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Abstract. – OBJECTIVE: Glucose is not only 
an energy source but also raw material for pro-
teoglycan biosynthesis of chondrocyte. The aim 
of the present study is to explore the role of QNZ 
in the progress of chondrocytes glucose uptake 
and investigate whether it will improve the chon-
drocytes degeneration through Glut4 activation. 

PATIENTS AND METHODS: We isolated hu-
man chondrocytes from the cartilage by the pa-
tients who underwent total knee arthroplasty 
operations. Chondrocytes were pretreated with 
insulin or QNZ for 24 h. The uptake of glucose 
with stimulation, as well as the expression of 
Glut4, collagen II, aggrecan, MMP13, TNF-α, PC-
NA, and the p16 levels were determined by West-
ern blot, quantitative reverse-transcription poly-
merase chain reaction (qPCR), or immunofluo-
rescence. 

RESULTS: Both insulin and QNZ stimuli to 
chondrocytes contributed to the expression of 
Glut4 and glucose uptake compared to the nor-
mal cells. Additionally, collagen II and aggre-
can expression was detected to a significant in-
crease, along with the reduced levels of MMP13 
and TNF-α after exposed to QNZ. Moreover, QNZ 
protected chondrocytes degeneration via pro-
moting proliferation and delaying aging. After 
blocking Glut4, the glucose uptake significantly 
reduced in QNZ treatment, as well as the expres-
sion of collagen II and aggrecan. However, no 
significant changes were noticed in the MMP13 
and TNF-α levels. 

CONCLUSIONS: The present study demon-
strates that inhibition of NF-κB activation by 
QNZ would improve the glucose uptake through 
Glut4 activation, which plays an important role 
in the protection of chondrocytes degeneration.
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Introduction

Osteoarthritis (OA) is one of the most common 
joint diseases embodied in physiological changes 
mainly in degeneration of articular cartilage, 
the formation of osteophytes, and microenviron-
ment inflammation1. Nearly 20% of the world-
wide adult population suffers from OA pain at 
some point in life, in the meantime, which also 
produces a considerable social-economic bur-
den2. Increasing factors have been verified to 
be related to the progress of OA, such as joint 
trauma, immunopathy, aging, among this carti-
lage destruction is supposed to be a core risk in 
the development of OA3. Pathologically, cartilage 
degeneration involves chondrocyte senescence, 
oxidative stress, and the excess inflammatory fac-
tors such as matrix metalloproteinases (MMPs), 
tumor necrosis factor-α (TNF-α), and prosta-
glandins (PG)4-6. The nutrient supply of cartilage 
mainly comes from the diffusion of joint fluid. 
Therefore, it is difficult for self-repair compared 
to other connective tissues7,8.

Limit vessels and oxygen supplied but high 
glucose-derived demand for matrix proteoglycans 
production leave cartilage a unique challenge in 
balancing glucose metabolism9. The main way 
for chondrocytes ATP production under hypoxic 
condition is anaerobic glycolysis with the trans-
port of glucose into cells10. Thus, it can be seen 
that enough glucose uptake is essential to the 
chondrocyte’s metabolism. Glucose uptake relies 
on glucose transporters (GLUTs), which help 
glucose to transport across the membrane via 
the electrochemical gradient. Therein the GLUT 
family members, Glut1-4 are found to produce in 
the chondrocytes11, among which Glut4 is men-
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tioned to sensitive to insulin (a peptide hormone 
regulate glucose metabolism). Glut4 mRNA level 
has been verified to overexpress in proliferating 
chondrocytes12. 

Inflammatory cytokines activation has been 
suggested to lead to a decreased glycosamino-
glycans synthesis in chondrocytes, which af-
fects chondrocytes glucose uptake13,14. NF-kB, 
a core regulator of inflammatory responses, is 
reported to limit glucose transport in human 
articular cartilage, including the suppression 
of Glut4 expression15. In addition to this, the 
inhibition of NF-κB signaling pathway is also 
confirmed to improved glucose uptake by inhi-
bition of ROS and anti-inflammatory effect in 
diabetic mice16. QNZ, a quinazoline derivative, 
exhibits high anti-inflammatory activity which 
characterized as a specific NF-κB inhibitor17. 
Even previous studies show QNZ attenuated 
inflammation, the role of QNZ in promoting 
glucose uptake by Glut4 activation remains 
essentially unknown.

