5 6.7 5.8

6 F 75 3 - - 4.6 4.2 3.3

7 M 68 2 - - - 4.9 4.6

F, female; M, male.
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5. IL-6 assay

The levels of IL-6 in conditioned medium from HFCs 
were measured using the D6050 human IL-6 Quanti-
kine ELISA kit (R&D Systems, Minneapolis, MN, USA), 
according to the manufacturer’s protocol. The data are 
presented as the average of biological triplicates with stan-
dard deviation values. The experiments were repeated us-
ing different cell preparations.

6. Gene expression analysis

Cultured cells were harvested using TRIzol (1 mL). After 
adding 0.2 mL chloroform and centrifuging the samples, 
total RNA was extracted from the aqueous phase. Total 
RNA was then obtained after further purification using 
a PureLink RNA Mini Kit (Thermo Fisher Scientific). 
Complementary DNA was synthesized using the iScript 
RT Supermix for RT-qPCR (Bio-Rad) and was amplified 
with specific primers (glyceraldehyde 3-phosphate dehy-
drogenase; Hs.PT.39a.22214836, IL-6; Hs.PT.58.40226675, 
IDT) using the Fast SYBR Green Master Mix (Thermo 
Fisher Scientific). Gene expression was determined by 
RT-qPCR using the QuantStudio 12K Flex real-time PCR 
system (Thermo Fisher Scientific). The PCR process was 
as follows: one cycle at 95°C for 20 seconds, then 40 cycles 
of 95°C for 1 second and 60°C for 20 seconds. Relative 
mRNA expression levels of IL-6 were normalized to GAP-
DH (glyceraldehyde 3-phosphate dehydrogenase) mRNA 
levels and calculated using the 2−ΔΔCt method. The data 
are presented as the average of biological triplicates with 
standard deviation values. The experiments were repeated 
using different cell preparations.

7. Quantitative data presentation and statistical analyses

As mentioned, the compiled data were analyzed using 
biological triplicates per condition. Data are presented as 
the average of the experimental values of biological tripli-
cates with standard deviation values. A two-tailed Student 
t-test was used for statistical analysis and differences were 
considered significant when the p-value was less than 0.05. 
Experiments were repeated at least twice to demonstrate 
reproducibility.

Results

1.   TNF-α–induced phosphorylation of p38 MAP kinase 
in HFCs

We first examined whether p38 MAP kinase was phos-
phorylated in response to TNF-α stimulation in HFCs. 
While the phosphorylation of p38 MAP kinase was not 
detected in the absence of TNF-α stimulation, the addi-
tion of TNF-α did induce p38 MAP kinase phosphory-
lation in a time-dependent manner (Fig. 1A), which 
reached its maximum level 10 minutes after TNF-α stimu-
lation. However, this phosphorylation was suppressed by 
SB203580, a p38 MAP kinase inhibitor (Fig. 1B).

2. TNF-α–induced IL-6 release from HFCs

Next, we investigated whether TNF-α triggered IL-6 re-
lease from HFCs. For this assessment, TNF-α (10 ng/mL) 
was added to the culture medium and the medium was 
collected at the indicated times up to 48 hours after stimu-
lation. Fig. 2A indicates that TNF-α induced IL-6 release 
in a time-dependent fashion for up to 48 hours. Next, we 
tested whether IL-6 release from HFCs was linked to the 
concentration of TNF-α. TNF-α (0.1–10 ng/mL) was add-
ed to the culture medium and the medium was collected 
at 48 hours after TNF-α stimulation. Fig. 2B confirms that 
TNF-α dose-dependently stimulated IL-6 release from 
HFCs.

3. p38 MAP kinase is involved in IL-6 release from HFCs

We also tested whether p38 MAP kinase was involved 
in IL-6 production from TNF-α–stimulated HFCs. 
SB203580 (10 μM) was added to the culture medium for 
1 hour prior to TNF-α (10 ng/mL) treatment and the con-
ditioned medium was collected at 48 hours after TNF-α 

Fig. 1. Tumor necrosis factor-α (TNF-α) induces the phosphorylation of p38 
mitogen-activated protein (MAP) kinase. p38 MAP kinase phosphorylation was 
detected by western blotting. (A) TNF-α (10 ng/mL) time-dependently induces 
p38 MAP kinase phosphorylation (p-p38). Maximum phosphorylation is ob-
served at the 10-minute time point. (B) A p38 MAP kinase inhibitor, SB203580 
(10 μM), suppresses TNF-α–induced phosphorylation of p38 MAP kinase. 
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stimulation. Fig. 3 shows that, when administered on its 
own, SB203580 did not trigger IL-6 release from HFCs, 
although it did dramatically suppress TNF-α–stimulated 
IL-6 release from HFCs (92% suppression).

4.   p38 MAP kinase controls TNF-α–stimulated IL-6 
mRNA expression

Finally, we attempted to discern the level at which p38 
MAP kinase controls TNF-α–stimulated IL-6 produc-
tion in HFCs. Since p38 MAP kinase was activated at an 
early time point (10 minutes) after TNF-α stimulation, 
we hypothesized that p38 MAP kinase may regulate IL-6 
gene expression. To explore this possibility, total RNA 
was extracted from HFCs 6 hours after TNF-α stimula-
tion and processed for RT-qPCR analysis. Notably, IL-6 
gene expression was strongly stimulated by TNF-α, while, 
interestingly, TNF-α–stimulated gene expression was sig-
nificantly suppressed by SB203580 (Fig. 4).

