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ABSTRACT

Introduction: Previous research found that diabetes mellitus capable to aggravate osteoar-
thritis disease. In brief, the hyperglycemia condition in diabetes mellitus has an impact on
protein glycation of all joint components, including molecule, such as perlecan. The protein
expression of perlecan reflects the presence amount of perlecan in the matrix of articular
cartilage. However, the impact of hyperglycemia on articular perlecan has not been explained.
Moreover, the role of perlecan as a mechanotransducer for chondrocytes in type 1 Diabetes
mellitus remains unclear. Aim: This research aims to analyze the effect of hyperglycemia in
type 1 Diabetes mellitus to the mRNA level and protein expression of perlecan. Methods:
Thirty-five adult male rats were divided into seven groups, such as three groups of rat model
with anterior cruciate ligament transection (ACLT) at right knee (ACLT1, ACLT2, ACLT3); three
groups of rats with ACLT at right knee which followed by Streptozotocin injection for diabet-
ic mice model (DM1, DM2, DM3); and control group (N). Rat sacrificed at the third week,
fourth week, and sixth week after two months of maintenance. The mRNA level and protein
expression were analyzed by using PCR and Western blot. All of data was analyzed by ANOVA.
Results: Protein expression of perlecan in ACLT mice with diabetes mellitus (DM1, DM2, DM3
group) was gradually decreased according to the increased hyperglycemia duration. Whilst,
protein expression of perlecan within ACLT mice without diabetes mellitus (ACLT1, ACLT2,
ACLT3 group) was increased. The similar result also demonstrated by the mRNA level of per-
lecan. Group of DM1, DM2, DM3 exhibited decreased mRNA level of perlecan over the hyper-
glycemia duration. While, ACLT1, ACLT2, and ACLT3 group had a gradually increased of per-
lecan mRNA level. Conclusion: Hyperglycemia on osteoarthritic condition decreased mRNA
level and protein expression of perlecan which increased the severity of osteoarthritis disease.
Keywords: Diabetes mellitus, hyperglycemia, osteoarthritic, perlecan, proteomic.

1. INTRODUCTION

differentiation phase of chondro-

Proteomic and transcriptomic re-
search on perlecan articular cartilage
which influenced by hyperglycemia
needs to be further explored. Hyper-
glycemia condition will increase the
severity of osteoarthritis disease (1)
since it induced the glycation process
of all molecular and cellular protein
building blocks (2). When articular
protein was modified by glycation,
it will have a functional changing.
Perlecan as chondrocytes mechano-
transducer is located at pericellular
and extracellular matrix (3). It in-
creased by the articular mechanical
load but decreased by aging process
(4, 5). Another function of perlecan
to chondrocytes is to determine the

cytes (6), link protein (7), hold the
integrity of matrix cartilage (8), col-
laborate with growth factors to pro-
duce extracellular matrix and facili-
tate cell proliferation (9), and induce
the osteophyte formation as synovi-
al perlecan (5). However, impact of
hyperglycemia to perlecan articular
cartilage remains unclear, but the
impact of hyperglycemia to perlecan
endotelial aortic is demonstrated by
previous study. It showed that high
glucose level induced loss of one
Heparan Sulphate chain (9). The high
glucose condition at endothelial aor-
tic is the basic of the present study to
analyze the impact of hyperglycemia
duration to perlecan articular carti-
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N group DM1 group DM2 group DM3 group ACLT1 group ACLT2 group ACLT3 group
(mg/dI) (mg/dI) (mg/dI) (mg/dI) (mg/dI) (mg/dl) (mg/dI)
1)77 1)501 1) 486 1) 477 1)121 1)90 1)84

Blood sugar 2)85 2) 400 2)492 2) 367 2)94 2)87 2)95

level 3)71 3)454 3)422 3)443 3)87 3)80 3)98
4)70 4) 454 4) 386 4)377 4)92 4)83 4)97
5)88 5)371 5)528 5) 387 5)87 591 5)112

