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Abstract: Repair and reconstruction of large bone defects remain a significant challenge. Cell construct,
containing mesenchymal stem cells (MSCs) and scaffold, is a promising strategy for addressing and treating major
orthopaedic clinical conditions. However, the design of an ideal cell construct for engineering bone faces two
critrical challenges (i) matching the scaffold degradation rate to that of new bone formation and (ii) preventing the
massive cell death post-implantation (caused by disruption of oxygen and nutrient supply). We will hereby
primarily focus on the challenge of survival of MSCs post-implantation. Increasing evidence indicates that
metabolic regulation plays a critical role in cell fate and functions. In cell metabolism, glucose is considered the
major metabolic substrate to produce ATP via glycolysis when the availability of oxygen is limited. In this paper,
we delineate the essential roles of glucose on MSC survival. We aim to provide a different perspective which
highlights the importance of considering glucose in the development of tissue engineering strategies in order to
improve the efficiency of MSC-based cell constructs in the repair of large bone defects.

Introduction:

The repair of large bone defects still represents a significant
challenge for orthopaedic, reconstructive and maxillofacial
surgeon™?. Current surgical techniques for the repair of bone
defects utilize autogenous, allogeneic, and prosthetic materials to
promote bone tissue regeneration. Autologous bone graft is the
gold standard treatment; however, it is limited in the amount of
bone tissue which can be harvested, posing a problem when the
defect is large®. In addition, the required additional surgical
procedure for bone graft harvest gives rise to a wide range of donor
site co-morbidities, including infection, hematoma, fracture, nerve
and vascular injuries, and chronic donor site pain4'5. Therefore,
new approaches to bone regeneration that would maximize the
benefit and reduce risk of complications are needed. In this
context, cell constructs have a promising role in addressing the
aforementioned current limitations due to the technical advances in
the field of biomaterials and stem cell biology®’.

Mesenchymal stem cells (MSCs), also referred to as
multipotent stromal cells, are a small non-hematopoietic
subpopulation of bone marrow derived cells. They are
characterized by their expression of surface markers CD73, CD90,
and CD105, and their lack of expression of surface markers CD34,
CD45, HLA-DR, or CD11b, and CD19%°. MSCs were first studied
for their role in the proliferation of hematopoietic stem cells™, yet
now they are recognized for their therapeutic potential in tissue
engineering applications. MSCs possess the ability to differentiate
into adipocytes, chondrocytes and osteoblasts, as well as to induce
a regenerative niche by secreting biologically active molecules that
inhibit tissue scarring, apoptosis and inflammation; promote

angiogenesis; and stimulate mitosis of tissue-intrinsic stem or
progenitor cells™.

During the bone repair processes, scaffolds act as a temporary
supporting structure, which (a) ensures that the defect space is
suitable for bone tissue growth, maturation and remodeling; (b)
provides mechanical functionality for proper transfer of loads
acting on scaffolds to the adjacent host tissues while the tissue
regenerates; and (c) facilitates in-growth of tissue regeneration®2.
Previous studies have shown that MSCs loaded into calcium-based
scaffolds actively contribute to the bone repair process in small
animal models (for review)***. The clinical applicability of such
cell constructs was further evaluated in critical-size bone defects in
large animal (dog and sheep) models; promising results were
obtained in the repair of long, segmental bone defects in load-
bearing situations using MSC-loaded ceramics (such as
hydroxyapatite (HA)-tricalcium phosphate®®, porous HA,
coralline HAY and calcium carbonate®®?° . However, in these
studies, the degradation of the material was a limiting factor,
hindering new bone tissue from occupying the entire defect space
and complete remodeling of the defect site. Temporal scaffold
degradation is, thus, a key factor in bone tissue regeneration. It
remains a challenge to optimize the degradation rate of ideal
biological scaffolds to match the new bone formation rate while
still providing mechanical support®.

