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Abstract 

Background: The most common spinal disorder in elderly is lumbar spinal canal stenosis (LSCS). 
Previous studies showed that ligamentum flavum hypertrophy (LFH) with fibrosis as the main pathological 
change is one of the pathogenic factors leading to LSCS. Epidermal Growth Factor (EGF) is known to 
have an intimate relationship with fibrosis in various tissues. Nevertheless, currently, there are few 
studies regarding EGF in LFH. The effect of EGF on the development of LFH is unknown, and the 
underlying pathomechanism remains unclear. In this study, we investigated the role of EGF in LFH and its 
potential molecular mechanism.  
Methods: First, the expression levels of EGF, phosphorylation of EGF receptor (pEGFR), Transforming 
growth factor-β1 (TGF-β1), Phosphorylated Smad3 (pSmad3), collagen I and collagen III were examined 
via immunohistochemistry and Western blot in LF tissues from patients with LSCS or Non-LSCS. Second, 
primary LF cells were isolated from adults with normal LF thickness and were cultured with different 
concentrations of exogenous EGF with or without erlotinib/TGF-β1-neutralizing antibody.  
Results: The results showed that EGF, pEGFR, TGF-β1, pSmad3, collagen I and collagen III protein 
expression in the LSCS group was significantly higher than that in the Non-LSCS group. Meanwhile, 
pEGFR, TGF-β1, pSmad3, collagen I and collagen III protein expression was significantly enhanced in LF 
cells after exogenous EGF exposure, which can be notably blocked by erlotinib. In addition, pSmad3, 
collagen I and collagen III protein expression was blocked by TGF-β1-neutralizing antibody.  
Conclusions: EGF promotes the synthesis of collagen I and collagen III via the TGF-β1/Smad3 signaling 
pathway, which eventually contributes to LFH. 
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Introduction 
Lumbar spinal canal stenosis (LSCS) is more 

common in the elderly, usually lead to pain in the 
lower back and legs, numbness of lower limbs, and 
intermittent claudication [1]. Lumbar disc herniation, 

facet joint degeneration, ligamentum flavum 
hypertrophy (LFH) and other pathogenic factors lead 
to the development of lumbar spinal canal stenosis 
(LSCS). Among them, ligamentum flavum 
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hypertrophy is the most important pathogenic factor, 
and it is highly related to the pathogenesis of lumbar 
spinal canal stenosis (LSCS) [2, 3]. The normal 
ligamentum flavum is an elastic structure composed 
of elastic fibers (80%) and collagen fibers (20%) [4-6]. 
However, with the occurrence of ligamentum flavum 
hypertrophy, it shows the loss of elastic fibers and the 
increase of collagen fibers, suggesting changes in 
fibrosis. According to previous reports, the increased 
collagen fibers are mainly collagen I and collagen III 
[7]. In other words, the main pathology of 
ligamentum flavum hypertrophy is fibrosis [8].  

Epidermal growth factor (EGF) is a single-chain 
polypeptide with a molecular weight of 
approximately 6 kDa. In both human fibroblasts and 
various mammalian tissues, EGF receptors can be 
detected [9, 10]. EGF triggers a number of biological 
responses, including cell proliferation and 
differentiation [11]. EGF significantly increased 
expression of type I collagen in cultured primary 
cardiac fibroblasts [12]. EGF involved in the 
pathology of airway fibrosis by induction of IL-8 from 
airway epithelium, subsequently causing lung 
fibroblasts proliferation and migration [13]. EGF 
receptor (EGFR) antagonist could attenuate liver 
fibrosis. Specifically blocking EGF could attenuate bile 
duct ligation (BDL)-induced liver fibrosis [14]. 
Previous studies have shown that EGF is associated 
with tissue fibrosis in many organs, including the 
heart, lungs, and liver. 

