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ABSTRACT
Background: There is a growing interest in the potential of mesenchymal stem cells

(MSC) for implementing regenerative medicine.

Methods: We assessed the effect of intravenous administration of human bone marrow-
derived MSC on the lifespan of a single Sprague-Dawley female rat. The treatment was
started when the rat was 6 months old and the cells were administered every two weeks

afterwards.

Results: The treatment did not induce any obvious changes in body growth or behavior
and the rat showed the typical age changes for this strain, except that, unlike intact
counterparts, the animal did not develop mammary tumors or pituitary gland
hyperplasia. The more remarkable effect of the treatment was on lifespan which was 44

months as compared with an average of 36 months for intact laboratory rats.

Conclusions: We conclude that despite the low N value it is likely that the MSC
treatment was responsible for the exceptionally long survival of the rat. The potential
rewards of confirming the present findings warrant further studies involving higher N

values.
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INTRODUCTION

Mesenchymal stromal cells (also known as mesenchymal stem cells; MSC) are regarded
as multipotent progenitors® with the ability to modulate inflammatory responses® and
migrate to injury sites®. They can likely be derived from almost all tissues, and should
express certain cell surface markers, such as CD105, CD73 and CD90 and be negative
for hematopoietic cell surface markers (as reviewed in*). Finally, they must be able to
differentiate into osteoblasts, chondroblasts and adipoblasts®.

There is a growing interest in the therapeutic potential of MSC; thus, administration of
MSC in different animal models was found to have restorative effects in liver fibrosis®,
myocardial infarction’ and Alzheimer’s disease (AD)®. There is also evidence that with
age, the pool of MSC becomes progressively smaller and the remaining cells lose
vitality, a fact that led one of us (EM) to hypothesize that there is an age-related stem
cell exhaustion syndrome which may be responsible for a number a chronic pathologies,
including aging itself °. Here, we report that long-term intravenous administration of
human bone marrow-derived MSC in a single female rat was associated with a
remarkably long survival, 44 months, as compared with an average lifespan of 36

months for most albino rats.

MATERIAL AND METHODS

Animals

Sprague-Dawley rats are raised in our rat colony at INIBIOLP. They are housed in a
temperature-controlled room (22 £2<€) on a 14:10 h light/dark cycle. Food and water
are available ad libitum. In our rat colony, the average 50% survival time for females,
studied in groups of 50-60 animals, is approximately 32 months, provided mammary

tumors are systematically removed when detected by palpation. The rat under treatment
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belonged to a group of 50 virgin females to be used in the future when they were
between 27-29 months old. The rat was placed alone in a standard stainless steel square
cage. Typically, our female rats show an almost flat survival curve (100 % alive) until
age 24-26 months when they begin to die in progressively increasing numbers. All
experiments with animals were performed in accordance to the Animal Welfare
Guidelines of NIH (INIBIOLP’s Animal Welfare Assurance No A5647-01). IACUC

approved on April 3 2007 and extended on December, 19", 2011.

Human bone marrow-derived MSC isolation and preparation

Ten ml heparinized bone marrow blood was sterilely obtained by needle aspiration from
the ileac bone of a male (56 years old) cadaver donor, in a routine procurement
procedure at the Buenos Aires Province Ministry of Health Transplantation Agency,
CUCAIBA, after cardiac arrest and when all other organs and tissues suitable for
transplantation had been already collected. In this procurement procedure, the donor 's
bone marrow blood was collected after fulfilling all requirements as needed by law, for
organ, tissue and cell transplantation and research. The bone marrow blood was
transported and processed under sterile conditions. Briefly, blood was diluted in low
glucose DMEM (Invitrogen), and mononuclear cells collected after density gradient
centrifugation and cultured for the isolation of MSC in 75 cm? tissue culture flasks at
37°C in a CO; incubator (5% CO,) at 95% humidity with 10% of selected fetal bovine
serum (FBS), Invitrogen). Cells were cultured overnight and the adherent cells allowed
to attach to the plastic flasks. Nonadherent cells were removed and the culture expanded
for several days, feeding them every 3 days. MSC appeared soon as typical round
colonies and a monolayer started to form over 14-17 days in every flask. When the cells
reached 80% confluence, they were detached from the culture flasks, expanded in a

second passage, phenotyped as CD105, CD73, CD44 and CD90 positive cells, lacking
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CD45, CD34, CD14, CD11b, CD79, CD19 and HLA-DR surface molecules expression,
microbiologically tested and caryotyped to confirm they were normal. The MSC were
then placed in low glucose DMEM with 20% FBS and 10% DMSO and cryopreserved
in liquid nitrogen. This preparation was the source of MSC for the whole study. For
each injection, a cell aliquot was thawed and cultured, with regular examination under a
phase-contrast inverted microscope. Finally, the MSC were detached, concentrated by
centrifugation, their concentration properly adjusted and delivered to the rat as
described below.

