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1. Abstract

Background: Cold or warm feelings were reported to be common
symptoms of stroke patients. We recently reported that
intravenousadministrationofautologousAdipose-Tissue-Derived
Stem Cells (ADSCs) significantly improves neurological func-
tions, including a skin temperature increase, shortly after treat-
ment.

Aim:Toconfirmtheeffectof ADSCsontheskintemperature of stroke
patients, we measured skin temperatures immediately before and
shortly afterADSC therapy and evaluated the clinical effect on
stroke patients in relevance with the skin temperature.

Patients and Methods: The skin temperature of 16 stroke
patientswasevaluated. Theskintemperatureof9healthysubjects
without ADSC treatment was measured as a control. Skin tem-
peraturewasmeasuredonhealthyandparalyzedlimbsofstroke
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patients, immediately before, during and shortly after treatment
withASDCsat8skinlocation.BeforeADSCstreatment,patients and
their families are fully explained of safety, efficacy and pos- sible
side effects of cell therapy, and patients and their families are
explained about possible presentation and publication of their
clinical data under the privacy protection of subjects.

Results: The mean skin temperature of healthy big toes was
lowest among the 8 measured locations. The mean skin tempera-
tureofparalyzedbigtoeswaslowercomparedtothehealthyside,
andincreasedsignificantlyshortlyafter ADSCinfusion.Skintem-
perature of patients with large cranial tissue damage did not in-
creasein4of5cases.PatientswithNIHstrokescalerecoveryand — skin
temperature increase of paralyzed limbs suggested common
recovery mechanism.

Discussion:Ourstudyisthefirstreportintheworldindicating
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thattheskintemperatureofthetoeofstrokepatientssignificantly
elevatedshortlyafter ADSCtherapy.Further,ourstudyalsoindi-
cated that skin temperature regulation by ADSCs may correlate
with the recovery of other skin functions, such as tactile. In con-
clusion,wespeculatethatADSCsmayexertbeneficialtherapeutic
effectsatleastpartlyviaanincreasedbloodcirculationimmediate- |y
afterADSC treatment, although the detailed mechanism of the
skintemperatureincreaseanditseffectonotherneuronalfunctions
remains to be clarified.

2. Introduction

Autologous mesenchymal stem cells have been reported to be ef-
fectiveintherecoveryonsensoryandmotorfunctionaloutcomes
mostly at subacute stages and rarely in chronic stages of stroke
patients[1-3].Further,humanadultmesenchymalstemcells are
known to be highly resistant to spontaneous transformation,
strongly indicating that mesenchymal stem cell transplantation
maybeapromisingandsafetherapeuticmodalityforstrokes[4,5].
Toourknowledge,mostclinicalstudiesonmesenchymalstemcell
therapy of strokes evaluated the efficacy one week to a year after
stem cell therapy. So, there is little information available about
theearlyeffectsofmesenchymalstemcellsduringorimmediately
after intravenous transplantation.

We recently reported the characteristics of the recovery of motor,
sensory and cognitive functions of 21 stroke patients who were
observed during and shortly after Adipose-Tissue-Derived Stem
Cells (ADSCs) transplantation therapy. Further, we suggested a
possible role for biological small molecules secreted from stem
cells suspended in 200 ml saline during the 90-minute-drip-infu-
sion.6 In addition, we experienced several cases who exhibited
visible reddish changes of paralyzed limb skin during or imme-
diately afterADSC infusion, suggesting an increase of peripheral
blood flow and skin temperature of the paralyzed extremities.

Recently, extracellular vesicles derived from mesenchymal stem
cells were suggested to mediate the cell therapeutic effects on
stroke by facilitating intercellular communications in a paracrine
fashion,andtoregulateintrinsiccellfunctions,soexosomeshave been
extensively studied and reported to be major mediators of stem
cell therapy in stroke and other disorders including skin dis-
eases[7-12].WespeculatethatinadditiontomiRNAs,othersmall

molecules, such as cytokines, growth factors and other factors
released fromADSCs, may play a pivotal role inADSC-induced
early functional recovery of stroke patients, since small trophic
molecules can travel throughout the body within a minute and af-
fect the biology of both proximal and distant responder cells.