The Transforming growth factor-β (TGF-β) 
family plays a crucial role in the pathogenesis of 
various diseases, such as fibrosis in many organs and 
tissues [15-17]. There are three isoforms of TGF-β in 
mammals, including TGF-β1, TGF-β2, and TGF-β3 
[18]. Although all three isoforms exhibit similar 
biological activities, previous studies suggest that 
tissue fibrosis is mainly associated with the TGF-β1 
isoform [19, 20].Likewise, TGF-β1 expression was 
observed in hypertrophic ligamentum flavum. 
Current studies have shown that TGF-β1 plays an 
important role in ligamentum flavum hypertrophy 
(fibrosis). However, the underlying mechanism of the 
association between TGF-β1 and ligamentum flavum 
hypertrophy has not been clearly elucidated. As a 
downstream pathway molecule of TGF-β1, Smad 
family has been confirmed to be involved in 
regulating the physiological activities of various cells 
together with TGF-β1 [21]. The interaction of TGF-β 
with its receptors plays different functional roles in 
distinct injuries and is influenced by activated Smad3 
[22, 23]. Activated Smad3 and Smad4 in the nucleus 
drive the expression of TGF-β1-targeted genes. 
TGF-β1 can also initiate profibrotic processes 
independently of Smads through transactivation of 

the EGF receptor (EGFR) [24, 25].  
However, it is unknown whether EGF is 

activated in the ligamentum flavum or whether it is 
involved in ligamentum flavum hypertrophy. Based 
on the above discussion, we hypothesized that EGF 
may promote the production of collagen fibers that 
contribute to ligamentum flavum hypertrophy (LFH) 
by activating the TGF-β1 signaling pathway. Our 
study aims to discover the role of EGF in ligamentum 
flavum hypertrophy and reveal its possible 
mechanisms. 

Materials and Methods 
Ligamentum flavum tissue samples 

Thirty LSCS patients(18 men and 12 women, 
mean age: 58.35 years) with severe LF hypertrophy 
and twenty Lumbar disc herniation(LDH) patients (8 
males and 12 females, mean age 55.20 years) without 
obvious LF hypertrophy were included in this study. 
The ligamentum flavum tissue of the L4/5 segment 
was taken and washed with physiological saline for 3 
times. A portion of each sample was fixed in 4% 
paraformaldehyde for hematoxylin and eosin (H&E) 
staining, Masson trichrome staining, and immuno-
histochemical analysis. The remaining samples were 
immediately stored in liquid nitrogen for subsequent 
Western blot analysis. 

Each patient signed a written informed consent, 
and the Institutional Ethics Review Board of Nanfang 
Hospital of Southern Medical University approved 
this study. 

Measurement of LF thickness 
Preoperative magnetic resonance images(MRI, 

Philips, Amsterdam, Netherlands) were collected 
from all 50 patients, two parallel lines were drawn 
along the direction of the ligamentum flavum on axial 
T2-weighted images through the facet joint, and the 
maximum distance between the dural side and the 
dorsal side was chosen, using PACS(Picture 
Archiving and Communication Systems) work-
stations (an image analyzing system, Nanfang 
Hospital of Southern Medical University, Guangzhou, 
China) to measure the maximum thickness of the LF. 
Each ligament flavum was measured three times, and 
the average value was taken as the final LF thickness 
[26, 27]. 

Fibrosis evaluation of LF 
Paraffin-embedded tissues were cut into 4 µm 

thick sections using a paraffin microtome (RM2125 
RTS, Leica, Wetzlar, Germany). The sections were 
stained using H&E staining and Masson trichrome 
staining kits (JianChen, Nanjing, China). H&E 
staining was used to analyze the morphologic 
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changes. The fibrous lesion was evaluated by Masson 
trichrome staining. Similar to previous research[7], 
fibrosis score was evaluated according to the 
proportion of collagen fibers in the entire area: grade 
0, ≤20% of the area; grade 1, 21%–40% of the area; 
grade 2, 41%–60% of the area; grade 3, 61%–80% of the 
area; and grade 4, >81% of the area. 

Immunohistochemical analyses 
LF tissue sections were incubated in 3% H2O2 to 

quench endogenous peroxidase activity. After antigen 
retrieval and blocking treatment, primary antibodies 
against EGF (1: 200, Abcam, Cambridge, UK), 
phosphorylated EGFR (pEGFR) (1: 100, Cell Signaling 
Technology, Danvers, MA), TGF-β1(1: 100, Abcam), 
phosphorylated Smad3 (pSmad3) (1: 200, Cell 
Signaling Technology, Danvers, MA), collagen I (1: 
100, Abcam), and collagen III (1: 100, Abcam) were 
applied overnight at 4°C. After being washed with 
PBS, tissue sections were incubated with a 
goat-anti-rabbit horseradish peroxidase-conjugated 
secondary antibody (1: 100, RayBiotech, Beijing, 
China) for 1 h at room temperature, and the 
immunostain signal was developed using 3, 
3’-diaminobenzidine (DAB, ZSGB-Bio, Beijing, China) 
[28]. Then, the quantitative analysis of immuno-
histochemical staining was conducted. The H-score 
was assigned to each immunohistochemistry image 
according to the proportion of staining area in the 
entire area: negative (score 0–1), positive (score 2–4), 
and strongly positive (score 5–9). 

