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Nakrob Pattanapon 2015: Effects of Puppy Deciduous Teeth Stem Cells on Rabbit
Corneal Regeneration. Master of Science (Veterinary Clinical Studies), Major Field:
Veterinary Clinical Studies, Faculty of Veterinary Medicine. Thesis Advisor:

Miss Soontaree Petchdee, Ph.D. 68 pages.

Corneal ulcers in dogs and cats can cause inflammation of the eye and may cause a
vision loss. There are a number of treatments available to manage this condition. However, the
effective treatment depends on many factors, including the severity of a wound. In this present
study, we describe a method for the stem cells from puppy deciduous teeth (pDSCs)
transplantation for treatment severe corneal ulcer in rabbits and dogs. Ulcerative keratitis was
induced in 8 rabbits and 5x10” cells of pDSCs were transplanted through the sub-conjunctiva of
the right eye and sterile saline was used as control in the left eye. The clarity of cornea recovered
within 30 days after pDSCs transplantation in the transplanted group. Moreover, the number of
layers of the lining epithelium of the cornea and the amount of connexin 43 (Cx43) were
significantly higher in the transplanted group. In clinical trial, pDSCs were transplanted through
sub-conjunctiva to treat severe corneal ulcers in 4 dogs. pDSCs transplantation created the
shorter healing times and less corneal scars. The results suggested that, pDScs transplantation is
the effective therapy for corneal repair and can be effectively applied to treat the ulceration of the

cornea in patients.
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ALT = Alanin aminotransferase

APC = Antigen presenting cell

O-SMA = Alpha-smooth muscle actin

BASO = Basophil

Bp = Base paired

CBC = Complete blood count

cDNA = Complementary deoxyribonucleic acid
CO, = Carbon dioxide

°C = Degree of celsius

DMEM = Dulbecco’s modified eagle medium
DNA S Deoxyribonucleic acid

EOS = Eosinophil

FBS = Fetal bovine serum

fL = Femtoliter

G-CSF = Granulocyte colony stimulating factor
GM-CSF = Granulocyte macrophage colony stimulating factor
g/dL = Grams per deciliter

HCI = Hydrochloric acid

HCT = Hematocrit

HGB = Hemoglobin

hIDPSC = Human immature dental pulp stem cell
10P = Intra-ocular pressure

IL = Interleukin

LYMP = Lymphocyte

MCH = Mean corpuscular hemoglobin

MCHC = Mean corpuscular hemoglobin concentration
MCV = Mean corpuscular volume

M-CSF = Macrophage colony stimulating factor
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mg/dL = Milligrams per deciliter

mmHg = Millimetres of mercury

MONO = Monocyte

pL = Microliter

mRNA = Messenger ribonucleic acid
MSC = Mesenchymal stem cell

NaOH = Sodium hydroxide

NEUT = Neutrophil

PCNA = Proliferating cell nuclear antigen
PCR = Polymerase chain reaction
pDSC = Puppy deciduous teeth stem cell
Pg = Picogram

PLT = Platelet

RBC = Red blood cell

RT-PCR = Reverse transcription polymerase chain reaction
SCr = Serum creatinine

STT = Schirmer’s tear test

Thi = T-helper type 1

Th2 = T-helper type 2

U/L = Unit per liter

VEGE = Vascular endothelial growth factor

WBC = White blood cell
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totipotent stem cells

|

blastocyst containin P
pluripotent stem cells
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from inner cell mass
hematopoettic SCs neural SCs mesenchymal SCs
tissue-specific SCs

1
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N
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cultured pluripotent SCs . :
@ &&r - /

tive tissue
blood cells  cells of nervous system  CONNEC s
bones, cartilage, etc.

NN 10 HAAITASAUAUTAINAID DU (embryonic stem cell)
an: http://stemcellforautism.com/types-of-stem-cells
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. U { [ { @ 2
myocyte chondrocyte 1@ adipocyte 19 (M 12) tazlifdnenmlumslasundasdesla

9
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RILIL) mumiumﬂﬂu ﬂTﬁiﬂHﬂiﬂﬂ’JﬂL%ﬁa (cellular therapy) LwaWuﬂ,mamamﬂﬂmm

Aa a 9 ' d!y A a A o Y 1
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(@>a
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Adipocytes (Bone)

Stromal
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H { % X [ Y] { I J
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AR 2 4 \ 2 4

Tunguiilee luiii (adipocyte) tHo1BoN52ANBOU (chondrocyte) taziiipiBonIZgN
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3N Kode et al. (2009)

MSC lilimsuanieanvod hematopoietic stem cell marker @I ALENBBNIIN
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hematopoietic stem cell lada MSC lulimsi)asu)asdeailu hematopoietic cell tataIu
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d A ¥
lumsnszqumsaiiusaawiaiilaomsade  cytokine chemokine Wag growth factor
[l Y
ionszduliinan1sea3 e hematopoietic cell ANHULVDY MSC @ NTOLIF 19A10  specific