Tobetterunderstandtheefficacyoftherapyofstrokepatientswith
ADSCs, we studied the relationship between early clinical recov-
eryofmotor/sensoryfunctionsandbloodcirculationofparalyzed
limbs of stroke patients after intravenousADSCs administration,
by measuring the skin temperature of healthy and of paralyzed
limbs before, during and 30 min after ADSC therapy.
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The mean temperature of the paralyzed big toes of 16 stroke pa-
tients significantly increased immediately after ADSC therapy
comparedtobeforetreatment,whereasthetemperatureofthecon-
tralateral healthy big toes showed a tendency to increase, but not
at a statistically significant level.

Ourstudyforthefirsttimeintheworlddemonstratedthattheskin
temperature of the big toe of paralyzed leg significantly elevat-ed
during and shortly after a single intravenous drip infused of
ADSC. In addition, the study also indicated that the homeostatic
recoveryofskintemperaturebyADSCtherapymaycorrelatewith the
recovery of other skin functions, such as tactile and tempera-
turesensationsofparalyzedlimbs.Further,ourstudysuggestthat
treatment with ADSCs may exert early therapeutic beneficial ef-
fectsatleastpartlyviaincreasedbloodcirculation,possiblydueto
small bioactive molecules secreted fromADSCs during and after
ADSC administration. In addition, we speculate that small mol-
ecules may be key effectors that exert their biological functions
quickly, within several hours and even one month after ADSC
therapy,althoughthedetailedmolecularmechanismsoftheeffect  of
ADSCs on skin temperature and other functional recovery re-
mains to be elucidated.

3. PatientsandMethods
PatientsandSkinTemperatureMeasurement

We report an unblinded clinical study of 16 stroke patients who
wanted to be treated with ADSCs, expecting some motor and
sensory functional recovery of stroke symptoms which remained
after common therapy for strokes. The mean age of the subjects
was 54.6 (range: 37~80 years) at the time of their stroke and 57.5
(37~84 years) at the time of ADSC treatment. Demographic and
clinical characteristics of the patients are shown in Table 1.

AutologousADSCs were administered to treat chronic stroke pa-
tients who had a stroke onset more than 7 months and less than 9
years earlier. In the present clinical study, 16 cases of 3 ischemic
and 13 hemorrhagic stroke patients were included.

Weanalyzedtheeffectsof ADSCtherapyonskintemperatureand
functional recovery of 16 chronic stroke patients who had severe
to moderate neurological abnormalities of hemi-paralysis that re-
mained after common therapy including rehabilitation for acute,
subacute and chronic stages, by comparing the effects shortly be-
fore and immediately after ADSC therapy.

For skin temperature measurements, we used a combined instru-
mentofL T-8seriesandLT-ST08-12(GramCorporation,Saitama,
Japan),whichisdesignedtomeasureskintemperatureatanaccu-
racyof+0.01°C.Wemeasuredtheskintemperatureofeachpatient
lying on their back on a bed at a room temperature of 24+0.5°C.

Theseverityandfunctionalevaluationofeachpatientwasdetect-  ed
by the NIH Stroke Scale (NIHSS), and skin temperature was
measuredatthemiddlefingerandbigtoeofhealthyandparalyzed
limbsofeachpatient. WeevaluatedtheNIHSSandmeasuredskin
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temperature shortly before and immediately afterADSC therapy,
sinceweexperiencedandreportedacasewhohadaquiterapidre-
coveryofmorethan3NIHSSscorewithintwohoursafter ADSC
therapy.6ThestudywasconductedaccordingtotheDeclaration

Tablel:Skintemperatureof9healthy subjects.
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ofHelsinkiPrinciplesusingaprotocolethicallyreviewedandap-
provedbytheArts-GinzaClinicEthicsCommittee. Informedcon-
sent to participate in this study was obtained from each subject or
family member before commencement of the study.