The present study aims to evaluate QNZ on 
glucose uptake and GLUT4 expression in human 
chondrocytes and to declare whether it contrib-
utes to the protection of the chondrogenic degen-
eration.

Patients and Methods

Patient Tissue Samples Collection 
This investigation was approved by the Ethics 

Committee of Zhongnan Hospital of Wuhan Uni-
versity. A total of 5 patients (3 males, 2 females; 
every age: 53 years, from 46 to 73 years) under-
going total knee arthroplasty operations in our 
hospital from December 2017 to July 2018 par-
ticipated in the study. Written informed consents 
were obtained from patients or relatives before 
the operations. We conserved the tissues in a ster-
ile cell culture medium immediately after cutting 
from patients for the following chondrocytes iso-
lation. This study was conducted in accordance 
with the Declaration of Helsinki.

Chondrocyte Cells Isolation and 
Cell Culture

Cut the cartilage into small pieces with a 
scalpel from the joint tissue and wash with phos-
phate-buffered saline (PBS) to remove erythro-
cytes. Incubate cartilage with Collagenase XI 
(1500 U/ml), Dispase II (2 .4 U/ml), and cell cul-
ture medium at 37°C overnight while shaking on 

the magnetic stirrer. Filter the cell solution onto 
a 100 µm pore size cell strainer and centrifuge 
to get the chondrocytes. Culture the cells in the 
medium [Dulbecco’s Modified Eagle’s Medium 
(DMEM)+GlutaMAX], 10% fetal bovine serum 
(FBS), 1% Penicillin/Streptomycin, Amphoteri-
cin B (Thermo Fisher Scientific, Waltham, MA, 
USA) and change the medium twice a week. The 
passage 1 chondrocytes were grouped in the fol-
lowing experiment: 1) Control group (free from 
intervention); 2) QNZ group (treated with 10 nM 
QNZ; Selleck, Houston, TX, USA); 3) Insulin 
group (treated with 100 nM insulin; Sigma-Al-
drich; St. Louis, MO, USA). 4) siGlut4 group 
(silencing of Glut4 gene), 5) QNZ+siGlut4 group 
(silencing of chondrocytes Glut4 gene and treated 
with 10 nM QNZ). These cells were cultured for 
3 days for the next steps.

Silencing of GLUT4 Gene Expression
Glut4 gene silencing was performed using 

small interfering RNA (siRNA: sense 5’-GAA-
CACAAUAGUACAUACTT-3’; antisense 5’-GU-
AUGUACUAUUGUGUUCCTT-3’ (Cell Signal-
ing Technology, Danvers, MA, USA). Chon-
drocytes (105 cells/ml) were pre-cultured for 
24 h and then washed with PBS and incubated 
with the TransMessenger-siRNA mixture at a 
final volume of 200 µl of FBS-deficient culture 
medium for 4 h. At the end of the incubation, 
cells were washed with PBS and resuspended 
in FBS-containing culture medium. SiRNA ef-
ficiency was detected by Glut4 immunohisto-
chemistry. 

Western Blot Analysis
Endogenous expressions of collagen II, ag-

grecan, and p16 proteins in human chondro-
cytes were assessed by Western Blot analysis. 
Total protein was isolated from cell lysates 
with the radioimmunoprecipitation assay (RI-
PA) lysis buffer (Beyotime, Shanghai, China). 
Samples of 10 µg of proteins were added in the 
sodium dodecyl sulphate-polyacrylamide gel 
electrophoresis (SDS-PAGE) and transferred 
onto the polyvinylidene difluoride (PVDF) 
membranes (Millipore, Billerica, MA, USA), 
then blocked with 5% milk. Membranes were 
incubated with desired primary antibodies: 
collagen II (1:1000; Cell Signaling, Danvers, 
MA, USA), aggrecan (1:1000; Cell Signaling, 
Danvers, MA, USA), p16 (1:1000; Abcam, 
Cambridge, MA, USA), and β-Actin (as load-
ing control, 1:1000; Abcam, Cambridge, MA, 
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USA) at 4°C overnight. After that, membranes 
were washed three times with phosphate-buff-
ered saline and tween-20 (PBST) and incubated 
with secondary antibody for 1 h at room tem-
perature. Finally, membranes were detected by 
enhanced chemiluminescence (ECL) substrate 
(Beyotime, Shanghai, China), and analyzed us-
ing an ImageQuant LAS4000 imager and Total 
Lab program, respectively.

