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ABSTRACT

Effect of 15-hydroxyprostaglandin
dehydrogenase inhibitor on wound healing

Seo Seung-yong

Advisor: Prof. Lim Sung-chul, M.D., Ph.D.
Coadvisor: Prof. Moon Young-rae, M.D., Ph.D.
Department of Medicine,

Graduate School of Chosun University

Prostaglandin E; (PGE:) is known as an important mediator of
various types of wound healing. It is degraded and inactivated by
NAD'-dependent 15-hydroxyprostagaladin dehydrogenase (15-PGDH). Thus,
inhibitors of 15-PGDH will be valuable for the treatment of diseases
requiring elevated PGE.. The inflammatory process has direct effects
on wound healing. Hypertrophic scar formation is an aberrant form of
wound healing and is an indication of an exaggerated function of
fibroblasts and excess accumulation of extracellular matrix during
wound healing. Various growth factors including TGF-£, PDGF-D,
VEGF, and CTGEF, type IV collagen. TIMP-2 and PG E; are important
mediators of inflammation involving wound healing. Overproduction of
TGF-8 and suppression of PGE; are found in excessive wound
scarring compared with normal wound healing. If we make the

condition downregulating growth factors and upregulating PGE, the

_Vi_



wound will have a positive effect which results in little scar formation
after wound healing. 5-(2-chloro-3-(3-phenylpropoxy) benzylidene)
thiazolidine-2,4-dione (TD8R) is a newly synthesized 15-PGDH inhibitor
based on thiazolinedione structure. We evaluated the effect of TD&3 on wound
healing. In 10 guinea pigs (4 control group and 6 experimental group), we
made four 1 cm diameter—sized circular skin defects on each back. TDS3 and
vehicle were applicated on the wound twice a day for 4 days in the
experimental and control groups, respectively. Tissue samples were harvested
for quantitative PCR (qPCR) and histomorphometric analyses on the 2nd and
4th day after treatment. Histomorphometric analysis showed significant
reepithelization in the experimental group. qPCR analysis showed significant
decrease of growth factors (PDGF and CTGF) and TIMP-2, but significant
increase of type IV collagen in the experimental group. Taken together
TD88 could be a good effector on wound healing, especially in the
aspects of downregulating growth factors and upregulating PGE. and
thereby might play a role in the prevention of excessive scarring. The
hypertrophic scar/keloid treatment algorithms that are currently
available are likely to be significantly improved in the future by
high—quality clinical trials.

Key words: 15-hydroxyprostagaladin =~ dehydrogenase ~ (15-PGDH),
Prostaglandin E; Wound healing, Growth factor, Scar, Guinea pig,

gPCR, Histomorphometry
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HRRAE A WEAE AEF AT Jhe wdd
(collagen) & B9 AfFol% o] AFTe7} wFH v g

A BAE ofr|sl= ¥ A A& (hypertrophic scar)o] @A EH AY A

& ASE TEHol dolut LBAW 5 /15H £4L 2dE
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BAA] A FHAZ Holdte AsHiE Solle AEdA
(growth factor)®} X =Z~E}28d (prostaglandin, PG) &2 Aol EF}
¢l(cytokine)o] At} AFA2AAE=  transforming growth factor-8
(TGF-0), vascular endothelial growth factor (VEGF), connective
tissue growth factor (CTGF), platelet derived growth factor (PDGF)
So] Fz AAA o] BelEH, PGS PGE, (Fig. D7} F2 #olat
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= o2 gEA dn =3 ECM, 53] 7| A9wE A8t FAARL
2 483 A4y Y4 (type IV collagen) ¥ ECMe] 43 G244 A 29
B3lS ZA 3= tissue inhibitor of metalloproteinase (TIMP)7}F &4
Aol A delEtha dE A A4l
Phospholipid (PI, PC, PE)
Triglyceride or Cholesterol ester
1 Lipase(s)
— — COOH
o
cox-2 l cox-1
= e e COOH
SN PGG,
f:JOH
1 Peroxidase
PGD PGl
Synthase 0 o=~ -COOH  Synmthase
PGD, | = N — | PG,
OH
PGF Synthase / BGH, Tx Synthase
1 PGE Synthase \
| PGF,, | TXA,
(o]
HO, S
PGE,
Figure 2. Biosynthesis of prostaglandins.
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CHA4L ol AR 2 Z1est B AIFel i<l paradigm e ® 5S¢
35 93t B AEH RO =ANAZEANSAIDs) Y cyclooxygenase—2
(COX-2) AAE ALAA A =2A FTH= AHdoltt (Fig. 2).
53] o5 FAE FAARF F7] =, AE F271(ater proliferative
phase)dll 7o 4% PGE2 445 JAee] FEHE o 24 =438
A 4] wEpa
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; = e RO W
000 15-PGDH COOH
; P

e OH 1s—mo-m

(W -

= 00N M O@\A’\—/(;\//\\/
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HG 8]
G 13,14-Dinydro- 15-keto-PGE,
Bicyclo-PGRE,~metabolite

Beta oxidation

R COOH
HO

o}

2,3-Dinor-13, 14-dinydro- 15-keto-PRE,

Figure 3. Summary of the chemical structures involved in the

transformations of PGE:> in to its major urinary metabolite.