Culture and identification of LF cells 
The cells were isolated from the LF tissues of 

normal thickness. After washing in physiological 
saline 3 times, the specimens were minced with 
microdissection scissors under aseptic conditions and 
digested for 1.5 h at 37°C using 0.2% type I 
collagenase (Sigma-Aldrich, St. Louis, MO). The cells 
were then filtered through a sterile nylon mesh filter 
(75 μm pore size). Finally, placed the cells in 35-mm 
Petri dishes at a density of approximately 5×104 
cells/mL in DMEM supplemented with 10% fetal calf 
serum (Gibco), 100 U/ml penicillin and 100 mg/ml 
streptomycin (Gibco) and incubated in a 5% CO2 
humidified incubator at 37°C. The medium was 
changed every 2 days, and the explants were 
examined daily for cell outgrowth using an inverted 
light microscope. The cells at the third passage were 
used for the experiments. 

Immunostaining of collagen I (1:100 dilution 
[Abcam, Cambridge, Massachusetts, USA]) and 
vimentin(1:100 dilution [Abcam, Cambridge, 
Massachusetts, USA]) was performed to identify the 
cell type. LF cells of the third passage were treated 

with different concentrations of recombinant human 
EGF (0, 1, 10, 20 ng/ml, MedChem Express, 
Monmouth Junction, NJ) with or without 100 nmol/L 
erlotinib (MedChem Express, Monmouth Junction, 
NJ) or 1 ug/ml TGF-β1-neutralizing antibody 
(anti-TGF-β1, Sigma, Aldrich) for 24 h. 

Identify Cell viability 
The cell viability was assessed with the 

colorimetric reagent, 3-(4,5-dimethylthiazol-2-yl)-2,5- 
diphenyl tetrazolium bromide (MTT, Solarbio, 
Beijing, China).LF Cells were seeded into 96-well 
plates (1x104 cells/well) and incubated at 37°C with 
5% CO2 for 24 h. After washing the LF cells with PBS 
solution, 100 µL of DMEM containing 10% MTT 
solution (5 mg/mL) was added to each well for 4 h. 
After medium removal, 110 µl of dimethyl sulfoxide 
(DMSO) was added to each well, and the absorbance 
of the solution was measured at 490 nm using a 
multi-mode reader (HTX, Gene, Shanghai, China). 

Western blot Analysis 
LF tissues and LF cells were lysed in buffer 

containing protease inhibitors. Then, the lysate was 
subjected to sodium dodecyl sulfate polyacrylamide 
gel electrophoresis and transferred to polyvinylidene 
difluoride membranes. The membranes were blocked 
with 5% non-fat milk diluted in Tris-buffered saline 
for 2 h at room temperature. Next, the membranes 
were incubated at 4°C overnight with primary 
antibodies as follows: collagen I (1: 1000, Abcam), 
collagen III (1: 1000, Abcam), EGF(1: 1000, Abcam), 
pEGFR (1: 1000, Cell Signaling Technology, Danvers, 
MA), EGFR (1: 1000, Abcam), TGF-β1(1: 1000, 
Abcam), pSmad3(1: 1000, Cell Signaling Technology, 
Danvers, MA), Smad3 (1: 1000, Abcam), and β-actin 
(1: 1000, ABclonal).Next, the blots were washed and 
incubated with anti-rabbit or anti-mouse 
immunoglobulin G peroxidase conjugate (1: 3000, 
RayBiotech, Beijing, China) for 1.5 h at room 
temperature. The signals were detected using an 
enhanced chemiluminescence kit (Beyotime, 
Shanghai, China).  