Furthermore, the overall therapeutic effectiveness of the
MSC-containing ceramic scaffolds do not match the osteogenic
capability and clinical success of the gold standard, autologous
bone grafts'®. The underlying reasons for the limited osteogenic
potential of cell constructs are not yet fully understood but in vivo
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massive death of transplanted cells after engraftment into cell
constructs is a major, and serious, problem. Specifically, massive
cell death was observed in vivo when MSCs, loaded into scaffolds,
were implanted subcutaneously?*2, in mouse calvarial defects?®
and in femoral segmental bone defects?*. This massive cell death
post-implantation is a general phenomenon in tissue engineering
and as such represents a bottleneck in the use of MSCs in
regenerative medicine. Thus, post-implantation massive cell death
was also observed when using a single cell suspension of MSCs
for the treatment of either cardiac ischemia in mice (reviewed in
or acute kidney injury in rats?’.

)26

Metabolic regulation plays a critical role in cell fate and
functions?®2 and it is particularly important post-implantation as
MSCs experience ischemia (lack of oxygen and nutrients), and
oxidative stress at the delivery site?*3*, This adverse
microenvironment affects, in all likelihood, their metabolism. In
fact, the primary metabolic consequences of ischemia include the
disruption of mitochondrial function and aerobic ATP production
and the activation of anaerobic glycolysis and lactate
production®*3*, In this scenario, glucose is considered as the major
metabolic fuel for ATP production via glycolysis. Since vital cell
processes are fueled through the metabolism of energy substrates
supplied by the environment®®3, the severally compromised MSC
metabolism at transplantation sites may lead to cell death.

Both oxygen and glucose are needed to allow realignment of
metabolic activity and engagement in regenerative activity of
human MSCs (hMSCs), specifically survival, proliferation and
differentiation. The critical roles of oxygen in stem cell biology
have been reviewed comprehensively in the past®. This paper aims
to delineate the essential roles of glucose on MSCs survival. We
hope this paper can provide a different perspective on recognizing
the importance of glucose in the development and optimization of
MSC-based constructs that aim to repair and regenerate large bone
defects.

Metabolism of glucose in MSCs:

Carbohydrates, organic molecules composed of carbon, hydrogen,
and oxygen atoms, are central to many essential metabolic
pathways. The family of carbohydrates includes both simple and
complex sugars. Glucose, a simple sugar with the molecular
formula C6H1206, is the most important carbohydrate with
respect to cell metabolism. In fact, glucose is metabolized by
nearly all known organisms and releases energy in the form of the
high-energy molecules adenosine triphosphate (ATP) for later use
in cellular processes. MSCs metabolize glucose and produce ATP
by two main pathways: glycolysis and oxidative phosphorylation
(OXPHOS). In glycolysis, a glucose molecule is broken down into
two molecules of pyruvate and ATP; then pyruvate is either
converted into lactate or, in the presence of sufficient oxygen,
further oxidized in mitochondria to acetyl-CoA for the
tricarboxylic acid (TCA)36. In OXPHOS, electrons of the TCA
cycle are transferred through the electron transport chain (ETC)
within the inner mitochondrial membrane and produce ATP
molecules35,38. Although, OXPHOS produces a significantly
higher amount of ATP than glycolysis (specifically, 34-36 vs 2
ATP molecules per glucose molecule), MSC survival is not
dependent on OXPHOS but rather on glycolysis. Thus, rat MSCs
cultured with 2,4-dinitrophenol (DNP), a mitochondrial uncoupler
that inhibits OXPHOS, displayed no increase in cell death up to 72

hours post-DNP treatment, whereas addition of 2-deoxyglucose, an
analog of glucose that inhibits glycolysis, induced a significant
decrease in cell viability as early as 24 hours after treatment under
normoxic conditions39. Moreover, in near-anoxia (0.1% p0O2),
hMSCs treated with Antimycin A or Malanate (TCA cycle
inhibitors) does not further impair the MSC metabolism nor does it
significantly increase cell death40. Altogether, these findings
indicate that metabolism of glucose via glycolysis is crucial to
MSC survival.