Treatment with MSC

A suspension of MSC in low glucose DMEM (5x10° cells in 0.5 ml) was injected with
a tuberculin syringe fitted to a 25G needle, in one of the tail veins. The treatment was
started at 6 months of age and the MSC injections were administered every two weeks

until the end of the study.

RESULTS

The MSC injections did not cause any observable changes in the rat, either beneficial or
detrimental. As the animal aged it progressively developed bilateral cataracts which
became severe after 30 months of age. This pathology was also observed in the majority
of the intact counterparts. Although there is a high incidence of nonmetastatic mammary
tumors in our aging females (which are surgically removed shortly after detection in
order to prolong the animals’ life) none was detected in the treated rat. The body weight
of the experimental rat showed a slight increase as it aged. It was 2919 at 27 months,

314 g at 36 months and 321 g at 42 months. Taken as a reference, fifteen 27-month
intact counterparts weighed (X*SEM) 28734 g. At 30 months of age, a 7-day long

assessment of vaginal smears revealed that the animal was, as expected, in constant
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anestrus. At 42 months of age the treated rat showed a mobility and exploratory activity
roughly comparable to that of 26-month-old intact counterparts when placed on the
Barnes maze. At this age the rat showed no paralysis or dragging of the hind legs and
displayed a normal posture (Fig. 1). The animal died at 44 months of age, during the
night, without having shown overt signs of disease during the previous days. The
necropsy revealed no tumors or gross pathology in the major organs. A remarkable
finding was the preserved size of the pituitary gland which is almost invariably enlarged
or even tumoral in our old female rats at 27-29 months of age.

The brain was removed and the remainder of the head was frozen and sent to Dr. Steven
Clarke, Department of Chemistry and Biochemistry and the Molecular Biology
Institute, University of California at Los Angeles, for an independent determination of
age by analysis of racemization and isomerization of teeth and eye lens proteins. The

results are reported in this issue.

DISCUSSION

The average lifespan of laboratory rats is 3 years™ and up to now, calorie restriction
remains as the only proven intervention able to substantially extend lifespan in rodents.
It was first demonstrated by the pioneering studies of McCay et al. (1935)™ in rats. The
authors used severe caloric restriction started after weaning in order to retard growth,
keeping the body weight of the animals at about half the weight of the ad libitum fed
counterparts. In the females, the maximum life span increased from 1,189 days (39.6
mo.) in the fully fed rats to 1,421 days (47.4 mo.) in the females calorie restricted after
weaning. The mortality was high as reflected by the fact that the avearge lifespan of the
surviving females was 801 (26.7 mo.) and 775 (25.8 mo.) days for control and calorie

restricted females, respectively. Comparable results were recorded in males. In young
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female Sprague-Dawley rats it was shown that 50% food restriction induces a severe
panhypopituitarism as well as an arrest in ovulation and estrous cyclicity. Upon
refeedeing, the rats resumed estrous cycles and remained cycling for longer than their
full-fed counterparts™.

Unlike calorie restricted rats, the MSC treated rat gained weight at the same rate as the
untreated counterparts and did not show any signs of disease or behavioral
abnormalities (severely calorie resticted rats show profound behavioral changes
including cannibalism). Mammary tumors and pituitary hyperplasia or adenoma are the
two most frequent pathologies in aging Sprague Dawley female rats™. Interestingly, our
experimental rat did not develop mammary tumors during its extended life; nor was its
pituitary gland enlarged at the time of death.

The fact that we used a single experimental animal limits the strength of the conclusions
that can be drawn. Nevertheless, it should be pointed out that it is highly unlikely,
although possible, that the rat chosen at random for the treatment was one of the
extremely rare very long-lived individuals that exist in a colony of Sprague Dawley rats.
Interestingly, heterochronic parabiosis has been reported to extend the lifespan of the
older member of the parabiotic pair'*. The intervention extended the maximum lifespan
of Buffalo female rats from 1,100-1,150 days (37 mo.) in single intact females to 1,150-
1,200 days (39 mo.) in the older member of the heterochronic parabiotic pair.
Interestingly, Shen at al. (2011) ** reported that bone marrow-derived MSC from young,
but not from old, mice implanted in full body X-irradiated old (18-24 mo.) female mice,
moderately but significantly increased their lifespan and slowed their age-related loss of
bone density. Furthermore, a recent study in F344 male rats showed that long-term
intravenous treatment (one injection a month) of the animals with human amniotic

membrane-derived mesenchymal stem cells (AMMSCs) or adipose tissue-derived
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mesenchymal stem cells (ADMSCs) extended their maximum life span from 23 months
(saline-injected controls) to 30 and 34 months, respectively. The treatment, that did not
elicit a significant immune rejection, also improved the increased the concentration of
acetylcholine and recovered neurotrophic factors in the brain and muscles, leading to
restoration of microtubule-associated protein 2, cholinergic and dopaminergic nervous
systems, microvessels, muscle mass, and antioxidative capacity’®. Although these rats
were shorter-lived than average rat strains (typical life span, 36 months), the results are
fully in line with ours and support the hypothesis that stem cell depletion is relevant to
the process of systemic aging.

