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Abstract

Introduction
It has been reported that the NF-κB and MMP-9 signaling pathways were involved in the
pathogenesis of osteoarthritis (OA), while the treatment of OA by YSY01 could inhibit the
proteasome activity. Therefore, we aimed to study the therapeutic effect of YSY01A treatment on OA
via interfering with expression of NF-κB and MMP-9.

Material and methods
Western blot analysis and immunohistochemistry (IHC) assays were used to measure the expression
of NF-κB and MMP-9 in animal models established via SH treatment or cellular models established
via sodium nitroprusside (SNP) treatment. MTT assay and flow cytometry analysis were performed to
observe the effect of YSY01 treatment on cell viability and apoptosis.

Results
The decreased expression of NF-κB and MMP-9 was observed in OA rabbits and cells treated by
YSY01A, thus indicating the inhibitory effect of YSY01A on NF-κB and MMP-9 expression. And
YSY01A exhibited a positive therapeutic effect on OA both in vivo and in vitro by inhibiting the
expression of NF-κB and MMP-9. Meanwhile, YSY01A treatment could increase cell viability to a
certain degree and decrease the apoptosis index, which suggested the application of YSY01A in OA
therapy.

Conclusions
The levels of NF-κB and MMP-9 which were associated with aggravated apoptosis were up-
regulated in OA models in vivo and in vitro. YSY01A treatment could down-regulate the expression of
NF-κB and MMP-9 and inhibit cell apoptosis, thus reducing the severity of OA.
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Abstract  

Background: It has been reported that the NF-κB and MMP-9 signaling pathways were 

involved in the pathogenesis of osteoarthritis (OA), while the treatment of OA by YSY01 

could inhibit the proteasome activity. Therefore, we aimed to study the therapeutic effect 

of YSY01A treatment on OA via interfering with expression of NF-κB and MMP-9. Methods: 

Western blot analysis and immunohistochemistry (IHC) assays were used to measure the 

expression of NF-κB and MMP-9 in animal models established via SH treatment or cellular 

models established via sodium nitroprusside (SNP) treatment. MTT assay and flow 

cytometry analysis were performed to observe the effect of YSY01 treatment on cell 

viability and apoptosis. Results: The decreased expression of NF-κB and MMP-9 was 

observed in OA rabbits and cells treated by YSY01A, thus indicating the inhibitory effect 

of YSY01A on NF-κB and MMP-9 expression. And YSY01A exhibited a positive therapeutic 

effect on OA both in vivo and in vitro by inhibiting the expression of NF-κB and MMP-9. 

Meanwhile, YSY01A treatment could increase cell viability to a certain degree and 

decrease the apoptosis index, which suggested the application of YSY01A in OA therapy. 

Conclusions: The levels of NF-κB and MMP-9 which were associated with aggravated 
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apoptosis were up-regulated in OA models in vivo and in vitro. YSY01A treatment could 

down-regulate the expression of NF-κB and MMP-9 and inhibit cell apoptosis, thus 

reducing the severity of OA.  

Running title: YSY01A treatment of OA via modulating NF-kB/MMP-9. 

Key words: Osteoarthritis; YSY01A; NF-kB; MMP-9; Apoptosis 

Introduction 

As a frequently diagnosed joint disease, osteoarthritis (OA) affects nearly 15% of global 

population and can lead to disability or severe pain [1, 2]. Although traditional therapies 

can alleviate the symptoms of OA to a certain degree, the progression of OA cannot be 

absolutely prevented in all cases. Thus, novel approaches are necessary for the treatment 

of OA to relieve the pain. The degeneration of OA cartilage is prominent with chondrocyte 

proliferation, which lead to cell death accordingly. And the apoptotic bodies derived from 

chondrocytes can also lead to the aberrant calcification in the cartilage matrix due to their 

capability to precipitate calcium [3]. Therefore, chondrocyte clusters can induce 

calcification in the cartilage matrix a well as the growth and proliferation of chondrocytes, 

and the activity of chondrocyte clusters is associated with the death of chondrocytes and 

the generation of apoptotic bodies [4, 5]. Moreover, apoptosis is also an important index 

for the treatment of various diseases via different durgs [6-10]. For example, etanercept 

could protect ovarian reserve against ischemia-reperfusion injury (IRI) via regulating 

apoptosis [7], eriodictyol exerted its anticancer activity through induction of 

mitochondrial apoptosis in the treatment of lung cancer  [8], and salvianolic acid A had a 

synergistically protective effect on hepatic IRI via hepatocellular apoptosis. Moreover, 5-

methoxypsoralen could exert apoptotic effects in U-87MG human glioma cells [9] and 

glucose fluctuation could also increase mesangial cell apoptosis [10]. 