Statistical Analysis 
Independent sample t-test was used for 

comparison between the two groups (LSCS group & 
Non-LSCS group) in terms of age, LF thickness, grade 
of LF fibrosis and immunohistochemical staining data 
(IBM SPSS Statistics 22.0, SPSS, Chicago, IL). One-way 
ANOVA was used to analyze the MTT assay results 
(GraphPad Prism 5.01, La Jolla, CA). Results are 
expressed as mean ± SD of all measured parameters. P 
< 0.05 was considered statistically significant. 
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Results 
Ligamentum flavum thickness and fibrosis of 
the LSCS group and Non-LSCS group 

The LF thickness of the two patient groups was 
measured via MRI(Fig. 1), and the results showed that 
the mean thickness of the LF in the LSCS 
group(5.81±0.51mm) was significantly higher than 
that in the Non-LSCS group(2.72±0.45mm) (Table 1). 
Histological examination of HE staining & Masson 
trichrome staining (Fig. 2A) showed that compared 
with the Non-LSCS group, the LSCS group had fewer 
elastic fibers and more disordered and heterogeneous 
collagen fibers. This indicated that the LF fibrosis 
degree was higher in the LSCS group. 

 

Table 1. General data of the two groups of patients. LF, 
Ligamentum flavum; LSCS, lumbar spinal canal stenosis. 
Independent samples t-test; P < 0.05 is considered to be 
significant. 

 LSCS Group (n=30) Non-LSCS Group (n=20) P value 
Lumbar level L4/5 L4/5  
Gender 18 males,12 females 8 males,12 females  
Age (years) 58.35 ± 5.60 55.20 ± 7.75 0.238 
LF thickness (mm) 5.81 ± 0.51 2.72 ± 0.45 <0.001 
Grade of LF fibrosis 3.2 ± 0.67 0.3 ± 0.18 <0.001 

 

High levels of EGF, pEGFR, TGF-β1, pSmad3, 
collagen I and collagen III in the LSCS group 

In order to explore the role of EGF signal 
transduction in ligamentum flavum, immunohisto-
chemical staining and Western blot analysis were 
performed to analyze the expression of collagen I, 
collagen III, EGF, pEGFR, TGF-β1 and pSmad3 in the 
ligamentum flavum of the two groups. The results 
(Fig. 2B, C) showed that compared with the 
Non-LSCS group, the expressions of collagen I and 
collagen III were significantly higher in the LSCS 
group. Meanwhile, the LSCS group expressed the 

higher levels of EGF, pEGFR, TGF-β1 and pSmad3 
(Fig. 3A, B). Western blot (Fig. 4) analysis showed that 
the protein expression levels of collagen I, collagen III, 
EGF, pEGFR, TGF-β1 and pSmad3 in the LSCS group 
were higher than those in the Non-LSCS group. 

EGF stimulated TGF-β1 activation, collagen I 
and collagen III expression in LF cells 

Immunofluorescence staining of primary LF cells 
extracted and cultured showed that the vast majority 
of cells were labeled with collagen I or vimentin 
(markers of LF cells) (Fig. 5A, B), indicating that 
high-purity LF cells were obtained. Then, after 
exposing the cells to different concentrations of 
exogenous EGF, no significant changes in cell viability 
were found, indicating that exogenous EGF did not 
show toxicity to LF cells (Fig. 5C). 

As shown in Fig. 6 and Fig. 7, the protein 
expression levels of pEGFR, TGF-β1, pSmad3, 
collagen I and collagen III in LF cells were 
significantly increased in a dose-dependent manner 
after exposure to exogenous EGF. 

Both erlotinib and TGF-β1 neutralizing 
antibody can block EGF-induced collagen I and 
collagen III overexpression in LF cells 

To verify the role of EGFR-TGF-β1-Smad3 
signaling pathway in LF cells-induced collagen I and 
collagen III expression, EGFR-specific inhibitor 
erlotinib and TGF-β1 neutralizing antibody were 
respectively used to treat LF cells exposed with 
exogenous EGF. The results showed that 
EGF-induced expressions of pEGFR, TGF-β1, 
pSmad3, collagen I and collagen III were significantly 
decreased in LF cells after treatment with erlotinib 
(100 nmol/L) (Fig. 6). Likewise, EGF-induced 
expression of pSmad3, collagen I and collagen III was 
significantly attenuated in LF cells after treatment 
with TGF-β1 neutralizing antibody (1 μg/ml) (Fig. 7). 

 

 
Fig. 1 Measurement of the LF thickness by MRI. A The red frame was selected as the target analysis area. B The red arrow indicates the thickness of the ligamentum 
flavum at the facet joint level. 
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Fig. 2 Morphology and fibrosis of LF tissue in LSCS group and Non-LSCS group. A H&E staining and Masson trichrome staining of the LSCS group and Non-LSCS 
group, blue indicates collagen fibers and red indicates elastic fibers. B Collagen I and Collagen III immunohistochemical staining of the LSCS group and Non-LSCS group. C 
Statistical analysis of Collagen I and Collagen III levels. The scale bar indicates 50 μm, **** indicates P<0.0001. 