Another study suggests that the plasma from young mice contains molecules able to
improve cognitive functions in old mice'’. Taken together, the above studies are
consistent with the hypothesis of a stem cell exhaustion syndrome as a relevant
(although not exclusive) cause of aging and chronic pathologies®. The heterologous
MSC used in the present study came from a patient approaching old age, yet the treated
rat had a lifespan 22% longer than the avearge lifespan of laboratory rats. Since this is,
to our knowledge, the first report of a life extending activity of MSC in rats, it would be
premature to postulate a mechanism for this effect. Clearly, the tolerance of the rat to
these heterologous MSC was very high. Importantly, preliminary experiments in which
we intracerebroventricularly administered human MSC to 27-month old female rats or
streptozotocin-lesioned young males (an AD model) revealed only a mild restorative
effect on spatial memory. This suggests that MSC therapy must be started during
adulthood or youth in order to significantly extend life and delay the onset of age-

related pathologies.

Concluding remarks
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This is a 4.5-year long experiment with a design weakness that stems from the minimal
N value used, a limitation that is at least partly counterbalanced by the high
unlikelihood of finding by chance such a long-lived individual in our rat colony.
Clearly, the results are not conclusive but they invite further exploration. We believe
that the potential rewards of confirming the present findings warrant investing the time

and resources needed to replicate the study with a higher N value.

ACKNOWLEDGEMENTS

The authors are grateful to Dr. Aubrey D. N. J. de Grey of the SENS Research
Foundation (Mountain View, CA) for useful comments on the data and for his active
role in promoting complementary collaborative studies of our rat material. RGG also
thanks Mr. Ben Best, former Cryonics Institute president, for stimulating discussions on
life extension strategies and for assisting us to disseminate the present results.
Funding.- This study was supported in part by grant # RO1AG029798 from the Fogarty
International Center and the National Institute on Aging, NIH, to RGG, and by funding
from the Buenos Aires Ministry of Public Health to EM. RGG is a career scientist of the
Argentine Research Council (CONICET); EM is head of the, Tissue Engineering,
Regenerative Medicine and Cell Therapies Laboratory, CUCAIBA, Buenos Aires
Province Ministry of Public Health, Argentina; GR is a senior technician at CUCAIBA,
YES is a CONICET senior research professional. AT, is a senior clinician at
CUCAIBA.

Author Disclosure Statement

EM designed the study and monitored the preparation of the MSC used; RGG co-
designed the study and supervised the animal experiments. GR, performed the MSC

preparative procedures. YES, performed MSC injections, monitored animal health and



10

was the main experimenter in charge of handling the treated rat. AT, provided technical
advice and support in the human stem cell procurement process. RGG and EM wrote

the MS. All authors read and approved the paper.

"1004d S1Y1 Wody JBy4ip Aew uosBA paysiignd eulyay M_. "u01199.409 Joo.d pue BunipaAdod obsepun 01 BA sey Inq ‘uoiedljgnd Joj pa1dedde pue pameiIne.-Jead usaq sey aone siyl
(2221°GT02 B1/680T 0T “10P) 3DV 4O SHINOW Sm %._. wmmﬁ%Wﬁm_: m_,_m_._.w IVINAHONISIW HLIM 3LV3dl 1vd Vv



'I(he final published version may differ from this proof.

enation Research ) )
ELLSLIVESTO 44 MONTHS OF AGE (doi: 10.1089/rej.2015.1777)

eé:uv

R
This article has been peer-reviewed and accepted for publication, but has yet to undergo copyediting and proof correction.

A RAT TREATED WITH MESENCHYMAL STEM

11

REFERENCES

1. Dominici M, Le Blanc K, Mueller I, Slaper-Cortenbach I, Marini F, Krause D,
Deans R, Keating A, Prockop D, Horwitz E. Minimal criteria for defining multipotent
mesenchymal stromal cells. The International Society for Cellular Therapy Position
Statement. Cytotherapy 2006; 8:315-317.

2. Nauta AJ , Fibbe WE. Immunomodulatory properties of mesenchymal stromal cells.
Blood 2007; 110:3499-3506.

3.di Bonzo LV, Ferrero I, Cravanzola C, Mareschi K, Rustichell D, Novo E, Sanavio
F, Cannito S, Zamara E, Bertero M, Davit A, Francica S, Novelli F, Colombatto S,
Fagioli F, Parola M. Human mesenchymal stem cells as a two-edged sword in hepatic
regenerative medicine: engraftment and hepatocyte differentiation versus profibrogenic
potential. Gut 2008: 57:223-231.