It was shown that up-regulated nuclear factor-kB1 (NF- κB) expression is induced via the 

inhibition of miR-9 expression, thus leading to increased cell proliferation during knee OA. 

The up-regulated NF-κB expression might be explained by the differences of cell types 

and intercellular environment. In fact, miR-9 is lowly expressed in the knee OA 
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chondrocytes and its low expression is associated with increased chondrocyte apoptosis 

[11]. Besides, miR-9 can negatively regulate NF-κB expression, thereby the down-

regulated miR-9 expression will increase NF-kB expression and suppress cell proliferation 

[12,13].Furthermore, NF-κB can simultaneously control a wide range of genes with 

different functions (e.g., genes with anti-apoptotic and anti-proliferative effects), and NF-

kB may facilitate higher expression of anti-apoptotic genes in chondrocytes. Nevertheless, 

the expressional imbalance of genes in different types of cells should be further explored 

to verify the above hypothesis. The elevation of MMP expression can lead to the 

destruction of cartilage during OA. So far, as many as seven MMPs have been identified 

in articular cartilage, such as MMP-9 (also named gelatinase B) [14]. MMP-9 expression is 

apparently increased in the articular cartilage of OA to aggravate collagen degeneration 

[2, 15]. The expression of MMP-9 gene is regulated by upstream regulatory factors such 

as AP-1 and NF-κB [16]. In fact, some of these factors were involved in regulating the 

functions of a wide range of agents. Subsequently, the inhibition of c-Jun, c-Fos and NF-

κB activity can potentially inhibit tumor metastasis [17, 18]. It is also likely that the 

suppressive role of HLE in the invasion and metastasis of LNCaP cells is mediated by NF-

κB and MMP-9 inactivation.  

YSY01A (N-(2-pyrazinecarbonyl) -L-leucine-L-(2-naphthyl)- alanine-L- leucine boronic acid) 

is a newly developed proteasome blocker with anti-tumor effects, which is actively 

participating in the anti-cancer activity in vitro [19]. YSY01A has been found to inhibit 

proteasome activity and alter the expression of multiple genes, thus modulated a wide 

range of signaling pathways implicated in autophagy, cell apoptosis, cell cycle, and cell 

proliferation [20-23]. Specifically, Zhang et al. reported that the anti-tumor effect of 

YSY01A is completed by arresting the cell cycle at the G2/M stage [20]. Xue et al. indicated 

YSY01A as a novel therapeutic agent for breast cancer treatment since it exhibited a 

potential therapeutic effects for breast cancer MCF-7 by inducing G2 phase arrest via ERα 

and PI3K/Akt pathways [21]. Huang et al. also demonstrated that YSY01A could suppress 

the survival and migration of A549 non-small cell lung cancer cells by abrogating 

constitutively active STAT3 signaling cascade [22] or the survival of cisplatin-resistant 
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ovarian cancer cells by inducing apoptosis [23].The signaling pathways of NF-kB and 

MMP-9 have been reported to participate in the pathogenesis of OA [24]. In this study, 

we examined the effect of YSY01A on the expression of NF-kB and MMP-9, so as to 

identify the therapeutic effect of YSY01A in the treatment of OA.  

Materials and Methods 

OA model establishment  

To examine the therapeutic effect of YSY01A in the treatment of OA, we established a 

rabbit model of OA by treating rabbits with 1 % SH in DMEM (Gibco, Thermo Fisher 

Scientific, Waltham, MA). Subsequently, the rabbits were divided into a sham-operated 

group, an OA group, and an OA + YSY01A treatment group (N=12 in each treatment group 

and 3 samples collected from each animal). The animals were fed with regular water and 

food under room temperature. In the OA group, each rabbit was given an i.p. injection of 

3.5 mL/kg chloral hydrate (Sigma-Aldrich, St. Louis, MO) for anesthesia and skin of left 

knee was shaved before a 2 cm longitudinal incision was cut from above the medial knee 

joint, over the medial collateral ligament, and to the posterior cruciate ligament, followed 

by the removal of the medial meniscus. Subsequently, the drawer test was performed to 

confirm it and the normal saline was used to rinse the joint cavity before the skin and 

capsule were sutured without fixation. The rabbits in the OA + YSY01A group were 

administered once/day injections of 1 % YSY01A (0.2mg/kg) into the intra-articular cavity 

for 5 consecutive weeks. This animal experiment was approved by the ethics committee 

at Hainan General Hospital (Approval number: NDYS003201748). All animal experiments 

in this study were done following the guidelines published by the National Institutes of 

Health on the Management and Use of Laboratory Animals. 

