A
-
-

[

¥

A%,

AT
vinyuiy
L D> 4

~al\p-

’

=l

K

.
VY

N Y

-’A,
-

v "! o
AR

o ool

QATAR UNIVERSITY

D

N

vi\my,miNy

""m ogleligula¥ldds [0 il 2 ..

College of Arts and Sciences Sidral - =" st n

QATAR UNIVERSITY 06 d o ol F e or

M
ANy

a
i
a

| —
|

W‘ “w '+ % .‘ L D

Faculty, Health and Biomedical Sciences

Omega-3 fatty acid-rich fish oil supplementation prevents rosiglitazone-
induced osteopenia in aging mice.
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1Sidra Medicine, Qatar; 2University of South Florida, USA; 3Qatar University, Qatar

Abstract

Rosiglitazone is an effective insulin-sensitizer, however, associated with bone loss mainly due
to increased bone resorption, and bone marrow adiposity, and decreased bone formation.

We investigated the effect of the co-administration of fish oil (FO) rich in omega-3 fatty acids
(FAs) on rosiglitazone (RSG)-induced bone loss in aging C57BL/6 mice and the mechanisms
underlying potential preventive effect. Mice fed the iso-caloric diet supplemented with fish oil

S : . e . . Effect of rosiglitazone alone or in combination with
Effect of rosiglitazone alone or in combination with fish 9

active components of fish oil (FO), EPA and DHA on

oil (FO) on bone mineral densiEiEt osteoblastogenesis, adipogenesis, and osteoclstogenesis
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exhibited significantly higher levels of bone density in different regions compared to the f,}' G I,RS.’G. ™
other groups. In the same cohort of mice, reduced activity of COX-2, enhanced activity of : A g‘, Frrieied ALP
alkaline phosphatase, lower levels of cathepsin k, PPAR-y, and pro-inflammatory cytokines, § 2 : *..}, Wl e 8 a
and a higher level of anti-inflammatory cytokines were observed. 3 ) LM | >‘ E
<

Moreover, fish oil restored rosiglitazone-induced down-regulation of osteoblast

differentiation and up-regulation of adipocyte differentiation in C3H10T1/2 cells and P n‘i il

inhibited the up-regulation of osteoclast differentiation of RANKL-treated RAW264.7 cells. @nte | o

We finally tested our hypothesis on human Mesenchymal Stromal Cells (MSCs) differentiated DFM PTM ;@ 7 3 ; it

to osteocytes and adipocytes confirming the beneficial effect of docosahexaenoic acid (DHA) “1ace ee .brc ° = 1@ s @ b A’&i ——

omega-3 FA during treatment with rosiglitazone, through the down-regulation of adipogenic £ s ; = ik Rse

genes, such as adipsin and FABP4 along the PPAR /FABP4 axis, and reducing the capability of £ O = £ O Hsiasol il red 0

osteocytes to switch toward adipogenesis. Our findings demonstrate that fish oil may prevent * ol & Il " ol - l A el - 'EE

rosiglitazone-induced bone loss by inhibiting inflammation, osteoclastogenesis, and e e e . P e e e o o o Wik Swf

adipogenesis and by enhancing osteogenesis in the bone microenvironment. Further clinical s & g & e R Sl ’

studies will be undertaken to establish this treatment regimen for the successful treatment of e T Sosis NN — %

diabetic patients with rosiglitazone without adverse side effects on bone. . D et L | S &5 S
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Background Lol