Cell-surface protein $1MUAT 199 1

519 1 g growth factor receptor cell adhesion molecules 4181& other cell-surface marker

Puaaiennlag MSC

Marker type Example

Surface markers CD13 CD29 CD44 CD73 CD90 CD105 CD106 Stro-1 tiag
Sca-1

Cytokine receptors IL-1R IL-3R IL-4R IL-6R t@ag IL-7R

Extracellular matrix receptors  integrins U1 L2 003 L A O VBZ B3 B4 ICAM-1 ICAM-2

VCAM-1 ALCAM-1 Endoglin tt6¢ Hyaluronate Receptor

Growth factor receptors BFGF-R ttag PFGF-R

Other receptors Thy-1 IFN-YR TGF-BR iuag TNF-R

3 Kode et al. (2009)
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U

MSC « $14 cytokines chemokine L9g growth factor ¥1HUY 1% interleukin (IL)-6 1L-7
IL-8 IL-11 IL-12 IL-14 IL-15 leukemia inhibitory factor granulocyte colony-stimulatory factor
(G-CSF) granulocyte macrophage colony-stimulatory factor (GM-CSF) stem cell factor

macrophage colony-stimulatory factor (M-CSF) tiag FMS-like tyrosine kinase-3 ligand (flk-3L)
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10 TGF-B indolemine2,3-dioxygenase (IDO) Ltag prostaglandin E2 (PGE2) AU IIT alu
msnagiiauiuves Msc lulatuuaduiiauamaanmsnszquues  pro-inflammatory
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+ Differentiation to plasma cells /, “\ l'gs (S)
s N / YCXCR4 and CCR7
‘ Proliferation \ N\ @
IFN-Y B Cells
Effector cells
TGF-B ; .
iNOS -
HGF
*Cytotoxicity NO J E cells
{ Proliferation VLA4-VCAM { proliferation }IFN-Y
- PDL1-PD1 _hiL4
j IR ICAM-LFA-1 /O “L 10
/NKG2D — T cells
ULBP3 MHC-class | = { activation
NK Cells Treg
PGE2 HGF
TGF-p PGE2
M-CSF TGF-p
& differentiation IL-6
/y‘ —~ . IL-10 —~ *maturation :
‘\ J 9 “vl \ 9
\ | \ &\
Monocytes ) mDCs

M 13 Llﬁﬂﬁﬂ1ilﬂaﬂuuﬂa\ﬁ$‘ﬂﬂﬂﬁ unulag MSC Lﬂﬂﬂlu‘ﬂﬂﬁ1ﬂi AL U NANTITIINIU
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I o ¥ Y . = Y
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Y v
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I o I
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31 Kode et al. (2009)
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=\ a" I 1 o A . o 1 g}/ Y [ A
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paslisades of Vogt
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epithelium

Limbal
epithelium

Conjunctival -
epithelium
Limbal stem cells amplifyng cells
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H ) 1 . { (=Y 1 4 I
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1311: Kayama (2007)

uazluil 2010 Gomes et.al. SaAABIDINAVDINT 1Y tissue-engineered cell sheets il
I 1 o
human immature dental pulp stem cells (hIDPSC) Wuaiutlsenevulumsdasnssuud lv a1y
dl 1 dd‘ . [ g‘/ o = 1 d‘ %
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o . 1 a3 a . .
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1 {o o K J 3 a
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9 1
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{ 1 1 g 1 1% kS 1 1 S ] I
pannus N/nAguuwasgeanlunszmend 2 nqurainnuulutaaznguiiuazuiiaesniy
1 1 A v Ao ' .. = 1 = Ay Yo 1
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Y H v
m31lgnae hipPsC Hanwlauniuluvuzinszamengui lildSunsilgnate hDPSC a2
1 Y v
NIZINMNNANIZ total conjunctivalization @& opacification uaﬂmﬂﬁé’awmmizmﬂﬂqnﬁ

lasumsilgnate hIDPSC N3l mild chemical burn HaNuldvesnszanamuinniuaziig

. . Y ' = . Y
neovascularization H98NINNTN severe chemical burn AY
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] ] 9 A o d' J
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$1399%1 proliferating cell nuclear antigen (PCNA) P63 vimentin 48 Ol-smooth muscle actin
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1@eusas DMEM 1% FBS 10 wosidud 1 ldi@eslunmsuzudqnirillldly incubator 1l
P < A ¥ X P o PR Vo g A a
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3. miﬂizLﬁuﬂ31uﬁlju1ﬁ’ﬂlﬁlﬂﬂizi}ﬂm (corneal haziness grading)
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v o Jda d = 2 A =2 A Y
giviuisiqmeiio o1y 7 1 1fanzurargu annszana1919921 (deep corneal
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nan 3

s £

g waa medie 01g 11 3 $nu1emsamit (keratoconjunctivitis sicca, KCS)
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ASNUINT V1 LAAIHANITATINADAVDINTLAILAIN 1 Lag 2
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1 U d‘
NITMEYAIN 1