4. Aguino JB, Bolontrade MF, Garcia MG, Podhajcer OL, Mazzolini G. Mesenchymal
stem cells as therapeutic tools and gene carriers in liver fibrosis and hepatocellular
carcinoma. Gene Therapy 2010; 17: 692—-708.

5. Pittenger MF, Mackay AM, Beck SC, Jaiswal RK, Douglas R, Mosca JD, Moorman
MA, Simonetti DW, Craig S, Marshak DR. Multilineage potential of adult human
mesenchymal stem cells. Science 1999; 284: 143-147.

6. Fiore EJ, Mazzolini G, Aquino JB. Mesenchymal stem/stromal cells in liver fibrosis:
recent findings, old/new caveats and future perspectives. Stem Cell Rev 2015; 11: 586-
597.

7. Amado LC, Saliaris AP, Schuleri KH, St John M, Xie JS, Cattaneo S, Durand DJ,
Fitton T, Kuang JQ, Stewart G, Lehrke S, Baumgartner WW, Martin BJ, Heldman AW,
Hare JM. Cardiac repair with intramyocardial injection of allogeneic mesenchymal stem

cells after myocardial infarction. Proc nat Acad Sci USA 2005;102:11474-11479.


https://www.researchgate.net/publication/6863808_Dominici_M_Blanc_KL_Mueller_I_Slaper-Cortenbach_I_Marini_FC_Krause_DS_Minimal_criteria_for_defining_multipotent_mesenchymal_stromal_cells_The_International_Society_for_Cellular_Therapy_position_statem?el=1_x_8&enrichId=rgreq-f2347e7e75f43209a42165579d3de4dc-XXX&enrichSource=Y292ZXJQYWdlOzI4NjQ0NDExMTtBUzozMTI2MTMzNDEyMDQ0ODBAMTQ1MTU0NDIzNjYzNQ==
https://www.researchgate.net/publication/6863808_Dominici_M_Blanc_KL_Mueller_I_Slaper-Cortenbach_I_Marini_FC_Krause_DS_Minimal_criteria_for_defining_multipotent_mesenchymal_stromal_cells_The_International_Society_for_Cellular_Therapy_position_statem?el=1_x_8&enrichId=rgreq-f2347e7e75f43209a42165579d3de4dc-XXX&enrichSource=Y292ZXJQYWdlOzI4NjQ0NDExMTtBUzozMTI2MTMzNDEyMDQ0ODBAMTQ1MTU0NDIzNjYzNQ==
https://www.researchgate.net/publication/6863808_Dominici_M_Blanc_KL_Mueller_I_Slaper-Cortenbach_I_Marini_FC_Krause_DS_Minimal_criteria_for_defining_multipotent_mesenchymal_stromal_cells_The_International_Society_for_Cellular_Therapy_position_statem?el=1_x_8&enrichId=rgreq-f2347e7e75f43209a42165579d3de4dc-XXX&enrichSource=Y292ZXJQYWdlOzI4NjQ0NDExMTtBUzozMTI2MTMzNDEyMDQ0ODBAMTQ1MTU0NDIzNjYzNQ==
https://www.researchgate.net/publication/6863808_Dominici_M_Blanc_KL_Mueller_I_Slaper-Cortenbach_I_Marini_FC_Krause_DS_Minimal_criteria_for_defining_multipotent_mesenchymal_stromal_cells_The_International_Society_for_Cellular_Therapy_position_statem?el=1_x_8&enrichId=rgreq-f2347e7e75f43209a42165579d3de4dc-XXX&enrichSource=Y292ZXJQYWdlOzI4NjQ0NDExMTtBUzozMTI2MTMzNDEyMDQ0ODBAMTQ1MTU0NDIzNjYzNQ==
https://www.researchgate.net/publication/41895507_Mesenchymal_stem_cells_as_therapeutic_tools_and_gene_carriers_in_liver_fibrosis_and_hepatocellular_carcinoma?el=1_x_8&enrichId=rgreq-f2347e7e75f43209a42165579d3de4dc-XXX&enrichSource=Y292ZXJQYWdlOzI4NjQ0NDExMTtBUzozMTI2MTMzNDEyMDQ0ODBAMTQ1MTU0NDIzNjYzNQ==
https://www.researchgate.net/publication/41895507_Mesenchymal_stem_cells_as_therapeutic_tools_and_gene_carriers_in_liver_fibrosis_and_hepatocellular_carcinoma?el=1_x_8&enrichId=rgreq-f2347e7e75f43209a42165579d3de4dc-XXX&enrichSource=Y292ZXJQYWdlOzI4NjQ0NDExMTtBUzozMTI2MTMzNDEyMDQ0ODBAMTQ1MTU0NDIzNjYzNQ==
https://www.researchgate.net/publication/41895507_Mesenchymal_stem_cells_as_therapeutic_tools_and_gene_carriers_in_liver_fibrosis_and_hepatocellular_carcinoma?el=1_x_8&enrichId=rgreq-f2347e7e75f43209a42165579d3de4dc-XXX&enrichSource=Y292ZXJQYWdlOzI4NjQ0NDExMTtBUzozMTI2MTMzNDEyMDQ0ODBAMTQ1MTU0NDIzNjYzNQ==
https://www.researchgate.net/publication/13188086_Multilineage_Potential_of_Adult_Human_Mesenchymal_Stem_Cells?el=1_x_8&enrichId=rgreq-f2347e7e75f43209a42165579d3de4dc-XXX&enrichSource=Y292ZXJQYWdlOzI4NjQ0NDExMTtBUzozMTI2MTMzNDEyMDQ0ODBAMTQ1MTU0NDIzNjYzNQ==
https://www.researchgate.net/publication/13188086_Multilineage_Potential_of_Adult_Human_Mesenchymal_Stem_Cells?el=1_x_8&enrichId=rgreq-f2347e7e75f43209a42165579d3de4dc-XXX&enrichSource=Y292ZXJQYWdlOzI4NjQ0NDExMTtBUzozMTI2MTMzNDEyMDQ0ODBAMTQ1MTU0NDIzNjYzNQ==
https://www.researchgate.net/publication/13188086_Multilineage_Potential_of_Adult_Human_Mesenchymal_Stem_Cells?el=1_x_8&enrichId=rgreq-f2347e7e75f43209a42165579d3de4dc-XXX&enrichSource=Y292ZXJQYWdlOzI4NjQ0NDExMTtBUzozMTI2MTMzNDEyMDQ0ODBAMTQ1MTU0NDIzNjYzNQ==
https://www.researchgate.net/publication/274261597_Mesenchymal_StemStromal_Cells_in_Liver_Fibrosis_Recent_Findings_OldNew_Caveats_and_Future_Perspectives?el=1_x_8&enrichId=rgreq-f2347e7e75f43209a42165579d3de4dc-XXX&enrichSource=Y292ZXJQYWdlOzI4NjQ0NDExMTtBUzozMTI2MTMzNDEyMDQ0ODBAMTQ1MTU0NDIzNjYzNQ==
https://www.researchgate.net/publication/274261597_Mesenchymal_StemStromal_Cells_in_Liver_Fibrosis_Recent_Findings_OldNew_Caveats_and_Future_Perspectives?el=1_x_8&enrichId=rgreq-f2347e7e75f43209a42165579d3de4dc-XXX&enrichSource=Y292ZXJQYWdlOzI4NjQ0NDExMTtBUzozMTI2MTMzNDEyMDQ0ODBAMTQ1MTU0NDIzNjYzNQ==
https://www.researchgate.net/publication/274261597_Mesenchymal_StemStromal_Cells_in_Liver_Fibrosis_Recent_Findings_OldNew_Caveats_and_Future_Perspectives?el=1_x_8&enrichId=rgreq-f2347e7e75f43209a42165579d3de4dc-XXX&enrichSource=Y292ZXJQYWdlOzI4NjQ0NDExMTtBUzozMTI2MTMzNDEyMDQ0ODBAMTQ1MTU0NDIzNjYzNQ==