Effects of glucose on MSC survival under near-

anoxia

In order to better understand the effect of post-implantation
ischemia and design a “niche” that reduces MSC sensitivity to
ischemia, Deschepper and al. established an in vitro model and
investigated the respective roles of glucose deprivation and
continuous near anoxia (the two major insults associated with
ischemia) on MSC viability*’. In this model, MSCs were exposed

to severe and continuous near-anoxia (pO, = 0.2%) with or

without glucose shortage. Without glucose, no viable cells were
observed at day 3 of culture, whereas, with glucose, viable cells
were observed up to day 12 of culture®’. These findings challenge
the current paradigm that the massive cell death observed upon
implantation is ascribed to near-anoxia per se and provide clear
evidence that MSCs can withstand exposure to severe, continuous
near anoxia provided that a glucose supply is available. From a
tissue engineering perspective, these results suggest that MSCs
loaded into glucose-enriched material scaffolds can overcome an
episode of long-term, severe near-anoxia and may remain
functional with respect to new tissue formation. These results,
which have been initially established with sheep MSCs, are now
confirmed and published with hMSCs over a period of up to 21
days in vitro*®*2, Most importantly, in an ectopic mice model,
transplantation of hMSCs in constructs enriched with glucose
resulted in a four-to-five-fold enhancement of hMSC survival
when compared to the transplantation of hMSCs in constructs
without glucose at 14 days post-implantation®?. Taken together,
these data establish that glucose is an essential and missing piece
to the puzzle of MSC survival in cell constructs post-implantation.

The pro-survival effect of glucose on hMSCs was further
reinforced by studying the potential benefits of alternative energy
substrates (specifically, glutamine, serine and pyruvate) on hMSC
survival. Moya et al. confirmed experimentally that hMSCs
cultured under 0.1% pO, were unable to use exogenous glutamine
and serine to produce ATP, and exhibited the similar survival rate
to hMSCs cultured in the absence of glucose. In contrast, hMSCs
are able to produce ATP by metabolizing pyruvate into lactate, but
while viability of hMSCs remained high at more than 60% at day
7, it sharply decreased at day 14*°. Most importantly, the analyses
of gene expression profiles of metabolic enzymes revealed, for the
first time, that glycolysis (not pentose phosphate, TCA, or
glycogenolysis) is the only metabolic pathway involved in hMSC
survival under near-anoxia. These results were further confirmed
by addition of inhibitors of glycolysis (either 2DG or NaOx) which
induced a drastic decrease in cell viability. In fact, there were no
viable cells after 3 days of culture, suggesting a pivotal role of
glycolysis for ensuring hMSC survival in near-anoxia®.
Altogether, these findings indicate that glucose plays a paramount
role on MSC survival by supplying ATP via glycolysis.
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It is noteworthy that, apart from ATP depletion, inhibition of
glycolysis as a result of glucose deprivation also induces the loss
of crucial anti-apoptotic signals such as Akt®%#* Moreover,
decreased glucose metabolism due to glucose deprivation represses
the generation of many biosynthetic precursor molecules, including
nucleic acids, fatty acids, and acetyl-CoA for acetylation*; as well
as inhibits proper glycosylation and protein folding in the
endoplasmic reticulum®. There is also evidence that glucose
deprivation as a metabolic stress activates the cellular process
autophagy as a protective mechanism to mitigate damage and
provide nutrients for short-term survival*,

Conclusion:

Undoubtedly, MSCs have great therapeutic potential in bone
tissue engineering applications, However, massive MSC death
upon transplantation is a major impediment that results in , low
engraftment rate and subsequently therapeutic shortcomings and/or
failure. Metabolic activity of MSCs, which is highly sensitive to
environmental cues, plays critical roles in cell fate and functions.
Recent studies have focused on the importance of glucose to the
survival rate of transplanted MSCs by sustaining bio-energetic
levels so that these cells better adjust to the hostile and injured
microenvironment. In such cases, glucose-enriched scaffold is a
promising approach to ensure the metabolic demands of
transplanted MSC are met, thus improving their survival and their
functions pertinent to bone tissue regeneration.