 
Fig. 3 Immunohistochemical staining of EGF, pEGFR, TGF-β1 and pSmad3 in LF tissue. A EGF, pEGFR, TGF-β1 and pSmad3 in the LSCS group and Non-LSCS 
group. B Statistical analysis of EGF, pEGFR, TGF-β1 and pSmad3 levels. The scale bar indicates 50 μm, **** indicates P<0.0001. 
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Fig. 4. Protein expression levels of EGF, pEGFR, EGFR, TGF-β1, pSmad3, Smad3, collagen I and collagen III in LF tissue. The levels of EGF, pEGFR, TGF-β1, 
pSmad3, collagen I and collagen III in the LSCS group were significantly higher than those in Non-LSCS group. The level of phosphorylated EGFR represents the degree of EGFR 
activation. When the level of total EGFR is unchanged and the level of phosphorylated EGFR is decreased, it indicates that EGFR activation is decreased or inhibited, and vice 
versa. Likewise, the level of phosphorylated Smad3 represents the degree of Smad3 activity.  

 
Fig. 5. Identification and viability testing of LF cells. Immunofluorescence staining of collagen I (A) and vimentin (B). Ligamentum flavum cells cultured with different 
concentrations of exogenous EGF were quantitatively analyzed by MTT method, and there was no significant change in cell viability (C, P=0.46). Immunofluorescence is shown 
using FITC (green) and nuclei is shown using DAPI (blue), scale bar indicates 50 μm. 

 
Fig. 6. Protein expression levels of pEGFR, EGFR, TGF-β1, pSmad3, Smad3, collagen I and collagen III in LF cells after exposure to different 
concentrations of exogenous EGF with or without the EGFR inhibitor erlotinib. Expression of pEGFR, TGF-β1, pSmad3, collagen I and collagen III in ligamentum 
flavum cells was significantly increased in a dose-dependent manner after exposed to various concentrations of exogenous EGF without erlotinib, erlotinib significantly attenuated 
EGF-induced increases in pEGFR, TGF-β1 pSmad3, collagen I and collagen III expression. 
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Fig. 7. Protein expression levels of pSmad3, Smad3, collagen I and collagen III in LF cells after exposure to different concentrations of exogenous EGF 
with or without TGF-β1 neutralizing antibody. Expression of pSmad3, collagen I and collagen III in ligamentum flavum cells was significantly increased in a dose-dependent 
manner after exposed to various concentrations of exogenous EGF without TGF-β1 neutralizing antibody, TGF-β1 neutralizing antibody significantly attenuated EGF-induced 
increases in pSmad3, collagen I and collagen III expression. 

 

Discussion 
As stated in the Introduction, the dysregulation 

of EGF expression is associated with a variety of 
diseases [12-14]. In this study, we found for the first 
time that EGF, pEGFR, collagen I and collagen III 
expression were upregulated in the LSCS group, by 
immunohistochemical analysis and western blot 
analysis of LF tissues. Collagen I and collagen III are 
important markers of fibrosis and LF hypertrophy. 
This means that increased EGF expression is 
associated with fibrosis. Furthermore, western blot 
analysis of cell experiments showed that exogenous 
EGF treatment induced a dose-dependent increase in 
collagen I and collagen III. Most importantly, we 
found that inhibition of EGF signaling in vitro cell 
experiments inhibited LF fibrosis, suggesting that 
targeting EGF signaling may be a novel strategy to 
prevent and treat LF fibrosis. 

The expression of various cytokines was 
increased in EGF-stimulated LF fibroblasts, including 
TGF-β1, collagen I and collagen III associated with 
fibrosis [13]. We treated LF fibroblasts with erlotinib, 
a specific inhibitor of EGFR, to investigate the effect of 
inhibiting EGFR activity. The expression of collagen I, 
collagen III and endogenous TGF-β1 was 
downregulated after treatment of EGF co-cultured 
fibroblasts with erlotinib. This indicated that erlotinib 
could significantly inhibit the expression of TGF-β1 in 
fibroblasts. Erlotinib inhibits the phosphorylation of 
EGFR in cells and reduces the uptake of EGF by cells, 
thereby inhibiting the production of TGF-β1. 
Currently, the underlying mechanism of EGFR 
activation during ligamentum flavum fibrosis is 
unclear, but it may be related to persistent stimulation 
of EGFR ligands. EGF selectively binds to EGFR, 
undergo autophosphorylation at specific tyrosine 