'I(he final published version may differ from this proof.

enation Research ) )
ELLSLIVESTO 44 MONTHS OF AGE (doi: 10.1089/rej.2015.1777)

eé:uv

R
This article has been peer-reviewed and accepted for publication, but has yet to undergo copyediting and proof correction.

A RAT TREATED WITH MESENCHYMAL STEM

12

8. Lee HJ, Lee JK, Lee H, Shin JW, Carter JE, Sakamoto T, Jin HK, Bae JS. The
therapeutic potential of human umbilical cord blood-derived mesenchymal stem cells in

Alzheimer’s disease. Neurosci Lett 2010; 481:30-35.

9. Mansilla E, D 8z Aquino V, Zamb& D, Marin GH, Matire K, Roque G, Ichim T,
Riordan NH, Patel A, Sturla F, Larsen G, Spretz R, N(fez L, Soratti C, Ibar R, van
Leeuwen M, Tau JM, Drago H, Maceira A. Could metabolic syndrome, lipodystrophy,
and aging be mesenchymal stem cell exhaustion syndromes? Stem cells international
2011; article 1D 943216, 10 pages.

10. Normative values for rats, Johns Hopkins University Animal Care and Use

Committee, http://web.jhu.edu/animalcare/procedures/rat.html#normative

11. McCay CM, Crowell MF, Maynard LA. The effect of retarded growth upon the

length of life span and upon the ultimate body size. J Nutr 1935; 10: 63-74.

12. Quigley KL, Goya RG, Meites J: Rejuvenating effects of 10-week underfeeding
period on estrous cycles in young and old rats. Neurobiol Aging 1987; 8:225-232.