Table 1. Blood sugar level of N group, three groups of ACLT (ACLT1, ACLT2, ACLT3), and three groups of ACLT with DM (DM1, DM2, DM3).
The comparison of blood sample showed that STZ by intraperitoneal injection (IP) created hyperglycemia as like as Diabetes mellitus type 1
condition. Of note, the blood sample of ACLT group slightly increased due to the traumatic stress of ACLT procedure.

lage. Perlecan at present study was analyzed based on
the protein expression at extracellular and pericellular
matrix of cartilage. Impact of hyperglycemia to micro-
cellular homeostasis will change the respond of chon-
drocytes to their enviroment (10). The previous study of
morphological chondrocytes changing was concluded
that hyperglycemia had an impact on intracellular ma-
trix strain of chondrocytes at the superficial layer of ar-
ticular cartilage (11). When perlecan protein expression
was decreased, the mRNA level of perlecan as chondro-
cytes respond at articular cartilage matrix need to be
explored. The proteomic and transcriptomic change of
perlecan which produced by chondrocytes under the
osteoarthritic condition and under diabetic needs to be
measured. A present study showed that hyperglycemia
had an impaction to the severity level of osteoarthritis
disease based on the protein expression and mRNA level
of perlecan.

2. AIM

Therefore, this research aims to analyze the impact of
hyperglycemia duration on the severity of osteoarthritis
based on the mRNA level and protein expression of per-
lecan. The result of this research is expected to be funda-
mental to prevent degeneration of cartilage and reduce
severity osteoarthritis. Hence, the risk of hyperglycemia
at osteoarthritis patient can be controlled.

3. METHODS

The present study had approved by the Research Eth-
ics committee of Brawijaya University, Malang, Indo-
nesia. Thirty-five of male rats (Rattus norvegicus strain
Wistar) with 5-6 months old and 300-400 g body weight
was addressed as a subject in this research. Rats divid-
ed into seven groups, such as three groups of rat with
anterior cruciate ligament transection (ACLT) at right
knee (ACLT1, ACLT2, ACLT3); three groups of rat with
ACLT at right knee which followed by Streptozotocin
injection for diabetic mice model (DM1, DM2, DM3),
and control group (N group). All groups were fed twice
a day in the morning and afternoon by given 30 g of the
standard diet. Furthermore, ACLT was performed to all
ACLT group and all DM group, then wait for one week
for healing process.

Three groups of DM group were administered by
streptozotocin 25 mg/kg body weight with intraperito-
neal injection after maintenance within a month. Then, it
was maintenance again after injection. After two months
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of maintenance, the group of ACLT 1 and DM 1 was sac-
rificed at the third week; the group of ACLT 2 and DM
2 was sacrificed at the fourth week; then control group,
ACLT 3 and DM 3 was sacrificed at the sixth weeks. The
blood sample was collected before the rats were sacri-
ficed. It was addressed to measure the blood glucose lev-
el and body weight. Right knee articular of cartilage was
gathered for further analysis. Both condylar femur bone
processed by using Western Blot to observe the protein
expression of perlecan. Moreover, the articular cartilage
of tibial bone was also processed by using real-time Poly-
merase Chain Reaction (PCR) to measure the mRNA
level of perlecan. Furthermore, all of the data was ana-
lyzed with statistical analysis by ANOVA.

4. RESULTS

The blood sugar level was measured before rats were
sacrificed. All the data is presented in Table 1.

Based on the result in Table 1, the blood sugar level
at DM groups was significantly increased. It indicates
that STZ injection induced hyperglycemia as diabetes
mellitus condition. It demonstrated by the level of blood
glucose which higher than 200 mg/dl (12) and decreased
body weight. Furthermore, the protein expression and
mRNA level of perlecan within each group were ad-
dressed for further analysis.

N DMI DM2 DM3 ACLTI ACLTZ ACLT3
Perlecan | JINRE Lol ~ . MR SRR 70 1Da

P-Actin - A S s J. 42 KDa

Figure 1. Protein expression of perlecan on the control group (N group),
ACLT with streptozotocin injection (DM1, DM2, DM3 group), and ACLT
model (ACLT1, ACLT2, ACLT3 group) by Western Blot. The band of DM
groups looked gradually infrequent: DM1>DM2>DM3. It demonstrated
that protein expression of perlecan decreased over time which
increased the duration of hyperglicemia.