residues of EGFR within the intracellular domain, 
which activate downstream signaling pathways [29]. 
Erlotinib can inhibit the activation of EGFR, inhibit 
the binding of EGFR and EGF, thereby inhibiting 
downstream signaling pathways, including the 
TGFβ1 signaling pathway. It is noteworthy that 
previous studies have shown that ligamentum flavum 
hypertrophy is closely related to angiogenesis [30]. It 
is known that EGF itself is an angiogenesis factor, and 
EGFR activation is usually associated with 
angiogenesis[31].Whether erlotinib can inhibit 
angiogenesis in ligamentum flavum by inhibiting 
EGFR activity requires further studies to address the 
relevant cellular and molecular basis. 

Since TGF-β1 has been previously found to be an 
important growth factor, it plays a key role in the 
fibrosis process in many tissues [17], so the current 
research focuses on investigating the potential role of 
TGF-β1 in LF fibrosis and the molecular mechanisms 
that might be involved [32-34]. To date, no studies 
have revealed the potential functions of EGF and 
TGF-β1/pSmad3 signaling in ligamentum flavum 
hypertrophy (LFH). Therefore, this study hypo-
thesized that EGF, through TGF-β1/pSmad3 
signaling, may contribute to the pathological process 
of LFH by activating collagen fiber production. 
Therefore, to test our hypothesis, we first performed 
immunohistochemical analysis and western blot 
analysis of ligamentum flavum tissue. The results all 
showed that the LSCS group expressed higher levels 
of TGF-β1, pSmad3, collagen I and collagen III 
compared to the Non-LSCS group. After further 
verification, we found that after TGF-β1 neutralizing 
antibody (TGF-β1-specific inhibitor) treatment of 
exogenous EGF co-cultured fibroblasts, the 
expressions of pSmad3, collagen I and collagen III 
were significantly lower than those in the control 
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group. The above data show that when TGF-β1 is 
inhibited, the activity of its downstream marker 
Smad3 is reduced, which in turn leads to a decrease in 
the secretion of collagen I and collagen III. 

The novelty of this study is that we found local 
high expression of EGF in the ligamentum flavum 
upregulates the phosphorylation of its receptor 
(EGFR) and activates the downstream TGF-β1/ 
pSmad3 signaling pathway to enhance collagen I and 
collagen III production. These results suggest that the 
EGFR/TGF-β1/Smad3 biological axis can regulate 
fibrosis in hypertrophic LF, and EGF may be an 
important target for the treatment of lumbar spinal 
stenosis caused by ligamentum flavum hypertrophy. 
Several limitations in this study should be mentioned. 
First, how EGF and Smad3 are involved in fibrosis in 
LF has not been investigated. Furthermore, in vivo 
studies are recommended to validate the effect of EGF 
on LF hypertrophy. 

Conclusion 
In conclusion, in this study, we found high levels 

of EGF expression and associated signaling pathways 
in hypertrophic ligamentum flavum. Our study 
suggests that EGF may contribute to the LFH process 
by promoting the production of collagen I and 
collagen III. Furthermore, for the LFH process, the 
mediating effect of the TGF-β1/Smad3 signaling 
pathway on EGF-induced collagen I and collagen III 
overexpression was also validated. Therefore, the 
current study concludes that EGF contributes to LFH 
through the TGF-β1/Smad3 signaling pathway. These 
findings provide a new dimension for understanding 
the pathogenesis of LFH. Due to the lack of LFH 
animal models, in the current study, we did not assess 
whether the inhibition of EGF would attenuate LFH 
processes in vivo. Therefore, an important component 
of our further work was to establish LFH animal 
models and validate the role of EGF in LFH processes 
in vivo. 

Acknowledgements 
Ethics approval and consent to participate 

Each patient signed a written informed consent, 
and the Institutional Ethics Review Board of Nanfang 
Hospital of Southern Medical University approved 
this study. 

Funding 
This work was supported by the National 

Natural Science Foundation of China (grant Nos. 
82102926; 81874013; 82072520; 81702199), the Natural 
Science Foundation of Guangdong Province (grant 
No. 2022A1515010083). 

Author contributions 
KY and ZZ participated in the design of research 

and conceptualization of experiment. KY, YC, XX, YL, 
CF, ZC, ZL, YY, RT, JD, JZ participated in 
experimental analysis, data sorting and statistical 
analysis. KY, ZZ, PL, LW supervised the study and 
assisted in drafting the manuscript. All authors read 
and approved the final manuscript. 