2 PG| thAbbAol dolsts e /T E PGE:9 $&2F5 =
Al A bedt AEZE ASHL A=l o] 5ol A

15-hydroxyprostaglandin dehydrogenase (15-PGDH) < A1#] (Fig. 3)

£ ol g3to] PGES R3S oAsta PGESl $EE %A fA8Hs
Wio] dth5-8l 15-PGDHE PGEel ¥al% washs 490



ZeEstA oAlstel(Fig. 4),
ATE E3lo] FHolst

=

Figure 4. A stereoview of 3D structure of 15-PGDH-NAD -PGE;

complex. The green molecular is substrate PGE;, the red molecular

is cofactor NAD".
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2 s H&E A S AF dnZd #z 9 248 9 &0
=5 AFsdct. agla 2
Masson'’s trichrome &2 31t}
H&E 4% =2 &dfol=v dn4d #5S B39 274 1 cm9
A IEAEE et ol &ttt I HAFEY HuE

Hel Ay A|AAAEZ B3t E=Y ddxFoz AAY xIe AA
A & (reepithelization) & 7 3le] v uL s} )

AYAE AL

z "
e9)
|
k)
S

=& MagnaFire digital camera
system (Optronics, Goleta, CA, USA)E o]&3] oluxZ 53
Visus Image Analysis System (Image & Microscope Technology,
Daejon, Korea)S ©o]&3 A& AR FHS S4sAh

el ArE e A Al E)e eyt 2ol AxtskAt

total length of reepithelialization

rate of reepithelialization (%) = x100
length of skin defect

T3 A 8 Bl ndd IAATE Hokstr] 9ls) Masson's
trichrome 948 A3 &lt}. Masson’'s trichrome 9412 o]
EMo g dAlo] Hol T Fro] wE Aol® 7 I wdd FA
AEE ¥ EAEHA T



type IV collagen®} ol& &3lld 9 v A= TIMP-2 ol thg3}
Zo v oz Az BAEY )

Deep freezerol W-sH ¥ %2 S phosphate-buffered saline (PBS)
2 P o] dHAS A AT F 1 mle Trizol Reagent (Invitrogen,
USA)E Y 11 FastPrep-24 system (MP Biomedicals LLC. USA) <=
o]-&3ate] 1024 2%l AA et ALs] g fo =9 A2S
Atk gAE ZAo A total RNAS ®asta, 2 mgel total
RNA°] M-MLV reverse transcriptase (Invitrogen), 5X first strand

buffer, RNasin Ribonuclease inhibitor (Takara, Japan), random

primers, oligo (dT)s, ANTP 12 i dithiothreitol (DTT)E E3alo]

=

Thermal Block (MyGenie96, Bioneer, Korea)o| A & & A} uF3-& A A
3le] cDNAE 34383t} Cavia porcellus gene A€ 2] o] g Ho]
E ZAZ 3F9 melting temperature (60°C)e} PCReoll 9l F& 4 +=
FRAAZAol7F 170 bp BE7F Hi= ZAolA Primer3 softwareE o] &
ato] Zv 7IYd 1 fHAte] 5eolAQl primers At Azt
St El cDNAQ A &E ZF primer, 183 LightCycler-FastStart

fl

DNA Master SYBR Green I mix (Roche)E& Z%3}a LightCycler

(Roche)Z ©]&3}o] Real-time PCR Wh3-S AAj&adar, zHzbe] A=

2 U8 o]F oz A s Real-time PCR T332 95°Col
0 °C 15 s, 60°C 5 s, 72°C 677 s cycle°] 453] %1

FE ek Ao o] &% primers A E-S Table 13 2t}

ZF Aol ti$k 4 X+ GAPDH=Z %+ 3}8k3th.