Protein expression of perlecan by Western Blotting

Results showed that protein expression of perlecan at
DM groups was gradually decreased from 146.301 int/
mm?2 (DM1 group) to 124.743 int/mm2 (DM2 group),
then more decreased into 103.344 int/mm2 (DM3
group). This decreased protein expression is in line with
the hyperglycemia duration. The duration of hyperglyce-
mia was 7 weeks and it decreased the protein expression
of perlecan about 35.239 int/mm2. In detail, the protein
expression of perlecan decreased from 181.540 int/mm?2
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Figure 2. Comparison protein expression of perlecan among each

group which exhibited by density (Int/mm2). The protein expression

of perlecan decreased by increasing of hyperglycemia duration at DM
groups. Whilst, protein expression of perlecan increased at ACLT groups.
* = significant different level (p<0,05)

at the control group to 146.301 int/mm2 (DM1 group).
Moreover, in the DM2 group, the protein level of perle-
can was decreased 56.797 int/mm?2 for 8 weeks of main-
tenance. Whilst, the protein expression of perlecan was
decreased 78.196 int/mm?2 for 10 weeks of maintenance
in the DM3 group (Figure 2). All the data obtained from
DM groups was gradually decreased simultaneously by
the higher length of hyperglycemia duration.

Result data of ACLT groups was opposed to the result
of DM groups. The protein expression of perlecan with-
in ACLT groups was increased gradually during the hy-
perglycemia duration, but it still lower than the control
group (181.540 int/mm?2). The protein level of perlecan
at ACLT1 group was 121.586 int/mm?2, then increased
into 138.697 int/mm?2 at ACLT2 group. Moreover, it
increased into 150.315 int/mm2 at ATCLT3 group. It
showed that protein expression of perlecan gradually
increased over time from eleventh weeks to fourteenth
weeks of ACLT maintenance (from 121.586 int/mm?2 to
150.315 int/mm?2).

The mRNA level of perlecan by real time PCR

The mRNA level of DM groups and ACLT groups
demonstrated the opposite result. In detail, the mRNA
level of perlecan was gradually decreased from 0.080908
fold change (DM1 group) to -0.28845 fold change (DM2
group), then -0.53711 fold change (DM3 group). Whilst,
the results data of ACLT groups demonstrated that the
mRNA level was -0.54702 at ACLT1 group, then gradu-
ally increased to -0.19522 fold change at ACLT?2 group,
and 0.075356 fold change at ACLT3 group (Figure 3).

The results data of protein expression and mRNA level
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Figure 3. Comparison of mRNA level of perlecan among each group.

It exhibited fold change mRNA level of perlecan on DM groups
significantly decreased due to increase of hyperglycemia period.
However, the mRNA level of perlecan on ACLT groups was increased. * =
significant different level (p<0,05)

of perlecan within DM groups and ACLT groups exhib-
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ited that there is something happened at the extracellular
matrix and inside the chondrocytes. It is demonstrated
based on the comparison result of osteoarthritis rats
models with hyperglycemia to the osteoarthritis rats
model without hyperglycemia.

5. DISCUSSION

Perlecan is known as heparan sulfate proteoglycan 2
which has a function as chondrocytes mechanotrans-
ducer (13). It is located at extracellular matrix (ECM)
(14) especially at pericellular matrix (PCM) (17). The
higher accumulation of perlecan at pericellular matrix
than extracellular matrix demonstrated that perlecan
has an important function to chondrocytes. The previ-
ous study by Willusz et al (2012) showed that perlecan
function was related to the elasticity module of PCM and
contributed to the microenvironment of chondrocytes
(14). The study about impact hyperglycemia to the per-
lecan articular cartilage remains unclear. Therefore, this
present research is addressed to fulfill the research gap
of what happens at osteoarthritis patient with diabetes
mellitus to the severity of osteoarthritis disease.

Hyperglycemia induces the glycation of protein, in-
cluding perlecan (15). The present research analyzed
the protein expression of perlecan by Western blot to
demonstrate the representative quantity of perlecan at
extracellular cartilage matrix. It is because this part is af-
fected by hyperglycemia when approaching to the artic-
ular cartilage layer by layer from matrix to cell. Further-
more, it is also addressed for analyzing the chondrocytes
respond to produce perlecan.