Subject | Age Sex Skin temperature [°C]
Upperarm | Forearm | Hand | Mid finger | Upperleg | Lowerleg | Foot Big toe

1 47 M 31.5 321 321 329 31.8 321 31.4 30.0
2 42 F 315 31.3 30.9 30.5 31.6 31.9 313 29.7
3 52 F 31.8 324 331 335 321 32.2 321 32.3
4 32 F 30.5 30.9 29.8 30.6 317 321 31.6 29.3
5 32 F 30.6 31.2 314 324 30.6 31.3 31.2 294
6 46 F 30.8 315 30.4 29.5 30.5 313 313 28.8
7 81 M 29.8 311 314 32.6 29.5 30.1 30.1 30.3
8 61 M 315 32.0 322 32.8 317 314 30.8 30.7
9 51 M 30.3 30.8 31.0 31.6 30.2 30.7 30.4 27.8
mean 30.9 315 31.4 318 311 315 311 29.8

SD 0.7 0.6 1.0 13 0.9 0.7 0.6 13

n 9 9 9 9 9 9 9 9

Meanvaluesofright andleft sideof eachlocation are listed.

PreparationofAutologousADSCs

Briefly, ADSCs were prepared from the subcutaneous fat tissueof
the abdominal skin of each patient. Patients were treated witha
local anesthetic patch and injection in the skin approximatelyl0
cm to the side of the umbilicus, and 2~3 rice-sized pieces of
subcutaneous fat tissues were surgically obtained from a 0.7 cm
incision. Thefattissueswerecutinto15-20smallpiecesandwere
placedonascaffoldofnonwovenfabricpaintedwithhydroxyap- atite
(BioMiraiKobou, Tokyo, Japan) in culture dishes and were
cultured at 5% CO2 and 37°C in medium supplemented with 4%
autologous serum for 11 to 13 days. They were then trypsinized
(0.25%trypsin,BioMiraiKobo, Tokyo,Japan)andreseededinT75
flasks and further cultured for approximately 3 days in medium
containing 2% serum, after which they were re-trypsinized and
cultured inT300 flasks (BM Equipment, Tokyo, Japan), and then
trypsinized again and cultured for 3 days in HyperFlasks (Corn-
ing Japan, Tokyo, Japan), before the final cell preparation for the
treatment. Atthedayoftransplantation,cellsweretrypsinizedand
washed 4 times with saline, then passed through two filters (40
pm and 100 um) and an average number of 1.0 x 108 (0.6~1.4 x
108)ADSCswerepreparedandresuspendedin200mlsalineand
administered intravenously to the patients. The cells were further
filteredthroughal80umporesize-meshduringthedripinfusion
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to remove clusters of cells. Stem cell characteristics of collected
cellswereconfirmedwithflowcytometryusingCD73,CD90,and
CD105 for positive antibodies, and CD45 for negative antibody
against stem cells, respectively.

Statistical Analysis

Aprobabilityvalueof<0.05isconsideredstatisticallysignificant. All
values are presented as means + SD. Comparisons between
groups were made using one-way analysis of variance (ANOVA,
nonparametric) with statistical software.