Immunofluorescence (IF)
After treatment, chondrocytes on coverslips 

were washed three times with PBS and fixed 
with 4% paraformaldehyde for 15 min, then per-
meabilized using 0.1% Triton-X for 10 min at 
room temperature. To avoid non-specific bind-
ing, coverslips were following blocked with 5% 
bovine serum albumin (BSA) for 1 h at room 
temperature. Afterward, coverslips were washed 
and incubated with primary antibodies: PCNA 
(1:200; Cell Signaling, Danvers, MA, USA), 
Glut4 (1:250; Abcam, Cambridge, MA, USA) at 
4°C overnight. Wash the coverslips with PBS 
three times, and incubate them with Alexa Flu-
or488 secondary antibody (1:1000; Invitrogen, 
Carlsbad, CA, USA) subsequently for 1 h at room 
temperature avoid light. The staining intensity 
was analyzed using the Image-Pro software (Ver-
sion 4.5, Media Cybernetics, Inc., Silver Springs, 
MD, USA).

Quantitative Reverse-Transcription 
Polymerase Chain Reaction (qPCR)

Briefly, total RNAs of chondrocytes were 
extracted using TRIzol (Invitrogen, Carlsbad, 
CA, USA) according to the manufacturer’s in-
structions. The quantity of total RNAs was 
analyzed by Nanodrop 2000. Then, RNAs were 
reverse transcribed into cDNA with PrimeScript 
RT Master Mix (TaKaRa Bio, Otsu, Shiga, 
Japan). QPCR was performed to the analysis 
of collagen II, aggrecan, MMP13, TNF-α, and 

Glut4 RNA expressions using SYBR Green 
Master (Beyotime, Shanghai, China) accord-
ing to the manufacturer’s instructions. Melting 
curve analysis was carried out at the end of 
the cycling program. Relative gene expressions 
were normalized by the glyceraldehyde-3-phos-
phate dehydrogenase (GAPDH) and calculated 
according to the method of 2-ΔΔCt. All experi-
ments were performed in triplicate. The primers 
used for qPCR are listed in Table I.

2-Deoxyglucose (2-DOG) Uptake
To assay 2-DOG uptake, chondrocytes were 

starved (FBS-deprived medium) for 2 h, washed 
with Krebs-Ringer phosphate (KRP) buffer, and 
treated with insulin or cytochlasin B (CB; Sig-
ma-Aldrich; St. Louis, MO, USA) as blank for 
3 h at room temperature. [3H]2-DOG mixture 
[hot 2-deoxyglucose (GE Healthcare; Amersham, 
UK) dissolved in cold 2-DOG (Sigma-Aldrich; 
St. Louis, MO, USA)] was added in the culture 
medium for an additional 30 min. The reaction 
was stopped by stopping solution [CB and phlore-
tin (Sigma-Aldrich; St. Louis, MO, USA) in SDS] 
washing. Radioactivity was counted in the pres-
ence of 3 ml of Ultima Gold scintillation liquid 
(Packard BioScience, Wellesley, MA, USA), and 
normalized to the protein content determined in 
Bradford analysis.

Statistical Analysis
Data were presented as the mean ± standard 

deviation (SD). Differences between two groups 
were analyzed by using the Student’s t-test. Com-
parison between multiple groups was done us-
ing One-way ANOVA test followed by Post-Hoc 
Test (Least Significant Difference). All statisti-
cal analysis was performed using SPSS Version 
22.0 software package (SPSS IBM, Armonk, NY 
USA). p-value <0.05 was considered statistically 
significant for all tests.

qPCR, quantitative reverse-transcription polymerase chain reaction.

Table I. Primer sequences of the genes for qPCR.