According to data in this research, it showed that the
duration of hyperglycemia had an effect on the protein
expression of perlecan. It exhibited that protein expres-
sion of perlecan gradually decreased within a certain pe-
riod of hyperglycemia.

This data supports the previous result by Catherine
et al which stated that hyperglycemia had an effect on
the perlecan of endothelial aorta. It demonstrated by
decreased perlecan of endothelial aorta was about 30%
as equal to lose one of heparan sulfate chain of total
four heparan sulfate chain of perlecan. Moreover, the
interesting result exhibited that protein expression of
perlecan was gradually decreased over time within DM
groups. It means the osteoarthritis patient who suffering
the hyperglycemia by diabetes mellitus will have a higher
possibility of articular cartilage damage as higher sever-
ity of the osteoarthritis disease. Whilst, the data from
ACLT groups without diabetes mellitus type 1 induction
showed that protein expression of perlecan was lower at
ACLT1 group as the result of cellular shock during ACLT
treatment. Then, the protein expression of perlecan was
gradually increased at ACLT2 group and ACLT3 group.
It exhibited that the perlecan quantity at articular carti-
lage is increased as a response of chondrocytes to pro-
duce perlecan in the transcription process. Therefore, it
can be analyzed at the mRNA level.

Another data showed that hyperglycemia reaches into
the intracellular part after it attained the perlecan of
articular cartilage matrix. When hyperglycemia reduc-
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es the perlecan of articular cartilage matrix, the func-
tion of perlecan as chondrocytes mechanotransducer
is also decreased. Therefore, the chondrocytes respond
to this condition is an interesting issue to be analyzed.
The hyperglycemia had the ability to induce a different
response of chondrocytes to produce perlecan. It could
be analyzed by mRNA level measurement. The mRNA
level of perlecan within DM groups was gradually de-
creased: 0.080908 fold change (DM1 group) to -0.28845
fold change (DM2 group) to -0.53711 fold change (DM3
group). This result showed that hyperglycemia had an
effect on osteoarthritis disease which demonstrated by
protein expression and mRNA level of perlecan as chon-
drocytes response. Moreover, the mRNA level within
ACLT groups was increased from -0.54702 fold change
to -0.19522 fold change whereas from 11 weeks to 12
weeks of maintenance. It means that without the hyper-
glycemia at articular cartilage, the chondrocytes respond
to produce perlecan could be gradually increased over
time. This condition was supported by the other data at
14 weeks maintenance which showed that mRNA lev-
el of perlecan increased into 0.075356 fold change at
ACLTS3 group.

Hyperglycemia impacted to perlecan aorta endo-
thelial by increasing the atherosclerotic process (9), as
demonstrated by present research. Result showed that
duration of hyperglycemia had an effect to perlecan ar-
ticular cartilage by decreasing the protein expression of
perlecan. Moreover, the duration of hyperglycemia also
had an impact on mRNA level of perlecan by decreas-
ing them. When this condition was continued over time,
the perlecan level will be lower. The decreased of perle-
can articular cartilage will reduce the articular cartilage
matrix integrity (16) and change the differential phase
of chondrocytes to hypertrophy (17). The chondrocytes
hypertrophy will increase the catabolic factors which
promote the degradation of articular matrix (18). All of
this process is badly impacted to articular cartilage. So
that, osteoarthritis disease which followed by diabetes
mellitus disease will decrease the perlecan of articular
matrix over time. Moreover, it will be followed by de-
creased response of chondrocytes to produce perlecan
articular matrix. It seems that hyperglycemia had ability
to reduce the molecular function and cellular response.
This result is opposite to the ACLT groups which showed
that protein expression of perlecan was increased grad-
ually. It supported by chondrocytes response which in-
creased the perlecan production through transcription
process resulted increased mRNA level of perlecan over
time. Therefore, chondrocytes will produce perlecan ar-
ticular cartilage without the influence of hyperglycemia
condition. The present research needs to be further ex-
plored to identify whether hyperglycemia had ability to
induce another molecular functional and other cellular
responses. So that, molecular and cellular pathology of
osteoarthritis and diabetes mellitus will be exhibited.