4. Results
SkinTemperatureoftheExtremitiesofHealthySubjects

Ninehealthysubjectswereenrolledinthestudyandtheskintem-
perature of the extensor surface of the elbow, middle forearm,
hand joint, middle finger, thigh, lower leg, foot joint and big toe
wasmeasured(Table2). Themeantemperatureofthebigtoeskin,
including both the right and left big toe of each subject, was the
lowest among the skin locations measured, and the mean temper-
ature of the middle fingers of all 9 subjects was higher than all
other locations (Figure 1). Based on these results, we selected the
middlefingerandthebigtoeofeachhealthyandparalyzedsideof stroke
patients to evaluate the effects ofADSC administration on skin
temperature.
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Table2:Demographicsandclinicalcharacteristicsofstrokepatientsinthisstudy.
. m-finger . . . .
- m-fingerhealthy o] b-toe healthy  [b-toeparalyzed e brainda braindamagec [Dateof [Dateof IADSC [NIHSS Skin tactile
No Age [Sex ide mage haracteristics2 jstrokeo JADSC icellnum
before [after  [before [after  [before[after before fafter A TG et BT er Before| After |Before| Afte
rightp venticularper 02019/ 10/
- s |
Nol | 60 | Female | 31.88 | 31.12 | 31.97 3032 32.05 v3036 313 | 31.34 | left utamenb foration,larg 12/27 30/2020 10x108| 25 | 25
leeding evolume
rightmed vertebrala
ullaoblon rteryheang | 2019/ 8/ s
No2 | 61 | Male | 33.48 v32.46 32.65 | 325 |31.02| 31.43 |31.05| 31.32 | left gataische iomaémm 12/4 13/2020 1.0x108| 3 3 3 3
mia
leftpu lessthan 02019/ 7/
1 indi 8
No3 | 42 | Female | 31.32 | 31.44 | 31.48 A325 29.19| 29.89 [28.62| 28.49 | right tam_enbl 5cmindi 1217 17/2020 1.0x10 7 6 1 3
eeding ameter
2011/
: leftputamen | lessthan5cmi | 7/18, 8/ .
No4 | 71 Male 32.82 | 338 | 32.58 A33.79 31.66 £33.29 31.24 A33.17 right bleeding ndiameter 2017/ 19/2020 1.0x10 3 3 10 10
5/17
brainstemb | hemangiomal| 3/1/ 1y .
No5 | 66 | Female | 29.78 | 29.96 | 30.09 A3214 26.58| 26.67 [25.76| 26.34 | left leeding 8mm 2016 6/2020 74x107| 7 7 3 4
rightAVMrupt |  lessthan 02019/ 5/
i indi 8
No6 | 45 | Male | 31.31 | 30.64 | 30.64 A32 | 27.04 £29.16 26.39 A28.03 left urebleeding 5cmindi 1006 29/2020 1.0x108| 2 1 16 | 10
ameter
leftmiddlecere
. largev 12/9/ 4/ s
No7 | 68 | Female | 27.96 | A29.3 | 28.59 | 28.34 |26.42 £2768 25.91| 26.66 | right arteryt:;ilhemia olume 2018 15/2020 10x108| 19 | 18 | — | —
rightmiddlece
. largev 12/21/ 2/ s
No8 | 66 | Female | 31.07 v29.78 31.26 v2956 31.81| 31.23 |27.61 A3L7 left rebr?]I:r:iearylsc olume 2004 27/2020 1.0x10 3 3 0 0
- leftputamen largev 721/ 3/ s
No9 | 50 | Female | 32.31 v 2891 335 v3003 31.92 v3071 29.79| 29.63 | right bleeding olume 2017 25/2020 1.0x108| 5 4 2 3
. lessthan
. leftthalamic g 1722/ 10/ 7
No10 | 80 | Female | 31.63 £33.99 32.98 v29.63 30.29| 30.04 |29.23 £30.74 right bleeding 5;;2{:? 2016 30/2020 4.0x10 6 6 1 1
. lessthan
rightputamen - 02019/ 1/ s o
No 1l | 57 Male 30.55 A33.63 30.89 A33.06 27.61 A20 64 25.98 A29.77 left bleeding S;rr:eltne(:I 63 20/2020 1.0x10 4 3
rightputamen largev 02020/ 11/ s
No12 | 37 | Male | 31.88 v3012 31.97 V3082 32.05 v30.36 313 | 30.36 | left bleeding olume 322 20/2020 1.0x10%| 6 5 0 0
. lessthan
. leftthalamic L 110/ 8/ s
No 13 | 53 Male 31.26 | 31.13 | 31.23 | 32.09 |28.26 A29 56 29.27| 28.84 | right bleeding 5cmindi 2018 23/2019 1.0x10 2 2 10 10
ameter
venticularp
rightthalamic | erforation,| | 11/4/ N
No14 | 51 | Female | 28.48 £3035 32.55 A34.39 32.49| 32.26 [30.55 A3251 left bleeding argevolume | 2014 10/28/2020 |1.0x10 1 1 1 5
leftthalamic lessthan
i indi 8
No 15| 56 Male 30.23 v28.9 30.7 | 30.77 |26.28 £2903 27.33 A2905 right bleeding 5cmindi - [1/9/2019| 10/29/2020 | 1.0x10 2 2 4 6
ameter
rapture
both ofright lessthan 02019/
No 16 | 59 Male 34.63 33.31 | 33.36 |34.02| 33.46 [33.93| 33.76 . vertebral 5cmindi 11/20/2020 |1.0x108 | 32 2| — | —
v 32.26 sides artery ameter 12/31