Competing Interests 
The authors have declared that no competing 

interest exists. 

References 
1. Shah M, Kolb B, Yilmaz E, Halalmeh DR, Moisi MD. Comparison of Lumbar 

Laminectomy Alone, Lumbar Laminectomy and Fusion, Stand-alone Anterior 
Lumbar Interbody Fusion, and Stand-alone Lateral Lumbar Interbody Fusion 
for Treatment of Lumbar Spinal Stenosis: A Review of the Literature. Cureus. 
2019; 11: e5691. 

2. Munns JJ, Lee JY, Espinoza Orias AA, Takatori R, Andersson GB, An HS, et al. 
Ligamentum flavum hypertrophy in asymptomatic and chronic low back pain 
subjects. PLoS One. 2015; 10: e0128321. 

3. Sakai Y, Ito S, Hida T, Ito K, Harada A, Watanabe K. Clinical outcome of 
lumbar spinal stenosis based on new classification according to hypertrophied 
ligamentum flavum. J Orthop Sci. 2017; 22: 27-33. 

4. Abdel-Meguid EM. An anatomical study of the human lumbar ligamentum 
flavum. Neurosciences (Riyadh). 2008; 13: 11-6. 

5. Schroeder GD, Kurd MF, Vaccaro AR. Lumbar Spinal Stenosis: How Is It 
Classified? J Am Acad Orthop Surg. 2016; 24: 843-52. 

6. Viejo-Fuertes D, Liguoro D, Rivel J, Midy D, Guerin J. Morphologic and 
histologic study of the ligamentum flavum in the thoraco-lumbar region. Surg 
Radiol Anat. 1998; 20: 171-6. 

7. Zhong ZM, Zha DS, Xiao WD, Wu SH, Wu Q, Zhang Y, et al. Hypertrophy of 
ligamentum flavum in lumbar spine stenosis associated with the increased 
expression of connective tissue growth factor. J Orthop Res. 2011; 29: 1592-7. 

8. Sairyo K, Biyani A, Goel VK, Leaman DW, Booth R, Jr., Thomas J, et al. 
Lumbar ligamentum flavum hypertrophy is due to accumulation of 
inflammation-related scar tissue. Spine (Phila Pa 1976). 2007; 32: E340-7. 

9. Hollenberg MD, Cuatrecasas P. Epidermal growth factor: receptors in human 
fibroblasts and modulation of action by cholera toxin. Proc Natl Acad Sci U S 
A. 1973; 70: 2964-8. 

10. Frati L, Daniele S, Delogu A, Covelli I. Selective binding of the epidermal 
growth factor and its specific effects on the epithelial cells of the cornea. Exp 
Eye Res. 1972; 14: 135-41. 

11. Carpenter G, Cohen S. Epidermal growth factor. J Biol Chem. 1990; 265: 
7709-12. 

12. Lian H, Ma Y, Feng J, Dong W, Yang Q, Lu D, et al. Heparin-binding EGF-like 
growth factor induces heart interstitial fibrosis via an Akt/mTor/p70s6k 
pathway. PLoS One. 2012; 7: e44946. 

13. Li Y, Su G, Zhong Y, Xiong Z, Huang T, Quan J, et al. HB-EGF-induced IL-8 
secretion from airway epithelium leads to lung fibroblast proliferation and 
migration. BMC Pulm Med. 2021; 21: 347. 

14. Xu H, Liu L, Cong M, Liu T, Sun S, Ma H, et al. EGF neutralization antibodies 
attenuate liver fibrosis by inhibiting myofibroblast proliferation in bile duct 
ligation mice. Histochem Cell Biol. 2020; 154: 107-16. 

15. Landstrom M, Liu J. The 2019 FASEB Science Research Conference on the 
TGF-beta Superfamily: Signaling in Development and Disease, July 28 to 
August 2, 2019, West Palm Beach, Florida, USA. FASEB J. 2019; 33: 13064-7. 

16. Jung MY, Kang JH, Hernandez DM, Yin X, Andrianifahanana M, Wang Y, et 
al. Fatty acid synthase is required for profibrotic TGF-beta signaling. FASEB J. 
2018; 32: 3803-15. 

17. Meng XM, Nikolic-Paterson DJ, Lan HY. TGF-beta: the master regulator of 
fibrosis. Nat Rev Nephrol. 2016; 12: 325-38. 