6. CONCLUSION

Duration of hyperglycemia increases the severity of
articular cartilage damage by decreasing the protein ex-
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pression of perlecan. Moreover, it also reduced the chon-
drocytes to respond as repairing system of the microcel-
lular environment of articular cartilage by decreasing
the mRNA level of perlecan over time. The decreased
protein expression of perlecan was depicted the amount
of perlecan quantity at articular cartilage tissue. It is a
fundamental part of the next research of proteomics.
Moreover, decreased mRNA level of perlecan represents
the cellular response to produce a new perlecan which
can be used to the next genomic research of perlecan
articular cartilage under hyperglycemia condition at rat
model. This research can be used as a guide for reducing
the severity of osteoarthritis disease by controlling car-
bohydrate intake to avoid the hyperglycemia condition.

e Acknowledgment: Author thanks to analyst of Biosai<ns Insti-
tute, University of Brawijaya for supporting the laboratory facilities.

e Author’s contributions: Each author gave substantial contribu-
tion to the conception or design of the work and in the acquisition,
analysis and interpretation of data for the work. Each author had role
in drafting the work and revising it critically for important intellectual
content. Each authorgave final approval of the version to be pub-
lished and they agree to be accountable for all aspects of the work
in ensuring that questions related to the accuracy or integrity of any
part of the work are appropriately investigated and resolved.

e Declaration of patient consent: The authors certify that they
have obtained all appropriate patient consent forms

e Conflict of interest: There are no conflicts of interest.

¢ Financial support and sponsorship: This research was fund-
ed by Ministry of Science, Technology and Higher Education of In-
donesia for providing the funding through the Research Finance of
Grant No. 3/E/KPT/III/2018..

REFERENCES

1. Schett G, Kleyer A, Perricone C, Sahinbegovic E, Iagnocco
A, Zwerina J, Lorenzini R, Aschenbrenner F, Berenbaum F,
D’Agustino MA, Willet ], Kiechl S. Diabetes is an indepen-
dent predictor for severe ostheoarthritis. Diabetes Care. 2013;
36: 403-409.

2. Willet TL, Kandel R, De Cross JNA, Avery NC, Grynpas MD.
Enhanced level of non-enzymatic glycation and pentosidine
crosslinking in spontaneous osteoarthritis progression. Os-
teoarthritis and Cartilage. 2012; 20: 736-744.

3. Mackie EJ, Tatarczuch L, Mirams M. Thematic Review: The
Skeleton: a Multi-Functional Complex Organ. The Growth
Plate Chondrocyte and Endochondral Ossification. Journal
of Endocrinology. 2011; 211: 109-121.

4. LeBleu VS, MacDonald B, Kalluri R. Structure and Function
of Basement Membranes. Experimental Biology and Medi-
cine. 2008; 232(9): 1121-1129.

5. Kaneko H, Ishijimaa M, Futamia I, Tomikawa-Ichikawa N,
Kosaki K, Sadatsukia R, Yamada Y, Kurosawa H, Kaneko K.
Hirasawa-Arikawa E. Synovial perlecan is required for os-
teophyte formation in knee osteoarthritis. Matrix Biology.
2013; 32: 1-19.

6. Sadatsuki R, Kaneko H, Futami I, Hada S, Culley KL, Otero
M, Dragomir C, Kinoshita M, Goldring MB, Yamada Y. Abs:
Role of perlecan in chondrogenic, osteogenic and adipogenic
differentiation of synovial mesenchymal calls. Osteoarthri-
tis and Cartilage. 2014; 22: S57-S489.

147



Effect of Hyperglycemia to The mRNA Level and Protein Expression

10.

11.

12.

13.

14.

148

Vincent TL, McLean CJ, Full LE, Peston D, Saklatvala J. FGF-2
isbound to perlecan in the pericellular matrix of articular car-
tilage, where it acts as a chondrocyte mechanotransducer. Os-
teoArthritis and Cartilage. 2007; 15(7): 752-763.