increase(a)anddecrease( ¥ )oftemperatureafterADSCtherapyathealthyskin,increase( A)anddecrease( ¥ )oftemperatureatparalyzedskinm-finger:middlefinger, b-toe: big toe,
e: indicates that time lag betweeen stroke onset andADSC therapy was less than one year —: Not done,Skin tactile: 10 indicate healthy sensations, 0~9 means
comparative sensation.
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Figurel:Skintemperatureofupperandlowerextremitiesof9healthysubjects.

=2, Tukey's teat, ** - p=001,*: p=005

Skin temperature was measured at 8 locations: extensor surface of the upper arm, forearm, hand joint, middle finger, upper leg, lower leg, foot joint
and big toe.The middle finger temperature was higher than the other 7 locations, and the big toe temperature was statistically the lowest among the 8
locations (except the upper arm). Statistical analysis was conducted using Tukey’s test; ** indicates p<0.01, * indicates p<0.05

EffectofADSCsontheSkinTemperatureoftheParalyzed
ExtremitiesofStrokePatients

Sevenofthel6strokepatientsshowedaskintemperatureincrease — at
the big toe on the paralyzed side, and the mean skin tempera- ture
of the big toe on the paralyzed side of 16 stroke patients was
significantlylowerthanthehealthysidebeforetreatmentwith AD-
SCs, but it increased to a significantly higher level comparable to
the non-treated healthy toe skin temperature after treatment with
ADSCs (Figure 2). The mean skin temperature of the paralyzed
middlefinger,forearmandlowerlegofeachstrokepatient,how-

ever, did not increase significantly afterADSC therapy. Interest-
ingly, the skin temperature of the big toe on paralyzed side didnot
decrease more than 1.0°C in any patient afterADSC therapy,
whereas,theskintemperatureoftheparalyzedandhealthymiddle

fingers of some stroke patients decreased more than 1.0°C,
evento3.0°C,after ADSCtherapy,althoughthemechanismoftheAD-
SC-induced skin temperature change remains to be clarified.

The mean skin temperature of the middle finger and the big toeon
the healthy sides of stroke patients beforeADSC therapy was

statistically at a level similar to healthy subjects (Figure 3).
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Figure2:Skintemperature(°C)ofthemiddlefingerandbigtoeofhealthyandparalyzedsideofstrokepatients.
Skin temperature measured at the middle finger and the big toe of healthy (H) and paralyzed (P) limbs of 16 stroke patients, before and afterADSC
administrationareshownasfilledcirclesandtheaverageofeachgroupisshownbyathickbar(—). TemperatureafterADSCadministrationincreased
significantly compared to the temperature beforeADSC treatment only at the big toe on the paralyzed side.The average skin temperature of pretreat-
ment paralyzed big toes was significantly lower compared to healthy limbs.
**indicatesasignificantdifferencebetweenthemeanvaluesofhealthyandparalyzedbigtoeskintemperaturebeforeADSC treatment.
*indicatesasignificantdifferencebetweenthemeanbigtoeskintemperaturebetweenpre-andpost-ADSC therapy.
Statisticalanalysisofskintemperaturebeforeandaftertreatmentwasperformedusingt-test,andstatisticalanalysisofskintemperatureonthehealthy
sideandontheparalyzedsideatthebeginningandtheendofthetreatmentwasperformedusingaPairedt-test. Ap-valueoflessthan0.05isconsidered
significant (**:p< 0.01, *: p<0.05).
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Figure3: Middlefingerandbigtoetemperaturesofhealthysubjectsandstrokepatientsonboththehealthyandtheparalyzed sides.
Meanskintemperatureofthemiddlefinger(A)andthebigtoe (B)onthehealthysideofstrokepatientswasstatisticallyatthelevelofhealthysubjects,

whereasthetemperatureofthebigtoeontheparalyzedsideofstrokepatientswasstatisticallylowerthanhealthysubjectsandthehealthysideof stroke

Statistical analysis was conducted according to Tukey’s test.