 Gene name Forward (5’>3’) Reverse (5’>3’)

Aggrecan GGTGAACCAGTTGTGTTGTC CCGTCCTTTCCAGCAGTC
Collagen II TGGACGATCAGGCGAAACC GCTGCGGATGCTCTCAATCT
MMP13 ACTGAGAGGCTCCGAGAAATG GAACCCCGCATCTTGGCTT
TNF-α CCTCTCTCTAATCAGCCCTCTG GAGGACCTGGGAGTAGATGAG
Glut4 CCACCTCCTATGCCCAAGAC GCTGCTTCGAGACATGATGGAA
GAPDH ACAACTTTGGTATCGTGGAAGG GCCATCACGCCACAGTTTC
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Results

Effects of Insulin and QNZ on Cellular 
Glut4 Levels and Glucose Uptake 

Based on the previous studies, insulin has 
been found to regulate the Glut4 expression, 
but the function of QNZ in Glut4 mediation 
is still not clear. We determined the effects of 
QNZ on the expression of Glut4 and glucose 
metabolism in human chondrocytes in vitro. In 
dose-response studies18,19, the optimized dos-
es were 10 and 100 nM for insulin and QNZ 
treatments, respectively. Immunofluorescence 
analysis of Glut4 suggested that pretreatment 
with either QNZ or insulin for 24 hours in-
creased the levels of Glut4 protein in the human 
chondrocytes (Figure 1A, 1B). To further veri-
fy the effects on the expression within mRNA 
levels, qPCR was used to determine the dif-
ferential expression of Glut. QNZ and insulin 

upregulated Glut4 mRNA levels over 160 and 
220 % compared with controls, respectively 
(Figure 1C). Additionally, compared with con-
trols, these two drugs simulation significantly 
enhanced 2-DOG glucose uptake (Figure 1D). 
These results corroborated the NF-κB inhibitor 
QNZ could promote Glut4 for glucose metabo-
lism in the human chondrocytes. 

Effects of Insulin and QNZ on 
Cellular Collagen II, Aggrecan, 
MMP-13, and TNF-α Levels 

In early developmental life, insulin acts as 
local growth factors. To further explore wheth-
er QNZ plays a role in the protection of chon-
drocytes ECM. We used Western blot method 
to measure the collagen II, aggrecan, MMP-1, 
and TNF-α levels under insulin and QNZ treat-
ments mentioned above. Figure 2A indicated 

Figure 1. Effects of QNZ and insulin on Glut4 expression in human chondrocytes. Cultures were incubated for 3 days in 
the presence of 10 nM of QNZ or 100 nM of insulin. A, C, Expression of Glut4 was determined using both IF (magnification: 
100X) (A) and qPCR (C). B, Positive-Glut4 chondrocytes were measured by densitometry. D, Effects of QNZ and insulin on 
2-deoxy-[3H] glucose (2-DOG) uptake glucose. All data were expressed as means ± SDs. *p< 0.05 vs. control, **p< 0.01 vs. 
control, ***p< 0.001 vs. control.
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that insulin and QNZ not only upregulated the 
expression of collagen II and aggrecan protein 
content but also decreased levels of MMP-13 
and TNF-α, the catabolic hallmarks of the 
ECM compared to control group. The differ-
ences in expression of these positive or nega-
tive manners can also be measured by qPCR 
(Figure 2B). The mRNA levels of collagen II 
and aggrecan were significantly enhanced by 
both insulin and QNZ treatment, but MMP-13 
and TNF-α decreased compared with the con-
trol (Figure 2C). 

Effects of Insulin and QNZ on Cellular 
PCNA and p16 Levels

To explore the proliferative ability and aging 
situation of chondrocytes under the stimulation 
of insulin and QNZ, we chose PCNA (a cofactor 
of DNA polymerase) and p16 as the hallmarks 
through immunofluorescence staining. As shown 
in Figure 3A, 3B, the result indicated a higher 
level of PCNA within both QNZ or insulin stim-
ulation, suggesting an increase in proliferation 
activity of the chondrocytes in both treatments. 
In contrast, compared with untreated chondro-

Figure 2. Effects of QNZ and insulin on extracellular matrix of human chondrocytes. Cultures were incubated for 3 days 
in the presence of 10 nM of QNZ or 100 nM of insulin. A, C, Expression of collagen II, aggrecan, MMP13, and TNF-α were 
determined using both WB (A) and qPCR (C). B, Quantification of these protein by Image J. All data were expressed as means 
± SDs. *p< 0.05 vs. control, **p< 0.01 vs. control, ***p< 0.001 vs. control.
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cytes, p16 positive cells decreased in the presence 
of QNZ or insulin treatment, respectively (Figure 
3C, 3D). What we found indicated that the QNZ 
treatment contributed to the proliferative effects 
but slowed down the aging process to the human 
chondrocytes, which would supply evidence to 
explain how QNZ protects the degeneration of 
chondrocytes.