Table 1. Primers for real-time PCR

Gene Primer Sequence

CTGF Sense 5'-CTGTGCAGCATGGATGT-3'
Antisense  5'-GTGTCTTCCAGT CGATAGG-3'

PDGFD Sense 5'-CAAGCACCATTATTAGAGGACG
Antisense  5'-CTTCCAGCAAAGAATAGTATATCTTGAAA-3'

VEGF Sense 5'-ATCGAGATGCTAGTGGACA-3'
Antisense  5'-CGCATGATCTGCATGGT-3'

TGF-B  Sense 5'-AGTGGTTGTCCTTTGATGT-3'
(primer 1) Antisense 5'-CATGAATAGCAGCCAGGT-3'

TGF-B  Sense 5'-CTTTGATGTCACTGGAGTTGT-3'
(primer 2) Antisense  5'-CATGAATAGCAGCCAGGT-3'

Type IV Sense 5'-GGGTGATAGAGGTGGCAT-3'
Antisense  5'-GAACCAGGATTGCCACG-3'

TIMP-2 Sense 5'-GAAGAAGAGCCTGAACCAC-3'
Antisense  5'-TCTCTTGATGCAGGCGAA-3'

GAPDH  Sense 5'-TGGCGCCGAGTATGTAG-3'
Antisense  5'-TCTCTTGATGCAGGCGAA-3'




24 FA™A 4

%3 vl Student ¢ testE ol &stF o P < 005 9 =S F

Aoz fojstrta s
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A3F 23

a8 97}

AdATelAM Fd 5 A3t 7 Ao AdaE HuEqF A3}, AAA

F3o] g FAsY dzwy T HolE HolxA Fg] wjEd, E
Ao A4 A 2d 494 208 AR A

A 2 d A3 AHAA S8 E guinea pigel ¢ FeHA
a2 TD88 A swrdt thxagh Fo3 zols 2% + gl

o] 797 2 A9 2ol Utk (Fig. 6).

Figure 6. Gross findings of the control group (left) and

TD&8-treated group (right) at two days after treatment.
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FAAZ & 49 A A Hol A 8 AE guinea pig?l 7

o
WE= TD8S Amwd dxwit Fo3 Aels 722 & gl F

el 7hu 7 & g | Rsol A thFig. 7).

Figure 7. Gross findings of the control group (left) and

TD&3-treated group (right) at four days after treatment.

3.2 23384 A7} (H&E stain)

7b ZEF 2 d

o] Ao ARES 212 + 82%%) W TD83 A& 397 +
115%% TD88 Amwre] 3 Ag&o] TAHCR W frolsti &
& 2745 HYTHP < 0.01). (Table 1)

U 35T 44

Nz o] oA &S 454 + 186%<20 WA TD8S A5 824 +
256%% TD88 A "ol FuAQPgol FAAR s FosA =
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< 2AE BATHP < 001). =3 A5l £33 7H(33.3%)2 AA

= )

QA L] 100%E B ATHFig. 8 B Table 2).

v
.

Figur 8. Microscopic findings of the control group (pper) and
TD&3-treated group (lower) at four days after treatment.
Non-epithelialized skin defect (white line) was found in the control
group, however complete reepithelialization was identified in the TD

88-treated group. Scale bar (lower) measures 500 pm. H&E stain
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Table 2. Histomorphometric analysis for reepithelialization rate

after treatment

Duration Group Mean * SD (%) P value
Control 21.2 + 82

2 days TD8S 397 + 115 <0.01
Control 454 + 186

4 days TD88 824 + 56 <0.01

3.3 23383 H7} (Masson’s trichrome stain)

7 Z3F 2 4

e AudEhs 49 dFRAEe] 4o osto] A A

_14_



Figure 9. Microscopic findings of the dermal defect site in the

control group (left) and TD88-treated group (right) at four days
after treatment. Moderate degree of collagen lay-down was
identified in the control group, however mild degree of collagen
lay-down was noted in the TD&3-treated group. Scale bar

measures 200 um. Masson’s trichrome stain

34 EAAETZ H7t

iz, TD8S Aswrg oz AA 2 9 4 429 TGF-B

VEGF, CTGF, PDGF-D &% #2 A4Adae ECM &2 type

IV collagen¥} °]& ®dlo 93-S v X= TIMP-29] ¥H3tE #2435}
At PGE:= A ATE Soto] thxol Blste] TD8S 2| o A

A3 S/t A S 92138 vl 9l tH(unpublished data).



TGF_ﬁ-O/] 749 primer= A 2} &} o Wi%, TD88 A &vS tde
2 R A8e 9o} delo] Brlsslel ® U2 primers A%
sho] whE A S stlov AEo] oF HIAY AAELS F AT

TDSY A BTL EZ gRFAAE F42Hg EAEe] Ao o=

PDGF-D+= thzxarel Blste] TD88 X &wroll A #2o3 das

B2t (Fig. 10, 11 2 Table 3)..