StatisticalanalysisofskintemperatureonthehealthysideandparalyzedsidewasperformedusingaPairedt-test,andstatisticalanalysisofskintem-

patients.

perature of

healthy subjects, healthy side and paralyzed side, was performed using a Paired Tukey’s test.Ap-value of less than 0.05 is considered to indicate a

statistically significant difference (**: p <0.01, *: p <0.05).

EffectofADSCTreatmentonSkinTemperatureandother
Functional Recovery of Stroke Patients in Relevance to Brain
Lesion Characteristics

Six of the 16 stroke patients showed a functional recovery by NI-
HSS assay shortly after ADSC therapy, and in 3 of those 6 pa-
tients, the skin temperature of the big toe on the paralyzed side
was significantly elevated (Table 1). These results suggest thatthe
skin temperature increase of paralyzed toes immediately after
ADSC therapy may be correlated with other functional recover-
ies of stroke patients. 3 of those 7 had putamen bleeding, while
theremaining3andlcaseshadthalamicbleedingandrupture at the
anterior cerebral artery, respectively. The skin temperature of the
3 putamen bleeding cases who showed increased toe skin
temperaturedecreased(Tablel). Theseresultssuggestthatinjured
locations of the brain, putamen or thalamic areas may affect via a
common route the skin temperature alteration of paralyzed limbs
after ADSC therapy.

Effect of Patient’s Clinical Characteristics, Age, Sex and
BrainLesionVolumeonSkinTemperatureafterADSCTreat-
ment

The effect of clinical characteristics of stroke patients on imme-
diate skin temperature changes after ADSC therapy was studied
focusing on age, sex, ischemia or hemorrhage, and brain lesion
volume examined by MRI and CT at stroke onset. The age, sex
andbrainlocationsofpatientswithparalysishadnoeffectonskin
temperature change after ADSC therapy. Interestingly, the skin
temperatureofpatientswithbrainlesionvolumeslargerthan5cm
indiametershowednoincreaseofskintemperatureatanylocation
after ADSCtreatment,butthetemperaturedecreasedat4ofthe5
paralyzed middle fingers. The mechanism of the temperature de-
creaseofthemiddlefingerontheparalyzedsideofstrokepatients

http://www.acmcasereports.com/

havinglargebraindamagevolumeremainstobeclarified(Table
1).

SkinTemperatureAlterationatDifferentLocationsof Stroke
Patient’s Extremities after ADSC Treatment

Themiddlefingerof6patientsandthebigtoeof7patientsonthe
paralyzedsideofthel6patientsshowedanapparentskintemper-
atureincreaseduringorimmediatelyafter ADSCtreatment,but2
middlefingersand3bigtoesonthehealthysideofthosepatients
showed a temperature increase, respectively (Tablel).

also

Two of the 6 patients with paralyzed-middle finger temperature
increaseand3ofthe7patientswithparalyzed-bigtoetemperature
increase showed skin temperature increases at both the paralyz-
ed and healthy middle fingers and the paralyzed and healthy big
toes, respectively. These results suggested that the skin tempera-
tureincreaseelicitedbyADSCtherapytakesplacesimultaneously or
independently at the paralyzed and healthy limbs. Further, the
temperature increased only in 4 of 16 cases at both the middle
finger and the big toe of the paralyzed limbs (Tablel). These re-
sultssuggestthattheeffectofADSCsonskintemperatureincrease may
be initiated by biological factors acting not only at the brain
lesionpenumbraalone,butalsoatthecontra-lateralbrainareare-
sponsible for skin temperature homeostasis, although the detailed
mechanismoftheeffectofADSCsonskintemperatureremainsto  be
clarified.