13. Goya RG, Lu JKH, Meites J. Gonadal function and pituitary and mammary
pathology in the aging rat. Mech Age Devel 1990; 56: 77-88.

14. Ludwig FC, Elashoff RM. Mortality in syngeneic rat parabionts of different
chronological age. Trans New York Acad Sci 1972; 34: 582-587.

15. ShenJ, Tsai Y, DiMarco N, Sun X, Tang L. Transplantation

of mesenchymal stem cells from young donors delays aging in mice. Sci Rep 2011; 1:
67; DOI:10.1038/srep00067 (2011).

16. Kim, D, Kyung J, Park, D Choi EK, Kim KS, Shin K, Lee H, Shin IS, Kang SK,


https://www.researchgate.net/publication/19560884_Rejuvenating_effects_of_10-week_underfeeding_period_on_estrous_cycles_in_young_and_old_rats?el=1_x_8&enrichId=rgreq-f2347e7e75f43209a42165579d3de4dc-XXX&enrichSource=Y292ZXJQYWdlOzI4NjQ0NDExMTtBUzozMTI2MTMzNDEyMDQ0ODBAMTQ1MTU0NDIzNjYzNQ==
https://www.researchgate.net/publication/19560884_Rejuvenating_effects_of_10-week_underfeeding_period_on_estrous_cycles_in_young_and_old_rats?el=1_x_8&enrichId=rgreq-f2347e7e75f43209a42165579d3de4dc-XXX&enrichSource=Y292ZXJQYWdlOzI4NjQ0NDExMTtBUzozMTI2MTMzNDEyMDQ0ODBAMTQ1MTU0NDIzNjYzNQ==
https://www.researchgate.net/publication/221852371_Transplantation_of_mesenchymal_stem_cells_from_young_donors_delays_aging_in_mice?el=1_x_8&enrichId=rgreq-f2347e7e75f43209a42165579d3de4dc-XXX&enrichSource=Y292ZXJQYWdlOzI4NjQ0NDExMTtBUzozMTI2MTMzNDEyMDQ0ODBAMTQ1MTU0NDIzNjYzNQ==
https://www.researchgate.net/publication/221852371_Transplantation_of_mesenchymal_stem_cells_from_young_donors_delays_aging_in_mice?el=1_x_8&enrichId=rgreq-f2347e7e75f43209a42165579d3de4dc-XXX&enrichSource=Y292ZXJQYWdlOzI4NjQ0NDExMTtBUzozMTI2MTMzNDEyMDQ0ODBAMTQ1MTU0NDIzNjYzNQ==
https://www.researchgate.net/publication/221852371_Transplantation_of_mesenchymal_stem_cells_from_young_donors_delays_aging_in_mice?el=1_x_8&enrichId=rgreq-f2347e7e75f43209a42165579d3de4dc-XXX&enrichSource=Y292ZXJQYWdlOzI4NjQ0NDExMTtBUzozMTI2MTMzNDEyMDQ0ODBAMTQ1MTU0NDIzNjYzNQ==
https://www.researchgate.net/publication/20636425_The_effect_of_retarded_growth_upon_the_length_of_life_and_upon_ultimate_size?el=1_x_8&enrichId=rgreq-f2347e7e75f43209a42165579d3de4dc-XXX&enrichSource=Y292ZXJQYWdlOzI4NjQ0NDExMTtBUzozMTI2MTMzNDEyMDQ0ODBAMTQ1MTU0NDIzNjYzNQ==
https://www.researchgate.net/publication/20636425_The_effect_of_retarded_growth_upon_the_length_of_life_and_upon_ultimate_size?el=1_x_8&enrichId=rgreq-f2347e7e75f43209a42165579d3de4dc-XXX&enrichSource=Y292ZXJQYWdlOzI4NjQ0NDExMTtBUzozMTI2MTMzNDEyMDQ0ODBAMTQ1MTU0NDIzNjYzNQ==
https://www.researchgate.net/publication/20636425_The_effect_of_retarded_growth_upon_the_length_of_life_and_upon_ultimate_size?el=1_x_8&enrichId=rgreq-f2347e7e75f43209a42165579d3de4dc-XXX&enrichSource=Y292ZXJQYWdlOzI4NjQ0NDExMTtBUzozMTI2MTMzNDEyMDQ0ODBAMTQ1MTU0NDIzNjYzNQ==
https://www.researchgate.net/publication/20636425_The_effect_of_retarded_growth_upon_the_length_of_life_and_upon_ultimate_size?el=1_x_8&enrichId=rgreq-f2347e7e75f43209a42165579d3de4dc-XXX&enrichSource=Y292ZXJQYWdlOzI4NjQ0NDExMTtBUzozMTI2MTMzNDEyMDQ0ODBAMTQ1MTU0NDIzNjYzNQ==
https://www.researchgate.net/publication/18657993_Mortality_in_syngeneic_rat_parabionts_of_different_chronological_age?el=1_x_8&enrichId=rgreq-f2347e7e75f43209a42165579d3de4dc-XXX&enrichSource=Y292ZXJQYWdlOzI4NjQ0NDExMTtBUzozMTI2MTMzNDEyMDQ0ODBAMTQ1MTU0NDIzNjYzNQ==