NITAEAIN 2

Parameters ; . ; - alna
NOUNAADI NN NOUNAADI HadnNAa o
WBC (10°/uL) 6.96 7.82 9.55 8.62 5-12
NEUT (%) 44.4 315 28.0 27.5 35-55
LYMP (%) 43.8 59.7 59.5 60.7 25-60
MONO (%) 10.7 7.4 10.1 9.9 2-10
EOS (%) 0.6 0.5 1.4 0.7 0-5
BASO (%) 0.5 0.9 1.0 1.2 2-8
RBC (10°/uL) 5.55 5.81 4.98 5.39 4-8
HGB (g/dL) 12.4 12.5 10.7 11.2 8-17.5
HCT (%) 41.9 422 35.5 38.4 30-50
MCV (fL) 743 72.6 69.6 71.2 58-75
MCH (pg) 20.7 215 19.2 20.8 17.5-23.5
MCHC (g/dL) 28.6 29.6 35.0 29.2 29-37
PLT (10°/pL) 400 417 359 400 290-650
SCr (mg/dL) 1.02 1.04 (o7 1.26 0.5-2.6
ALT (U/L) 102 122 68 51 14-80

*30: Carpenter (2013)
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ATTAEAIN 3

NITAEAIN 4

Parameters ; . ; - Alna’
NBUNAAD NAINAODN NBUNAAD NAINPDN
WBC (103/uL) 6.78 10.55 8.98 7.90 5-12
NEUT (%) 50.5 21.5 34.1 36.5 35-55
LYMP (%) 38.5 66.9 53.9 53.9 25-60
MONO (%) 9.5 10.8 10.4 8.7 2-10
EOS (%) 1.0 0.5 0.5 0.5 0-5
BASO (%) 0.5 0.3 1.1 0.4 2-8
RBC (103/uL) 5.49 6.09 5.95 6.33 4-8
HGB (g/dL) 11.7 12.5 12.2 13.0 8-17.5
HCT (%) 40.9 43.6 43.2 42.2 30-50
MCV (fL) 69.8 71.6 69.4 66.7 58-75
MCH (pg) 19.9 20.5 P)ltsll 20.5 17.5-23.5
MCHC (g/dL) 30.6 28.7 30.3 30.8 29-37
PLT (103/pL) 409 466 298 337 290-650
SCr (mg/dL) 1.05 1.39 1.18 1.07 0.5-2.6
ALT (U/L) 97 122.8 99.7 47.7 14-80

*: Carpenter (2013)
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NILABAIN 5

NILABAIN 6

Parameters ; - ; - Al
NOUNAADN NNl NOUNAADI HadnNAa ol
WBC (10°/uL) 8.84 5.51 9.37 6.02 5-12
NEUT (%) 36.9 39.1 22.9 54.4 35-55
LYMP (%) 52.4 47.9 65.5 33.6 25-60
MONO (%) 9.7 11.4 10.5 9.5 2-10
EOS (%) 0.4 1.1 0.8 1.0 0-5
BASO (%) 0.5 0.5 0.3 0.5 2-8
RBC (10°’/uL) 6.19 7.03 6.56 5.85 4-8
HGB (g/dL) 13.7 14.1 11.1 12.9 8-17.5
HCT (%) 44.6 433 43.9 422 30-50
MCV (fL) 60.7 61.6 69.3 72.1 58-75
MCH (pg) 19.5 20.1 19.4 22.1 17.5-23.5
MCHC (g/dL) 31.8 32.6 34.4 30.6 29-37
PLT (10"/uL) 294 319 442 328 290-650
SCr (mg/dL) 1.09 1.57 1.89 1.71 0.5-2.6
ALT (U/L) 78.3 50.7 94.8 472 14-80

*30: Carpenter (2013)
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NILAEAIN 7

NILAEAIN 8

Parameters ; - ; - Al
NOUNANDI UAINADDI NOUNAADI UAINADDI
WBC (10"/uL) 8.48 9.54 7.86 8.60 5-12
NEUT (%) 30.5 25.0 35.5 44.8 35-55
LYMP (%) 57.7 60.0 55.7 43.4 25-60
MONO (%) 9.4 12.6 7.2 10.7 2-10
EOS (%) 1.2 1.4 0.5 0,6 0-5
BASO (%) 1.2 1.0 1.1 0.5 2-8
RBC (10°/pL) 5.45 6.08 4.87 5.34 4-8
HGB (g/dL) 12.9 13.0 14.8 11.1 8-17.5
HCT (%) 44.0 433 35.4 35.8 30-50
MCV (fL) 71.7 71.2 66.7 67.0 58-75
MCH (pg) 20.9 21.4 19.8 20.8 17.5-23.5
MCHC (g/dL) 313 30.0 30.4 31.0 29-37
PLT (10°/uL) 220 240 309 352 290-650
SCr (mg/dL) 1.34 1.21 0.94 1.24 0.5-2.6
ALT (U/L) 68.3 71.1 76.9 72.6 14-80

*30: Carpenter (2013)
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