OA cell model 

To further validate the positive therapeutic effect of YSY01A treatment on OA, rabbit 

osteoblast cells and HFOB1.19 cells were treated with SNP to establish a cellular model of 

OA. The cells were cultured at 37 ℃ and 5% CO2 in a 10% fetal bovine serum-containing 
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DMEM medium supplemented with antibiotics. The cells were divided into a control 

group, an SNP group, and an SNP + YSY01A treatment group. The cells in the SNP group 

and the SNP + YSY01A group were treated for 24 h with 2 mM SNP. The cells in the SNP + 

YSY01A group were also treated with 0, 25 nM, or 50 nM YSY01A at the same time of SNP 

treatment. 

RNA isolation and real-time PCR 

The tissue and cell samples were homogenized using a saline solution, and the total RNA 

was extracted with a Trizol RNA Extraction Kit (Invitrogen, Carlsbad, CA). The total RNA 

was converted into cDNA using an RT PrimeScript Kit (Invitrogen, Carlsbad, CA) following 

the manufacturer’s instructions. The volume of the RT-PCR system was 10 μl and the 

reaction condition was 37oC. The RT procedures included 3 cycles of reverse transcription 

(15 min each) and a 5 s denaturation cycle at 85oC. The mRNA expression of NF-κB and 

MMP-9 was detected by real-time RT-PCR using a Premix Ex TaqII SYBR kit (ABI, Forster 

City, CA). The reaction procedures included 15 min pre-denaturation at 95oC, followed by 

40 cycles of 15 s denaturation at 95oC, and 60 s annealing and extension at 60oC. The 

reaction system included 2 μl of upstream PCR primer, 2 μl of downstream primer, 4 μl of 

DNA template, 1 μl of ROX Reference Dye (50×), 25 μl of SYBR Premix Ex TaqII, and 16 μl 

of dH2O. The expression of GAPDH was used as the internal reference. The expression of 

NF-κB and MMP-9 mRNA was calculated using the 2-△△Ct method, where Ct is the cycle 

threshold value.  

Cell proliferation assay 

Isolated rabbit osteoblast cells and HFOB1.19 cells were seeded into 96-well plates at a 

concentration of 5 x 103 cells per well. The cells in different treatment groups were treated 

according. Subsequently, each well received 200 µl of DMEM media containing 10% FBS 

and cultured at 37oC with 5% CO2 for 12, 24, 48 h, 72h and 96 h. In each well, 20 µl of MTT 

(diluted to 5 mg/ml with PBS) were added and incubated for 4 h. After discarding the 

supernatant, 150 µl of dimethyl sulfoxide (DMSO) were added into each well. The plates 

were gently shaken on an oscillator for 10 min and were measured in a microplate reader. 
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The optical densities (OD) at 490 nm were measured on a NanoDrop ND-1000 

spectrophotometer (NanoDrop Technologies, Wilmington, DE). Using the time as the x-

axis and the OD values as the y-axis, a viability curve was plotted to analyze the cell 

viability in different treatment groups. 

Western blot analysis 

A total protein extraction rapid immunofilter paper assay (RIPA) reagent kit (Beyotime 

Biotechnology, Shanghai, China) was used to extract the total protein from tissue and cell 

samples. A bicinchoninic acid (BCA) assay kit was used to determine the protein 

concentration. After protein separation by polyacrylamide gel electrophoresis, the 

proteins were transferred to a nitrocellulose (NC) membrane by a wet transfer method. 