18. Gorelik L, Flavell RA. Transforming growth factor-beta in T-cell biology. Nat 
Rev Immunol. 2002; 2: 46-53. 

19. Wu X, Shu L, Zhang Z, Li J, Zong J, Cheong LY, et al. Adipocyte Fatty Acid 
Binding Protein Promotes the Onset and Progression of Liver Fibrosis via 
Mediating the Crosstalk between Liver Sinusoidal Endothelial Cells and 
Hepatic Stellate Cells. Adv Sci (Weinh). 2021; 8: e2003721. 

20. Letterio JJ, Roberts AB. Regulation of immune responses by TGF-beta. Annu 
Rev Immunol. 1998; 16: 137-61. 

21. Shen Z, Shen A, Chen X, Wu X, Chu J, Cheng Y, et al. Huoxin pill attenuates 
myocardial infarction-induced apoptosis and fibrosis via suppression of p53 
and TGF-beta1/Smad2/3 pathways. Biomed Pharmacother. 2020; 130: 110618. 

22. Liu Y. Renal fibrosis: new insights into the pathogenesis and therapeutics. 
Kidney Int. 2006; 69: 213-7. 



Int. J. Med. Sci. 2022, Vol. 19 

 
https://www.medsci.org 

1518 

23. Bottinger EP. TGF-beta in renal injury and disease. Semin Nephrol. 2007; 27: 
309-20. 

24. Joo CK, Kim HS, Park JY, Seomun Y, Son MJ, Kim JT. Ligand 
release-independent transactivation of epidermal growth factor receptor by 
transforming growth factor-beta involves multiple signaling pathways. 
Oncogene. 2008; 27: 614-28. 

25. Lee E, Yi JY, Chung E, Son Y. Transforming growth factorbeta(1) transactivates 
EGFR via an H(2)O(2)-dependent mechanism in squamous carcinoma cell line. 
Cancer Lett. 2010; 290: 43-8. 

26. Sakamaki T, Sairyo K, Sakai T, Tamura T, Okada Y, Mikami H. Measurements 
of ligamentum flavum thickening at lumbar spine using MRI. Arch Orthop 
Trauma Surg. 2009; 129: 1415-9. 

27. Kolte VS, Khambatta S, Ambiye MV. Thickness of the ligamentum flavum: 
correlation with age and its asymmetry-an magnetic resonance imaging study. 
Asian Spine J. 2015; 9: 245-53. 

28. Lin Y, Zhou X, Yang K, Chen Y, Wang L, Luo W, et al. Protein tyrosine 
phosphatase receptor type D gene promotes radiosensitivity via STAT3 
dephosphorylation in nasopharyngeal carcinoma. Oncogene. 2021; 40: 
3101-17. 

29. Ono M, Kuwano M. Molecular mechanisms of epidermal growth factor 
receptor (EGFR) activation and response to gefitinib and other EGFR-targeting 
drugs. Clin Cancer Res. 2006; 12: 7242-51. 

30. Hur JW, Kim BJ, Park JH, Kim JH, Park YK, Kwon TH, et al. The Mechanism of 
Ligamentum Flavum Hypertrophy: Introducing Angiogenesis as a Critical 
Link That Couples Mechanical Stress and Hypertrophy. Neurosurgery. 2015; 
77: 274-81; discussion 81-2. 

31. Schreiber AB, Winkler ME, Derynck R. Transforming growth factor-alpha: a 
more potent angiogenic mediator than epidermal growth factor. Science. 1986; 
232: 1250-3. 

32. Cao YL, Duan Y, Zhu LX, Zhan YN, Min SX, Jin AM. TGF-beta1, in association 
with the increased expression of connective tissue growth factor, induce the 
hypertrophy of the ligamentum flavum through the p38 MAPK pathway. Int J 
Mol Med. 2016; 38: 391-8. 

33. Ye S, Kwon WK, Bae T, Kim S, Lee JB, Cho TH, et al. CCN5 Reduces 
Ligamentum Flavum Hypertrophy by Modulating the TGF-beta Pathway. J 
Orthop Res. 2019; 37: 2634-44. 

34. Zheng Z, Ao X, Li P, Lian Z, Jiang T, Zhang Z, et al. CRLF1 Is a Key Regulator 
in the Ligamentum Flavum Hypertrophy. Front Cell Dev Biol. 2020; 8: 858. 

 