Melrose J, Smith MM, Smith SM, Ravi V, Young AA, Dart
AJ, Sonnabend DH, Little CB. Altered stress induced by par-
tial transection of the infraspinatus tendon leads to perlecan
(HSPG2) accumulation in an bovine model of tendinopathy.
Tissue and Cell. 2013;45: 77- 82.

Melrose J, Smith MM, Smith SM, Ravi V, Young AA. Dart
AJ., Sonnabend DH,, Little CB. Altered stress induced by par-
tial transection of the infraspinatus tendon leads to perlecan
(HSPG2) accumulation in an bovine model of tendinopathy.
Tissue and Cell. 2013; 45: 77- 82.

Kaneko H, Ishijimaa M, Futamia I, Tomikawa-Ichikawa N.,
Kosaki K,Sadatsukia R, Yamada Y, Kurosawa H, Kaneko K,
Hirasawa-Arikawa E. Synovial perlecan is required for os-
teophyte formation in knee osteoarthritis. Matrix Biology.
2013; 32: 1-19.

Chaterine A, Vorgl-Willis, Iris J, Edwards. High-glucose-in-
duced structural changes in the heparan sulphate proteogly-
can, perlecan, of cultured human aortic endothelial cells. El-
sevier Science Direct: Biochimica et Biophysica Acta. 2004;
1672: 36-45.

Loeser RF. Osteoarthritis Age-Related Changes in the Mus-
culoskeletal System and the Development of Osteoarthritis,
Clinics in Geriatric Medicine. 2010; 26(3): 371-386.

Njoto I, Soekanto A, Ernawati E, Abdurrachman A, Kalim H,
Handono K, Soeatmadji DW, Fatchiyah F. Chondrocyte In-
tracellular Matrix Strain Fields of Articular CartilagE. Sur-
face in Hyperglycemia Model of Rat: Cellular Morphological
Study. 2018; 72(5): 348-351.

Qinna NA., Badwan AA. Impact of STZ on altering normal

15.

16.

17.

18.

19.

20.

21.

22.

glucose homoostasis during insulin testing in diabetic rats
compared to normoglycemic rats. Dovepress. Drug design,
development and theraphy. 2015; 9: 2515-2525.

Salinas D, Minor CA, Carlson RP, McCutchen CN., Mumey
BM, June RK. Combining targeted metabolomic data with a
model of glucos metabolism: Toward progress in chondrocyte
mechanotransduction. PLoS One. 2017; 12(1).

Sarrazin S, Lamanna WC, Esko JD. Heparan sulfate proteogly-
cans. Cold Spring Harb Perspect Biol. 2011; 3: 1-33.

Wilusz RE, Defrate LE, Guilak F. A Biomechanical Role for
Perlecan in the Pericellular Matrix of Articular Cartilage. Ab-
stract Matrix Biol. 2012; 31(6): 320-327.

Chaterine A, Vorgl-Willis, Iris ], Edwards. High-glucose-in-
duced structural changes in the heparan sulphate proteogly-
can, perlecan, of cultured human aortic endothelial cells. El-
sevier Science Direct: Biochimica et Biophysica Acta. 2004;
1672: 36-45.

Jarvelalnen H, Sainio A, Koulu M, Wright TN, Penttinen R.
Extracellular matrix molecules: potential targets in pharma-
cotherapy. Pharmacol Rev. 2009; 61(2): 198-223.

Nicole S, Vicart S, Davoine CS, et al. Mutations of perle-
can, the major proteoglycan of basement membranes, cause
Schwartz-Jampel syndrome: A new mechanism for myotonia?.
Acta Myol. 2001; 20: 130-133.

Pacifici M, Koyama E, Iwamoto M. Mechanisms of synovial
joint and articular cartilage formation: recent advances, but
many Lingering mysteries. Birth Defects Res. C Embryo To-
day. 2005; 75: 237-248.

Chang S, Yang WV. Hyperglycemia induces altered expres-
sions of angiogenesis associated molecules in the tropho-
blast. Evidence-Based Complementary and Alternative Med-
icine. 2013: 1-11.

ORIGINAL PAPER | MED ARCH. 2019 JUN; 73(3): 144-148