The membrane was then blocked with 5% bovine serum albumin (BSA) for 1 h at room 

temperature and incubated with diluted primary antibodies against NF-kB (1:1000, 

ab16502, Abcam, Cambridge, MA), MMP-9 (1:1000, ab38898, Abcam, Cambridge, MA) 

and GAPDH (1:1000, ab9485, Abcam, Cambridge, MA) at 4℃ overnight. The membrane 

was subsequently washed with PBS and further incubated with HRP-labeled IgG 

secondary antibodies (1:1500, ab6721 Sigma‑Aldrich, Merck KGaA, Darmstadt, Germany) 

at room temperature for 1 h. The membrane was developed in an 

electrochemiluminescence (ECL) solution (Pierce, Rockford, IL) and the images of the gels 

were acquired in a dark room. A Western blot semi quantitative method was then used 

to measure the expression of target proteins using GAPDH as the internal control. The 

gray values of the protein bands were analyzed by Image J software. 

Apoptosis analysis 

Treated rabbit osteoblast cells and HFOB1.19 cells were harvested by centrifugation at 

1000 rpm and 4°C for 5 min. The cell pellets were washed twice with PBS and fixed at 4°C 

overnight in cold 70% ethanol. Subsequently, the samples were incubated at 37°C for 5 

min with RNase enzyme, and stained in the dark for 30 min with PI and FITC reagents 

using an Annexin-V-FITC/PI apoptosis detection kit (Thermo Fisher Scientific, Waltham, 
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MA). The apoptosis profile of the samples was measured on a FACSCalibur flow cytometer 

(BD Biosciences, Franklin Lakes, NJ). 

Immunohistochemistry 

Histochemical immunostaining was done using the streptavidin-peroxidase three-step 

method. All specimens were fixed in 4% formalin and embedded in paraffin. The 

specimens were then sliced continuously to a slice thickness of 2 μm. Antigens on the 

tissue sections were repaired by boiling in a microwave, and the slides were subsequently 

immersed in 3% H2O2 deionized water for 10 min at room temperature to block 

endogenous oxidase activity. Subsequently, non-immune sera were added on the slides 

dropwisely to remove impurities in the antigen. The slides were then incubated at room 

temperature for 30 min and washed three times with PBS. Subsequently, the primary 

antibodies against NF-kB and MMP-9 (Abcam, Cambridge, MA) were added on the slides 

dropwisely and the slides were incubated overnight at 4oC. After PBS washing, secondary 

antibodies were added on the slides dropwisely and the slides were incubated at room 

temperature for 10 min. The reaction was terminated by adding an anti-biotin-labeled 

peroxidase solution, and the slides were colorized with DAB. After re-staining with 

hematoxylin, the nuclei were revealed using PBS. Finally, the slides were dehydrated with 

anhydrous ethanol and dried before being mounted with neutral gum. The results of 

immunostaining were observed under a 400x microscope. 

Statistical analysis 

All data were analyzed using the SPSS 19.0 statistical software. All measurement data 

were expressed by mean ± standard deviation. The comparison between two groups was 

carried out using t-tests, while the comparison among multiple groups was carried out 

using one-way ANOWA. A probability value of P < 0.05 was considered statistically 

significant. 

Results 

YSY01A treatment reduced the highly expressed NF-κB and MMP-9 in OA rabbits 
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To examine the therapeutic effect of YSY01A in the treatment of OA, we established an 

OA rabbit model, which was divided into a sham-operated group, an OA group, and an 

OA + YSY01A treatment group. Subsequently, the expression levels of NF-κB and MMP-9 

were measured. As shown in Fig.1A, the protein bands of NF-κB and MMP-9 were much 

denser in the OA group compared with those in the sham-operated group or OA + YSY01A 

treatment group, and the relative density of NF-κB protein (Fig.1B) and MMP-9 protein 

(Fig.1C) was clearly elevated in the OA group compared with that in the sham-operated 

group. However, YSY01A treatment reduced the increased expression of NF-κB and MMP-

9 in OA rabbits to the normal level. Furthermore, IHC assay was performed to validate the 

inhibitory effect of YSY01A on the protein expression of NF-κB (Fig.2) and MMP-9 (Fig.3). 

Accordingly, NF-κB (Fig.2) and MMP-9 (Fig.3) showed relatively higher expression in the 

OA rabbits, while YSY01A treatment reduced the NF-κB and MMP-9 expression to a level 

similar as that in the sham-operated group, indicating that the YSY01A treatment could 

reduce the expression of NF-κB and MMP-9, thus exhibiting a positive therapeutic effect 

on OA. 