Glut4 Silencing Abolishes QNZ-Induced 
Glucose Uptake

To confirm whether QNZ promoted chondro-
cytes glucose uptake is the result of Glut4 trans-
location that was shown in previous studies, 
Glut4 gene was silenced by transfecting with 
siRNA. The optimal siRNA transfected time was 

analyzed by densitometric measurement of Glut4 
immunofluorescence. Maximum silencing effi-
ciency (64%) was achieved at 36 h post-transfec-
tion (Figure 4A). So, we used the silenced chon-
drocytes after 48 h transfection in the following 
experiments. To determine the insulin resistance 
status of each group, we also measured the chon-
drocytes glucose uptake. Reducing Glut4 cellular 
levels led to a significant reduction in glucose 
uptake even after QNZ stimulation compared to 
the controls, which meant QNZ had on effect on 
glucose uptake of chondrocytes without Glut4 
(Figure 4B). The data suggested that the existence 
of Glut4 in chondrocytes played a vital role in 
glucose uptake resulting from QNZ stimulation, 
which denoted QNZ inhibited insulin resistance 
via Glut4 activation.

Figure 3. Effects of QNZ and insulin on PCNA and p16 expression in human chondrocytes. Cultures were incubated for 
3 days in the presence of 10 nM of QNZ or 100 nM of insulin. A, C, Expression of PCNA (A) and p16 (C) were determined 
using IF (magnification: 100X). B, D, Positive-PCNA chondrocytes (B) and positive-p16 chondrocytes (D) were measured by 
densitometry. All data were expressed as means ± SDs. *p< 0.05 vs. control, **p< 0.01 vs. control.



S.-B. Zhu, Y.-Q. Xu, H. Gao, Y. Deng

4648

Glut4 Silencing Abolishes QNZ-Induced 
Extracellular Matrix Protection

To determine the role of Glut4 in QNZ-induced 
extracellular matrix protection, human chondro-
cytes were divided into two groups (control group 
and Glut4-silenced group) which both treated 
with or without QNZ. We used Western blot 
and qPCR methods to analyze the differences 
in extracellular matrix related gene expressions. 
As shown in Figure 5A, 5B, compared with the 
controls, collagen II and aggrecan protein levels 
increased due to QNZ stimulation, but reduced 
after silencing Glut4. After Glut4 was silenced, 
even if there was QNZ stimulation, collagen II 
and aggrecan protein levels did not increase sig-
nificantly. In addition, QNZ significantly reduced 
MMP-13 and TNF-α levels. The reduction of the 
protection of the extracellular matrix was further 
confirmed by mRNA expression measurement, 
which suggested us a same tendency with the 
protein levels. As a matter of fact, blocking 
Glut4 only abolished QNZ stimulatory effects 
on the collagen II and aggrecan but not on the 
anti-inflammation pathway. These results further 
emphasized that QNZ-induced chondrocyte col-
lagen II and aggrecan upregulation were mainly 
mediated by Glut4. In addition, the effect of an-
ti-inflammation may have nothing to do with the 
existence of QNZ or not (Figure 5C).

Discussion

Glucose serves as the main source for glycos-
aminoglycan synthesis in chondrocytes. GLUTs 
are detected to participate in glucosamine trans-

port, which also plays a role in mediating inflam-
matory responses of chondrocytes15. Inflammato-
ry activation is regarded to result in the decrease 
of Glut4 which affects glucose uptake20. QNZ, 
6-amino-4-phenoxyphenylethylamino quinazo-
line, is an excellent NF-κB inhibitor. Chen et 
al17 found that QNZ promoted anti-angiogenic 
and anti-metastatic effects via suppression of 
NF-κB activation. Sun et al21 showed that QNZ 
could modulate inflammation, oxidative stress, 
and apoptosis in cigarette smoke extract-induced 
COPD. 