EffectoftheTimeLagBetweenStrokeOnsetand ADSCs
Therapy

The skin temperature of both groups treated earlier than a 1-year
lag time, and later than a 1-year lag time showed similar increase
ratios,30f6and6of10,respectively(Tablel).Basedonthesere-
sults,weconcludedthattheshortertimelagbetweenstrokeonset
andADSCtherapymaynotexertastrongeffectontheskintem-
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peraturechangeoftheparalyzedlimbs.Weneedtostudytheeffect  of
lag between stroke onset andADSC administration on the skin
temperatureusingmorestrokecases,sinceADSCtherapyshorter
thanaone-yearlagtimeshowedbetterNIHSSrecoverycompared to a
longer than one year lag time in our previous study [6].

5. Discussion

Asfarasweknow,ourstudyshowsforthefirsttimeintheworld that
ADSCs administered intravenously increaseatatistically sig-
nificantlytheskintemperatureofthebigtoeontheparalyzedside of
stroke patients at the chronic phase shortly after drip infusion.
Basedontheseresults,wesuggestthatthereisanincreaseofblood flow
at the paralyzed limbs shortly after the systemic infusion of
ADSCs. Further, the results show that the mean skin temperature
ofthebigtoeonthehealthysideofstrokepatientswasstatistically at the
same level of healthy subjects, and the mean skin tempera-
tureontheparalyzedsideofstrokepatientswasstatisticallylower than
that on the healthy side (Figures 2,3).

Studies of skin temperatures on hemiplegic limbs reported previ-
ouslyareconflicting[13,14].Earlierstudiesclaimedanincreased
temperatureofthehemiplegicarm,andonestudysuggestedatwo-
stage theory of initial warmth of the paralyzed limb at the acute
phase and coldness in the chronic phase. Most previous studies
were conducted based on the perception of coldness or warmness
bystrokepatients.Wanklynetal .showedthatstrokepatientswith
coldness had a lowered skin temperature and a markedly lower
blood flow in the paralyzed limbs compared to the unaffected
limbs[15].Naveretal.reportedthat43%ofstrokepatientshada
sensationofcoldnessintheiranalysisof37casesandfurtherthey
reported that no patients with right cortical hemispheric lesions
had noticed coldness in the contralesional side [16]. In our study,
weobservedpatientswithcoldnesswhohadacorticalhemispher-  ic
lesion even on the right side.

The detailed mechanism causing the coldness of limbs of stroke
patientsisstillunknown,butitmaybecausedbydisturbedsympa-
theticallymediatedvasomotortone,leadingtoreducedbloodflow,
initially triggered by damaged brain lesions. The signaling sys-
tems that modulate the structural and functional plasticity ofAu-
tonomicNervousSystem(ANS)arelargelyunknown. TheANSis
easily influenced by Central Nervous System (CNS) and by neu-
roendocrine system involved in stress response and, also greatly
influenced by neurotrophic factors [17]. Therefore, we speculate
that ADSCs-induced skin temperature increase could be caused
by some neurotrophic factors, such as BDNF (brain derived neu-
rotrophic factor), NGF (nerve growth factor), IGF-1 (insulin-like
growth factor), and CNTF (ciliary neurotrophic factor) which are
expectedtobesecretedfromADSCsintothemediumduringdrip
infusion.

The present study also suggests that a skin temperature increase
observed at the paralyzed limbs of many stroke patients, particu-
larlyofthebigtoe,after ADSCtherapymaycontributetorecov-
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ering the warm sensation of cold extremities of stroke patients.
Fingercoldnesswasreportedtobeamajorsignofstrokepatients
inapreviousstudy[14],butweobservedamoresevereskintem-
perature decrease of the big toe compared to the finger. We pro-
posethatthebigtoeskinmaybethebestlocationfortemperature
measurement of stroke patients, at least those at the chronic stage.