YSY01A treatment inhibited NF-κB and MMP-9 expression in vitro 

To further validate the positive therapeutic effect of YSY01A treatment in OA, rabbit 

osteoblast cells and HFOB1.19 cells were treated by SNP to establish a cellular model of 

OA, which was then divided into a control group, an SNP group, and an SNP + YSY01A 

treatment group. Accordingly, the protein expression levels of NF-κB (Fig.4A and 4B) and 

MMP-9 (Fig.4A and 4C) in the OA model of rabbit osteoblast cells were significantly higher 

than those in the control group, which were subsequently down-regulated by the YSY01A 

treatment. Also, similarly results were obtained when the above observations were 

repeated in HFOB1.19 cells (Fig.5),  validating the inhibitory effect of YSY01A treatment 

on NF-κB and MMP-9 expression in vitro.  

YSY01A treatment could alleviate cell apoptosis and increase cell viability 

Since SNP treatment could induce cell apoptosis in vitro, we observed cell viability of 

rabbit osteoblast cells and HFOB1.19 cells up to 96h via MTT assays. As demonstrated in 
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Fig.6A, the control group of rabbit osteoblast cells showed the highest cell viability, 

whereas the SNP group of rabbit osteoblast cells showed the lowest cell viability. 

Significantly, the YSY01A treatment group could increase the cell viability to a certain 

extent, although the cell viability in the SNP + YSY01A treatment group was still lower 

than that in the control group. In addition, as shown in Fig.6B, the apoptosis index (%) 

evaluated in rabbit osteoblast cells via flow cytometry showed a twofold increase of the 

apoptosis index in the SNP group compared with that in the control group, whereas 

YSY01A treatment decreased the value of apoptosis index to a certain extent. And similar 

results were also obtained when the above observations were repeated in HFOB1.19 cells 

(Fig.7). Therefore, this study demonstrated a molecular mechanism underlying the 

therapeutic role of YSY01A in the treatment of OA. In summary, YSY01A treatment can 

alleviate the severity of OA by down-regulating the increased expression of NF-κB and 

MMP-9 in OA, and YSY01A treatment can also promote cell proliferation while obstruct 

cell apoptosis in OA.  

Discussion 

It was found that chondrocyte apoptosis becomes more apparent in the articular cartilage 

of OA. In fact, the percentage of apoptotic cells is the highest in the middle and superficial 

zones of OA cartilage. In addition, the number of apoptotic chondrocytes is correlated to 

donor age. 

In this study, we used an OA rabbit model to examine the therapeutic effect of YSY01A in 

the treatment of OA. The decreased expression of NF-κB and MMP-9 was observed upon 

YSY01A treatment both in vitro and in vivo. Therefore, YSY01A treatment was 

demonstrated to exhibit its therapeutic effect in OA treatment by inhibiting the 

expression of NF-κB and MMP-9.  

NF-kB1 controls the expression of many genes implicated in apoptosis, cell proliferation, 

angiogenesis, cell differentiation, cell adhesion, and immune response [25]. NF-kB is also 

necessary the full activation of MMP-9 via TNF-a [26]. Furthermore, it was found that miR-

9 mimics suppressed the NF-kB1 protein expression in knee OA chondrocytes, while the 
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downregulation of miR-9 could trigger the increase in NF-kB1 expression at both 

translation and transcription levels in the chondrocytes. Hence, it has been suspected that 

the expression of NF-kB1 at both mRNA and protein levels is modulated by miR-9. Besides, 

the interaction between miR-9 and NF-kB1 is shown to suppress apoptosis during 

chondrogenesis [6]. The competition between NF-kB and p65 subunit for the binding with 

MMP-9 can suppress the expression of MMP-9, thus leading to the transcriptional 

activation of NF-kB [27, 28]. Moreover, NF-kB activity can control TNF-a expression [29].  

As a superfamily of zinc-dependent proteolytic enzyme, MMP is implicated in the 

degradation of their target proteins by cleaving the internal peptide bonds [30].  MMP-9 

is a highly complex member in the MMP family. The proteolytic activity of MMP-9 against 

type-IV collagen is increased in multiple types of human cancers, such as esophageal, 

breast and gastric cancer [31]. MMP-9 also plays a critical role in craniofacial development 

and skeletogenesis [32-38]. Moreover, MMP-9 controls the apoptosis of chondrocytes 

and the progression of OA [32, 39]. In MMP-9 deficient mice, the degree of ossification, 

vascularization, and chondrocyte apoptosis is significantly reduced, thus promoting the 

plate growth [39]. MMP-9 also plays an important role in inducing the apoptosis of 

chondrocytes in the bones [39, 40]. The simultaneous expression of MMP-9 in 

endochondral skeletons and cranial base showed that MMP-9 is involved in mediating the 

apoptosis of chondrocytes and the angiogenesis in endochondral skeletons. It was shown 

that the high levels of MMP-9, MMP-2, and MMP-1 in OA may promote its progression.  