Acknowledgments

The authors would like to acknowledge their funding sources
from L'Agence Nationale de la Recherche (ANR-16-ASTR-0012-
01 and ANR-12-BSV5-0015-01) and from the China Scholarship
Council (No. 201600160067).

Disclosure Statement
The authors declare no competing financial interests

References

1. Dimitriou R, Tsiridis E, Giannoudis P V. Current concepts of molecular
aspects of  bone  healing. Injury.  2005;36(12):1392-1404.
doi:10.1016/j.injury.2005.07.019

2. Heary RF, Schlenk RP, Sacchieri TA, Barone D, Brotea C. Persistent
iliac crest donor site pain: independent outcome assessment. Neurosurgery.
2002;50(3):510-6-7. doi:10.1097/00006123-200203000-00015

3. Sen MK, Miclau T. Autologous iliac crest bone graft: Should it still be
the gold standard for treating nonunions? Injury. 2007;38(SUPPL. 1):S75-
S80. doi:10.1016/j.injury.2007.02.012

4. Younger EM, Chapman MW. Morbidity at bone graft donor sites. J
Orthop Trauma. 1989;3(3):192-195.
http://www.ncbi.nlm.nih.gov/pubmed/2809818.

5. Dimitriou R, Mataliotakis GI, Angoules AG, Kanakaris NK, Giannoudis
P V. Complications following autologous bone graft harvesting from the
iliac crest and using the RIA: A systematic review. Injury. 2011;42:S3-S15.
doi:10.1016/j.injury.2011.06.015

6. Petrovic V, Zivkovic P, Petrovic D, Stefanovic V. Craniofacial bone
tissue engineering. Oral Surg Oral Med Oral Pathol Oral Radiol.
2012;114(3):e1-€9. doi:10.1016/j.0000.2012.02.030

7. Robey P. “Mesenchymal stem cells”: Fact or fiction, and implications in
their therapeutic use. F1000Research. 2017;6.
doi:10.12688/f1000research.10955.1

8. Busser H, Najar M, Raicevic G, et al. Isolation and Characterization of
Human Mesenchymal Stromal Cell Subpopulations: Comparison of Bone
Marrow and Adipose Tissue. Stem Cells Dev. 2015;24(18):2142-2157.
doi:10.1089/scd.2015.0172

9. Stoltz J-F, de Isla N, Li YP, et al. Myth or Reality of the 21th Century.
Stem Cells Int. 2015:734731. doi:10.1155/2015/734731i

10. FRIEDENSTEIN AJ. Osteogenic stem cells in the bone marrow. In:
Bone and Mineral Research. Elsevier; 1990:243-272. d0i:10.1016/b978-0-
444-81371-8.50012-1

11. Caplan Al. Adult mesenchymal stem cells for tissue engineering versus
regenerative  medicine. J  Cell  Physiol. 2007;213(2):341-347.
doi:10.1002/jcp.21200

12. Poh PSP, Valainis D, Bhattacharya K, van Griensven M, Dondl P.
Optimization of Bone Scaffold Porosity Distributions. Sci  Rep.
2019;9(1):1-10. doi:10.1038/s41598-019-44872-2

13. Logeart-Avramoglou D, Anagnostou F, Bizios R, Petite H. Engineering
bone: Challenges and obstacles. J Cell Mol Med. 2005;9(1):72-84.
doi:10.1111/j.1582-4934.2005.tb00338.x

14. McGovern JA, Griffin M, Hutmacher DW. Animal models for bone
tissue engineering and modelling disease. DMM Dis Model Mech.
2018;11(4). doi:10.1242/dmm.033084

15. Bruder SP, Jaiswal N, Ricalton NS, Mosca JD, Kraus KH, Kadiyala S.
Mesenchymal stem cells in osteobiology and applied bone regeneration. In:
Clinical Orthopaedics and Related Research. Lippincott Williams and
Wilkins; 1998. doi:10.1097/00003086-199810001-00025