RSG is an oral antidiabetic drug of the thiazolidinediones (TZDs) class which acts by increasing oy — T T ) T OStec::iL?th R

insulin sensitivity in peripheral tissues through binding to the nuclear receptor peroxisome e e e & & ol E & & & b . TR

proliferator-activated receptor gamma (PPAR-y) and affecting gene expression of glucose
transporters to facilitate glucose uptake and used to treat T2DM. TZDs are the only class that
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specifically targets insulin resistance. PPAR-y receptors are present on osteoblasts and Effect of rosiglitazone alone or in combination with R
adipocytes. RSG also directs the differentiation of MSCs toward the adipocyte lineage in BM, fish oil (FO) on inflammatory markers b m% % Wé}." %’y%é
and since there is an inverse relationship between osteoblasts and adipocytes in the BM Ll a;“a fmg
microenvironment (both derived from BM-MSCs), any stimulation of adipogenesis will reduce S e O Ve P
. . . 3 — b b =
the number of osteoblasts leading to the formation of fatty BM, and imbalance bone £ o : . e , L .
. : : : , 2 075 2 Effect of rosiglitazone alone or in combination with EPA
remodeling eventually causing osteoporosis. The negative effects of RSG on bone metabolism 8 150 g 1 : : I
0 cludi he sianifi duction in b . | density (BMD dthe g E 5 and DHA on osteoblastogenesis, and adipogenesis in
11.1c uding the significant reduction in bone minera en51t.y ( : ) and the increase in fracture g o = human adipose derived MSCs (AD-MSCs)
risk by twofold, are among the safety concerns that led to its withdrawal. s © < "
Considered that the safety of this powerful therapeutic agent is still under strict scrutiny, 5% sdipoganesh
b SPL-IL-6 e

there is an imperative need to develop preventive strategies to reduce RSG-mediated bone loss 2-
in T2D patients. Both T2D and osteopenia are considered to be inflammatory diseases and fish
oil (FO) rich in omega-3 fatty acids (FAs) are natural anti-inflammatory compounds. Several
studies suggest that omega-3 fatty acids-rich fish oil exerts an anti-osteoporotic effect by
attenuating inflammation and osteoclastogenic bone resorption. Therefore, we hypothesize 0-
that fish oil co-treatment attenuates rosiglitazone-induced bone loss in aging mice by its pro- & &
osteogenic and anti-inflammatory, and anti-bone resorbing capacity.
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< In vivo animal study to determine whether fish oil co-treatment can attenuate he 8 Zif
rosiglitazone-induced bone loss in aging mice. 2 o101 =
< EX vivo tissue analyses to determine the effect of combined treatment on inflammation, - jjj
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bone formation, and bone resorption markers as part of the mechanisms of action.

* In vitro cell culture experiments to determine the effect of combined treatment on Effect of rosiglitazone alone or in combination with EPA

. oste?clastogenesis' (.)steoblas!:ogenesis and adipogenesis. . Effect of rosiglitqzone alone or in combination with fish and DHA on osteogenic, and adipogenic gene EXPI'ESSiOIlS
< In vitro human adipose-derived MSCs (AT-MSCs) culture to: (1) study the RSG-induced oil (FO) on bone markers i1 osteo-differentiated AD-MSCs.
changes in the adipogenesis and osteogenesis to (2) test the effect of DHA omega-3 FA co- a
treatment in restoring the RSG-induced changes in the osteogenic and adipogenic setup by a b ) “? T
studying the gene expression modulation of linage specific markers and differentiations 1 a .} a 3 li
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In the current study, we have conducted three separate sets of experiments to evaluate the ¢ P L L LS
efficacy and elucidate potential mechanisms of omega-3 fatty acids rich fish oil in the . q N N b
prevention of rosiglitazone-mediated bone loss: e c0- "
a. In vivo, we investigated the protective effects of FO against RSG-mediated bone loss in _ 100 > 1a Emg a a
aging C57B1/6 mice (12 mo old), a strain susceptible to obesity, hyperglycemia, and insulin Sors] - = 2T ] - == é " o
resistance when fed omega-6 rich-corn oil (CO)-based diet. Mice were treated for 6 months g 0.50- b ga 20- 2 =
with experimental diets. Dual Energy X-ray Absorptiometry (DEXA) was used to determine :: "] i c
the treatment effect on bone mineral density (BMD). o s o SO S L O L S g
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Ex vivo bone marrow and
splenocytes cells isolated from