https://www.researchgate.net/publication/18657993_Mortality_in_syngeneic_rat_parabionts_of_different_chronological_age?el=1_x_8&enrichId=rgreq-f2347e7e75f43209a42165579d3de4dc-XXX&enrichSource=Y292ZXJQYWdlOzI4NjQ0NDExMTtBUzozMTI2MTMzNDEyMDQ0ODBAMTQ1MTU0NDIzNjYzNQ==
https://www.researchgate.net/publication/51455235_Could_Metabolic_Syndrome_Lipodystrophy_and_Aging_Be_Mesenchymal_Stem_Cell_Exhaustion_Syndromes?el=1_x_8&enrichId=rgreq-f2347e7e75f43209a42165579d3de4dc-XXX&enrichSource=Y292ZXJQYWdlOzI4NjQ0NDExMTtBUzozMTI2MTMzNDEyMDQ0ODBAMTQ1MTU0NDIzNjYzNQ==
https://www.researchgate.net/publication/51455235_Could_Metabolic_Syndrome_Lipodystrophy_and_Aging_Be_Mesenchymal_Stem_Cell_Exhaustion_Syndromes?el=1_x_8&enrichId=rgreq-f2347e7e75f43209a42165579d3de4dc-XXX&enrichSource=Y292ZXJQYWdlOzI4NjQ0NDExMTtBUzozMTI2MTMzNDEyMDQ0ODBAMTQ1MTU0NDIzNjYzNQ==
https://www.researchgate.net/publication/51455235_Could_Metabolic_Syndrome_Lipodystrophy_and_Aging_Be_Mesenchymal_Stem_Cell_Exhaustion_Syndromes?el=1_x_8&enrichId=rgreq-f2347e7e75f43209a42165579d3de4dc-XXX&enrichSource=Y292ZXJQYWdlOzI4NjQ0NDExMTtBUzozMTI2MTMzNDEyMDQ0ODBAMTQ1MTU0NDIzNjYzNQ==
https://www.researchgate.net/publication/51455235_Could_Metabolic_Syndrome_Lipodystrophy_and_Aging_Be_Mesenchymal_Stem_Cell_Exhaustion_Syndromes?el=1_x_8&enrichId=rgreq-f2347e7e75f43209a42165579d3de4dc-XXX&enrichSource=Y292ZXJQYWdlOzI4NjQ0NDExMTtBUzozMTI2MTMzNDEyMDQ0ODBAMTQ1MTU0NDIzNjYzNQ==
https://www.researchgate.net/publication/51455235_Could_Metabolic_Syndrome_Lipodystrophy_and_Aging_Be_Mesenchymal_Stem_Cell_Exhaustion_Syndromes?el=1_x_8&enrichId=rgreq-f2347e7e75f43209a42165579d3de4dc-XXX&enrichSource=Y292ZXJQYWdlOzI4NjQ0NDExMTtBUzozMTI2MTMzNDEyMDQ0ODBAMTQ1MTU0NDIzNjYzNQ==
https://www.researchgate.net/publication/45091731_The_therapeutic_potential_of_human_umbilical_cord_blood-derived_mesenchymal_stem_cells_in_Alzheimer's_disease?el=1_x_8&enrichId=rgreq-f2347e7e75f43209a42165579d3de4dc-XXX&enrichSource=Y292ZXJQYWdlOzI4NjQ0NDExMTtBUzozMTI2MTMzNDEyMDQ0ODBAMTQ1MTU0NDIzNjYzNQ==
https://www.researchgate.net/publication/45091731_The_therapeutic_potential_of_human_umbilical_cord_blood-derived_mesenchymal_stem_cells_in_Alzheimer's_disease?el=1_x_8&enrichId=rgreq-f2347e7e75f43209a42165579d3de4dc-XXX&enrichSource=Y292ZXJQYWdlOzI4NjQ0NDExMTtBUzozMTI2MTMzNDEyMDQ0ODBAMTQ1MTU0NDIzNjYzNQ==
https://www.researchgate.net/publication/45091731_The_therapeutic_potential_of_human_umbilical_cord_blood-derived_mesenchymal_stem_cells_in_Alzheimer's_disease?el=1_x_8&enrichId=rgreq-f2347e7e75f43209a42165579d3de4dc-XXX&enrichSource=Y292ZXJQYWdlOzI4NjQ0NDExMTtBUzozMTI2MTMzNDEyMDQ0ODBAMTQ1MTU0NDIzNjYzNQ==
https://www.researchgate.net/publication/20897328_Gonadal_function_in_aging_rats_and_its_relation_to_pituitary_and_mammary_pathology?el=1_x_8&enrichId=rgreq-f2347e7e75f43209a42165579d3de4dc-XXX&enrichSource=Y292ZXJQYWdlOzI4NjQ0NDExMTtBUzozMTI2MTMzNDEyMDQ0ODBAMTQ1MTU0NDIzNjYzNQ==
https://www.researchgate.net/publication/20897328_Gonadal_function_in_aging_rats_and_its_relation_to_pituitary_and_mammary_pathology?el=1_x_8&enrichId=rgreq-f2347e7e75f43209a42165579d3de4dc-XXX&enrichSource=Y292ZXJQYWdlOzI4NjQ0NDExMTtBUzozMTI2MTMzNDEyMDQ0ODBAMTQ1MTU0NDIzNjYzNQ==