16. Kon E, Muraglia A, Corsi A, et al. Autologous bone marrow stromal
cells loaded onto porous hydroxyapatite ceramic accelerate bone repair in
critical-size defects of sheep long bones. J Biomed Mater Res.
2000;49(3):328-337. doi:10.1002/(sici)1097-
4636(20000305)49:3<328::aid-jbm5>3.0.c0;2-q

17. Bensaid W, Oudina K, Viateau V, et al. De novo reconstruction of
functional bone by tissue engineering in the metatarsal sheep model. Tissue
Eng. 2005;11(5-6):814-824. d0i:10.1089/ten.2005.11.814

18. Petite H, Viateau V, Bensaid W, et al. Tissue-engineered bone
regeneration. Nat Biotechnol. 2000;18(9):959-963. doi:10.1038/79449

19. Viateau V, Guillemin G, Bousson V, et al. Long-bone critical-size
defects treated with tissue-engineered grafts: a study on sheep. J Orthop
Res. 2007;25(6):741-749. doi:10.1002/jor.20352

20. Manassero M, Viateau V, Deschepper M, et al. Bone Regeneration in
Sheep Using Acropora Coral, a Natural Resorbable Scaffold, and
Autologous Mesenchymal Stem Cells. Tissue Eng Part A. 2013;19(13-
14):1554-1563. doi:10.1089/ten.tea.2012.0008

21. Jin H, Zhuo Y, Sun Y, Fu H, Han Z. Microstructure design and
degradation performance in vitro of three-dimensional printed bioscaffold
for bone tissue engineering. Adv Mech Eng.
2019;11(10):168781401988378. doi:10.1177/1687814019883784

22. Becquart P, Cambon-Binder A, Monfoulet L-E, et al. Ischemia is the
prime but not the only cause of human multipotent stromal cell death in
tissue-engineered constructs in vivo. Tissue Eng Part A. 2012;18(19-
20):2084-2094. doi:10.1089/ten. TEA.2011.0690

23. Logeart-Avramoglou D, Oudina K, Bourguignon M, et al. In vitro and
in vivo bioluminescent quantification of viable stem cells in engineered
constructs. Tissue Eng Part C Methods. 2010;16(3):447-458.
doi:10.1089/ten. TEC.2009.0004

24. Manassero M, Paquet J, Deschepper M, et al. Comparison of Survival
and Osteogenic Ability of Human Mesenchymal Stem Cells in Orthotopic
and Ectopic Sites in Mice. Tissue Eng Part A. 2016;22(5-6):534-544.
doi:10.1089/ten. TEA.2015.0346

25. Dégano IR, Vilalta M, Bagé JR, et al. Bioluminescence imaging of
calvarial bone repair using bone marrow and adipose tissue-derived
mesenchymal stem cells. Biomaterials. 2008;29(4):427-437.
doi:10.1016/j.biomaterials.2007.10.006

26. Haider HK, Ashraf M. Strategies to promote donor cell survival:
combining preconditioning approach with stem cell transplantation. J Mol
Cell Cardiol. 2008;45(4):554-566. doi:10.1016/j.yjmcc.2008.05.004

27. Togel F, Yang Y, Zhang P, Hu Z, Westenfelder C. Bioluminescence
imaging to monitor the in vivo distribution of administered mesenchymal
stem cells in acute kidney injury. Am J Physiol Renal Physiol.
2008;295(1):F315-21. doi:10.1152/ajprenal.00098.2008

28. Mylotte LA, Duffy AM, Murphy M, et al. Metabolic Flexibility Permits
Mesenchymal Stem Cell Survival in an Ischemic Environment. Stem Cells.
2008;26(5):1325-1336. doi:10.1634/stemcells.2007-1072



Guotian Luo and al.