Discussion

To our knowledge, this is the first report to show that 
TNF-α stimulates the gene expression and secretion of 
IL-6 via p38 MAP kinase in HFCs. To date, some reports 
have considered TNF-α–stimulated tissue hypertrophy 
or fibrotic changes as a pathomechanism of disease. For 
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example, in osteoarthritis, TNF-α has been linked to 
chondrocyte hypertrophy, which is the starting point of 
abnormal modulation [24]. Moreover, both TNF-α and 
IL-6 are often reported as key molecules associated with 
cardiac hypertrophy in heart failure [25]. p38 MAP kinase 
was also shown to be activated in cardiac hypertrophy, 
where treatment using a p38 MAP kinase inhibitor able 
to enhance the survival of hypertensive stroke-prone rats 
[26]. Furthermore, TNF-α–induced p38 MAP kinase is 
related to cardiac pathophysiology [27]. Therefore, p38 
MAP kinase may be a possible therapeutic molecular tar-
get for diseases that encompass tissue hypertrophy. How-
ever, though studies on cardiac hypertrophy have been 
accumulating in the literature, little is known about the 
role of the inflammatory response in ligamentum flavum 
hypertrophy, which is a phenotype in LSS patients.

As a molecular mechanism, p38 MAPK was reported 
to be involved in TNF-α–stimulated IL-6 synthesis in 
rheumatoid synovial fibroblasts or osteoblasts [28,29]. 
However, there are no reports suggesting the relationship 
between TNF-α and p38 MAP kinase in ligamentum fla-
vum tissue to date. On the other hand, some studies have 
suggested the involvement of cellular signaling pathways 
such as p38 MAP kinase or ERK1/2 activation by other 
stimulators in the ligamentum flavum [21,22]. Growth 
and differentiation factor 5 (GDF5) was shown to induce 
the osteogenic differentiation of HFCs through the ac-
tivation of ERK1/2 and p38 MAP kinase, while human 
ligamentum flavum fibroblast inflammation was induced 
by p38 MAP kinase and JNK (c-Jun N-terminal kinase) 
stimulation [30]. These findings pushed us to investigate 
the inflammatory mechanism of ligamentum flavum hy-
pertrophy, especially considering the role of cellular sig-
naling.

In the present study, we confirmed that TNF-α stimulat-
ed the phosphorylation of p38 MAP kinase in HFCs that 
were obtained from patients with LSS who underwent 
surgery. Although p38 MAP kinase has been reported to 
be activated by GFD5 in HFCs [21], our results constitute 
the first study suggesting that TNF-α activates p38 MAP 
kinase in HFCs. The phosphorylation of p38 MAP kinase 
was induced as early as five minutes after TNF-α stimula-
tion and the phosphorylation decreased after 30 minutes. 
This time course is earlier than that associated with GDF5, 
which is probably due to the difference in stimulating 
agents involved. We confirmed that the phosphoryla-
tion of p38 MAP kinase was suppressed by SB203580, a 

p38 MAP kinase inhibitor, in HFCs. We then examined 
whether TNF-α stimulated IL-6 in HFCs, ultimately de-
termining that TNF-α dose-dependently (0.1–10 ng/mL) 
stimulated IL-6 secretion from HFCs. Notably, the secre-
tion of IL-6 continued for up to 48 hours after TNF-α 
stimulation. Interestingly, SB203580 did not alter the 
IL-6 secretion at all yet significantly suppressed TNF-α–
stimulated IL-6 secretion from HFCs. SB203580 pretreat-
ment also significantly suppressed mRNA gene expression 
stimulated by TNF-α. These findings suggest that TNF-α–
stimulated IL-6 secretion mediates the inflammatory 
response in the ligamentum flavum through p38 MAP 
kinase.

In the present study, some limitations exist. First, we 
used ligamentum flavum cells collected from LSS pa-
tients—ligamentum flavum cells taken from healthy con-
trols or patients with other conditions might behave dif-
ferently. Assessing ligamentum flavum tissue from young 
patients such as lumbar disc herniation or scoliosis might 
be useful in future research. Second, the in vitro environ-
ment is different from the in vivo environment. To further 
evaluate the clinical relevance of whether IL-6 is related 
to hypertrophy of the ligamentum flavum, further inves-
tigations of IL-6 and p38 MAP kinase expression levels in 
clinical samples are necessary. Considering this research, 
eventually, when a p38 MAP kinase inhibitor is applied to 
LSS patients to prevent ligamentum flavum hypertrophy, 
the level of suffering attributed to LSS may decrease and 
patients could lead a life with less pain or disturbance to 
their gait. To explore new therapeutic strategies targeting 
the pathomechanism of ligamentum flavum hypertrophy, 
more detailed cellular signaling mechanisms should be 
investigated using HFCs.

Conclusions

We isolated HFCs from patients who underwent LSS sur-
gery and cultured them as monolayers. We showed that 
p38 MAP kinase mediates mRNA and the protein expres-
sion of IL-6 in TNF-α–stimulated HFCs
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