'I(he final published version may differ from this proof.

enation Research ) )
ELLSLIVESTO 44 MONTHS OF AGE (doi: 10.1089/rej.2015.1777)

eé:uv

R
This article has been peer-reviewed and accepted for publication, but has yet to undergo copyediting and proof correction.

A RAT TREATED WITH MESENCHYMAL STEM

13

Ra JC, Kim YB. Health span-extending activity of human amniotic membrane- and
adipose tissue-derived stem cells in F344 rats. Stem Cells Transl. Med. 2015; 4: 1144-
1154,

17. Villeda SA, Plambeck KE, Middeldorp J, Castellano JM, Mosher KI, Luo J,
Smith LK, Bieri G, Lin K, Berdnik D, Wabl R, Udeochu J, Wheatley EG, Zou B,
Simmons DA, Xie XS, Longo FM, Wyss-Coray T. Young blood reverses age-related
impairments in cognitive function and synaptic plasticity in mice. Nature Med. 2014,

20: 659-663.


https://www.researchgate.net/publication/262052076_Young_blood_reverses_age-related_impairments_in_cognitive_function_and_synaptic_plasticity_in_mice?el=1_x_8&enrichId=rgreq-f2347e7e75f43209a42165579d3de4dc-XXX&enrichSource=Y292ZXJQYWdlOzI4NjQ0NDExMTtBUzozMTI2MTMzNDEyMDQ0ODBAMTQ1MTU0NDIzNjYzNQ==
https://www.researchgate.net/publication/262052076_Young_blood_reverses_age-related_impairments_in_cognitive_function_and_synaptic_plasticity_in_mice?el=1_x_8&enrichId=rgreq-f2347e7e75f43209a42165579d3de4dc-XXX&enrichSource=Y292ZXJQYWdlOzI4NjQ0NDExMTtBUzozMTI2MTMzNDEyMDQ0ODBAMTQ1MTU0NDIzNjYzNQ==
https://www.researchgate.net/publication/262052076_Young_blood_reverses_age-related_impairments_in_cognitive_function_and_synaptic_plasticity_in_mice?el=1_x_8&enrichId=rgreq-f2347e7e75f43209a42165579d3de4dc-XXX&enrichSource=Y292ZXJQYWdlOzI4NjQ0NDExMTtBUzozMTI2MTMzNDEyMDQ0ODBAMTQ1MTU0NDIzNjYzNQ==
https://www.researchgate.net/publication/262052076_Young_blood_reverses_age-related_impairments_in_cognitive_function_and_synaptic_plasticity_in_mice?el=1_x_8&enrichId=rgreq-f2347e7e75f43209a42165579d3de4dc-XXX&enrichSource=Y292ZXJQYWdlOzI4NjQ0NDExMTtBUzozMTI2MTMzNDEyMDQ0ODBAMTQ1MTU0NDIzNjYzNQ==
https://www.researchgate.net/publication/262052076_Young_blood_reverses_age-related_impairments_in_cognitive_function_and_synaptic_plasticity_in_mice?el=1_x_8&enrichId=rgreq-f2347e7e75f43209a42165579d3de4dc-XXX&enrichSource=Y292ZXJQYWdlOzI4NjQ0NDExMTtBUzozMTI2MTMzNDEyMDQ0ODBAMTQ1MTU0NDIzNjYzNQ==

'I(he final published version may differ from this proof.

enation Research ) )
ELLSLIVESTO 44 MONTHS OF AGE (doi: 10.1089/rej.2015.1777)

eé':uv

R
This article has been peer-reviewed and accepted for publication, but has yet to undergo copyediting and proof correction.

A RAT TREATED WITH MESENCHYMAL STEM

14

FIGURE LEGEND

Figure 1- Panel A shows from left to right, the treated rat at 42 months of age, an old
rat at 26 months and a 3 months old young rat. Panel B shows from left to right, the
treated rat at 43 months, a 28 months old rat and a 4 months old young rat. All animals

are females. The young and old rats are different animals in A and B. Notice the severe

cataracts in the treated rat. They are bilateral. One of the old rats also shows cataracts.