29. Liu Y, Ma T. Metabolic regulation of mesenchymal stem cell in
expansion and therapeutic application. Biotechnol Prog. 2015;31(2):468-
481. doi:10.1002/btpr.2034

30. Ghosh-Choudhary S, Liu J, Finkel T. Metabolic Regulation of Cell Fate
and Function. Trends Cell Biol. January 2020.
doi:10.1016/j.tch.2019.12.005

31. Li L, Chen X, Wang WE, Zeng C. How to Improve the Survival of
Transplanted Mesenchymal Stem Cell in Ischemic Heart? Stem Cells Int.
2016;2016:9682757. doi:10.1155/2016/9682757

32. Elsésser A, Suzuki K, Lorenz-Meyer S, Bode C, Schaper J. The role of
apoptosis in myocardial ischemia: A critical appraisal. Basic Res Cardiol.
2001;96(3):219-226. doi:10.1007/s003950170052

33. Ghosh-choudhary S, Liu J, Finkel T. Metabolic Regulation of Cell Fate
and Function. Trends Cell Biol. 2019:1-12. doi:10.1016/j.tch.2019.12.005
34. Ito K, Suda T. Metabolic requirements for the maintenance of self-
renewing stem cells. Nat Rev Mol Cell Biol. 2014;15(4):243-256.
doi:10.1038/nrm3772

35. Folmes CDL, Dzeja PP, Nelson TJ, Terzic A. Metabolic Plasticity in
Stem Cell Homeostasis and Differentiation. Cell Stem Cell.
2012;11(5):596-606. doi:10.1016/J.STEM.2012.10.002

36. Salazar-Noratto GE, Luo G, Denoeud C, et al. Concise Review:
Understanding and leveraging cell metabolism to Enhance Mesenchymal
Stem Cell Transplantation Survival in Tissue Engineering and
Regenerative Medicine Applications. Stem Cells. August 2019.
doi:10.1002/stem.3079

37. Mohyeldin A, Garzén-Muvdi T, Quifiones-Hinojosa A. Oxygen in stem
cell biology: A critical component of the stem cell niche. Cell Stem Cell.
2010;7(2):150-161. doi:10.1016/j.stem.2010.07.007

38. Lunt SY, Vander Heiden MG. Aerobic Glycolysis: Meeting the
Metabolic Requirements of Cell Proliferation. Annu Rev Cell Dev Biol.
2011;27(1):441-464. doi:10.1146/annurev-cellbio-092910-154237

39. Mylotte LA, Duffy AM, Murphy M, et al. Metabolic Flexibility Permits
Mesenchymal Stem Cell Survival in an Ischemic Environment. Stem Cells.
2008;26(5):1325-1336. doi:10.1634/stemcells.2007-1072

40. Moya A, Paquet J, Deschepper M, et al. Human Mesenchymal Stem
Cell Failure to Adapt to Glucose Shortage and Rapidly Use Intracellular
Energy Reserves Through Glycolysis Explains Poor Cell Survival After
Implantation. Stem Cells. 2018;36(3):363-376. doi:10.1002/stem.2763

41. Deschepper M, Oudina K, David B, et al. Survival and function of
mesenchymal stem cells (MSCs) depend on glucose to overcome exposure
to long-term, severe and continuous hypoxia. J Cell Mol Med.
2011;15(7):1505-1514. doi:10.1111/j.1582-4934.2010.01138.x

42. Deschepper M, Manassero M, Oudina K, et al. Proangiogenic and
prosurvival functions of glucose in human mesenchymal stem cells upon
transplantation. Stem Cells. 2013;31(3):526-535. doi:10.1002/stem.1299
43. Rathmell JC, Fox CJ, Plas DR, Hammerman PS, Cinalli RM,
Thompson CB. Akt-Directed Glucose Metabolism Can Prevent Bax
Conformation Change and Promote Growth Factor-Independent Survival.
Mol Cell Biol. 2003;23(20):7315-7328. doi:10.1128/mch.23.20.7315-
7328.2003

44. Majewski N, Nogueira V, Bhaskar P, et al. Hexokinase-mitochondria
interaction mediated by Akt is required to inhibit apoptosis in the presence
or absence of Bax and Bak. Mol Cell. 2004;16(5):819-830.
doi:10.1016/j.molcel.2004.11.014