This current study reveals that the promotion 
of glucose uptake in human chondrocytes is 
stimulated by QNZ mainly through the Glut4 
activation. We used insulin as a measure to com-
prehend the efficiency caused by QNZ through 
the previous report22. We showed for the first time 
that the ability of QNZ to stimulate Glut4 expres-
sion and glucose uptake is similar to insulin ef-
fect against chondrocytes, although QNZ is not as 
effective as insulin. Due to the increased glucose 
uptake of chondrocytes, we found that the content 
of collagen II and aggrecan synthesized by chon-
drocytes increased compared with control group, 
which makes sense to the extracellular matrix. 
Similarly, Wu et al23 have declared that glucose 
enhances aggrecan expression in chondrocytes. 
Kim et al24 reported that glucose treatment sig-
nificantly induced the type II collagen expression 
on rabbit articular chondrocytes. Furthermore, 
the suppression of NF-κB by QNZ inhibited the 
inflammatory factors MMP-13 and TNF-α ex-
pression that contributed to the protection of the 
chondrocyte’s extracellular matrix. Surprisingly, 
in contrast to the controls, insulin, and QNZ both 

Figure 4. Glut4 gene silencing affects QNZ-stimulated glucose uptake. Chondrocytes were subjected to transfection of 
Glut4-siRNA. At different times, post-transfection cell culture was subjected to IF. A, Time course of Glut4 protein levels. B, 
QNZ-induced uptake of 2-DOG. All data were expressed as means ± SDs. *p< 0.05 vs. control, **p< 0.01 vs. control, &&p< 
0.01 vs. QNZ.
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showed to promote the proliferative and allevi-
ate the senescence population of chondrocytes; 
however, QNZ is more effective than insulin at 
this time. 

Effects of Glut4 on glucose metabolism de-
pending on insulin have been widely reported 
in various tissues, including articular cartilage25. 
Indeed, blocked Glut4 gene expression would 
affect the glucose uptake under insulin stimula-
tion18. Based on these results, we speculated that 

QNZ promoted the chondrocytes glucose uptake 
by Glut4 activation. As a matter of fact, we truly 
found the effect of QNZ acting on glucose up-
take apparently decreased after Glut4 silencing. 
Meanwhile, the collagen II and aggrecan expres-
sion significantly reduced with Glut4 silencing. 
However, we did not observe significant differ-
ences in MMP13 and TNF-α between the groups 
before and after Glut4 silencing, which also indi-
cated the anti-inflammatory effect of QNZ was 

Figure 5. Glut4 gene silencing affects extracellular matrix of human chondrocytes. Chondrocytes were subjected to 
transfection of Glut4-siRNA. Cultures were incubated for 3 days with or without 10 nM of QNZ. A, C, Expression of collagen 
II, aggrecan, MMP13, and TNF-α were determined using both WB (A) and qPCR (C). B, Quantification of these protein by 
Image J. All data were expressed as means ± SDs. *p< 0.05 vs. control, **p< 0.01 vs. control, &&p< 0.01 vs. QNZ.
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not associated with Glut4. Glucose is not only an 
energy source for developmental activities but al-
so the raw material for proteoglycan biosynthesis 
of chondrocyte.

Therefore, the inhibition of NF-κB activa-
tion by QNZ could result in the improvement 
of Glut4 expression in human articular chon-
drocytes, which contributes to glucose uptake. 
Glut4 overexpression is accompanied by in-
creased levels of collagen II and aggrecan, as 
well as by decreased MMP13 and TNF-α ex-
pression via the inhibition of NF-κB activation. 
The QNZ accelerates chondrocytes proliferation 
but delays senescence. Collectively, the data 
reveal QNZ protects chondrocyte degeneration 
mainly by promoting glucose uptake through 
Glut4 activation and inflammation suppression, 
which suggests new evidence for the under-
standing of NF-κB inhibitor and new strategies 
for OA treatment in the future.

Conclusions

The present study demonstrates that inhibition 
of NF-κB activation by QNZ would improve the 
glucose uptake through Glut4 activation, which 
plays an important role in the protection of chon-
drocytes degeneration.
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