It is not yet clear enough from our study that the skin tempera-
ture increase afterADSC therapy may play a role in the recovery
of other neuronal functions of stroke patients since we identified
only3caseswhoshowedatemperatureincreaseoftheirparalyzed
limbs among the 6 cases who had recovery of their NIHSS. In
addition, our study indicates that the effect of ADSC therapy on
the skin temperature of paralyzed limbs may be affected by the
characteristicsoftheinjuredbrainincludinglesionvolume,which
may cause a severe circulation disturbance of brain tissue at the
chronicstageofstroke,sincetheskintemperatureofthebigtoeon
theparalyzedsidedidnotincreaseaftertreatmentwithADSCsin
patientshavingbrainlesionvolumeslargerthan5cmindiameter.
Thepresentstudyalsosuggeststhattheskintemperatureincrease
observedattheparalyzedlimbsshortlyafter ADSCstherapymay  be
correlated with the functional recovery of skin tactile sensa-
tions,butitisnotclearhowADSCtherapymaycorrelatewithoth-
erfunctionalrecoveries,sincethenumberofpatientsweexamined was
too small to reach a conclusion about that.

Importantly, our results strongly indicate that extracellular small
molecules secreted from stem cells suspended in 200 ml saline,
begin to circulate during the 90 minutes of drip infusion and may
play a pivotal role in the recovery of neuronal and circulatory
functions following ADSC therapy, since most of the stem cells
administered are considered to be trapped in the lungs at least for
the first 24 hours, and only a few percent of cells are expected to
recirculate to other organs including the brain, after a 1 to 2 day
lag time [18-20].We speculate that biological molecules secreted
fromADSCscomposedofmiRNAs,growthfactors,cytokinesand
other small molecules, contribute directly and/or indirectly to the
functional recovery shortly after ADSC infusion. Further, based
onthepresentstudy,wespeculatethatmiRNAsmaynotbeama- jor
contributor to the skin temperature increase immediately after
drip-infusion, since the biological effects of miRNAs may appear
at least a few hours after drip infusion to exert clinical functional
recovery.

Our study also contributes to the promotion of the application of
ADSC therapy for hemorrhagic strokes, since clinical reports of
mesenchymal stem cell therapy of hemorrhagic strokes are still
limited [21-27] compared to studies of ischemic strokes. Further,
preclinical studies showed the functional effects of systemically
administered mesenchymal stem cells on traumatic and hemor-
rhagic strokes [28-32], although the pathophysiology and mech-
anisms of recovery are reported to differ between ischemic and
hemorrhagicstrokes[33].forexample,thelackofsalvageable
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penumbra with intracerebral hemorrhage in contrast to ischemic
stroke [34]. In addition, a review of mesenchymal stem cell ther-
apy for ischemic strokes that analyzed 13 clinical trials between
2014and2020basedonsearchingthePubMeddatabaseconclud-
edthatmoreevidenceregardingthesafetyandefficacyofmesen-
chymal stem cell therapy of stroke is needed [35].

Infuturestudies,weaimtoconfirmtheeffectofADSCsontheskin
temperature of stroke patients and its relationship to other neuro-
logicalfunctionalrecoveriesbyanalyzingmoreclinicalcases. To use
skin temperature as a non-invasive biomarker evaluating the
effects ofADSC therapy of chronic stroke patients, it is required
toshowhowskintemperaturecorrelateswithotherbiomarkersof
strokepatientsandbraininjury[36-40].Further,weaimtounder- stand
the mechanism of the effects of ADSCs on stroke patients using
in vitro and in vivo studies, specifically focusing on small
molecules that are released from ADSCs during treatment that
might play an important role in the temperature increase and in
the functional recovery of strokes even during and shortly after
the therapy.

6. Conclusion

OurstudyindicatedthatasingleintravenousdripinfusionofAD-
SCsrecoverstheskintemperatureandotherfunctionsofparalyzed
limbofstrokepatientsshortlyafteradministration,andapossible
pivotal role of trophic factors and other small molecules secreted
from stem cells in ADSCs therapy, although the precise role of
ADSCs remains to be clarified by further studies.
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