45. Wellen KE, Hatzivassiliou G, Sachdeva UM, Bui T V, Cross JR,
Thompson CB. ATP-citrate lyase links cellular metabolism to histone
acetylation.Science.2009;324(5930):1076-1080.
doi:10.1126/science.1164097

46. Kaufman RJ, Back SH, Song B, Han J, Hassler J. The unfolded protein
response is required to maintain the integrity of the endoplasmic reticulum,
prevent oxidative stress and preserve differentiation in B-cells. Diabetes,
Obes  Metab.  2010;12(SUPPL. 2):99-107.  doi:10.1111/j.1463-
1326.2010.01281.x

47. Bernales S, McDonald KL, Walter P. Autophagy counterbalances
endoplasmic reticulum expansion during the unfolded protein response.
PLoS Biol. 2006;4(12):2311-2324. doi:10.1371/journal.pbio.0040423

48. Altman BJ, Rathmell JC. Metabolic stress in autophagy and cell death
pathways. Cold  Spring Harb  Perspect  Biol.  2012;4(9).
doi:10.1101/cshperspect.a008763

Corresponding author:
Dr Hervé Petite, PhD

Laboratory of Bioengineering and Biomechanics for Bone and
Articulations; UMR 7052, CNRS, Paris Diderot University, Sorbonne
Paris-Cité, 10 avenue de Verdun 75010 Paris, France
Phone number; +33 1 57 27 85 33
E-mail: herve.petite@univ-paris-diderot.fr

How to cite this article:

Guotian Luo, Giuliana E. Salazar-Noratto, Esther Potier, Hervé Petite’,
Engineering bone with mesenchymal stem cells: challenges and obstacles,
Stem Cells and Regenerative Medicine, 10S Press, 2021, Biomedical and
Health Research, DOI 10.3233/BHR210011.


mailto:herve.petite@univ-paris-diderot.fr

Guotian Luo and al.

sl (REH

Day4 Day?7  Dayt4 Day1 Day4 Day7 Day14

- 150 - 300
o . . Q AL
g T] & 250 T
§ _100 | - . I § 200 T
- . - 3
=8 = £2 150
%a : 2 o
s 2 50 o+ $2 100
D . = = =
o | 8 50 |
© [ - 5
= 0 | | A A ; . 0
1 7 14 1 4 7 14
Days post implantation Days post implantation

Figure 1: Glucose enhances in vivo cell survival in a 3D construct. (A): Imaging and viability quantification of hMSCs seeded in PASM
scaffolds filled with fibrin gel (loaded [black bars] or not [white bars] with glucose). (B): Imaging and viability quantification of hMSC
seeded in PASM scaffolds filled with hyaluronic acid (2%) loaded (black bars) or not (white bars) with glucose. A striking increase of cell
viability was observed in cell constructs loaded with glucose independent of the type of hydrogel (i.e., hyaluronic acid or fibrin gel) used.
At day 14, a four- to fivefold increase in cell numbers obtained for cell-containing constructs loaded with glucose when compared to the
respective control (i.e., cell-containing constructs without glucose). Data are represented as mean + SD. *, p < .05; **, p <.001. This figure
is reprinted with the permission from Deschepper et al.*2. Copyright John Wiley & Sons, 2013.
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Figure 2: Extracellular glucose (glc) is necessary to ensure long-term survival of human mesenchymal stem cells (nMSCs) exposed to
near-anoxia. Viability of hMSCs cultured under near-anoxia (0.1% O,) in a minimal medium supplemented or not with either glutamine
(glut), serine (ser), pyruvate (pyr), or glc at a final concentration of 5 g/l for up to 14 days (n = 3). Results are expressed as means + SD.
*, p <.05 versus the minimal medium cell group (two-way analysis of variance followed by Bonferroni's post hoc test). This figure is
reprinted with the permission from Moya et al.*’. Copyright John Wiley & Sons, 2018.