OA can lead to severe pain and stiffness in elder people. In addition, OA is characterized 

by the gradual articular cartilage destruction in the synovial joints [41]. The expression of 

MMP-9, MMP-2, and MMP-1 is very high in OA and greatly damages the extracellular 

matrix, thus inducing tumor metastasis and invasion via tissue remodeling [42]. It was 

found that the protein expression of MMP-9, MMP-2, and MMP-1 was significantly higher 

in OA patients compared with that in normal people. In this study, the cell viability and 

cell apoptosis index were examined. The results showed that YSY01A treatment could 

restore the viability of OA cells and decrease their apoptosis to a certain extent. Therefore, 

a molecular mechanism underlying the therapeutic effect of YSY01A in OA therapy was 
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revealed in this study, which suggested that YSY01A played a beneficial role in the 

treatment of OA by promoting cell proliferation and by inhibiting cell apoptosis. However, 

although we examined the therapeutic effect of YSY01A in the treatment of OA in a OA 

rabbit model and a cellular model of OA in this study, a continued testing on human 

participants should be conducted to validate the clinical value of our finding, which is the 

limitation of our study. 

Conclusion 

Taken together, the findings of this study demonstrated that YSY01A treatment could 

exert a therapeutic effect on OA by down-regulating the up-regulated expression of NF-

κB and MMP-9 in OA. In addition, YSY01A treatment could also promote cell proliferation 

and inhibit cell apoptosis.  

Conflict of interest 

None 

Figure legends 

Fig.1  

NF-κB and MMP-9 were highly expressed in OA rabbits 

A. The density of NF-κB and MMP-9 protein bands was higher in the OA group compared 

with that in the sham-operated group or the OA + YSY01A treatment group; 

B. Relative density of NF-κB was increased in the OA group; 

C. Relative density of MMP-9 was increased in the OA group. 

Fig.2 

IHC assay showed higher expression of NF-κB in the OA group compared with that in the 

sham-operated group, and YSY01A treatment could reduce the expression of NF-κB in OA 

rabbits. 

Fig.3 
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IHC assay showed higher expression of MMP-9 in the OA group compared with that in the 

sham-operated group, and YSY01A treatment could reduce the expression of MMP-9 in 

OA rabbits. 

Fig.4  

YSY01A treatment showed an inhibitory effect on NF-κB and MMP-9 expression in an OA 

model of rabbit osteoblast cells. 

A. The density of NF-κB and MMP-9 protein bands was higher in the SNP group 

compared with that in the control group or SNP + YSY01A treatment group; 

B. Relative density of NF-κB was increased in the SNP group; 

C. Relative density of MMP-9 was increased in the SNP group. 

Fig.5  

YSY01A treatment showed an inhibitory effect on NF-κB and MMP-9 expression in an OA 

model of HFOB1.19 cells. 

A. The density of NF-κB and MMP-9 protein bands was higher in the SNP group 

compared with that in the control group or SNP + YSY01A treatment group; 

B. Relative density of NF-κB was increased in the SNP group; 

C. Relative density of MMP-9 was increased in the SNP group. 

Fig.6  

YSY01A treatment could partly alleviate cell apoptosis and restore the viability of rabbit 

osteoblast cells cells. 

A. A step-wise decrease of cell viability was observed in the order of control group, SPN 

+ YSY01A treatment group, and SNP group; 

B. Cell apoptosis index (%) of SNP group showed a twofold increase compared with that 

in the control group, whereas YSY01A treatment decreased the cell apoptosis index 

to a certain degree.  

Fig.7  
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YSY01A treatment could partly alleviate cell apoptosis and restore the viability of 

HFOB1.19 cells. 

A. A step-wise decrease of cell viability was observed in the order of control group, SPN 

+ YSY01A treatment group, and SNP group; 

B. Cell apoptosis index (%) of SNP group showed a twofold increase compared with that 

in the control group, whereas YSY01A treatment decreased the cell apoptosis index 

to a certain degree.  
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