<
different experimental groups Pt o
were tested for osteoclastogenic, LIDJ ConCluSlon
osteoblastogenic bone markers - Invivo animal study data reveal that omega-3 fatty acids-rich fish oil co-treatment can prevent rosiglitazone-induced bone loss.
and inflammatory markers « Exvivo bone marrow and splenocyte cell culture study data reveal that bone loss prevention by fish oil co-treatment is associated with
increased osteoblastogenesis, decreased osteoclastogenesis, and decreased inflammation.
« In vitro osteoclast and osteoblast precursor cell culture study data reveal that active components of fish oil, EPA and DHA co-
b. In vitro, we explored possible mechanisms by which the FO components, EPA and DHA, treatment revert rosiglitazone-induced reduction in osteoblastogenesis, induction in adipogenesis and induction in osteoclastogenesis.
might reduce RSG-associated bone resorption. In particular, we evaluated the RANKL- « Human readout in vitro study using human adipose derived MSCs data reveal that active components of fish oil, EPA and DHA co-
stimulated osteoclast differentiation in RAW264.7 cells and the osteoclastic activity on sperm treatment can attenuate rosiglitazone-induced upregulation of adipogenesis, and down-regulation of osteogenesis by positively

modulating adipogenic and osteogenic genes.
« Our impressive preclinical data warrant clinical studies to establish this treatment regimen for the successful treatment of diabetic

patients with rosiglitazone without adverse side effects on bone.

whale dentin slice, induced by parathyroid hormone-related protein (PTHrP) in young mouse
bone marrow (BM) cells. Osteogenesis and adipogenesis induced by bone morphogenic
protein-2 (BMP-2) in C3H10T1/2 cells in-vitro were also examined.

C. Finally, as an assay of human readout, we tested the effect of DHA on human adipose References
tissue-derived MSCs (AD-MSCs) during differentiation towards osteocytes and adipocytes in : : S : - : -

. . . . Cugno C, Kizhakayil D, Calzone R, Rahman SM, Halade GV, Rahman MM. Omega-3 fatty acid-rich fish oil supplementation prevents rosiglitazone-induced osteopenia in
vitro, showing how gene expression is modulated. . . insulin resistant C57BL/6 mice and  in vitro studies. Sci Rep. 2021 May 14;11(1):10364. doi: 10.1038/s41598-021-89827-8. PMID: 33990655
Abbreviations: FO, Fish oil; CO, Corn oil; RSG, Rosiglitazone; L, Lumbar; DFM, Distal Femoral Metaphysis; PTM, Abou-Saleh H, Ouhtit A, Halade GV, Rahman MM. Bone benefits of fish oil supplementation depend on its EPA and DHA content. Nutrients. 2019 Nov 8;11(11). pii:
Proximal Tibial Metaphysis; FD, Femoral Diaphysis; TD, Tibial Diaphysis; SPL, splenocytes. ALP, Alkaline E2701. doi: 10.3390/nu11112701. PMID: 31717258.
Phosphatase; COX, Cyclooxygenase; PPAR, Peroxisome proliferator activated receptor; MSC, Mesenchymal Guerrouahen, B., Sidahmed, H., Al Sulaiti, A., Al Khulaifi, M., & Cugno. C. (2019). Enhancing Mesenchymal Stromal Cell Immunomodulation for Treating Conditions
stromal cell; DHA, Docosahexaenoic acid; EPA, Ecosapentaenoic acid; IL, Interleukin; TNF, Tumor necrosis factor Influenced by the Immune System. Stem Cells International, Aug 5;2019:7219297. doi: 10.1155/2019/7219297. PMID: 31467564.

I-----_ -----_ -----_ -----_ -----_ ----_ -----_ -----_ -----_ -----_ ----_ ----_