Fluorescence History 4 days, untreated-1
s daps, untreated-1
M 4 days, untreated-2
M 4 days, untieated-2
B 4 days, weated-1
4 M 4 days, reated-1

4 days, tieated-2
W 4 davs, tieated-2

13679 12 16 20 24 28 32 36 40 44 48 52

Figure 10. gPCR analysis for PDGF-D at four days after

treatment.
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Table 3. Statistical data for PDGF-D obtained by qPCR analysis

control group treated group
-2 9 p value
(mean = SD, x107™) | (mean £ SD, x107)
2 days 205 £ 1.5 21.0 £ 114 0.16
4 days 815 + 114 14.6 £ 4.7 <0.0001

o =
¥ 80
80
I:I control
w5 l treated
g "
"

2 days 4 days

Figure 11. Comparison of gPCR data for PDGF-D at two and four
days after treatment between control and treated groups.

* statistically significant, p < 0.0001

_17_



ae)a, CTGF= tixol Hlsto] TD8S A mwolA o3 s

Bt (Fig. 12, 13 @ Table 4).

Fluorescence History - 4 days, untreated-1

4 days, untieated-1
B 4 days, untreated-2
B 4 days. unkreated-2
W 4 days, treated-1
W 4 days, treated

4 days, treated-2
B 4 days, treated-2

Fluorescence (530)

1357 9 12 16 20 24 28 32 36 40 44 48 52
Cycles

Figure 12. qPCR analysis for CTGF at four days after treatment.

Table 4. Statistical data for CTGF obtained by qPCR analysis

Control group Treated group 1
value
(mean + SD, x10) | (mean % SD, x107%) | P
2 days 10.0 £ 3.7 9.99 £ 24 0.19
4 days 30.0 £ 10.6 2.23 £ 0.83 < 0.0001
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D control

I treated

E

2 days

4 days

Figure 13. Comparison of qPCR data for CTGF at two and four

days after treatment between control and treated groups.

* statistically significant, p < 0.0001

a8y, VEGFE tixv3 X577 593 xtol7F ¢lglth (Table

5).

Table 5. Statistical data for VEGF obtained by gPCR analysis

Control group

Treated group

1
(mean + SD, x10™") | (mean + SD, x10™") pvatte
2 days 4471 £ 37.12 17.26 £ 12.41 0.101
4 days 1.64 £ 2.35 1.11 £ 1.56 0.147
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SHH TIMP-2= tHZao] H|sle] X aatolA] Folsk A7 3z

= 3ltt (Figure 14, 15 2 Table 6).

Fluorescence History 4 days, untreated-1
M 4 days, untreated-1
B 4 days, untieated-2
B 4 days, untieated-2
W 4 days. treated
B 4 days, reated-1

4 days, treated-2
B 4 days, reated-2

1 3 57 8 12 18 20 24 28 32 3/ 40 44 48 52
Cycles

Figure 14. gPCR analysis for TIMP-2 at four days after

treatment.

Table 6. Statistical data for TIMP-2 qPCR analysis

Control group Treated group
5 5 p value
(mean £ SD, x107) | (mean = SD, x107”)
2 days 7.53 £ 8.82 4.836 £ 2.50 0.189
4 days 3.11 £ 3.02 1.92 + 3.19 0.012
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TIMP-2
{10 "JB-
GH I:I control
o l treated
e *
2

. . & days 4 days
Figure 15. Comparison of gPCR data for TIMP-2 at two and
four days after treatment between control and treated groups.

* statistically significant, p < 0.05

o

T3 Type IV G de x40 Hsle] X F oA F9o3 F71A
Aol A=A} (Figure 16, 17 2 Table 7).

B 4 days, untreated-1
B 4 days, untreated-1
1 4 days, untreated-2
4 days, unltreated-2
4 days, treated-1
W 4 days, treated-1
B 4 days, treated-2
W 4 davs. treated-2

Fluorescence History

13578 12 18 20 24 28 32 3B 40 44 48 52
Cycles
Figure 16. qPCR analysis for type IV collagen at four days after
treatment.
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Table 7. Statistical data for type IV collagen obtained by gPCR

analysis
Control group Treated group
-4 ") p value
(mean £ SD, x107) | (mean * SD, x107°)
2 days 4.05 £ 1.38 496 £ 1.81 0.067
4 days 1.24 £ 3.18 5.78 £ 2.93 0.006
Type IV | %

7] [I control

G Itreated

& days -4{!3}'3

Figure 17. Comparison of qPCR data for type IV collagen at two
and four days after treatment between control and treated groups.

* statistically significant, p < 0.01.

gPCR Z3E5 At FdE-9lol sk TD88 # x|+ guinea pig
o4 PDGF-D, CTGF¢ TIMP-2E #38tA w51, type IV
collagene 93 A =olAwk VEGFY H3:= st &= Ao
2 gl E A
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